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1 Introduction
In Madrid #62 meeting, it was decided 

· 2Tx Rel.10 codebook is the 2Tx Rel.8 codebook

· 4Tx Rel.10 codebook is the 4Tx Rel.8 codebook

· 2 & 4 Tx Rel.10 CQI, and if possible PMI/RI, feedback accuracy is to be enhanced in a straightforward way targeting both MU-MIMO and SU-MIMO improvement, taking the performance/overhead tradeoff into account

· 8 Tx Rel.10 CQI (at least) feedback accuracy is to be enhanced in a straightforward way targeting both MU-MIMO and SU-MIMO improvement, taking the performance/overhead tradeoff into account

In Xi’an #62bis meeting, submitted feedback enhancements targeted PUSCH 3-2 [1,2,3] and enhanced PUSCH 3-1 [4]. No agreements were found. The chairman encouraged companies to evaluate the above WFs and continue discussion until RAN1#63. 


In this contribution, we evaluate the performance of the enhanced PUSCH 3-1 vs. PUSCH 3-2 as described in those WFs and provide our view on the CQI enhancement. 
Enhanced PUSCH 3-1 as proposed in [4] targets a CQI enhancement mode relying on MU CQI and rank restricted feedback whose benefits are to enhance the dynamic switching between SU and MU MIMO. The content of [4] writes as follows

· In addition to Rel-8 Mode 3-1 feedback, UE can be configured via higher layer signalling to report:
· If RI>1 
· a wideband PMI (W) calculated assuming restricted rank=1;

· per subband CQI targeting MU-MIMO operation;
· If RI=1 
· per subband CQI targeting MU-MIMO operation;
· MU-MIMO CQI is computed assuming the interfering PMIs are orthogonal to the SU-MIMO rank 1 PMI

· For 4 TX,
· The total number of co-scheduled layers is assumed to be 4 at the time of MU CQI computation. The 3 interfering PMIs for each SU-MIMO rank-1 PMI are listed in the table below 
	SU MIMO rank-1 PMI
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Interfering rank-1 PMIs assumed for CQI calculation
	1,2,

3
	2,3,

0
	3,0,

1
	0,1,

2
	5,6,

7
	6,7,

4
	7,4,

5
	4,5,

6
	9,10,

11
	10,11,8
	11,8,

9
	8,9,

10
	13,14,15
	14,15,12
	15,12,13
	12,13,14


· As a baseline, uniform power allocation among the 4 layers
· non-uniform power allocation FFS
· For FFS for 2 and 8-TX
MU CQI and rank restricted feedback have been extensively discussed in the past and the interested readers are referred to contributions [5-14] for detailed explanations.
2 4Tx SLS Performance Evaluations
In the following evaluations, we compare PUSCH 3-2 mode as proposed in e.g. [2] with the enhanced PUSCH 3-1 mode of [4]. We look at the case where 

· we constrain the UE to only report rank-1 PMI in order to investigate the benefit of the MU CQI vs. the SU MIMO rank-1 CQI
· we leave the UE to decide upon the rank in which case the joint benefit of rank restricted feedback and MU CQI can be fully assessed. 

Table 1. 4x2 closely spaced dual-polarized (XX->+ channels, 0.5λ antenna spacing, 15º angle spread)
	MU-MIMO based on rank-1 report with MAX 2 co-scheduled layers
	Average cell spectral efficiency (bits/s/Hz/cell)
	5% cell edge spectral efficiency (bits/s/Hz/user)

	PUSCH 3-2
	2.6681 (1.13%)
	0.082

	PUSCH 3-1
	2.6384
	0.0803


	Enhanced PUSCH 3-1 with uniform power allocation 1/4,1/4,1/4,1/4
	2.7205
	0.0832

	Enhanced PUSCH 3-1 with non-uniform power allocation 1/2,1/6,1/6,1/6
	2.7968 (6.00%)
	0.0848

	Enhanced PUSCH 3-1 with non-uniform power allocation 1/2,1/2,0,0
	2.7531
	0.0854

	Enhanced PUSCH 3-1 with non-uniform power allocation 1/2,0,1/2,0
	2.6995
	0.084


Table 2. 4x2 closely spaced dual-polarized (XX->+ channels, 0.5λ antenna spacing, 15º angle spread)
	MU-MIMO based on rank-1 report with MAX 4 co-scheduled layers
	Average cell spectral efficiency (bits/s/Hz/cell)
	5% cell edge spectral efficiency (bits/s/Hz/user)

	PUSCH 3-2
	2.3471 (0.53%)
	0.0815

	PUSCH 3-1
	2.3347
	0.0774

	Enhanced PUSCH 3-1 with uniform power allocation 1/4,1/4,1/4,1/4
	2.4869
	0.0791

	Enhanced PUSCH 3-1 with non-uniform power allocation 1/2,1/6,1/6,1/6
	2.5334 (8.51%)
	0.0806

	Enhanced PUSCH 3-1 with non-uniform power allocation 1/2,1/2,0,0
	2.4205
	0.0813

	Enhanced PUSCH 3-1 with non-uniform power allocation 1/2,0,1/2,0
	2.3952
	0.082


Table 3. 4x2 largely spaced dual-polarized (X  X->+ channels, 4λ antenna spacing, 15º angle spread)
	MU-MIMO based on rank-1 report with MAX 2 co-scheduled layers
	Average cell spectral efficiency (bits/s/Hz/cell)
	5% cell edge spectral efficiency (bits/s/Hz/user)

	PUSCH 3-2
	2.4289 (1.75%)
	0.0691

	PUSCH 3-1
	2.3872
	0.0644

	Enhanced PUSCH 3-1 with uniform power allocation 1/4,1/4,1/4,1/4
	2.3586
	0.0647

	Enhanced PUSCH 3-1 with non-uniform power allocation 1/2,1/6,1/6,1/6
	2.4793 (3.86%)
	0.0668

	Enhanced PUSCH 3-1 with non-uniform power allocation 1/2,1/2,0,0
	2.4338
	0.0662

	Enhanced PUSCH 3-1 with non-uniform power allocation 1/2,0,1/2,0
	2.4315
	0.067


Table 4. 4x2 closely spaced dual-polarized (XX->+ channels, 0.5λ antenna spacing, 15º angle spread)
	SU/MU-MIMO dynamic switching based on SU-MIMO report with MAX 2 co-scheduled layers
	Average cell spectral efficiency (bits/s/Hz/cell)
	5% cell edge spectral efficiency (bits/s/Hz/user)

	PUSCH 3-2
	2.6757 (1.56%)
	0.0738

	PUSCH 3-1
	2.6346
	0.0715

	Enhanced PUSCH 3-1 with non-uniform power allocation 1/2,1/6,1/6,1/6
	2.7812 (5.56%)
	0.0781


Table 5. 4x2 closely spaced dual-polarized (XX->+ channels, 0.5λ antenna spacing, 15º angle spread)
	SU/MU-MIMO dynamic switching based on SU-MIMO report with MAX 4 co-scheduled layers
	Average cell spectral efficiency (bits/s/Hz/cell)
	5% cell edge spectral efficiency (bits/s/Hz/user)

	PUSCH 3-2
	2.3929 (0.2%)
	0.0732

	PUSCH 3-1
	2.3878
	0.0696

	Enhanced PUSCH 3-1 with non-uniform power allocation 1/2,1/6,1/6,1/6
	2.6168 (9.59%)
	0.0765


Table 6. 4x2 largely spaced dual-polarized (X  X->+ channels, 4λ antenna spacing, 15º angle spread)
	SU/MU-MIMO dynamic switching based on SU-MIMO report with MAX 2 co-scheduled layers
	Average cell spectral efficiency (bits/s/Hz/cell)
	5% cell edge spectral efficiency (bits/s/Hz/user)

	PUSCH 3-2
	2.4753 (3.79%)
	0.0579

	PUSCH 3-1
	2.3848
	0.0555

	Enhanced PUSCH 3-1 with non-uniform power allocation 1/2,1/6,1/6,1/6
	2.5204 (5.69%)
	0.0596


Observations in 4Tx: 

· PUSCH 3-2 provides 0 to 4% gain over PUSCH 3-1

· Enhanced 3-1 provides 5 to 10% gain over PUSCH 3-1

· PUSCH 3-2 incurs the largest overhead

· Enhanced 3-1 is preferable to PUSCH 3-2 from both a performance and overhead perspectives

3 8Tx SLS Performance Evaluations
In the following evaluations, we compare PUSCH 3-2 mode as proposed in e.g. [2] with the enhanced PUSCH 3-1 mode of [4]. However the procedure to compute the MU CQI was not provided in [4]. Relying on the same philosophy as for 4Tx, we can easily build the following table for 8Tx:

· MU-MIMO CQI is computed assuming the interfering PMIs are orthogonal to the SU-MIMO rank 1 PMI

· For 8 TX,
· The total number of co-scheduled layers is assumed to be 4 at the time of MU CQI computation. The 3 interfering PMIs for each SU-MIMO rank-1 PMI are listed in the table below 
	SU MIMO PMI
	i1

	Interfering PMI assumed for CQI calculation
	mod(i1+4,16), mod(i1+8,16), mod(i1+12,16)


· The CQI is calculated assuming the same W2 index as the rank-1 SU-MIMO report
We look at the case where 

· we constrain the UE to only report rank-1 PMI in order to investigate the benefit of the MU CQI vs. the SU MIMO rank-1 CQI

· we leave the UE to decide upon the rank in which case the joint benefit of rank restricted feedback and MU CQI can be fully assessed. 

Table 7. 8x2 closely spaced dual-polarized (XXXX->+ channels, 0.5λ antenna spacing, 15º angle spread)
	MU-MIMO based on rank-1 report with MAX 4 co-scheduled layers
	Average cell spectral efficiency (bits/s/Hz/cell)
	5% cell edge spectral efficiency (bits/s/Hz/user)

	PUSCH 3-2
	3.3861 (2.94%)
	0.1108

	PUSCH 3-1
	3.2895 
	0.1102

	Enhanced PUSCH 3-1 with uniform power allocation 1/4,1/4,1/4,1/4
	3.3743 (2.58%)
	0.1155

	Enhanced PUSCH 3-1 with non-uniform power allocation 1/2,1/6,1/6,1/6
	3.3485
	0.1178

	Enhanced PUSCH 3-1 with non-uniform power allocation 1/2,1/2,0,0
	3.3296
	0.1185

	Enhanced PUSCH 3-1 with non-uniform power allocation 1/2,0,1/2,0
	3.3479
	0.115


Table 8. 8x2 closely spaced dual-polarized (XXXX->+ channels, 0.5λ antenna spacing, 15º angle spread)
	SU/MU-MIMO dynamic switching based on SU-MIMO report with MAX 4 co-scheduled layers
	Average cell spectral efficiency (bits/s/Hz/cell)
	5% cell edge spectral efficiency (bits/s/Hz/user)

	PUSCH 3-2
	3.112 (2.27%)
	0.107

	PUSCH 3-1
	3.043
	0.1101

	Enhanced PUSCH 3-1 with uniform power allocation 1/4,1/4,1/4,1/4
	3.2738 (7.58%)
	0.1083


Table 9. 8x4 closely spaced dual-polarized (XXXX->++ channels, 0.5λ antenna spacing, 15º angle spread)
	SU/MU-MIMO dynamic switching based on SU-MIMO report with MAX 4 co-scheduled layers
	Average cell spectral efficiency (bits/s/Hz/cell)
	5% cell edge spectral efficiency (bits/s/Hz/user)

	PUSCH 3-2
	4.1618 (0.42%)
	0.1393

	PUSCH 3-1
	4.1444
	0.1379

	Enhanced PUSCH 3-1 with uniform power allocation 1/4,1/4,1/4,1/4
	4.9828 (20.23%)
	0.1332


Observations in 8Tx: 

· PUSCH 3-2 provides 0 to 2% gain over PUSCH 3-1

· Enhanced 3-1 provides 8 to 20% gain over PUSCH 3-1

· PUSCH 3-2 incurs the largest overhead

· Enhanced 3-1 is preferable to PUSCH 3-2 from both a performance and overhead perspectives

4 Conclusions
From SLS evaluation conducted for 4 and 8Tx, we observe
· PUSCH 3-2 provides 0 to 4% gain in 4Tx and 0 to 2% gain in 8Tx over PUSCH 3-1

· Enhanced 3-1 provides 5 to 10% gain in 4Tx and 8 to 20% gain in 8Tx over PUSCH 3-1

· PUSCH 3-2 incurs the largest overhead

· Enhanced 3-1 is preferable to PUSCH 3-2 from both a performance and overhead perspectives

We propose to standardize an enhanced PUSCH 3-1 mode whose content is a slight update of [4] as follows:

· In addition to Rel-8 Mode 3-1 feedback, UE can be configured via higher layer signalling to report:
· If RI>1 
· a wideband PMI (W) calculated assuming restricted rank=1;

· per subband CQI targeting MU-MIMO operation;
· If RI=1 
· per subband CQI targeting MU-MIMO operation;
· MU-MIMO CQI is computed assuming the interfering PMIs are orthogonal to the SU-MIMO rank 1 PMI

· For 4 TX,
· The total number of co-scheduled layers is assumed to be 4 at the time of MU CQI computation. The 3 interfering PMIs for each SU-MIMO rank-1 PMI are listed in the table below 
	SU MIMO rank-1 PMI
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Interfering rank-1 PMIs assumed for CQI calculation
	1,2,

3
	2,3,

0
	3,0,

1
	0,1,

2
	5,6,

7
	6,7,

4
	7,4,

5
	4,5,

6
	9,10,

11
	10,11,8
	11,8,

9
	8,9,

10
	13,14,15
	14,15,12
	15,12,13
	12,13,14


· non-uniform power allocation among the 4 layers based on 1/2,1/6,1/6,1/6
· For 8 TX,
· The total number of co-scheduled layers is assumed to be 4 at the time of MU CQI computation. The 3 interfering PMIs for each SU-MIMO rank-1 PMI are listed in the table below 
	SU MIMO PMI
	i1

	Interfering PMI assumed for CQI calculation
	mod(i1+4,16), mod(i1+8,16), mod(i1+12,16)


· Uniform power allocation among the 4 layers (1/4,1/4,1/4,1/4)

· The CQI is calculated assuming the same W2 index as the rank-1 SU-MIMO report
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6 Appendix: Simulation assumptions
	Parameter
	Value

	General
	Parameters and assumptions not explicitly stated here according to 3GPP specifications

	Duplex method
	FDD

	Bandwidth
	10 MHz

	Network synchronization
	Synchronized

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Users per sector
	10

	Handover margin
	1dB

	Downlink transmission scheme
	4x2, 8x2 & 8x4 SU/MU-MIMO/multi-layer MU-MIMO based on SU-MIMO RI/PMI/CQI report

	Downlink scheduler
	Proportional Fair scheduling in the frequency and time domain. Exhaustive search is performed with the MU-MIMO PF metric obtained as the sum of the PF metric of the co-scheduled UEs.

	Downlink link adaptation


	CQI and PMI 5ms feedback period

	
	6RB frequency granularity of PMI/CQI

	
	6ms delay total (measurement in subframe n is used in subframe n+6)

	
	PMI feedback error: 10% on the PUCCH for W2 report. 0% on the PUCCH for RI and W1 report. 0% on the PUSCH. 

	
	MCSs based on LTE transport formats [36.213]

	
	4-bit Quantized CQI per CW

	codebook

　
	Rel. 8 4 bit 4Tx codebook

	
	Rel. 10 8Tx codebook

	Allocation
	localized

	Total number of RB in one subframe
	54

	scheduling unit
	1 subband = 6 consecutive RBs depending on the reporting mode

	Downlink HARQ
	Maximum 3 re-transmissions,

	
	Chase combining, non-adaptive, synchronous.

	
	no error on ACK/NACK

	
	8 ms delay between re-transmissions

	Downlink receiver type
	MMSE based on DM RS of serving cell 

	Data Channel Estimation
	Non-ideal channel estimation on CSI RS and DM RS. MSE vs. CINR curves based on LLS provided as an input to SLS.

	PAPR
	No constraint on per-antenna power imbalance 

	Antenna configuration
	eNB: 

Cross-polarized: +/- 45 degrees

	
	UE:

0.5 wavelength separation

VH polarized

	
	0.5 and 4 wavelength separation at eNB 

	
	ideal antenna calibration

	Control Channel overhead, Acknowledgements etc.
	LTE: L=3 symbols for DL CCHs

	
	Overhead of DM RS: RANK 1,2: 12 REs/RB/subframe, RANK 3,4: 24 REs/RB/subframe

	
	Overhead of CSI RS: 4/8 sets of CSI RS every 5 ms and 1RE/port/RB (This is, in 4 Tx antenna case, 4 REs/RB per 5ms and in 8 Tx antenna case, 8 REs/RB per 5ms)

	
	Overhead of 2-ports CRS

	BS antenna downtilt
	Case 1 3GPP 3D: 15 deg

	Feeder loss
	0dB

	Channel model
	SCM urban macro low spread for 3GPP case 1, 3km/h

	Link error prediction technique
	MIESM (RBIR)

	
	Non-ideal link adaptation (i.e. non-ideal CQI). Outer-loop control based on ACK/NACK report.

	Intercell interference modeling
	rank 2 transmission in interfering cells

	
	CQI calculated based on MMSE receiver assuming identity covariance matrix for the interferers


Table 1. System Level Simulation assumptions
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