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1. Introduction
We proposed one variable rate CQI feedback scheme in past meeting, that is, additional CQI feedback[1]. Certain technology is needed to reduce uplink interference caused by CQI reporting with keeping high throughput performance. In this document, we show the throughput performance of the proposal scheme and how much this scheme can reduce uplink interference. Also, text proposal for TR is prepared.

2. Proposal and Discussion
First, we mention our proposal scheme again. Our proposal scheme is that when the UE detects the error in HS-PDSCH data, it transmits the CQI value in same subframe as HARQ-NACK transmission in addition to fixed rate CQI feedback.
Through this additional CQI feedback, the MCS level for retransmission can be selected with the latest channel quality and then, the probability of retransmission succeeded can be improved.

2.1. Performance at 3km/h

Figure 1 shows the throughput performance with proportional fairness scheduler at 3km/h UE speed. Simulation assumption is shown in Annex A.
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Figure 1: Throughput performance with PF scheduler (3km/h case)
As shown in figure 1, additional feedback can improve the performance and the case of proposal scheme with k=40 is equivalent to fixed rate case with k=1, where k is CQI feedback cycle parameter[2]. As a reference, the performance with Round Robin scheduler is also shown in Annex B (figure B1). The tendency is same as PF scheduler case.

Table 1 summarizes Eb/Io value of each report scheme under the simplifying assumption described in [3]. Summary of assumption and analysis process is also described in Annex C. Feedback cycle k value is used as 1 for the UEs in soft handover area in case of fixed rate feedback and 40 for others.

Table 1: Eb/Io comparison

Number of UEs
No feedback (R'99)
Fixed rate feedback
Additional feedback

100
4.13dB
2.98dB
[4.05dB, 3.99dB]*

*Values in [ ] are M=1 and M=15 case respectively where M is number of UEs that are assigned HS-PDSCHs in one subframe.

It is seen from Table 1 that significant improvement is achieved upon introducing additional CQI feedback into high fixed rate case. This Eb/Io value impacts on the BLER of CQI receiving at Node B and then system performance. For instance[4], if we use fixed rate CQI feedback, it is not possible to achieve a BLER less than 10-2 when the number of UEs is 100. Moreover, if the power offset of HS-DPCCH to UL DPCCH is +6 dB in fixed feedback case, interference on uplink becomes more serious than shown in Table 1.

2.2. Performance at 30km/h
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Figure 2 shows the throughput performance with proportional fairness scheduler at 30km/h UE speed.

Figure 2: Throughput performance with PF scheduler (30km/h case)

As shown in figure 2, additional feedback can improve the performance. However, additional feedback with k=40 or k=80 is not sufficient to get same performance in fixed rate case with k=1 because coherence time is very short at 30km/h. Therefore, further study is needed to get much improvement. One possibility might be a combination with averaged CQI report like the one described in [5]. However, it should be noted that the percentage of UEs at middle speed is smaller than the one at low speed.

The performance of additional feedback scheme with Round Robin scheduler is also shown in Annex B (figure B2). The tendency is same as PF scheduler case.

3. Conclusion
We proposed the additional CQI feedback scheme and showed the throughput performance at low and middle UE speed. The summarized benefits of this proposal scheme are as follows.

· High performance, especially same performance as every subframe report at low speed

· Low interference same as high fixed rate report

· Suitable selection of MCS level for retransmission

· No additional feedback in case that channel condition doesn't change

Therefore, we strongly recommend introducing additional CQI feedback scheme for Release 6 although further study is needed at middle speed. Text proposal for TR (HSDPA enhancements) is prepared below. Also, we commented on Siemens proposal[6-7] in Annex D.
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----- Beginning of Text Proposal -----

5.1 Additional CQI Feedback

The purpose of this proposal scheme is to keep high performance like low fixed rate report and reduce uplink interference like high fixed rate report.

In this scheme, when the UE detects the error in HS-PDSCH data, it transmits the CQI (Channel Quality Indication) value in same subframe as HARQ-NACK transmission in addition to fixed rate report.

6.1 Additional CQI Feedback

6.1.1 Features

The CQI (Channel Quality Indication) which indicates downlink condition shall be reported for suitable selection of transport block size and MCS level in the transmission. It is reported periodically and the feedback cycle parameter k is signalled from higher layers in current specification (Release 5). However, uplink interference increases if the CQI is reported with low fixed rate which is necessary at least in soft handover area.

In additional CQI feedback, the CQI shall be reported in addition to fixed rate report when the UE detects the error in HS-PDSCH data. This scheme can keep high performance and low interference simultaneously. Figure 1 shows the proposal scheme.

The repetition factor of CQI shall be applied for additional CQI feedback as well.

The switch to make this function available is needed as higher layer signalling.
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Figure 1: Additional CQI Feedback
6.1.2 Evaluation and Benefits

[Evaluation]
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Figure 2 shows the throughput performance at 3km/h UE speed. Simulation assumption is shown in [1]. As shown in figure 2, additional feedback with k=40 has same performance as every subframe feedback.

Figure 2: Throughput performance (3km/h case)

Table 1 summarizes Eb/Io value of each report scheme. It can clearly be seen that additional feedback improves the Eb/Io.

Table 1: Eb/Io comparison

Number of UEs
No feedback (R'99)
Fixed rate feedback
Additional feedback

100
4.13dB
2.98dB
[4.05dB, 3.99dB]*

*Values in [ ] are M=1 and M=15 case respectively where M is number of UEs that are assigned HS-PDSCHs in one subframe.

Assumption for Eb/Io comparison[2]:

   Percentage of UEs in SHO



: 30%

   CQI feedback cycle k



: 1 (SHO in fixed rate case), 40 (Others)

   HS-DPCCH/UL DPCCH power ratio


: 0dB

   Other cell interference



: Negligible

   Eb/No requirements for UL DPCCH and HS-DPCCH 
: Same value
[Benefits]

The summarized benefits of additional CQI feedback are:

· High performance, especially same performance as every subframe report at low speed

· Low interference same as high fixed rate report

· Suitable selection of MCS level for retransmission

· No additional feedback in case that channel condition doesn't change

6.1.3 Impacts on other WGs
[Higher layer signalling]

The signalling from higher layer is needed to make additional CQI feedback available.

[1] Mitsubishi, "The Performance of Additional CQI Feedback and Text Proposal", R1-030045

[2] Mitsubishi, Lucent, "On Variable Rate CQI Feedback", R1-02-1215

----- End of Text Proposal -----

Annex A: Simulation Assumption

Table A1: Simulation Assumption

Parameter
Explanation/Assumption
Comments

Cellular layout
Hexagonal 19 cells, No Sectors


Site to Site distance
2800 m


Antenna pattern
Omni


Propagation model
L = 128.1 + 37.6 Log10(R)
R in kilometers

Power allocated to HSDPA transmission(HS-PDSCH)
80 % of total cell power


Slow fading
As modeled in UMTS 30.03, B 1.4.1.4


Std. deviation of slow fading
8 dB


Correlation between sites
0.5


Correlation distance of slow fading
50 m


Carrier frequency
2000 MHz


BS antenna gain
0 dB


UE antenna gain
0 dBi


UE noise figure

Thermal noise neglected

Max. # of retransmissions
8
Retransmissions by fast HARQ


Fast HARQ scheme
6ch-SAW、Chase combining
MCS can be changed between retransmissions unless same TBS is kept

Specify Fast Fading model
1 path Rayleigh


# of UEs
20


# of codes for HS-PDSCH
10


ACK/NAK repetition
None


HS-SCCH, HS-DPCCH transmission
Error free


Channel estimation
Ideal


CQI transmission delay
1 subframe
From measurement to reception at Node-B

Scheduling delay
1.5 slots
From decision at the scheduler to HS-SCCH transmission 

Simulation time
5 sec
Simulation result is averaged by five times

Traffic Model

The data for each user arrives at Node-B every 20 subframes and each data packet is same size (e.g. 2000 bits packet every 20 subframes at the point of 1x106 cell load).

Scheduling Algorithm

· Proportional Fairness (Instant_CIR/Average_CIR) or Round Robin scheduler

· Retransmission has priority in each HARQ channel

· The change of MCS level for retransmission is possible

Measurement data

They are taken from center cell

FER

as shown in figure A1
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Figure A1: FER (assuming 10 codes use for HS-PDSCH)

Annex B: The throughput performance with Round Robin scheduler

The throughput performance of additional CQI feedback with Round Robin scheduler is shown 3km/h (figure B1) and 30km/h (figure B2).
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Figure B1: Throughput performance with RR scheduler (3km/h case)
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Figure B2: Throughput performance with RR scheduler (30km/h case)

Annex C: Analysis for Eb/Io comparison[3]
Analysis is done under the assumption below.

Percentage of UEs in SHO

: 30%

CQI feedback cycle k

: 1 (SHO in fixed rate case), 40 (others)

HS-DPCCH/UL DPCCH power ratio
: 0dB
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Increase of number of CQI report can be considered as if the number of UEs is increased (such an increasing value is defined as N'). Under the simplifying assumption that the Eb/No requirements for UL DPCCH and HS-DPCCH are the same and that other cell interference is negligible, Eb/Io is approximately to:
where R is data rate and N is number of UEs. The value N' is calculated for each scheme as below.

(1) Fixed rate CQI feedback

As all UEs transmit CQI value in defined cycle, the average number of CQI report can be expressed as follows.
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(2) Additional CQI feedback

As only UEs that are assigned the HS-PDSCHs send CQI value, the average number of CQI report can be expressed as follows:
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where, M is number of UEs that are assigned HS-PDSCHs in one sub-frame and "0.1" is criterion error probability of HS-PDSCH for CQI selection.

Annex D: Comments on Siemens proposal[6-7]
It can be understood that this scheme can improve the performance because CQI feedback is requested before transmission. Figure D1 and D2 show its throughput performance with proportional fairness scheduler at 3km/h and 30km/h UE speeds, respectively. In the simulation, CQI feedback is always requested before first transmission and not requested after it in case of successive subframe transmission. 

As shown in figure D1 and D2, the performance is improved by their proposal. However, this result is obtained from ideal assumption that HS-SCCH is always available for fast CQI requesting. In fact, HS-SCCH is sometimes not available because all of them are used for normal signalling. Therefore, the use for CQI requesting is limited and then, it becomes complex which UE should be given the priority for CQI requesting use of remaining HS-SCCH and the delay between packet arrival and first transmission is a concern. These concerns should be clarified.
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Figure D1: Throughput performance by Siemens proposal with PF scheduler (3km/h case)
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Figure D2: Throughput performance by Siemens proposal with PF scheduler (30km/h case)
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