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1. Introduction

The new WID [1] for NR MIMO was agreed in RAN #80 meeting. The enhancement of type II codebook can be considered in Rel-16 from the following aspects:
· 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  
In 96 meeting, the compression scheme for the above enhancements was discussed with following agreements:
Agreement

On LCC quantization, agree on Alt2 (differential per polarization) per the description in R1-1902304
Agreement
For RI=2, the following is supported 

· Layer-independent FD basis subset selection 
· Layer-independent coefficient subset selection
Agreement

For RI({3,4}, different layers are independently quantized just as RI=1 and 2
Agreement

On SD and FD basis selection for RI({3,4}
· The parameter R is layer-common and RI-common

· For the higher-layer setting of SD/FD basis parameters (L, p):

· Down select among the following alternatives for the higher-layer setting of SD/FD basis parameters (L, p):

· Alt1 RI-common for RI({1,2,3,4}, layer-common 

· Alt2 RI-common for RI({1,2,3,4}, layer-/layer-group-specific

· Alt3 RI-common for RI({3,4}, layer-common 

· Alt4 RI-common for RI({3,4}, layer-/layer-group-specific

· Alt5 RI-specific for RI({3,4}, layer-common

· Alt6 RI-specific for RI({3,4}, layer-/layer-group-specific

· Note: For RI=1 and 2, RI-common, layer-common setting has been agreed
· Note: No other alternatives will be considered
Email discussion by 15th of March: Companies to provide more details on the alternatives listed above. Strive to converge on a single set of parameters for each alternative. (Eko, Samsung)

Agreement

On the max # NZ coefficients for RI({3,4}, down select from the following alternatives (no other alternatives will be considered)

· Alt0. For RI({1,2,3,4}, there is only one β value 

· Alt1. Total max # NZ coefficients across all layers ≤ 2K0 (the K0 value set for RI({1,2})

· Alt2. For RI({3,4}, there is only one value of max # NZ coefficients per layer < K0 where the K0 value is set for RI({1,2}
· Alt3. Total max # NZ coefficients across all layers ≤ 2(K0 QUOTE 2α,K-0.  (the K0 value set for RI({1,2}) where ( is fixed and RI-specific

· FFS: value of ( per agreement that the overhead for RI=3 or 4 should at least be comparable to RI=2 

· Alt4. For RI({3,4}, there is only one value of max # NZ coefficients per layer < (K0 where the K0 value is set for RI({1,2} where ( is fixed and RI-specific

· FFS: value of ( per agreement that the overhead for RI=3 or 4 should at least be comparable to RI=2

· Note: For RI({1,2}, there is only one K0 value (=max # NZ coefficients per layer)

Agreement

Decide in RAN1#96bis whether to support L=6 (in addition to L=2 and 4) taking into account RI({3,4} and/or 32 ports

Also consider possible restriction(s) on the use case for supporting the additional value(s) of L 
In this contribution, we discuss the parameter setting and UCI design on type II CSI feedback for overhead compression. 
2. Discussion
2.1. (L, p) parameters setting
It’s agreed overhead of rank 3/4 should be comparable to rank 2. Directly extending rank 1/2 design to rank 3/4 significantly increase overhead that is proportional to rank. Amplitude/phase of non-zero coefficients, which is maximum 2K0, cost major overhead for rank 2. To achieve comparable overhead for rank 3/4, the maximum number of NZC should be upper bounded by 2K0. Meanwhile, size 2LM bitmap indicating NZC position should be reduced for rank 3/4, because maximum NZC are further restricted and conventional bitmap size is not effective. Some candidates have been discussed, 1) limit M FD-basis for weaker layer, 2) limit L SD-basis for weaker layer, 3) both M and L are restricted for weaker layer. Regarding SD and/or FD subset selection across layer, the overhead for subset selection is marginal compare to NCZ and bitmap. Therefore, it’s reasonable to extend independent subset selection of SD and FD basis straightforward for the tradeoff of overhead and performance. 
SLS result shows the number of SD basis is more important than the number of FD basis for the performance. Independent SD basis selection for layer-group is used and total 2K0 maximum NZC are equally allocated to each layer with RI-common and layer-common (L,p) setting for rank 3/4. It is observed restricting the number of FD basis is more effective than restricting the number of SD basis, which caused about 3% performance gap. Meanwhile, halving #FD basis for layer 3/4 does not degrade performance obviously (about 1%). Lastly, limiting total # NZC to 2K0 is reasonable and there is about only 4% performance loss comparing to 4K0 NZCs .
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Observation 1: Compared with scheme of (4, 1/4,2K0), the scheme of (4, 1/2, 4K0) only achieves about 4% performance gain at the cost of double overhead.  

Proposal 1: Support total max # NZ coefficients across all layers ≤ 2K0 (the K0 value set for RI({1,2})
Observation 2: Scheme with (4, 1/4) has 3% performance gain compared to (2, 1/2) while the overhead are almost same.

Proposal 2: Support independent FD subset selection across all layers, reducing number of FD basis enjoys priority for ranks 3/4 overhead compression.
Based on simulation result, the scheme of (4,1/4,2K0) with independent SD basis selection can achieve 22% performance gain compared with rank 1/2, so we have the following proposal:
Proposal 3: Support independent SD basis selection (layer-group) within an orthogonal set for rank 3/4. 

Meanwhile, we observed the gain of layer/layer-group specific over layer common for RI({3,4}is limited under total 2k0 NZC across layers, and we have:
Proposal 4: Support RI-common (L, p) for RI 3/4. 
2.2. UCI design
UCI design of Type II compression codebook is analogues to that of Rel. 15. It’s desired to keep the constant length of part1 as short as possible, and part 2 should be decodable based on the content of part 1. Content of part 1 should at least include RI and the number of NZC 
. 
Companies discussed jointly encoding  across all layers (sum 
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  of each layer to our knowledge) to determine the total length of UCI part2, but SCI of each layer cannot derived from it directly because the bitwidth of strongest coefficient indicator (
) is related to . Hence bitwidth of SCI across layer should not rely on 
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 bits is redundant, if UE could perform cyclic shift of the selected FD-basis,  is enough and it is independent to #NZC
). A simple way is padding SCI across layer for joint #NZC indicator but introduce overhead again. Another way is conveying the payload of part 2 explicitly or +
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 in part 1. For simplicity, separate #NZC indicator design for each layer is preferred. Four #NZC indicator components, each of which is allocated 
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 bits, are contained in part 1. Content of UCI part 2 extend Rel. 15 design:
· Bitmap: 
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· Strongest coefficient indicator are separately encoded for each layer with 
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· SD basis subset selection indicator: 
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bits for rank 1~2, and 
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 for rank 3~4, with independent SD basis selection for layer 0/1 and layer 2/3 for the case of rank 3/4.
· FD basis subset selection indicator : independent FD basis selection follows rank 1/2
· LC coefficients for amplitude: 
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· LC coefficients for phase: 
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 for 16PSK
· Oversampling factor: 2 bit for q1 and q2; 2 bit per layer, if q3 confirmed 
Proposal: UCI consist of two part, 

Part 1: 
· RI (2 bits), #NZ coefficients for each layer 

Part 2: 
· Bitmap : 
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· Strongest coefficient indicator are separately encoded for each layer with
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· SD basis subset selection indicator: 
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bits for rank 1~2, and 
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 for rank 3~4, with independent SD basis selection for layer 0/1 and layer 2/3 for the case of rank 3/4.

· FD basis subset selection indicator : independent FD basis selection follows rank 1/2
· LC coefficients for amplitude: 
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· LC coefficients for phase: 
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· Oversampling factor: 2 bit for q1 and q2, 2 bit per layer if q3 confirmed 
3. Conclusion

In this contribution, we analyze the overhead reduction of Type II CSI feedback with some system level evaluation results. Based on the analysis and evaluation, we have following observations and proposals:
Observation 1: Compared with scheme of (4, 1/4,2K0), the scheme of (4, 1/2, 4K0) only achieves about 4% performance gain at the cost of double overhead.  

Observation 2: Scheme with (4, 1/4) has 3% performance gain compared to (2, 1/2) while the overhead are almost same.
Proposal 1: Support total max # NZ coefficients across all layers ≤ 2K0 (the K0 value set for RI({1,2})
Proposal 2: Support independent FD subset selection across all layers, reducing number of FD basis enjoys priority for ranks 3/4 overhead compression.
Proposal 3: Support independent SD basis selection (layer-group) within an orthogonal set for rank 3/4. 

Proposal 4: Support RI-common (L, p) for RI 3/4. 

Proposal 5: UCI consist of two part, 

Part 1: 
· RI (2 bits), #NZ coefficients for each layer 

Part 2: 
· Bitmap : 
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· Strongest coefficient indicator are separately encoded for each layer with
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· SD basis subset selection indicator: 
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 for rank 3~4, with independent SD basis selection for layer 0/1 and layer 2/3 for the case of rank 3/4.

· FD basis subset selection indicator : independent FD basis selection follows rank 1/2
· LC coefficients for amplitude: 
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· LC coefficients for phase: 
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· Oversampling factor: 2 bit for q1 and q2, 2 bit per layer if q3 confirmed 
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5. Appendix
	Parameter
	Value

	Duplex
	FDD 

	Waveform
	OFDM

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban

	Frequency Range
	4GHz.

	Inter-BS distance
	200m 

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites, 570 UEs

	Channel model
	According to the TR 38.901 

	Antenna setup and port layouts at gNB
	16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ for overhead reduction 


	Antenna setup and port layouts at UE
	2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for overhead reduction 
4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank extension

	BS Tx power 
	41 dBm

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC

Max code-block size=8448bit 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Number of RBs
	52 for 15 kHz SCS

	Simulation bandwidth 
	10 MHz

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	SU-MIMO with rank adaptation

	maximum MU layers
	12

	CSI feedback 
	CSI feedback periodicity (full CSI feedback) :  5 ms, 
Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms
Codebook coeff. quantization (Amplitude, phase )= (3bits,3bits)

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	20%

	UE distribution
	- 80% indoor (3km/h), 20% outdoor (30km/h) 

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Baseline for performance evaluation
	Rel-15 Type II Codebook for overhead reduction. 


	Overhead 
	2 PDCCH symbols

DMRS overhead: up to actually scheduled total layers

1 SSB per 20ms

CSI-RS: 32ports, 5ms period, 1RE/port/RB
CSI-IM: 4 REs/PRB, 5ms period
TRS: 12 REs/PRB, 20ms period, maximal bandwidth with 52 PRB
Total overhead: 24.24%
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