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Abstract. An asymmetric air interface protocol
is one which allocates more capacity for one direction
of data transfer (in our case, the downlink) than the
other. In this paper we report ongoing work on the
need and initial design calculations for an asymmetric
indoor air interface protocol which is suitable for in-
tegrated voice and data applications, and specifically
for wireless Internet access. As an example we con-
sider PACS-UB, a symmetric protocol for voice com-
munication in the isochronous unlicensed PCS band
(1920-1930 MHz), and present a mechanism for making
it statically asymmetric, as well as dynamically asym-
metric in response to traffic demands. We also present
a simplified worst-case two-dimensional model of co-
channel interference when the air interface protocol 1s
dynamically asymmetric. The quantitative results of
the model indicate that an asymmetric protocol can
result in significant gains in spectral efficiency. In the
worst case downlink co-channel interference can be sig-
nificant, and we discuss possible mitigating techniques
that could be used.

1 Introduction

Wireless Internet access has been receiving increas-
ing interest over the past year. While there exist wire-
less access technologies for Internet access, such as
circuit-switched cellular, CDPD, RAM, and GSM, they
have certain limitations. In particular, circuit-switched
solutions are undesirable not only from the point of in-
efficient use of the wireless spectrum (since data traffic
is bursty) but because of the congestion they create
at the wired central office switches. Public packet ra-
dio data networks such as RAM and ARDIS, as well as
the CDPD overlay network, suffer from low throughput
(19.2 kbps or less). High-tier packet services, such as
GSM’s called GPRS [8], offer higher throughputs but
may not be able to support many subscribers per cell.
We are therefore examining the potential of packet-
oriented low-tier PCS technologies for providing wire-
less Internet access.

One of the distinguishing features of the most com-
mon Internet applications (e-mail, ftp, gopher, WWW)
is that they tend to be asymmetric in their bandwidth
requirements, with the link to the user (the downlink)
being far more heavily loaded than the link from the
user (the uplink). Tt is therefore useful to consider
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an air interface protocol that allows asymmetric band-
width allocation between the uplink and the downlink.

There are many different types of air interface pro-
tocols and Media Access Control (MAC) layer proto-
cols being developed, with some of them targeting or
mentioning Internet access as a motivating applicat-
ion. These include variations of PRMA [10, 15] or
PRMA++ [2, 5, 6], and GSM [8, 7]. However, to our
knowledge, none of them provide a mechanism to al-
locate the channel bandwidth asymmetrically for the
uplink and the downlink. Wireless LANs do inherently
provide a mechanism for asymmetric allocation of up-
link and downlink bandwidths, since they typically use
a mechanism similar to Ethernet’s CSMA /CD protocol
for access [12]. However, the asynchronous, unslotted
nature of their air interface protocols is not efficient in
terms of bandwidth usage, particularly when loads are
high.

To consider the need for asymmetric air interface
protocols, we use spectral efficiency, n, as the figure of
merit, which is the number of simultaneous users per
cell that can be supported by the system [11]. Consider
the effect of asymmetric traffic in a symmetric system,
i.e., a system where the bandwidth is divided symmet-
rically. We define the traffic asymmetry factor, A, as
the ratio of traffic demand on the downlink to that on
the uplink. Thus if the downlink is fully utilized, only
1/A of the uplink is utilized. Then the usage factor,
i.e., the fraction of the combined bandwidth which is
utilized, is given by

A+1
V== M

Let n, denote the spectral efficiency of a symmetric
system with symmetric traffic; with asymmetric traffic,
its spectral efficiency reduces to n;U. The usage factor
approaches 0.5 as A becomes large. For currently pop-
ular Internet applications, we postulate that the traffic
asymmmetry factor is likely to be large (4 > 10). We
consider conservatively low traffic asymmetry factors
of A =2 — 4 1n this paper.

It is possible to design an air interface protocol
which is statically asymmetric. In the case of a Fre-
quency Division Duplex (FDD) system, a larger chan-
nel bandwidth is statically allocated to the downlink
than the uplink, while in a Time Division Duplex
(TDD) system, more time slots are allocated to the
downlink than the uplink; similar arrangements can be
made for CDMA systems. As an example, the PACS-
UB protocol [13, 3], which was designed for voice com-
munication in the isochronous unlicensed PCS band



(1920-1930 MHz), and which uses TDD, can be modi-
fied to make it statically asymmetric. In sec. 2 we will
discuss this possibility further.

It is desirable to have an air interface protocol where
the degree of asymmetry is modified dynamically in re-
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sponse to traffic demands. In sec. 2 we will also dis-
cuss briefly, as an example, how the PACS-UB proto-
col may be made dynamically asymmetric, by utilizing
some (nominally) uplink time slots for downlink trans-
mission.

We recognize that there are several issues which
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Figure 1: TDM/TDMA frame structure for PACS-UB

Channel (SC) and an 80-bit Fast Channel (FC) simi-

need to be addressed further to determine the feasibil-

lar to PACS [9], providing a user bit rate of 32 kbps.

ity of dynamically asymmetric air interface protocols.
One such issue is that of base station synchronization
(we have considered methods for performing this, but
omit further discussion for brevity.) Another critical
issue 1s that of co-channel interference, since, unlike
a symmetric or a statically asymmetric protocol, it 1s
possible that users in co-channel cells might use the
same time slot for the uplink and downlink simultane-
ously. Insec. 3 we present a simplified static worst-case
analytical model for the quantifying this issue. In sec.
4 we discuss the results of the model and directions for
further work.

2 Asymmetric PACS-UB

In this section we consider using a variation of the
PACS-UB protocol as an example of an asymmetric
air interface protocol for packet-oriented, integrated
wireless voice and data communication; we also con-
sider how it could be made dynamically asymmetric.
The PACS-UB protocol [13, 3] was originally designed
for voice communication in the isochronous unlicensed
PCS band (1920-1930 MHz). We choose to consider
the i1sochronous unlicensed PCS band for developing
an asymmetric air interface protocol (as opposed to,
say, the licensed PCS bands, the asynchronous unli-
censed PCS band in the 1910-1920 MHz range or the
NII band at 5 GHz) in general, and the PACS-UB pro-
tocol in particular, because:

1. We desire a protocol which can be used for both

voice and data transfer over wireless.

2. The licensed PCS bands are allocated in inherently
symmetrical pairs. An asymmetric FDD protocol,
with some of the (nominally) uplink band being
allocated for downlink transfers, would make ter-
minal and base station hardware complicated and
expensive.

3. The isochronous, slotted nature of the PACS-UB
protocol is likely to have better bandwidth effi-
ciency than asynchronous protocols, particularly
at higher loads.

4. The etiquette for the 1920-1930 MHz band is al-
ready known and understood, and PACS-UB is
designed to obey the etiquette.

5. There are no licensing fees for this portion of the
spectrum.

The basic frame structure of PACS-UB is shown in
Fig. 1. Each 312.5 ps burst contains a 10-bit Slow

The bursts are paired to form symmetric duplex chan-
nels as follows: (0, 2), (1, 3), (4, 6) and (7, 8); in
Fig. 1 the uplink slots are shaded and labeled U0, U1,
etc. Slot 7 also contains a System Broadcast Channel
(SBC) which is used for sending control and signaling
information from the base station to the mobile sta-
tions. In uplink slots U0 and Ul the mobile station
(called the subscriber unit, SU, in PACS-UB termi-
nology) can transmit data and tunes its synthesizer,
respectively. In downlink slots DO and D1 the SU can
receive information and tunes its synthesizer, respec-
tively. Uplink slots U2 and U3 are unused by this SU.
In downlink slot D2 the SU makes measurements to de-
cide whether an Automatic Link Transfer (ALT), i.e., a
handoft, should be performed, and in D3 the SU tunes
its synthesizer.

In addition to this frame structure PACS-UB main-
tains a l-second superframe (i.e., consisting of 400
frames) in which the SBC information sent on the
downlink on slot 7 is used to alert portables of incoming
calls, broadcast system information, allow ports to ob-
tain channel assignments, and allow portables to mea-
sure the channel for the appropriate port. Further su-
perimposed on this 1-second superframe is a 30-second
hyperframe used by the protocol to enforce the eti-
quette’s 30-second Listen Before Talk (LBT) rule. We
omit further details of PACS-UB; please see [13, 3].

We will consider a modification of PACS-UB to al-
low asymmetric bandwidth allocation. The basic idea
is that the two uplink slots which are unused by the SU
in the current frame structure (U2 and U3) are allo-
cated to become downlink slots. For a static asymmet-
ric protocol, this change suffices. For dynamic asym-
metry, in addition:

1. During the 1-second superframe portables will in-
form the base station of their uplink and down-
link bandwidth requirements. The base station
will collect the requests from the portables into a
batch, up to a short interval (e.g. 40 frames, or
100 ms) before the end of the superframe.

2. The base station will calculate a schedule for the
frames of the following super-frame, i.e., will de-
termine which of the frames of the following super-
frame will have U2 and U3 slots as uplink slots,
and which will have them as downlink slots.

3. The base station will broadcast the schedule for
the next superframe in the SBC during the last
few frames of the current superframe.
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Figure 2: Worst-case scenarios for spectral efficiency comparison of asymmetric and symmetric systems. (Only one
dimension is shown for simplicity.) Solid line: desired signal; dashed line: interference signal.

3 Co-channel Interference

We develop a simplified two-dimensional model for
estimating the effect of co-channel interference for a
dynamic asymmetric protocol in terms of spectral ef-
ficiency. The model assumes that received power de-
creases with distance following an inverse-power law,
and for this ”first-cut” analysis we ignore shadow,
Rayleigh and multipath fading. While we have as-
sumed the modified PACS-UB protocol as a motiva-
tion, the model developed in this section is more gen-
erally applicable.

If the total bandwidth allocation 1s W, the reuse
factor, i.e., number of cells (or cell subsets) the total
bandwidth is divided into, is K, and the bandwidth
allocation per user is B, then the spectral efficiency
[11] is

W
 BK 2)

We now assume worst-case scenarios for co-channel
interference (see Fig. 2.) Let cells have radius R, as-
sume transmission power decreases with distance fol-
lowing an inverse-power law with an exponent «, and
the distance between co-channel cell centers 1s D.

Consider first an asymmetric system as shown in
Fig. 2(a). In the worst case, when the target Mo-
bile Station (MS) is using the uplink, its co-channel
base stations (BS) e using the downlink simultaneously,
causing interference at the target base station, i.e., the
BS which the MS is transmitting to. Let the ratio of
the transmission power of a BS to that of an MS be
P. We consider the interference from the first ring of
interfering transmissions only. If there are & interfering
base stations (0 < k < K), the carrier-to-interference
ratio at the target BS is

n
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Assuming hexagonal cells it is well-known [11] that
D/R = \/(31() so using Eq. 2, the spectral efficiency

of the asymmetric system is
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On the other hand, in a symmetric system, when
the MS is using the uplink all co-channels will also be
using that channel for the uplink. In the worst case,
there will be an MS using the channel located at the
edge of the co-channel cell such that it is as close as
possible to the target BS. Then
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We define the spectral efficiency gain as the ratio of
the effective spectral efficiency of an asymmetric sys-
tem to a symmetric system when offered asymmetric
traffic, ¢ = n4/(nsU). For the uplink, using Eq. 1, 4,
5;
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We can use the same approach as above to derive
the spectral efficiency gain for the downlink. We omit
details for brevity. For simplicity we make the assump-
tion that, in the worst case, the average distance be-
tween the target MS and the interfering base stations
is D. Observe that this is a conservative assumption,
especially at small values of k, i.e., the actual interfer-
ence in the worst case for the symmetric system can
be higher. With this assumption, it can be shown that
the spectral efficiency gain for the downlink is

T IRy
99= A1 (2+(’%)1/a) @)
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Figure 3: Uplink Spectral efficiency gain, g,,, vs. Ratio
of Base station to Mobile station power, P. Traffic
asymmetry A = 2. Dashed lines are for k£ = 1, solid
lines are for k = 6.
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Figure 4: Uplink Spectral efficiency gain, ¢,, vs. P,
for A =14.

3.1 Numerical results

We plot the spectral efficiency gain for the uplink
and downlink as given by Eq. 6 and 7 for various pa-
rameter values in Figs. 3 - 6. For all plots we assume
that the desired carrier-to-interference ratio, v = 18 dB
= 63.1. In all plots the dashed lines represent the case
where there is one interfering (base or mobile) station,
i.e., k = 1, and the solid lines represent & = 6. Observe
that although the reuse factor K does not appear in Eq.
6 and 7, it is present implicitly since 0 < £ < K. For
all the plots we assume that the reuse factor is K = 7.
Each plot shows curves for o = 2, 3, 4; this range of
values covers most indoor propagation environments [4]
[1].

We first consider the uplink. It can be seen from
Figs. 3 - 4 that the asymmetric use of bandwidth can
result in very significant gains in spectral efficiency on
the uplink, even for relatively modest asymmetry in
the traffic (4 = 2), and this gain increases as the traf-
fic asymmetry factor increases. It is interesting to see
that the spectral efficiency gain can exceed 1/U = 2.
Thus the increase in spectral efficiency for the uplink
is not due to the asymmetry of the traffic alone; from
Fig. 2 we see that, for P close to 1 in our worst-case

comparison scenarios, the asymmetric system also suf-
fers from less uplink co-channel interference than the
symmetric system.

Figs. 3 - 4 also show that the uplink spectral ef-
ficiency gain decreases as P, the transmission power
ratio of BSs to MSs, increases. This is as expected
since in the asymmetric system the interference is from
BSs, while in the symmetric system it is from MSs; in-
creasing the relative power of BSs favors the symmetric
system.
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Figure 5: Downlink Spectral efficiency gain, g4, vs. P,
for A =2.
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Figure 6: Downlink Spectral efficiency gain, g4, vs. P,
for A =14.

We now consider the downlink. The results in Figs.
5 - 6 are unfortunately not as positive as for the uplink.
Unless the transmission power ratio of BSs to MSs is
increased to P > 1.5, i.e., about 2 dB, and there is
a reasonable level of asymmetry in the traffic (4 >
2), there can actually be a loss in spectral efficiency
with the asymmetric system under the assumptions of
our analysis. With P = 2 dB and A = 3, there can
be a spectral efficiency loss of 40% if there are few
interfering stations (k = 1) and propagation loss is
high (e = 4), or a net gain of up to 185% if there are
many interfering stations (k£ = 6) and propagation loss
is low (e = 2). We omit further discussion of these
results for brevity.
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