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Introduction
[bookmark: _Ref378529477]In RAN #80, a new work item on MIMO has been approved.  In the previous meeting the following agreements were made:
Agreement
On FD compression unit, agree on Alt1 (PMI subband size = CQI subband size) as the default, along with Alt2.2 (PMI subband size = CQI subband size / R) as secondary
· The value of R is fixed to 2
· FFS: Whether secondary implies a separate UE capability or restricted use cases
· Include issues such as limitation on the number of FD compression units, CPU occupation, latency constraint and/or BW constraint
· FFS: Whether FD compression unit is higher-layer configured or reported by the UE

Agreement
On basis/coefficient subset selection for the first layer, the following is supported:
· Common selection for all beams with size-K0 subset of 2LM reported 
· The value of K0 is configured via higher-layer signaling
The number of reported non-zero coefficients

Agreement 
On FD compression unit, the FD compression unit is higher-layer configured

Agreement
On basis/coefficient subset selection for the first layer, support the following: 
· Size-K0 subset design: down select in RAN1#96 from the following alternatives 
· Alt1. Unrestricted subset (size=2LM)
· Alt2. Polarization-common subset (size=LM)
· Alt3. Restricted subset (for a given subset of beams and FD basis, size=2L+M)
· 
The value of K0:   where two values of β are supported  
· 
Down select in RAN1#96 from  
· The UCI consists of two parts: 
· Information pertaining to the number(s) of non-zero coefficients is reported in UCI part 1
· Note: This does not imply whether this information consists of single or multiple values 
· The payload of UCI part 1 remains the same for different RI value(s)
· Bitmap is used to indicate non-zero coefficient indices
Agreement
On the values of L, support L={2,4}
· Decide whether to support L=3 and/or L=6 in the future meetings considering the performance-overhead trade-off for different RI values and/or different number of antenna ports 

Agreement

Two values of M are supported. In RAN1#96, down select between the following alternatives ():
· 
Alt1.  
· 
Alt2. 
· FFS: support for p=1/8 and/or p=3/4 in addition to 1/4 and 1/2 

Agreement:
The value of M is higher-layer configured 
· FFS: Whether UE reporting smaller value of M (in addition to the configured M) is supported 

Agreement



[bookmark: _Hlk536009008]Values of N3: For  and NSB is # CQI subbands, when , 


Values of N3: For  and NSB is # CQI subbands, when , downselect among the following alternatives in RAN1#96
· 
Alt1: N3 is smallest multiple of 2, 3, or 5 which is  
· Alt2: N3 is a multiple of 2, 3, or 5. Segment into 2 parts with overlapping between 2 parts. Note: no padding is needed to align the DFT size with the multiple of 2, 3, or 5

In this contribution, we provide our views on CSI enhancements. 
On 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 


Since in the previous meetings companies evaluation results showed significant gains with subband CQI/PMI, we would like to enhance the subband CQI reporting for Release 16. 
Subband CQI Reporting for NR 
 For Release 15, in TS 38.214, it was mentioned that in NR, we can use subband CQI reporting and it was agreed to support differential CQI of 2 bits as below 

For each sub-band index s, a 2-bit sub-band differential CQI is defined as:
-	Sub-band Offset level (s) = wideband CQI index – sub-band CQI index (s) 
The mapping from the 2-bit wideband differential CQI values to the offset level is shown in Table 5.2.2.1-1
Table 5.2.2.1-1: Mapping sub-band differential CQI value to offset level
	Sub-band differential CQI value
	Offset level

	0
	0

	1
	1

	2
	≥ 2

	3
	≤-1



In our view, we need to enhance the agreement of sub band CQI reporting. This is because
1. The differential CQI agreement was based on LTE specification. However, LTE uses two codewords for rank >1, Hence to reduce the signalling overhead differential CQI is used for each codeword.  However, in NR, we have single codeword up to rank 1, hence the signalling overhead compared to LTE is less compared when we compare the up to rank 4 CSI reporting. 
2. [bookmark: _GoBack]The bandwidth of LTE is very small compared to NR. For example typical LTE deployments of 10 Mhz compared to 50 /100 MHZ deployments of NR. In these cases, the frequency selectivity over the whole bandwidth part is very large. Hence, we can observe the some sub bands might have a differential CQI greater than 3. As an example, Figure 3 shows the sub band CQI index for 50 MHz BW system with 272 RBs (17 sub bands) with 4x4 MIMO system at SINR equal to 15 dB. It can be observed that there are few sub bands which report differential CQI equal to 3.  This information is useful at gNB in scheduling the proper sub bands. 
[image: cid:image001.png@01D3A5FF.8BD87A60]
Figure 3. Sub band CQI indices in NR with 272 RBs at 15 Db SINR
3. With the existing differential CQI reporting, even though the UE computes sub band CQI and say the some CQI’s are greater, the current specification caps the differential CQI to 2. This means that even though the UE computes per band CQI and PMI, the use of this CQI is very minimal. 

Hence we prefer to support either option 1 or/and option 2.
Option 1:  Support 4 bit CQI for each sub band i.e. without using differential CQI
Option 2: Extend the differential CQI table for more entries. For example a 3 bit table can be used as shown below. 
	Sub-band differential CQI value
	Offset level

	0
	0

	1
	1

	2
	2

	3
	                           -1

	4
	≥ 3

	5
	≤-2


Hence we propose that 

Proposal 1:  Support 4 bit CQI for each sub band i.e. without using differential CQI
Proposal 2:  Extend the differential CQI table for more entries. For example a 3 bit table can be used as shown below. 
	Sub-band differential CQI value
	Offset level

	0
	0

	1
	1

	2
	2

	3
	                           -1

	4
	≥ 3

	5
	≤-2





[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:  Support 4 bit CQI for each sub band i.e. without using differential CQI
Proposal 2:  Extend the differential CQI table for more entries. For example a 3 bit table can be used as shown below. 
	Sub-band differential CQI value
	Offset level

	0
	0

	1
	1

	2
	2

	3
	                           -1

	4
	≥ 3

	5
	≤-2
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