3GPP TSG-RAN WG1 Meeting #72bis
R1-131220
Chicago, USA, 15th April – 19th April 2013

Agenda item:      7.2.2.1
Source:
Nokia Siemens Networks, Nokia Corporation
Title:
Evaluation on codebook proposals for further Downlink MIMO enhancement
Document for:
Discussion and Decision

1 
Introduction
In the eMIMO work item description [1], it states that 

The work item is based on the evaluations carried out in the DL MIMO enhancement study item and will fulfill the following objective: 

· Identify reasons for diverse performance evaluation results of the study item. The ratio of outdoor-indoor UEs in Scenario A will be revisited.

· Evaluate CSI feedback enhancements and identify the most promising solution(s). CSI feedback enhancement candidates include:

· 4-tx PMI feedback codebook enhancements to provide finer spatial domain granularity and support different antenna configurations for macro and small cells, especially cross-polarized antennas, both closely- and widely-spaced, and non-colocated antennas with power imbalance

· a new CSI feedback mode providing sub-band CQI and sub-band PMI 

· finer frequency-domain granularity

· enhanced control of the reported rank and corresponding assumptions for CQI/PMI derivation, to improve support for MU-MIMO.

· Depending on the outcome of the above studies, specify the selected enhancement(s) together with any necessary supporting signalling. 

  In this contribution we give our simulation evaluation on codebook proposals submitted by March 8th.
2 
Feedback mode 3-2

A new CSI feedback mode providing sub-band CQI and sub-band PMI is listed as a CSI feedback enhancement candidate in [1]. In this section, we provide the simulation results for Scenario A with 100% outdoor UE dropping rule and 20% outdoor UE dropping rule to evaluate the gain through feedback mode 3-2. In contrast with evaluation with the full buffer model [2], it is found feedback mode 3-2 does bring gains over feedback mode 3-1 for the bursty traffic model. 
In table 1, the simulation results with the LTE Rel-8 4Tx codebook are given for feedback modes 3-1 and 3-2 and bursty traffic model.

Table 1: Scenario A, 4x2, cross-polarized antenna configuration, closely-spaced, PUSCH mode 3-1 vs mode “3-2”, with subband size at 6 PRBs at arrival rate 2.5 UEs/second/cell
	Scenario
	Scheme
	Normalized Average UE TP
	Normalized median UE TP  
	Normalized 5% TP  

	Scenario A, 
100% outdoor
	SU/MU-MIMO, Rel-8 4Tx CB, feedback mode 3-1
	1 (Reference)
	1 (Reference)
	1(Reference)

	
	SU/MU-MIMO, Rel-8 4Tx CB, feedback mode 3-2
	1.13 (13%)
	1.17 (17%)
	1.1975 (19.75%)


	Scenario
	Scheme
	Normalized Average UE TP
	Normalized median UE TP  
	Normalized 5% TP  

	Scenario A, 
20% outdoor
	SU/MU-MIMO, Rel-8 4Tx CB, feedback mode 3-1
	1 (Reference)
	1 (Reference)
	1 (Reference)

	
	SU/MU-MIMO, Rel-8 4Tx CB, feedback mode 3-2
	1.1136 (11.36%)
	1.1528 (15.28%)
	1.1929 (19.29%)


	
	


Observation 1: While feedback mode 3-2 brings marginal gains over feedback mode 3-1 for the full buffer traffic model, it does bring sizeable gains for the bursty traffic model. 
In table 2, evaluation results for some selected codebooks are provided for feedback mode 3-1 and 3-2.  The baseline for comparison is LTE Rel-8 4Tx codebook at feedback mode 3-1.  The codebooks listed in the tables below can be found in [6]

 REF _Ref352922724 \r \h 
[7]

 REF _Ref352922725 \r \h 
[8]

 REF _Ref352922431 \r \h 
[9]

 REF _Ref352922728 \r \h 
[10]

 REF _Ref352922730 \r \h 
[11]. In our codebook submission, two sets of parameters are included; the corresponding codebooks are denoted as NNSN1 and NNSN2. In Qualcomm’s submission, two alternatives are provided, which are denoted as QCOMalt1 and QCOMalt2. The codebook from AT&T is simulated according to [10]

 REF _Ref352922730 \r \h 
[11].
                             Table 2 20%/80% indoor/outdoor, at arrival rate 2.5 UEs/second/cell

	20%/80% indoor/outdoor at arrival rate 2.5 UEs/second/cell

	Setup 
	 Sector TP (Mbps)
	 avg TP (Mbps)
	 Median TP(Mbps)
	 5 percentile TP (Kbps)

	LTE 4Tx CB,  feedback mode 3-1
	10.39(0.00%)
	14.90(0.00%)
	10.18(0.00%)
	2604.34(0.00%)

	LTE 4Tx CB, feedback mode 3-2
	10.41(0.19%)
	16.84(13.02%)
	11.92(17.09%)
	3118.82(19.75%)

	NNSN1, feedback mode 3-1
	10.41(0.19%)
	16.13(8.26%)
	11.27(10.71%)
	2915.69(11.96%)

	NNSN1, feedback mode 3-2
	10.42(0.29%)
	18.06(21.21%)
	13.03(28.00%)
	3417.78(31.23%)

	NNSN2, feedback mode 3-1
	10.41(0.19%)
	16.21(8.79%)
	11.28(10.81%)
	2957.10(13.55%)

	NNSN2, feedback mode 3-2
	10.42(0.29%)
	18.05(21.14%)
	13.02(27.90%)
	3419.30(31.29%)

	Intel, feedback mode 3-1
	10.40(0.10%)
	15.89(6.64%)
	11.00(8.06%)
	2875.56(10.41%)

	Intel, feedback mode 3-2
	10.42(0.29%)
	18.24(22.42%)
	13.04(28.09%)
	3477.02(33.51%)

	TI, feedback mode 3-1
	10.41(0.19%)
	15.96(7.11%)
	11.01(8.15%)
	2882.20(10.67%)

	TI, feedback mode 3-2
	10.42(0.29%)
	17.68(18.66%)
	12.65(24.26%)
	3388.46(30.11%)

	QCOMalt2, feedback mode 3-1
	10.40(0.10%)
	15.93(6.91%)
	11.00(8.06%)
	2874.26(10.36%)

	QCOMalt2, feedback mode 3-2
	10.42(0.29%)
	17.03(14.30%)
	11.96(17.49%)
	3230.89(24.06%)

	QCOMalt1, feedback mode 3-1
	10.40(0.10%)
	15.95(7.05%)
	11.00(8.06%)
	2874.88(10.39%)

	QCOMalt1, feedback mode 3-2
	10.41(0.19%)
	16.99(14.03%)
	11.94(17.29%)
	3231.43(24.08%)

	Transparent codebook, feedback mode 3-1
	10.40(0.10%)
	15.75(5.70%)
	10.97(7.76%)
	2762.23(6.06%)

	Transparent codebook, feedback mode 3-2
	10.41(0.19%)
	17.36(16.51%)
	12.28(20.63%)
	3217.82(23.56%)

	ATT, feedback mode 3-1
	10.41(0.19%)
	15.98(7.25%)
	11.04(8.45%)
	2916.52(11.99%)

	ATT, feedback mode 3-2
	10.42(0.29%)
	17.73(18.99%)
	12.65(24.26%)
	3389.08(30.13%)


  Table 3 100% outdoor at 2.5 UEs/second/cell

	100% outdoor at 2.5 UEs/second/cell

	Setup 
	 Sector TP (Mbps)
	 avg TP (Mbps)
	 Median TP(Mbps)
	 5 percentile TP (Kbps)

	LTE 4Tx CB,  feedback mode 3-1
	10.43(0.00%)
	19.28(0.00%)
	13.94(0.00%)
	3838.68(0.00%)

	LTE 4Tx CB, feedback mode 3-2
	10.43(0.00%)
	21.47(11.36%)
	16.07(15.28%)
	4578.98(19.29%)

	NNSN1, feedback mode 3-1
	10.43(0.00%)
	20.77(7.73%)
	15.46(10.90%)
	4254.81(10.84%)

	NNSN1, feedback mode 3-2
	10.44(0.10%)
	22.77(18.10%)
	17.42(24.96%)
	4971.77(29.52%)

	NNSN2, feedback mode 3-1
	10.43(0.00%)
	20.82(7.99%)
	15.47(10.98%)
	4297.56(11.95%)

	NNSN2, feedback mode 3-2
	10.44(0.10%)
	22.83(18.41%)
	17.44(25.11%)
	5023.27(30.86%)

	Intel, feedback mode 3-1
	10.43(0.00%)
	20.38(5.71%)
	14.93(7.10%)
	4174.03(8.74%)

	Intel, feedback mode 3-2
	10.44(0.10%)
	23.00(19.29%)
	17.45(25.18%)
	5096.84(32.78%)

	TI, feedback mode 3-1
	10.43(0.00%)
	20.43(5.96%)
	15.04(7.89%)
	4212.62(9.74%)

	TI, feedback mode 3-2
	10.44(0.10%)
	22.29(15.61%)
	16.83(20.73%)
	4904.07(27.75%)

	QCOMalt2, feedback mode 3-1
	10.43(0.00%)
	20.41(5.86%)
	14.96(7.32%)
	4175.45(8.77%)

	QCOMalt2, feedback mode 3-2
	10.44(0.10%)
	21.53(11.67%)
	16.08(15.35%)
	4633.73(20.71%)

	QCOMalt1, feedback mode 3-1
	10.43(0.00%)
	20.40(5.81%)
	15.00(7.60%)
	4171.85(8.68%)

	QCOMalt1, feedback mode 3-2
	10.44(0.10%)
	21.48(11.41%)
	16.06(15.21%)
	4634.95(20.74%)

	Transparent codebook, feedback mode 3-1
	10.43(0.00%)
	20.35(5.55%)
	14.94(7.17%)
	4130.33(7.60%)

	Transparent codebook, feedback mode 3-2
	10.44(0.10%)
	22.12(14.73%)
	16.71(19.87%)
	4800.39(25.05%)

	ATT, feedback mode 3-1
	10.43(0.00%)
	20.36(5.60%)
	14.93(7.10%)
	4210.00(9.67%)

	ATT, feedback mode 3-2
	10.43(0.00%)
	22.45(16.44%)
	17.37(24.61%)
	4916.98(28.09%)


It is clear that all codebook proposals evaluated in tables 2 and 3,  including the transparent codebook, provide throughput gains over LTE 4Tx codebook at both feedback modes 3-1 and 3-2. As for other feedback modes, such as 1-1, the same trend can be expected. We have also evaluated widely spaced antennas, and some codebook proposals still outperform the LTE 4Tx codebook.
The fact that  new codebook proposals evaluated here outperform the Rel-8 4Tx codebook in both feedback mode 3-1 and 3-2 suggests that in case of 4Tx antennas, the new feedback mode 3-2 needs to be introduced over the new codebook only. Please refer to our companion contribution [3] for further discussion. 
Observation 2: New codebook proposals offer useful gains over the LTE 4Tx codebook for both feedback modes 3-1 and 3-2.
As there is no feedback mode 3-2 in releases 8-11, the throughputs reported at the legend “transparent codebook, feedback mode 3-2” are the throughputs one would see if the specification is updated with feedback mode 3-2 and 8Tx CSI configuration is used for a UE as described in[3]

 REF _Ref352922573 \r \h 
[4][7]
.

3 
Codebook evaluation
From the evaluation from section 2, feedback mode 3-2 seems to be a quite effective feature to achieve throughput gains for the bursty traffic model.  Many codebook proposals also provide considerable gain over Rel-8 4Tx codebook at transmission mode 3-1.

In the table below, the key parameters pertinent to codebook characterization are given for codebook proposals.
	 
	Num of W1 at rank 1 
	Rank1 CW
	Num of W1 at rank 2
	Rank2 CW
	Constant modulus
	Remark

	Huawei
	1
	16
	1
	16
	No
	 

	Ericsson
	8
	32
	8
	32
	yes
	 

	RME
	16
	256
	16
	256
	yes
	 

	Intel
	1
	64
	1
	64
	No
	A single codebook, 6 bits overhead per subband

	CATT
	16
	256
	16
	128
	yes 
	 

	ALU
	16
	256
	16
	256
	yes 
	 

	BRCM
	16
	128
	16
	64
	yes
	 

	TI
	17
	272
	17
	272
	yes
	Includes Rel-8 4Tx codebook

	LGE (Xpol)
	16
	64
	16
	64
	 yes
	 

	QCOMalt1
	16
	128
	16
	128
	yes
	 

	QCOMalt2
	16
	256
	16
	256
	yes
	 

	NNSN1
	16
	256
	16
	256
	yes
	 

	NNSN2
	16
	256
	16
	256
	yes
	 

	DCM
	32
	512
	32
	512
	No
	 

	Samsung
	8
	32
	8
	16
	yes 
	 

	NPC
	16
	128
	16
	128
	yes 
	 

	NEC
	64/64
	1024/16
	       64/32
	1024/16
	No
	The second set of parameters is according to email update. 

	Fujitsu
	16
	256
	16
	256
	yes 
	 

	ZTE
	16
	128
	9
	144
	No 
	 

	ATT
	16
	256
	16
	256
	yes
	 


We have
Observation 3: Majority of codebook proposals have codebook design parameters similar to Rel-10 8Tx codebook’s.

From that, it is natural that Rel-10 8Tx codebook CSI feedback design can be used as a reference for feedback design for the new codebook due to their commonality in key codebook parameters.
The results for arrival rate at 2.5 UEs/second/cell are reported in the previous section. In this section we will mainly focus on feedback mode 3-2 and report additional results at arrival rates at 4 UEs/second/cell. The baseline for comparison is the Rel-8 codebook with feedback mode 3-2 in this section.
Table 4
	20%/80% indoor/outdoor at arrival rate 4 UEs/second/cell

	Setup 
	 Sector TP (Mbps)
	 avg TP (Mbps)
	 Median TP(Mbps)
	 5 percentile TP (Kbps)

	LTE 4Tx CB, feedback mode 3-2
	15.14(0.00%)
	5.34(0.00%)
	2.84(0.00%)
	636.24(0.00%)

	NNSN1, feedback mode 3-2
	15.32(1.19%)
	5.90(10.49%)
	3.16(11.27%)
	701.08(10.19%)

	NNSN2, feedback mode 3-2
	15.33(1.25%)
	5.92(10.86%)
	3.18(11.97%)
	694.46(9.15%)

	Intel, feedback mode 3-2
	15.36(1.45%)
	6.01(12.55%)
	3.24(14.08%)
	711.49(11.83%)

	TI, feedback mode 3-2
	15.33(1.25%)
	5.85(9.55%)
	3.15(10.92%)
	695.12(9.25%)

	QCOMalt2, feedback mode 3-2
	15.28(0.92%)
	5.64(5.62%)
	3.06(7.75%)
	682.11(7.21%)

	QCOMalt1, feedback mode 3-2
	15.28(0.92%)
	5.62(5.24%)
	3.04(7.04%)
	678.64(6.66%)

	ATT, feedback mode 3-2
	15.31(1.12%)
	5.80(8.61%)
	3.13(10.21%)
	688.34(8.19%)


Table 5
	100% outdoor at 4 UEs/second/cell

	Setup 
	 Sector TP (Mbps)
	 avg TP (Mbps)
	 Median TP(Mbps)
	 5 percentile TP (Kbps)

	LTE 4Tx CB, feedback mode 3-2
	15.63(0.00%)
	6.59(0.00%)
	3.69(0.00%)
	827.50(0.00%)

	NNSN1, feedback mode 3-2
	15.81(1.15%)
	7.29(10.62%)
	4.09(10.84%)
	936.74(13.20%)

	NNSN2, feedback mode 3-2
	15.81(1.15%)
	7.33(11.23%)
	4.13(11.92%)
	932.45(12.68%)

	Intel, feedback mode 3-2
	15.83(1.28%)
	7.36(11.68%)
	4.21(14.09%)
	953.75(15.26%)

	TI, feedback mode 3-2
	15.80(1.09%)
	7.14(8.35%)
	4.05(9.76%)
	927.07(12.03%)

	QCOMalt2, feedback mode 3-2
	15.76(0.83%)
	6.92(5.01%)
	3.92(6.23%)
	904.29(9.28%)

	QCOMalt1, feedback mode 3-2
	15.76(0.83%)
	6.90(4.70%)
	3.93(6.50%)
	894.84(8.14%)

	transparent codebook, feedback mode 3-2
	15.72(0.58%)
	7.00(6.22%)
	3.97(7.59%)
	879.73(6.31%)

	ATT, feedback mode 3-2
	15.78(0.96%)
	7.12(8.04%)
	4.05(9.76%)
	914.88(10.56%)


It can be observed that at arrival rate 4 UEs/second/cell, some codebook proposals can provide additional gains on the order of 10% over the Rel-8 4Tx codebook at feedback mode 3-2.  It can be also seen that better throughput gains can be achieved with higher feedback overhead.  We have 
Observation 4: In the design of the new 4Tx codebook, both throughput gains and feedback overhead need to be taken into consideration.
 4 Conclusion

In this contribution, we provide evaluation results for a number of codebook proposals. We have the following observations:

Observation 1: While feedback mode 3-2 brings marginal gains over feedback mode 3-1 for the full buffer traffic model, it does bring sizeable gains for the bursty traffic model. 
Observation 2: New codebook proposals offer useful gains over the LTE 4Tx codebook for both feedback modes 3-1 and 3-2.

Observation 3: Majority of codebook proposals have codebook design parameters similar to Rel-10 8Tx codebook’s.

Observation 4: In the design of the new 4Tx codebook, both throughput gains and feedback overhead need to be taken into consideration.
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Appendix A – Simulation assumptions
	Parameter
	Value

	Cellular layout
	Hexagonal grid, 19 sites, 3 sectors per site, center site simulated, 500 m ISD

	Simulation case
	ITU UMa for macro

	Carrier frequency
	2GHz

	Deployment scenario
	A: Homogenous macro

	Antenna configuration
	4 Tx 0.5λ or 4λ x-pol (-45o, 45o), for eNB

2 Rx 0.5λ x-pol (0o, 90o)

	Number of UEs per cell
	Arrival rate at 2.5/3.25/4 UEs/second/cell for bursty traffic

	Transmission scheme
	{MU-MIMO with maximum 2 UEs, SU-MIMO with maximum 2 layers per UE}

	Receiver modeling for PDSCH
	IRC, realistic channel estimation,  sample covariance matrix modeled with the Wishart distribution

	Feedback
	Mode 3-1 or Mode 3-2: {Rel’8  4Tx codebook as baseline} 
Subband sizes 6 PRBs/1 PRB, 5 ms delay PMI/CQI

	Scheduler
	Proportional fair

	Indoor / outdoor modeling
	Drop rule 1: 20 % UEs dropped outdoor

Drop rule 2: 100% UEs dropped outdoor

	Traffic model
	Bursty traffic model at a number of arrival rates {2.5, 3.25, 4} UEs/second/cell

	Receiver modeling for CSI
	Realistic channel estimation for CSI-RS 

	HARQ
	Max 4 retransmission

Incremental redundancy








