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1. Introduction

 In [1] we presented simulation results comparing the performance when the UE reports CQI values reported over a number of subframes with the performance when no averaging is used. It was assumed that the Node B could use the transmit power of the downlink DPCH to track the changes in channel quality between the CQI reports if a feedback cycle k greater than 1 was used. 

In this document we consider an issue which was raised in offline discussion – namely the case when the Node B’s DPCH transmit power reaches its maximum allowed limit at times, and therefore does not always follow accurately the changes in downlink channel quality. 

The general assumptions are as in [1], and repeated in Annex A for reference. 

We assume again that for the best performance we should minimize the RMS error between the channel quality estimated at time tsched (using Equation 1 in Annex A) and the average channel quality during the HS-DSCH packet transmission. 

2. Simulation Results

The simulation assumptions here are as follows:

· Pedestrian A channel model

· 4% error rate on UL TPC commands

· CQI values derived by UE in each subframe and averaged over 1 or 40 subframes

· 1% transmission error rate for CQI reports

· Timings as shown in Figure A1. Delay between most recent CQI report and MCS selection is either 1 or 40 subframes; this is equivalent to the worst-case delay with feedback cycles of 1 and 40 subframes respectively. 

· MCS selection using downlink channel quality derived according to Equation 1 in Annex A

· Round Robin scheduler

· No SHO

We also vary the maximum power limit set for the DL DPCH in order to vary the proportion of the time for which the DPCH is saturated at its maximum allowed transmit power and not responding to the power control commands received from the UE.

The results are shown in Figures 1 to 6 for a range of UE speeds from 3km/h to 120km/h.

Note that N_av is the CQI averaging period in subframes.

N_rep is the delay from latest CQI report to selecting the MCS; a delay of 40 TTIs from the latest CQI report to selecting the MCS is equivalent to the worst-case delay in the case of a feedback cycle of 40 TTIs, or the average delay in the case of a feedback cycle of 80 TTIs.
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Figure 1: Performance of CQI averaging with DL tx power limitation for UE speed = 3km/h
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Figure 2: Performance of CQI averaging with DL tx power limitation for UE speed = 10km/h
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Figure 3: Performance of CQI averaging with DL tx power limitation for UE speed = 30km/h
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Figure 4: Performance of CQI averaging with DL tx power limitation for UE speed = 40km/h
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Figure 5: Performance of CQI averaging with DL tx power limitation for UE speed = 80km/h
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Figure 6: Performance of CQI averaging with DL tx power limitation for UE speed = 120km/h

4. Discussion and Conclusions

The results in Figures 1 to 6 show that when the delay between the latest CQI report and MCS selection is 40 subframes, the RMS error in the channel quality value used for MCS selection is significantly reduced at all UE speeds when an averaged CQI report is transmitted compared to the case when non-averaged CQI reports are transmitted. This continues to be the case even when the DL DPCH reaches its maximum allowed power for a significant proportion of the time.

A text proposal for TR25.899 v0.2.0 is appended at the end of this document. 

5.  Reference

[1] R1-031036, “Further explanation of the benefits of CQI Averaging”, Philips 

--- Start of text proposal for TS25.899 v0.2.0 – to be inserted at end of section 6.1.3.2 after text proposal in R1-030743 ---

Another case worth examining is that when the Node B’s DPCH transmit power reaches its maximum allowed limit at times, and therefore does not always follow accurately the changes in downlink channel quality. 

The general assumptions are as above. For the best performance the RMS error between the channel quality estimated at time tsched (using Equation 6.1.3.4) and the average channel quality during the HS-DSCH packet transmission needs to be minimised.
The maximum power limit set for the DL DPCH is varied in order to vary the proportion of the time for which the DPCH is saturated at its maximum allowed transmit power and not responding to the power control commands received from the UE.

The results are shown in Figure Y for a range of UE speeds from 3km/h to 120km/h.

Note that N_av is the CQI averaging period in subframes.

N_rep is the delay from latest CQI report to selecting the MCS; a delay of 40 TTIs from the latest CQI report to selecting the MCS is equivalent to the worst-case delay in the case of a feedback cycle of 40 TTIs, or the average delay in the case of a feedback cycle of 80 TTIs.
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Figure Y:  Performance of CQI averaging with DL DPCH power limitation
The results in Figure Y show that the RMS error in the channel quality value used for MCS selection is significantly reduced at all UE speeds when an averaged CQI report is transmitted compared to the case when non-averaged CQI reports are transmitted. This continues to be the case even when the DL DPCH reaches its maximum allowed power for a significant proportion of the time.
6.1.3.1 Impacts on other WGs

--- End of text proposal ---

Annex A – General Assumptions

As in [1], we denote the CQI report transmitted by the UE in subframe T as CQI(T). In accordance with TS25.214, the allowed  values of CQI(T) are approximately logarithmically spaced. Therefore in the case when averaging is not used, we can write: 
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,  where CQM(T-1) represents the measured channel quality in subframe T-1 on which the report CQI(T) is based. 

When averaging is used, we assume that it is carried out in the logarithmic domain, by averaging the CQI values from Nav subframes:
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Under closed loop power control, the downlink power of the dedicated channel varies inversely with the channel quality. Therefore an estimate of the channel quality in any timeslot can be obtained by scaling the reciprocal of the downlink power in that timeslot by the ratio: 
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where the CQI value is the one most recently received by the Node B.

Then the DL Channel Quality, CQ, in the timeslot tsched  when the packet schedule is created is estimated as follows:
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   … Equation (1)

The HS-DSCH transmission then takes place a few slots after the creation of the schedule, during which time the channel quality will continue to change, but the MCS is not updated. 

We assume a 1-slot gap between the creation of the schedule and the start of HS-SCCH transmission, corresponding to a 3-slot gap between creation of the schedule and the start of HS-DSCH packet transmission. 

The timings are summarised in Figure A1.
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Figure A1:  Summary of timings for CQI reporting and HS-DSCH schedule creation
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