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1. Introduction

In RAN1#71, contributions were submitted by companies to discuss about possible reasons of different MU-MIMO gain achieved from 4Tx CSI feedback enhancements among different companies.  As stated by many companies, the key factor is inconsistent simulation assumptions including ratio of outdoor-indoor UE, receiver type, channel estimation error modeling or feedback mode which may lead to different observations on performance gain.  In order to make the result more comparable, a set of simulation assumptions was agreed in the email discussion after RAN1#71. According to the agreed simulation assumptions, we re-evaluated the performance of our 2-level 4Tx codebook [1]. In additional, evaluation results of enhancement on feedback granularity are provided.
2. Evaluation results of CSI feedback enhancement
2.1. Evaluation results of codebook enhancement
Our design for 2-level 4Tx codebook is described in previous contribution [2]. The feedback structure of 4-bit wideband PMI1 and 3-bit subband PMI2 is used. This structure can fit in 8Tx codebook. We called the codebook ZTE43 here. In this section, we re-evaluate the performance of the enhanced codebook based on updated simulation assumption which is captured in table A1 in the appendix.  Simulation results are shown in the following table 1.
Table 1 Performance under PUSCH feedback mode 3-1
	
	Outdoor-Indoor UE ratio
	Average spectral efficiency
	Cell edge spectral efficiency

	Rel-8 4Tx codebook (baseline) 
	100%
	2.281 
	0.0476 

	
	20%
	2.256 
	0.0502

	ZTE43
	100%
	2.362 (+3.6%) 
	0.0499 (+4.8%)

	
	20%
	2.317 (+2.7%) 
	0.0514 (+2.3%)


Observations:

· The 2-level codebook provides certain spectral efficiency gain both for cell average and cell edge under the feedback mode 3-1 in XPOL antenna configuration. 
· Under PUSCH feedback mode 3-1, 3.6% gain in average spectral efficiency and 4.8% gain in cell edge spectral efficiency can be achieved over Rel-8 codebook when the UE is 100% outdoor.  If there is less outdoor UE, the gain tends to be less.
Besides PUSCH mode 3-1, we also compare the performance of our 2-level 4Tx codebook with Rel-8 codebook under the PUSCH feedback mode 2-2.  According to the evaluation results shown in table 2, the 2-level 4Tx codebook can work better under PUSCH mode 2-2 comparing with Rel-8 codebook.
Table 2 Performance under PUSCH feedback mode 2-2
	
	Average spectral efficiency
	Cell edge spectral efficiency

	Rel-8 4Tx codebook (baseline) 
	2.2432
	0.04525

	ZTE43
	2.3222 (+3.52%)
	0.04893 (+8.12%)


Observations:

· The 2-level codebook provides significant spectral efficiency gain both for cell average and cell edge under PUSCH feedback mode 2-2 particularly for the cell edge spectral efficiency. 
· Under mode 2-2, 3.52% gain and 8.12% gain can be achieved respectively on cell average and cell edge over Rel-8 codebook
PUSCH feedback mode 2-2 is a good candidate of supporting MU-MIMO.  It provides better granularity on the best-M subband which is likely to be scheduled while keeping the feedback overhead low.  Therefore, we have the following proposal:

Proposal 1: In additional to PUSCH mode 3-1, PUSCH feedback mode 2-2 should be evaluated for the gain of codebook enhancements.  
2.2. Evaluation results with feedback granularity enhancement
CQI feedback granularity is also an important factor affecting performance. Simulation is done to evaluate the impact of CQI feedback granularity on performance. 
Table 2 Performance on CQI feedback granularity
	
	granularity
	Average spectral efficiency
	Cell edge spectral efficiency

	Rel-8 4Tx codebook (baseline)
	6RBs
	2.281
	0.0476

	ZTE43
	3RBs
	2.443(+7.1%)
	0.0478(+0.44%)


Observations:

· Combined with finer granularity, the 4Tx 2-level codebook provides significant spectral efficiency gain for cell average.  However, the cell edge UE doesn’t seem to gain much gain from finer granularity 
· With feedback granularity of 3RBs, 7.1% gain in average spectral efficiency can be achieved over Rel-8 codebook with 6RBs.  
Based on the observations, finer subband does help in some cases.  However, it may not help in some other cases.  So it is desirable to make the feedback subband size configurable by the network to avoid unnecessary overhead increase.
Proposal 2: Finer and configurable subband granularity for PUSCH feedback modes should be considered. 
3. Conclusions
In this contribution, we show some results based on the updated simulation assumptions.  Larger gain is observed when the codebook enhancement is evaluated in combination of PUSCH mode 2-2 or finer subband CQI feedback granularity.  Therefore, we have the following proposals:
Proposal 1: In additional to PUSCH mode 3-1, PUSCH feedback mode 2-2 should be evaluated for the gain of codebook enhancements.  
Proposal 2: Finer and configurable subband granularity for PUSCH feedback modes should be considered. 
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Appendix A: Simulation assumptions and parameters

Table A1: System Level Simulation Assumptions

	Parameters
	Assumptions

	Deployment scenario
	Scenario A

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

	Number of users per cell
	10

	Operating bandwidth (BW)
	10 MHz

	Antenna configuration
	Transmitter: 4Tx cross-polarized antenna at eNB, 0.5λ separation

Receiver: 2Rx cross-polarized antenna at UE

	Feedback periodicity
	5ms

	SU/MU switching
	Dynamic UE selection with orthogonal DMRS ,SU/MU dynamic switching with maximal number of UE pairing is 2, the maximal transmission rank per UE is 1for MU and 2 for SU

	Delay between feedback and transmission
	5ms

	Scheduler 
	Proportional Fair

	Receiver
	MMSE-IRC 
With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom 
(Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel Estimation
	Non-ideal modeling of channel estimation on CSI-RS and DM-RS
error modeling 
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is used

	Feedback mode
	PUSCH reporting mode 3-1 and 2-2

	Subband size
	6RBs or 3RBs

	Transmission mode 
	TM10 with single CSI process

	Traffic modeling
	Full-buffer

	Outdoor-Indoor Ratio
	(a) the case with 20% outdoor/80% indoor UE distribution and (b) the open-space case with 100% outdoor UE distribution
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