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1. Introduction

A number of decisions were made in RAN1#52bis meeting regarding CQI feedback on PUSCH. In this contribution, the performance of different CQI feedback modes in E-UTRA is compared in both link-level and system-level. 
2. CQI Feedback Modes
For PUSCH, the following CQI feedback modes are agreed after RAN1#52bis meeting.

	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI
	Multiple PMI

	PUSCH CQI                 Feedback Type
	
	
	
	

	
	Wideband
	
	
	Mode 1-2

	
	(wideband CQI)
	
	
	

	
	
	
	
	

	
	UE Selected
	Mode 2-0
	
	Mode 2-2

	
	(subband CQI)
	
	
	

	
	
	
	
	

	
	Higher Layer-configured
	Mode 3-0
	Mode 3-1
	

	
	(subband CQI)
	
	
	


For PUCCH, the following CQI feedback modes are specified. 
	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI

	PUCCH CQI                 Feedback Type
	
	
	

	
	Wideband
	Mode 1-0
	Mode 1-1

	
	(wideband CQI)
	
	

	
	
	
	

	
	UE Selected
	Mode 2-0
	Mode 2-1

	
	(subband CQI)
	
	


3. Numerical Results
Simulation results are shown in this section for different CQI reporting modes. Detailed simulation assumptions are given in the Appendix. 
Figure 1 depicts link-level simulation results for 4x2 MIMO with closed-loop spatial multiplexing. Note that link-level simulation is comparable to the use of round-robin (RR) scheduler and represents a low-loaded network scenario. In such a case, the gain from frequency-selective CQI report (mode 2-1 PUCCH and mode 3-1 PUSCH) and scheduling is limited. From the simulation results, we observe that:
· All the single-antenna modes (1-0 PUCCH, 2-0 PUCCH, 2-0 PUSCH, 3-0 PUSCH) perform similarly which is expected.

· Mode 1-2 PUSCH provides the best throughput results in all CQI/PMI reporting mode, and substantially outperforms mode 1-1 PUCCH, 2-1 PUCCH, and 3-1 PUSCH. The gain is mostly due to frequency-selective precoding, as mode 1-2 has the highest precoding granularity.
· Similarly, mode 2-2 PUSCH outperforms mode 1-1 PUCCH, 2-1 PUCCH, and 3-1 PUSCH due to frequency-selective precoding. Mode 1-2 PUSCH performs better than mode 2-2 due to its higher precoding granularity.
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Figure 1. Link level simulation results (a) 1x2 (b) 4x2
Figure 2 depicts the system-level simulation result for 4x2 MIMO where 10 UEs per cell are assumed. We observe the following: 
· For single-antenna (1x2) transmission, mode 3-0 PUSCH performs the best. The two best-M compression schemes (mode 2-0 PUCCH and mode 2-0 PUSCH) perform similarly (with mode 2-0 PUSCH performing slightly better). 
· With the same CQI granularity, a throughput improvement over 6-10% is obtained from frequency-selective PMI feedback (mode 1-1 PUCCH vs mode 1-2 PUSCH, and mode 2-1 PUCCH vs mode 2-2 PUSCH). Note, however, that the gain of mode 2-2 PUSCH over 2-1 PUCCH comes not only from frequency-selective PMI, but also from a more efficient best-M compression due to the resource limitation associated with the PUCCH-based CQI reporting.
· Mode 2-2 PUSCH and Mode 3-1 PUSCH have similar performance. This is because mode 3-1 PUSCH has higher CQI reporting granularity and achieves more scheduling flexibility, whereas mode 2-2 PUSCH provides a more refined PMI report. Note, however, that the simulation assumes the use of ideal proportional fair scheduler which is a preferred assumption for best-M type CQI compression. At the same time, mode 2-2 PUSCH incurs significantly lower overhead compared to mode 3-1 PUSCH. The overhead comparison can be found in [3].
[image: image3.emf]Nt = 1, Nr = 2, V = 3kmph

8.43

9.62

9.71

10.32

0

2

4

6

8

10

12

average sector TP (Mbps)

Mode 1-0 PUCCH

Mode 2-0 PUCCH

Mode 2-0 PUSCH

Mode 3-0 PUSCH


(a)

[image: image4.emf]Nt = 4, Nr = 2, V = 3Kmph

12.29

13.63

13.43

14.56

14.75

0

2

4

6

8

10

12

14

16

average sector TP (Mbps)

Mode 1-1 PUCCH

Mode 1-2 PUSCH

Mode 2-1 PUCCH

Mode 2-2 PUSCH

Mode 3-1 PUSCH


(b)

Figure 2. System level simulation results (a) 1x2 (b) 4x2

4. Conclusions

The performance of different CQI feedback modes in E-UTRA is compared in this contribution.
· For closed-loop spatial multiplexing, mode 1-2, 2-2, and 3-1 PUSCH are beneficial.

· For low-loaded scenario with a small number of UEs, it is expected that mode 1-2 PUSCH provides substantially better throughput performance over the other reporting modes. Different CQI reporting modes are expected to perform similarly for single-antenna transmission.
· For high-loaded scenario with a larger number of UEs, it is expected that mode 2-2 PUSCH and 3-1 PUSCH perform almost similarly with proportional fair (PF) scheduler and achieve the best performance. While mode 3-1 provides a more refined sub-band CQI (expected to be more robust for different types of eNodeB scheduler), mode 2-2 PUSCH incurs significantly lower overhead and hence more appropriate for PF-type scheduler. 
· For single-antenna transmission, mode 3-0 PUSCH is expected to perform better than mode 2-0 PUCCH and 2-0 PUSCH. 
Appendix
Table 3. Simulation assumptions for link- and system-level
	Parameter

	Explanation/Assumption

	HARQ scheme
	Chase Combining

	Max number of retransmissions
	3

	Number of HARQ processes
	8

	BS total Tx power
	43 dBm

	Bandwidth
	5 MHz

	Sampling frequency
	7.68 MHz

	FFT size
	512

	Number of occupied sub-carriers
	300

	Number of OFDM symbols per TTI
	14

	Number of sub-carriers per RB
	12

	Antennas Configurations
	1x2 and 4x2 

	UE Speed
	3 Kmph

	Number of UEs
	10

	Scheduling 
	Proportional fairness 

	Traffic Model
	Full-buffer

	Channel mode
	SCM urban micro 

	BS antenna spacing
	4L

	MS antenna spacing
	L/2

	feedback delay 
	4 ms

	feedback periodicity 
	5 ms

	Sub-band size
	As specified in [2]

	Channel estimation
	Actual

	BLER target for 1st transmission
	10%

	ISD
	500m

	Penetration Loss
	20dB


Reference
[1] 3GPP, TS36.211 v8.2.0.
[2] 3GPP, TS36.213 v8.2.0.
[3] 3GPP, R1-081995, Texas Instruments, “CQI Reporting on PUSCH” 
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