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1 Introduction
In 3GPP RAN1 #62bis meeting, a lot of progress has been made on the CSI signalling over PUSCH [1]. One remaining issue is to address the benefits of a mode PUSCH 3-2 vs. PUSCH 2-2. In this contribution, we perform SLS evaluations comparing performance of 4 PUSCH modes (1-2,3-1,2-2,3-2) in 4Tx and 8Tx and provide our view on incorporating additional mode.
2 4Tx SLS evaluations of PUSCH modes
Table 1 and 2 provide SLS results of SU-MIMO (Table 1) and SU/MU-MIMO dynamic switching (Table 2) with 4Tx dual-polarized arrays with small and large antenna spacing. 
Table 1. SU-MIMO in 4x2 dual-polarized (15º angle spread)
	SU-MIMO only
	closely spaced dual-polarized (XX->+ channels, 0.5λ antenna spacing)
	largely spaced dual-polarized (X  X->+ channels, 4λ antenna spacing)

	
	Average cell spectral efficiency (bits/s/Hz)
	5% cell edge spectral efficiency (bits/s/Hz)
	Average cell spectral efficiency (bits/s/Hz)
	5% cell edge spectral efficiency (bits/s/Hz)

	PUSCH 1-2
	2.0149
	0.0522
	1.9365
	0.0463

	PUSCH 3-1
	2.5557
	0.0716
	2.3523
	0.0586

	PUSCH 2-2
	2.4451
	0.0649
	2.2929
	0.0498

	PUSCH 3-2
	2.5644
	0.0758
	2.4106
	0.0598


Table 2. SU/MU-MIMO dynamic switching in 4x2 dual-polarized (15º angle spread)
	SU/MU-MIMO with MAX 2 LAYERS
	closely spaced dual-polarized (XX->+ channels, 0.5λ antenna spacing)
	largely spaced dual-polarized (X  X->+ channels, 4λ antenna spacing)

	
	Average cell spectral efficiency (bits/s/Hz/cell)
	5% cell edge spectral efficiency (bits/s/Hz)
	Average cell spectral efficiency (bits/s/Hz/cell)
	5% cell edge spectral efficiency (bits/s/Hz)

	PUSCH 1-2
	2.2998
	0.0613
	2.0578
	0.0505

	PUSCH 3-1
	2.6936
	0.0823
	2.3908
	0.0662

	PUSCH 2-2
	2.5587
	0.0658
	2.311
	0.0459

	PUSCH 3-2
	2.6904
	0.0828
	2.418
	0.0673


Observations: 
· In 4Tx, PUSCH 3-1 outperforms modes 1-2 and 2-2. PUSCH 3-2 has a slight additional gain over PUSCH 3-1. 
· We believe that the limited performance gain achieved by 3-2 over 3-1 is partially due to the fact that the CQI and PMI reported in the classical PUSCH 3-2 targets SU-MIMO and therefore do not help much MU-CQI prediction and MU scheduling. 

In Table 3, the overhead associated with the 4 reporting modes is detailed.

PMIw and PMIs refer to the wideband and subband PMI payload sizes, respectively. CQIw and CQIs refer to the wideband CQI and subband CQI payload sizes, respectively. 
In PUSCH 1-2, 3-1 and 3-2, assuming 54 RBs and 6RBs per subband, there are N=9 subbands. 
In PUSCH 2-2, assuming 54 RBs and 3RBs per subband, there are 18 subbands. The number of selected subbands M is equal to 5. L stands for the number of bits to denote the position of the M selected subands. CQIw refers to the wideband CQI payload size while CQIs refers to the best-M subband CQI payload size.
Table 3 Overhead analysis
	Number of bits per report
	
	PMIw
	PMIs
	RI
	CQIw
	CQIs
	L
	Total payload size (bits)

	PUSCH 1-2
	RI=1
	0
	N*4 (N=9)
	2
	4
	0
	0
	42

	
	RI=2
	0
	N*4 (N=9)
	2
	4+4
	0
	0
	46

	PUSCH 3-1
	RI=1
	4
	0
	2
	4
	2N (N=9)
	0
	28

	
	RI=2
	4
	0
	2
	4+4
	2N+2N (N=9)
	0
	50

	PUSCH 2-2
	RI=1
	4
	4
	2
	4+2
	0
	14
	30

	
	RI=2
	4
	4
	2
	4+2
	4+2
	14
	36

	PUSCH 3-2
	RI=1
	0
	N*4 (N=9)
	2
	4
	2N (N=9)
	0
	60

	
	RI=2
	0
	N*4 (N=9)
	2
	4+4
	2N+2N (N=9)
	0
	82


Observations: The overhead incurred by PUSCH 3-2 is significantly higher than with the other modes. PUSCH 2-2 incurs the lowest feedback overhead.

3 8Tx SLS evaluations of PUSCH modes
Table 4 provides SLS results of SU/MU-MIMO dynamic switching (Table 4) with 8Tx dual-polarized arrays with small antenna spacing.

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

	PUSCH 1-2
	2.7198
	0.0918

	PUSCH 1-2 3-bit W2 subset
	2.6568
	0.0878

	PUSCH 1-2 2-bit W2 subset
	2.6197
	0.0865

	PUSCH 3-1
	3.1503
	0.1138

	PUSCH 2-2
	2.6267
	0.0862

	PUSCH 3-2
	3.1969
	0.1092


Observations: 
· The same behaviour as in 4Tx is observed in 8Tx. 
· Subset sampling on PUSCH 1-2 leads to performance loss
In Table 5, the overhead associated with the 4 reporting modes is detailed.

PMIw and PMIs refer to the wideband and subband PMI payload sizes, respectively. CQIw and CQIs refer to the wideband CQI and subband CQI payload sizes, respectively. 
In PUSCH 1-2, 3-1 and 3-2, assuming 54 RBs and 6RBs per subband, there are N=9 subbands. 
In PUSCH 2-2, assuming 54 RBs and 3RBs per subband, there are 18 subbands. The number of selected subbands M is equal to 5. L stands for the number of bits to denote the position of the M selected subands. CQIw refers to the wideband CQI payload size while CQIs refers to the best-M subband CQI payload size.
Table 5. Overhead analysis
	Number of bits per report
	
	PMIw
	PMIs
	RI
	CQIw
	CQIs
	L
	Total payload size (bits)

	PUSCH 1-2
	RI=1
	4
	N*4 (N=9)
	2
	4
	0
	0
	46

	
	RI=2
	4
	N*4 (N=9)
	2
	4+4
	0
	0
	50

	PUSCH 3-1
	RI=1
	4+4
	0
	2
	4
	2N (N=9)
	0
	32

	
	RI=2
	4+4
	0
	2
	4+4
	2N+2N (N=9)
	0
	54

	PUSCH 2-2
	RI=1
	4+4
	4
	2
	4+2
	0
	14
	34

	
	RI=2
	4+4
	4
	2
	4+2
	4+2
	14
	40

	PUSCH 3-2
	RI=1
	4
	N*4 (N=9)
	2
	4
	2N (N=9)
	0
	64

	
	RI=2
	4
	N*4 (N=9)
	2
	4+4
	2N+2N (N=9)
	0
	86


Observations: The overhead incurred by PUSCH 3-2 is significantly higher than with the other modes. PUSCH 2-2 incurs the lowest feedback overhead.

4 Conclusions
We have investigated the performance gain of 4 PUSCH, namely PUSCH 1-2, PUSCH 3-1, PUSCH 2-2, PUSCH 3-2, in 4 and 8Tx deployments and observe the following:

· PUSCH 3-1 provides significant gain over PUSCH 1-2 and 2-2

· PUSCH 3-2 provides a slight performance improvement over PUSCH 3-1
· PUSCH 3-2 incurs significant overhead increase

· Subset sampling on PUSCH incurs a performance loss

Rather than introducing a PUSCH 3-2 mode consisting of SU-MIMO subband CQI and subband PMI, we suggest some modified PUSCH 3-2 to accommodate some CQI enhancement relying on some best companion CQI and rank restricted feedback as described in [2].
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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 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

	
	Frequency granularity of PMI/CQI depends on PUSCH mode

	
	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=3 or 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: 

Co-polarized: Vertically polarized antennas

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














