3GPP TSG RAN WG1 Meeting #72bis

  



   R1-131288
Chicago, USA, 15th April – 19th April 2013
Agenda item: 7.2.2.1
Source: LG Electronics
Title: Evaluation results on 4tx codebook for DL MIMO enhancement
Document for: Discussion and Decision
1. Introduction

In RAN1 #72 meeting and the e-mail discussion [72-11], many companies have suggested detailed proposals on the enhanced 4tx codebook [1]. To this end, this contribution provides evaluation results on the enhanced 4tx codebook for following issues.
· Performance with respect to feedback overhead
· Performance with respect to antenna configuration
The evaluation was performed based on the non-full buffer traffic model (e.g. FTP model 1) to reflect realistic traffic model. In addition, it assumed two PUSCH feedback modes (e.g., mode 3-1, mode 3-2) and two antenna configurations (e.g., co-polarized antenna, cross-polarized antenna). The other simulation assumptions can be shown in the Appendix A)
2. Evaluation results on 4tx codebook for DL MIMO enhancement
2.1. Performance with respect to feedback overhead
In this section, we present the evaluation results on our proposals of enhanced 4tx codebook. To be specific, two alternatives (e.g., Alt 1 and Alt 2), which are described in our companion contribution [2], were evaluated. As mentioned in [2], the codebook size for subband PMI is different in Alt 1 and Alt 2. Hence, the evaluation could provide the performance of the enhanced 4tx codebook with respect to the feedback overhead. In Table 1-(a), 1-(b) and Table 2-(a), it could be shown that the performance of Alt 1 and Alt 2 are compatible. In addition, Alt 2 has slightly better performance than Alt 1 in terms of average UE throughput and this is because antenna configuration specific sub-sampling is used for Alt 2 to prevent erroneous PMI selection. To this end, Alt 2 is preferred in the cases of co-polarized antenna configuration or PUSCH feedback mode 3-1 since it can perform as much as Alt 1 while reducing the feedback overhead. The performance of Alt 2 is reduced relative to that of Alt 1 when the PUSCH feedback mode 3-2 is exploited for the cross-polarized antenna configuration as shown in Table 2-(b). Comparing the average UE throughput of Alt 1 and Alt 2, Alt 1 is only 3.4% greater than Alt 2 and hence they have still similar performance even in this case. On the other hand, the use of Alt 1 increases the feedback overhead about 40% greater. Thus, Alt 2 is preferred for the enhanced 4tx codebook.
Table 1. SU/MU-MIMO switching, Co-polarized antenna with 0.5λ spacing

(a) PUSCH feedback mode 3-1

	
	RU
	Avg. UE Throughput (bps/Hz)
	5%-tile UE Throughput (bps/Hz)
	Feedback overhead (bits)

	
	
	
	
	Rank 1
	Rank 2

	Rel-8 CB
	57%
	1.8512
(0.0%, baseline)
	0.3638
(0.0%, baseline)
	28
(0.0%, baseline)
	28
(0.0%, baseline)

	Alt 1
	55%
	1.9459
(+ 5.1%)
	0.3855
(+ 6.0%)
	32

(+ 14.3%)
	32

(+ 14.3%)

	Alt 2
	55%
	1.9610
(+ 5.9%)
	0.3947
(+ 8.5%)
	30

(+ 7.1%)
	30

(+ 7.1%)


(b) PUSCH feedback mode 3-2
	
	RU
	Avg. UE Throughput (bps/Hz)
	5%-tile UE Throughput (bps/Hz)
	Feedback overhead (bits)

	
	
	
	
	Rank 1
	Rank 2

	Rel-8 CB
	54%
	1.9643
(0.0%, baseline)
	0.3911
(0.0%, baseline)
	60
(0.0%, baseline)
	60
(0.0%, baseline)

	Alt 1
	53%
	2.0531
(+ 4.5%)
	0.4233

(+8.2%)
	64
(+ 6.7%)
	64
(+ 6.7%)

	Alt 2
	53%
	2.0625
(+ 5.0%)
	0.4229
(+8.1%)
	46
(- 23.3%)
	46
(- 23.3%)


Table 2. SU/MU-MIMO switching, Cross-polarized antenna with 0.5λ spacing

(a) PUSCH feedback mode 3-1

	
	RU
	Avg. UE Throughput (bps/Hz)
	5%-tile UE Throughput (bps/Hz)
	Feedback overhead (bits)

	
	
	
	
	Rank 1
	Rank 2

	Rel-8 CB
	69%
	1.4759
(0.0%, baseline)
	0.1937
(0.0%, baseline)
	28
(0.0%, baseline)
	28
(0.0%, baseline)

	Alt 1
	67%
	1.5811
(+ 7.1%)
	0.2189
(+ 13.0%)
	32

(+ 14.3%)
	32

(+ 14.3%)

	Alt 2
	67%
	1.5853
(+ 7.4%)
	0.2199
(+ 13.5%)
	30

(+ 7.1%)
	30

(+ 7.1%)


(b) PUSCH feedback mode 3-2

	
	RU
	Avg. UE Throughput (bps/Hz)
	5%-tile UE Throughput (bps/Hz)
	Feedback overhead (bits)

	
	
	
	
	Rank 1
	Rank 2

	Rel-8 CB
	65%
	1.6661
(0.0%, baseline)
	0.2366
(0.0%, baseline)
	60
(0.0%, baseline)
	60
(0.0%, baseline)

	Alt 1
	62%
	1.7985
(+ 7.9%)
	0.2768
(+ 17.0%)
	64
(+ 6.7%)
	64
(+ 6.7%)

	Alt 2
	63%
	1.7388
(+ 4.4%)
	0.2618
(+ 10.7%)
	46
(- 23.3%)
	46
(- 23.3%)


2.2. Performance with respect to antenna configuration
As there have been many proposals suggested for evaluation during the e-mail discussion [72-11], we provide the evaluation results for some of proposals in the Appendix B as Table 3 and Table 4.In addition, Fig 1 and Fig 2 depict the enhancement gains of proposals relative to the existing Rel-8 4tx codebook. To compare the performance with respect to the feedback overhead, proposals are arranged in the ascending order of the feedback overhead for rank 1 and 2. In Fig 2, it could be seen that the performance difference between proposals, which have similar feedback overhead, is not that much and thus their performance are comparable when the cross-polarized antenna configuration is used. However, feedback bits should be determined before discussion on details of 4tx codebook enhancement since the performance is different according to feedback overhead. In the co-polarized antenna configuration, some of proposals does not provide reasonable enhancement relative to the existing 4tx codebook in Rel-8 as in Fig 1. Considering that the co-polarized antenna configuration could be a still important scenario for 4 antennas, the enhanced 4tx codebook should be designed to guarantee the improved performance in the co-polarized antenna configuration.
3. Conclusion
This contribution provided the evaluation results on proposals of an enhanced 4tx codebook in term of feedback overhead and antenna configuration.
______________________________________________________________________
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Appendix A: Simulation Parameters and Assumptions
	Parameter
	Value

	Cellular layout
	3-sectorized Hexagonal grid with 19 cells wrap-around 

	System frequency
	2 GHz carrier, 10 MHz bandwidth

	Indoor/outdoor UE ratio
	80% indoor UE / 20% outdoor UE

	Traffic model
	FTP model 1 [3], 0.8 UEs(packets)/second/cell, 2.0 Mbyte file size

	Scheduling algorithm
	Proportional Fair

	Transmission mode
	Transmission mode 10 with SU/MU-MIMO switching

	Channel quality report
	Mode 3-1: Wideband PMI per 50 RBs, Subband CQI per 6 RBs

Mode 3-2: Subband PMI/CQI per 6 RBs
5ms CSI reports periodicity,
5ms delay total (measurement in subframe n is used in subframe n+5)
MCSs based on LTE transport formats [36.213]
Rel-8 4-tx codebook / enhanced 4-tx codebook [2]

	Antenna configuration
	4x2 antenna 

(# of Tx Ant. at eNB) x (# of Rx Ant. at UE)

eNB: Co- / Cross-polarized antennas, 0.5 wavelengths separation
UE: Co- / Cross-polarized antennas

	Control channel and
 reference signal overhead 
	4 OFDM symbols per RB
- PDCCH overhead: 20RE/RB

- DM-RS overhead: 12RE/RB
- CRS overhead: 16RE/RB

	Downlink transmitter/receiver type
	Non-ideal MMSE-IRC with degree of freedom 12 [4]
(DM-RS based algorithm)

	Hybrid ARQ
	Incremental Redundancy (IR), Maximum four transmissions,

Initial transmission target FER: 10%

	Hybrid ARQ round trip delay for UE
	8 subframes (8 ms)

	Channel Estimation
	Non Ideal

	Feedback and control channel errors
	Ideal


Appendix B: Evaluation results
Table 3. SU/MU-MIMO switching, Co-polarized antenna with 0.5λ spacing

(a) PUSCH feedback mode 3-1

	
	RU
	Avg. UE Throughput (bps/Hz)
	5%-tile UE Throughput (bps/Hz)
	Feedback overhead (bits)

	
	
	
	
	Rank 1
	Rank 2

	Rel-8 CB
	57%
	1.8512

(0.0%, baseline)
	0.3638
(0.0%, baseline)
	28
(0.0%, baseline)
	28
(0.0%, baseline)

	ALU
	55%
	1.9140

(+ 3.4%)
	0.3847
(+ 5.7%)
	32

(+ 14.3%)
	32

(+ 14.3%)

	Broadcom
	55%
	1.9498

(+ 5.3%)
	0.3881

(+ 6.7%)
	31

(+ 10.7%)
	30

(+ 7.1%)

	CATT
	55%
	1.9147

(+ 3.4%)
	0.3865

(+ 6.2%)
	32

(+ 14.3%)
	31

(+ 10.7%)

	Ericsson
	57%
	1.8493

(- 0.1%)
	0.3563

(- 2.1%)
	29

(+ 3.6%)
	29

(+ 3.6%)

	Fujitsu
	56%
	1.8704

(+ 1.0%)
	0.3643

(+ 0.1%)
	32

(+ 14.3%)
	32

(+ 14.3%)

	Intel
	55%
	1.9198

(+ 3.7%)
	0.3814

(+ 4.8%)
	30

(+ 7.1%)
	30

(+ 7.1%)

	LG_Alt1
	55%
	1.9459
(+ 5.1%)
	0.3855
(+ 6.0%)
	32

(+ 14.3%)
	32

(+ 14.3%)

	LG_Alt2
	55%
	1.9610
(+ 5.9%)
	0.3947
(+ 8.5%)
	30

(+ 7.1%)
	30

(+ 7.1%)

	NNSN_Alt1
	56%
	1.8826
(+ 1.7%)
	0.3659
(+ 0.6%)
	32

(+ 14.3%)
	32

(+ 14.3%)

	NNSN_Alt2
	56%
	1.8901
(+ 2.1%)
	0.3667
(+ 0.8%)
	32

(+ 14.3%)
	32

(+ 14.3%)

	NTT
	56%
	1.8682
(+ 0.9%)
	0.3614
(- 0.7%)
	31

(+ 10.7%)
	31

(+ 10.7%)

	QC_Alt1
	56%
	1.8655
(+ 0.8%)
	0.3659
(+ 0.6%)
	31

(+ 10.7%)
	31

(+ 10.7%)

	QC_Alt2
	56%
	1.8713
(+ 1.1%)
	0.3684
(+ 1.3%)
	32

(+ 14.3%)
	32

(+ 14.3%)

	Renesas
	55%
	1.9256
(+ 4.0%)
	0.3849
(+ 5.8%)
	32

(+ 14.3%)
	32

(+ 14.3%)

	Samsung
	57%
	1.8320
(- 1.0%)
	0.3487
(- 4.2%)
	29

(+ 3.6%)
	28

(+ 0.0%)

	TI
	56%
	1.8772
(+ 1.4%)
	0.3656
(+ 0.5%)
	32

(+ 14.3%)
	32

(+ 14.3%)

	ZTE
	55%
	1.9151
(+ 3.5%)
	0.3931
(+ 8.1%)
	31

(+ 10.7%)
	32

(+ 14.3%)


(b) PUSCH feedback mode 3-2
	
	RU
	Avg. UE Throughput (bps/Hz)
	5%-tile UE Throughput (bps/Hz)
	Feedback overhead (bits)

	
	
	
	
	Rank 1
	Rank 2

	Rel-8 CB
	54%
	1.9643
(0.0%, baseline)
	0.3911
(0.0%, baseline)
	60

(0.0%, baseline)
	60

(0.0%, baseline)

	ALU
	54%
	1.9803
(+ 0.8%)
	0.4092
(+ 4.6%)
	64

(+ 6.7%)
	64

(+ 6.7%)

	Broadcom
	53%
	2.0566
(+ 4.7%)
	0.4284
(+ 9.5%)
	55

(- 8.3%)
	46

(- 23.3%)

	CATT
	53%
	2.0187
(+ 2.8%)
	0.4244
(+ 8.5%)
	64

(+ 6.7%)
	55

(- 8.3%)

	Ericsson
	55%
	1.9292
(- 1.8%)
	0.3818
(- 2.4%)
	45

(- 25.0%)
	45

(- 25.0%)

	Fujitsu
	54%
	1.9909
(+ 1.4%)
	0.4047
(+ 3.5%)
	64

(+ 6.7%)
	64

(+ 6.7%)

	Intel
	53%
	2.0371
(+ 3.7%)
	0.4225
(+ 8.0%)
	78

(+ 30.0%)
	78

(+ 30.0%)

	LG_Alt1
	53%
	2.0531
(+ 4.5%)
	0.4233
(+ 8.2%)
	64

(+ 6.7%)
	64

(+ 6.7%)

	LG_Alt2
	53%
	2.0625
(+ 5.0%)
	0.4229
(+ 8.1%)
	46

(- 23.3%)
	46

(- 23.3%)

	NNSN_Alt1
	54%
	1.9857
(+ 1.1%)
	0.3917
(+ 0.2%)
	64

(+ 6.7%)
	64

(+ 6.7%)

	NNSN_Alt2
	54%
	1.9899
(+ 1.3%)
	0.4018
(+ 2.7%)
	64

(+ 6.7%)
	64

(+ 6.7%)

	NTT
	54%
	1.9806
(+ 0.8%)
	0.4057
(+ 3.7%)
	63

(+ 5.0%)
	63

(+ 5.0%)

	QC_Alt1
	54%
	1.9626
(- 0.1%)
	0.4028
(+ 3.0%)
	55

(- 8.3%)
	55

(- 8.3%)

	QC_Alt2
	54%
	1.9704
(+ 0.3%)
	0.4049
(+ 3.5%)
	64

(+ 6.7%)
	64

(+ 6.7%)

	Renesas
	53%
	2.0126
(+ 2.5%)
	0.4217
(+ 7.8%)
	64

(+ 6.7%)
	64

(+ 6.7%)

	Samsung
	55%
	1.9077
(- 2.9%)
	0.3810
(- 2.6%)
	45

(- 25.0%)
	36

(- 40.0%)

	TI
	54%
	1.9901
(+ 1.3%)
	0.4016
(+ 2.7%)
	64

(+ 6.7%)
	64

(+ 6.7%)

	ZTE
	53%
	1.9976
(+ 1.7%)
	0.4204
(+ 7.5%)
	55

(- 8.3%)
	64

(+ 6.7%)


Table 4. SU/MU-MIMO switching, Cross-polarized antenna with 0.5λ spacing

(a) PUSCH feedback mode 3-1

	
	RU
	Avg. UE Throughput (bps/Hz)
	5%-tile UE Throughput (bps/Hz)
	Feedback overhead (bits)

	
	
	
	
	Rank 1
	Rank 2

	Rel-8 CB
	69%
	1.4759
(0.0%, baseline)
	0.1937
(0.0%, baseline)
	28
(0.0%, baseline)
	28
(0.0%, baseline)

	ALU
	67%
	1.5926
(+ 7.9%)
	0.2207
(+ 13.9%)
	32

(+ 14.3%)
	32

(+ 14.3%)

	Broadcom
	67%
	1.5701
(+ 6.4%)
	0.2161
(+ 11.6%)
	31

(+ 10.7%)
	30

(+ 7.1%)

	CATT
	67%
	1.5841
(+ 7.3%)
	0.2185
(+ 12.8%)
	32

(+ 14.3%)
	31

(+ 10.7%)

	Ericsson
	68%
	1.5386
(+ 4.2%)
	0.2101
(+ 8.5%)
	29

(+ 3.6%)
	29

(+ 3.6%)

	Fujitsu
	67%
	1.5787
(+ 7.0%)
	0.2145
(+ 10.7%)
	32

(+ 14.3%)
	32

(+ 14.3%)

	Intel
	67%
	1.5527
(+ 5.2%)
	0.2147
(+ 10.8%)
	30

(+ 7.1%)
	30

(+ 7.1%)

	LG_Alt1
	67%
	1.5811
(+ 7.1%)
	0.2189
(+ 13.0%)
	32

(+ 14.3%)
	32

(+ 14.3%)

	LG_Alt2
	67%
	1.5853
(+ 7.4%)
	0.2199
(+ 13.5%)
	30

(+ 7.1%)
	30

(+ 7.1%)

	NNSN_Alt1
	67%
	1.5755
(+ 6.7%)
	0.2163
(+ 11.7%)
	32

(+ 14.3%)
	32

(+ 14.3%)

	NNSN_Alt2
	67%
	1.5865
(+ 7.5%)
	0.2171
(+ 12.1%)
	32

(+ 14.3%)
	32

(+ 14.3%)

	NTT
	67%
	1.5807
(+ 7.1%)
	0.2159
(+ 11.5%)
	31

(+ 10.7%)
	31

(+ 10.7%)

	QC_Alt1
	67%
	1.5854
(+ 7.4%)
	0.2154
(+ 11.2%)
	31

(+ 10.7%)
	31

(+ 10.7%)

	QC_Alt2
	67%
	1.5897
(+ 7.7%)
	0.2165
(+ 11.8%)
	32

(+ 14.3%)
	32

(+ 14.3%)

	Renesas
	67%
	1.6040
(+ 8.7%)
	0.2230
(+ 15.1%)
	32

(+ 14.3%)
	32

(+ 14.3%)

	Samsung
	68%
	1.5701
(+ 6.4%)
	0.2117
(+ 9.3%)
	29

(+ 3.6%)
	28

(+ 0.0%)

	TI
	67%
	1.5770
(+ 6.9%)
	0.2177
(+ 12.4%)
	32

(+ 14.3%)
	32

(+ 14.3%)

	ZTE
	67%
	1.5751
(+ 6.7%)
	0.2199
(+ 13.5%)
	31

(+ 10.7%)
	32

(+ 14.3%)


 (b) PUSCH feedback mode 3-2
	
	RU
	Avg. UE Throughput (bps/Hz)
	5%-tile UE Throughput (bps/Hz)
	Feedback overhead (bits)

	
	
	
	
	Rank 1
	Rank 2

	Rel-8 CB
	65%
	1.6661
(0.0%, baseline)
	0.2366
(0.0%, baseline)
	60

(0.0%, baseline)
	60

(0.0%, baseline)

	ALU
	63%
	1.7559
(+ 5.4%)
	0.2688
(+ 13.6%)
	64

(+ 6.7%)
	64

(+ 6.7%)

	Broadcom
	63%
	1.7426
(+ 4.6%)
	0.2653
(+ 12.1%)
	55

(- 8.3%)
	46

(- 23.3%)

	CATT
	62%
	1.7929
(+ 7.6%)
	0.2768
(+ 17.0%)
	64

(+ 6.7%)
	55

(- 8.3%)

	Ericsson
	64%
	1.7110
(+ 2.7%)
	0.2545
(+ 7.6%)
	45

(- 25.0%)
	45

(- 25.0%)

	Fujitsu
	62%
	1.7811
(+ 6.9%)
	0.2710
(+ 14.5%)
	64

(+ 6.7%)
	64

(+ 6.7%)

	Intel
	62%
	1.7852
(+ 7.1%)
	0.2722
(+ 15.0%)
	78

(+ 30.0%)
	78

(+ 30.0%)

	LG_Alt1
	62%
	1.7985
(+ 7.9%)
	0.2768
(+ 17.0%)
	64

(+ 6.7%)
	64

(+ 6.7%)

	LG_Alt2
	63%
	1.7388
(+ 4.4%)
	0.2618
(+ 10.7%)
	46

(- 23.3%)
	46

(- 23.3%)

	NNSN_Alt1
	63%
	1.7591

(+ 5.6%)
	0.2612
(+ 10.4%)
	64

(+ 6.7%)
	64

(+ 6.7%)

	NNSN_Alt2
	63%
	1.7657

(+ 6.0%)
	0.2663
(+ 12.6%)
	64

(+ 6.7%)
	64

(+ 6.7%)

	NTT
	62%
	1.7796
(+ 6.8%)
	0.2717
(+ 14.8%)
	63

(+ 5.0%)
	63

(+ 5.0%)

	QC_Alt1
	63%
	1.7638
(+ 5.9%)
	0.2689
(+ 13.7%)
	55

(- 8.3%)
	55

(- 8.3%)

	QC_Alt2
	62%
	1.7732
(+ 6.4%)
	0.2714
(+ 14.7%)
	64

(+ 6.7%)
	64

(+ 6.7%)

	Renesas
	62%
	1.7874
(+ 7.3%)
	0.2761
(+ 16.7%)
	64

(+ 6.7%)
	64

(+ 6.7%)

	Samsung
	64%
	1.7197
(+ 3.2%)
	0.2546
(+ 7.6%)
	45

(- 25.0%)
	36

(- 40.0%)

	TI
	63%
	1.7651
(+ 5.9%)
	0.2667
(+ 12.7%)
	64

(+ 6.7%)
	64

(+ 6.7%)

	ZTE
	64%
	1.7048
(+ 2.4%)
	0.2557
(+ 8.1%)
	55

(- 8.3%)
	64

(+ 6.7%)


Fig 1. SU/MU-MIMO switching, Co-polarized antenna with 0.5λ spacing
[image: image1.emf]-6

-4

-2

0

2

4

6

8

10

12

Avg. Tput, 3-1 Avg. Tput, 3-2 5%-tile Tput, 3-1 5%-tile Tput, 3-2

Enhancement gain [%]

Samsung

Ericsson

LG_Alt2

Broadcom

QC_Alt1

CATT

ZTE

NTT

ALU

Fujitsu

LG_Alt1

NNSN1

NNSN2

QC_Alt2

Renesas

TI

Intel


Fig 2. SU/MU-MIMO switching, Cross-polarized antenna with 0.5λ spacing
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