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Introduction
[bookmark: _Ref378529477]In RAN #80, a new work item on MIMO has been approved. The objective for this WI Is as follows:
	The work item aims to specify the enhancements identified for NR MIMO. The detailed objectives are as follows. 
· Extend specification support in the following areas [RAN1]
· Enhancements on MU-MIMO support:
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2  
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
· Perform study and make conclusion in the first RAN1 meeting after start of the WI, and if needed, specify CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers (no change on RE mapping specified in Rel-15)
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)



In this contribution, we provide our views on CSI enhancements. 
CSI Enhancements 
Even though the work item description mentions about CSI enhancements about MU-MIMO, we would like to mention that our preference is to check the performance with SU-MIMO. This is because Release-15 specification does not differentiate between SU-MIMO and MU-MIMO. In addition, initial deployments of NR have very low load and SU-MIMO provides gains under low load rather than MU-MIMO.  As a first step to check the beamforming gains with the realistic deployment scenarios, we simulated the link performance with Type –I codebook with 4 CSI-RS ports with rank restriction equal to 1. That is only rank 1 codebook entries are chosen in selecting the PMI.  The simulation assumptions are shown in Table 1. Note that we used Wideband PMI and Wideband CQI as the baseline. 
Table 1 Simulation assumptions
	Assumptions 
	Value 

	Carrier frequency
	2.0 GHz 

	Duplex 
	FDD&TDD

	System Bandwidth 
	10 MHz 

	Slot length 
	14 OFDM symbols

	Subcarrier spacing 
	15KHz

	FFT size 
	4096

	Data transmission bandwidth 
	48 RB for 15 KHZ spacing 

	Antenna  configuration
	(4, 4)

	Number of codewords
	1

	Channel encoder
	LDPC code (BG1 and BG2)

	MCS 
	Link adaptation

	Control Overhead 
	2 symbols

	Channel estimation 
	Practical

	UE speed
	3Kmph

	Channel Model
	 TDL-A

	PMI
	Wideband

	CQI
	Wideband





[image: ]
Figure 1 Spectral efficiency comparison for Type -I with SVD

The gains of SVD technique over Type-I codebook is around 45 % at SNR of -5 dB, while the gains diminishes to less than 5 % at SNR of 10 dB.  
[image: ]
Figure 2 Percentage of loss of Type –I codebook compared to SVD 
 
Currently we are investigating the gains with Type –II codebook and as first priority we would like to minimize the feedback overhead such that Type-II codebook is implementable in the devices.  Hence we propose
Proposal 1:  Study the mechanisms to reduce the feedback overhead for the Type-II codebook as the first priority 
As shown above with wideband CQI, the gains at high SNR with reciprocity is not attractive, hence we propose to study the gains with Type-II codebook for higher ranks 3 and 4 before specifying the codebook entries. Hence we propose
Proposal 2: Study the benefits for Type-II codebook for rank 3 and rank 4 transmissions with realistic simulation assumptions 

[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this contribution we provided our views on CSI enhancements to Release 16 MIMO
[bookmark: _Ref450342757]Based on our observations, we have the following proposal:
Proposal 1:  Study the mechanisms to reduce the feedback overhead for the Type-II codebook as the first priority 
Proposal 2: Study the benefits for Type-II codebook for rank 3 and rank 4 transmissions with realistic simulation assumptions 
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