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1. Introduction

In current GSM deployments, traditional circuit mode services for the delivery of voice and data are supported through paired channel assignments (bi-directional channel assignment), i.e. an uplink channel assignment automatically implies a downlink channel assignment and vice versa.  However, the ability to perform independent uplink and downlink assignments (uni-directional channel assignment) offers potential capacity benefits in both blocking limited and interference limited deployments.  In what follows, we present our findings based on a simulation study of the impact of independent uplink and downlink channel assignment for interference-limited circuit-switched voice operations.

2. The Potential Capacity Gain of Uni-directional Channels 

Our conjecture on the potential performance/capacity gain of uni-directional channels is motivated by the following two observations:

· Interference behavior on the uplink and downlink are independent, due to the fact that uplink interference comes from the mobiles and downlink interference comes from base-stations.

· Previous studies showed significant capacity gains under Dynamic Channel Allocation (DCA) schemes based on channel conditions.

Therefore based on these two observations, there could be a potential capacity gain when DCA is combined with independent uplink and downlink channel assignment.

3. Simulation Assumptions and The DCA Algorithm

· A cellular simulation with wrap-around effect.  Hexagonal sectors with 3 sectors per cell are assumed giving rise to cloverleaf shaped cells. Frequency Reuse Pattern: 1/3 reuse (i.e., corresponding to EDGE Compact Deployment). 

· The first two tiers of interfering base stations are considered.

· Distance loss: 128.1+37.6log10d (dB), where d is the distance from mobile to base-station.

· Log-normal fading with std=7dB.

· Transmitting power 40 dBm.  Noise-floor –114dBm.

· Cell separation = 6km; cell radius  = 2 km.

· Antenna pattern from UMTS 30.03 [3].

· Idealized initial cell selection based on received power.

· Both uplink and downlink are simulated simultaneously.

· Voice call duration: 30s.   Talkspurts and silence periods are both exponentially distributed with mean 600ms and 400ms, which correspond to a speech activity factor of 60%.  Uplink and downlink talkspurts/silence are generated independently.

· Cyclic frequency hopping.

· Link level results: 12.2 Kbps speech rate, full-rate channels with GMSK modulation ([2]).

· 2.4 MHz spectrum.

· No power control.

· Circuit-switched voice with DTX.

· DCA algorithm: When a call arrives, a channel (a (carrier,slot) pair) is selected randomly from the pool of the unoccupied channels to accommodate this call.  When a speech frame error occurs, it is assumed that the channel conditions of all the unoccupied channels are available and a channel reassignment is performed such that the voice call is immediately switched to the channel with the best C/I condition. 

It is noted that this frame-error driven “greedy” (in terms of always choosing the best available channel) DCA algorithm used in this study can be sub-optimal.  The criteria for triggering reassignments and the criteria for channel selection can be optimized further.   In addition, measurement errors, feedback delay and overhead are not considered and instantaneous reassignment capabilities are assumed. Designing an effective DCA algorithm which provides a good trade-off between performance and ease of implementation is FFS.

4. Results and Discussions
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Figure 1: Capacity comparison between uni-directional channel assignment and bi-directional channel assignment

Fig.1 compares the performance of uni-directional channel assignment and bi-directional channel assignment.  The percentage of satisfied users is defined as the percentage of users with a speech frame error rate (FER) less than a specific value. Fig. 1 shows that if the 1% FER or 3% FER limits are to be met, the capacity gain that can be realized by uni-directional assignment is not significant.
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Figure 2: Satisfied User CDF on the uplink and downlink for uni-directional channels and bi-directional channels

In Fig. 2, we compare separately the uplink and downlink FER for uni-directional channels and bi-directional channels.  Fig. 2 shows that on the uplink, uni-directional channels do show a noticeable performance advantage over bi-directional channels.  On the downlink, however, their performance is  indistinguishable.  A careful examination of uplink and downlink C/I distributions showed that the uplink C/I performance is about 1 dB better than that of the downlink in the C/I range of interest (<8dB).  This makes the downlink the bottleneck.  When uplink and downlink are both combined into a single FER measure as in Fig.1, the performance advantage of uni-directional channels becomes less noticeable.

It is noted that the system behavior and capacity gain of uni-directional channels highly depends on the underlying DCA algorithm.  In our study, we observed that the average FER of bi-directional channels and uni-directional channels are the same.  However, both in [1] and in this simulation study it is observed that the “outage probability” (the probability that a satisfactory channel pair can not be found when channel reassignment is triggered) of bi-directional channels is higher than that of uni-directional channels.  This can be attributed to the idealistic nature of the base-lined frame error driven DCA algorithm (i.e. channel reassignment is allowed whenever a frame error is observed).  More study is needed to further investigate system performance with other types of DCA algorithms.  It is particularly of interest to study the impact of realistic constraints on how frequent channel reassignment on the bi-directional channels, since it will magnify the impact of the bi-directional channels’ high “outage” probability.

5. A Summary

In this paper, we presented the results obtained from a simulation-based study of the potential capacity gain of uni-directional channels.  A simulation model which incorporates both uplink and downlink speech activity was built.  Using this model, we confirmed our previous observation that the “outage probability” (the probability that a satisfactory channel pair can not be found) of bi-directional channels is higher than that of the uni-directional channels.  We devised a DCA algorithm as the baseline algorithm for our comparison.  Under this DCA algorithm the performance advantage of uni-directional channels is not significant.  More study is needed to investigate the capacity gain of uni-directional channels for other types of DCA algorithms.

References:

[1] ETSI Tdoc SMG2 1030-00, Lucent Technologies

[2] ETSI Tdoc SMG2 2e99-496, Nokia

[3] UMTS 30.03, “UMTS; Selection procedures for the choice of radio transmission technologies of the UMTS.







