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1 Introduction

There is an ongoing discussion about the performance degradation when using compressed mode (CM). Severe CM capacity losses were indicated in [1]. Simulation (worst case) results of the compressed mode performance by means of advanced time dynamic system simulations were presented in [2]. Some remaining questions regarding performance measure and further studies were raised in [3]. 

This paper presents additional compressed mode performance results with the new performance measure and also continues the discussion initiated in [3].

2  Additional Simulation Results

Since the previous performance measure [2] were questioned additional results are presented here using the alternative performance measure proposed in [3]. 

2.1 System Model

Same simulation set-up is used as described in [2].

The system simulator consists of a 7 omni directional cells with a cell radius of 500 m. Wrap around is used to generate a virtual unlimited simulation area. Fast inner loop and outer loop power control are deployed. A user can be connected to maximum three cells during soft handover. Both shadow fading and multipath fading, Pedestrian A 3 km/h, are applied in the simulator.

Note that the absolute capacity is slightly better than these presented in [2] since they were conducted with incorrect (too high) uplink thermal noise level.

2.2 New Performance Measure

The new performance measure is based on user (call) Block Error Probability (BLEP) as in [2]. But, the capacity is now defined as the maximum traffic load while 90% of the user BLEP is below 2%.

Average BLEP is the average of all mean BLEP per user, obtained as follows:

- once per frame, active users BLEPs are collected (per user),

- at the end of the simulation, one average BLEP is calculated per user,

- and finally the 90 percentile of user BLEPs is calculated.
We can of course select other limits (e.g. 95% or 98%) but from simulation statistics point of view 90% is selected in this study. Also, other BLEP requirements settings than 2% are possible but may require that the outer loop power control parameters are tuned to work efficiently.

2.3 Capacity when all users are in compressed mode
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Figure 1. Uplink user BLEP as function of the average number of users per cell, none or 100% of the users are in CM respectively. CM slots have same or 3 dB higher SIR than normal slots. A transmission gap of 7 slots and a gap repetition of 5 frames are used.

2.4 Summary of simulation results

The simulation results are summarised in the table below. The results with the old performance measure (see Appendix A) is also included together with a reference case from [1] as comparison. The absolute capacity figures differ mainly because the time dynamic simulations use 50% voice activity (DTX). 
Table 1. Cell capacity with 0 or 100% (worst case) of the users in CM.
SIR offset of CM slots
Dynamic Simulations

90% of users @ FER < 2%
Dynamic Simulations

Cell FER=1% 
Static Simulations see Ref [1], Fig 5

0
91 (none in CM)
84 (100% in CM)
91 (none in CM)
83 (100% in CM)
-

3 dB
91 (none in CM)
80 (100% in CM)
91 (none in CM)
75 (100% in CM)
40 (none in CM)
10 (100% in CM)

3 Discussion on further issues

We agree with [3] on that the most important scenario for compressed mode is UMTS to GSM handover, since inter-frequency WCDMA handover is not as critical in most cases. The list of important issues stated in [3] have been addressed below.

3.1 Downlink scenario

Similar capacity degradation may occur on the downlink if we have a strict limit on the power of the dedicated channels. But since the power is pooled in the downlink the connection between coverage and capacity is not that strong as in the uplink, assuming that the Eb/No is not substantial changed for CM frames. 

3.2 Different compresses mode patterns

The CM pattern configuration is of course a subject for optimisation, but since the studied patterns seem to give acceptable performance losses (order of 10%) we do no see a strong need to evaluate other CM patterns within the standardisation.

3.3 Higher bit-rates

From capacity point of view higher bit-rates will not have any major CM performance differences compared to speech, since either we will have longer interleaving (circuit data) or bursty transmission (packet data). 

Longer interleaving will smooth out compressed mode gaps and bursty transmission will have the possibility to use “higher layer scheduling” (i.e. measure GSM carriers when no data is transmitted or received). 

The coverage may be affected depending on the radio network planning strategies, e.g. fast power control margin etc. But since it will mainly be low bit-rate services with fairly good coverage margin in WCDMA that will perform handover to GSM. Therefore, speech is still the key service to evaluate with respect to CM performance. 

3.4 Coverage

We agree that other cell radius is needed to get the complete picture between the capacity vs. coverage trade-off when activating compressed mode, but this would demand substantial campaign of simulations. One alternative way is to first determine the relative coverage loss by evaluating the noise rise vs. different CM settings as done in [2], Appendix B. Then simple link budget calculation can be used to estimate the reduction in cell range and this method is also valid for high bit-rate users. 

4 Conclusion

This document presents additional capacity results using same assumptions as in [1], [2] and but with the new performance measure as proposed in [3]. 

The new simulation results indicate that the “worst case” (i.e. all users are in CM) performance degradation for the selected CM pattern is in the order of 8-12% with reasonable assumptions. This is even less capacity degradation compared to the previously used performance measure in [2]. Furthermore, this is an absolute worst case scenario when all users are in compressed mode. In reality much less users will have compressed mode activated. In a reasonable deployment scenario the fraction of users in CM can e.g be about 30%, which means that the capacity loss of 8-12%is an upper bound limit of the capacity degradation.

We have also the addressed the study topics mentioned in [3] and we claim that the performed studies already performed are relevant from CM point of view. We think that further optimisation is possible but highly related to product implementation and therefore out of scope for standardisation.
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Appendix A: Additional simulation results

Results with the old performance measure, i.e. average of all mean BLEP per user.
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Figure 2. Average user BLEP as function of average number of users per cell, none or 100% of the users are in CM respectively. CM slots have same or 3 dB higher SIR than normal slots. A transmission gap of 7 slots and a gap repetition of 5 frames are used. 
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