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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 RAN1 #96bis meeting, the compression scheme for the above enhancements was discussed with following agreements:
Agreement: Table 1 of R1-1905629 is agreed for the support of UCI parameters for MU-CSI 

Agreement
On RI=3-4 extension:
· K0 setting: agree on supporting Alt1, i.e. total max # NZ coefficients across all layers ≤ 2K0 where the K0 value set for RI{1,2} 
· FD basis subset selection: agree on layer-specific subset selection
· Coefficient subset selection: agree on layer-specific subset selection
Agreement
SD basis subset selection is layer-common

Agreement
 On RI=3-4 extension:
· (L,p) setting: In RAN1#97 (Reno), down select and decide from the following alternatives: 
· Alt2B, Alt3C, Alt6E (see Table 9 from R1-1905629)

Agreement
The scheme for indicating the number of NZ coefficients (NZC) will be chosen from the following alternatives in RAN1#97 (Reno):
· Alt1.1: RI + # NZC summed across layers where # NZC = {0, 1, 2, …, 2K0} (if sufficiency indicator is supported) or {1, 2, …, 2K0}
· Alt1.2: Per-layer # NZC without RI where # NZC = {0, 1, 2, …, K0}
· Alt1.3: RI + differential of # NZC summed across layers 
· Differential means fraction of 2K0 with smaller number of possible values compared to the regular # NZC (in Alt1.1)
· Alt1.4: RI + per-layer differential # NZC 
· Differential means fraction of K0 with smaller number of possible values compared to the regular # NZC (in Alt1.2)

Agreement
For RI=3-4, the bitmap design will be chosen from the following alternatives in RAN1#97 (Reno):
· Alt2.1: 2LMi bits per layer, i=0, 1, …, (RI-1)
· Alt2.2: One joint bitmap 1 for all layers, where an indicator bit is 1 if at least one of the RI layers has non-zero coefficient (UCI part 2) + Additional bitmap 2 (or, alternatively, a combinatorial indicator) indicating which layer(s) have either non-zero or zero coefficient(s) (UCI part 2) + Bitmap 2 (or, alternatively, a combinatorial indicator) size indicator (UCI part 1)   
· Alt2.2B: Bitmaps 1 for each layer, where an indicator bit is 1 if at least one of the RI beams has non-zero coefficient (UCI part 2) + Additional bitmap 2 (or, alternatively, a combinatorial indicator) indicating which layer(s) have either non-zero or zero coefficient(s) (UCI part 2) + Bitmap 2 (or, alternatively, a combinatorial indicator) size indicator (UCI part 1)
· Alt2.3: LMi bits for the layer in which the weaker polarization is dropped (else 2LMi bits) + up to 4-bit bitmap to indicate the layer where the weaker polarization is dropped (UCI part 1); i=0, 1, …, (RI-1) 

Agreement

For RI=1, strongest coefficient indicator (SCI) is a -bit indicator. For RI>1, SCI design will be chosen from the following alternatives in RAN1#97 (Reno):  
· 
Alt3.1 (applicable to Alt1.2): Per-layer SCI, where SCIi is a –bit indicator (i=0, 1, …, (RI-1))
· 
Alt3.2 (applicable to Alt1.1): Per-layer SCI, where SCIi is a –bit indicator
· 

Alt3.3: Per-layer SCI, where SCIi is a –bit or  indicator (i=0, 1, …, (RI-1))
· 
Alt3.4: Per-layer SCI, where SCIi is a –bit (i=0, 1, …, (RI-1))

Agreement

SD basis subset selection indicator is a -bit indicator.

Agreement
On FD basis subset selection indicator, the design will be chosen from the following alternatives in RAN1#97 (Reno):
· 

Alt5.1: FD basis subset selection indicator is per layer where it is a -bit indicator or -bit indicator or size-N3 bitmap, (i=0, 1, …, (RI-1))
· Alt5.2: Two-step FD basis subset selection where 
· The 1st (intermediate) step uses an intermediate FD basis set of size-N3’ (N3’≤ N3) and N3’ is either reported in UCI part 1 or fixed in specification or higher-layer configured, and the intermediate set in UCI part 2
· 
Minitial indicated by  (or other values) bits indicates starting point of the intermediate FD basis set. The FD basis in this intermediate set is given by mod(Minitial+n,N3), n=0,1,..,N3’-1
· 
The 2nd step uses either N3’-bit bitmap or -bit indicator to indicate the FD basis used for each layer 
· Alt5.3: Two-step FD basis subset selection where 
· The 1st (intermediate) step uses an intermediate FD basis set of size-N3’ (N3’≤ N3) selected from multiple higher-layer configured intermediate sets and the value of N3’ is indicated in UCI part 1 
· 
The 2nd step uses -bit indicator to indicate the FD basis used for each layer 
· Alt5.4: FD basis subset is selected as mod(Mi_initial + n,N3), n=0,1,..,Mi–1
· The subset selection is done per layer
· 

Alt5.5: The intermediate FD basis subset of size is higher layer configured per rank, and  is not reported in UCI part 1.
· 
FFS: FD basis subset of size  per rank
· 


The UE reports -bit bitmap or or  bit indicator to indicate the FD basis used for each layer 
1. Alt5.6: Two-step FD basis subset selection where
5. The 1st (intermediate) step uses an intermediate FD basis set of size-N3’ (N3’≤ N3) and the value of N3’ is either fixed or higher-layer configured
0. 
The FD basis in this intermediate set is reported either by N3-bit bitmap or  bit indicator
5. 
The 2nd step uses either N3’-bit bitmap or -bit indicator to indicate the FD basis used for each layer
1. Alt5.7: Two-step FD basis subset selection where
6. The 1st (intermediate) step uses an intermediate FD basis set of size-N3’ (N3’≤ N3) and the value of N3’ is indicated in UCI part 1
0. 
The FD basis in this intermediate set is the union of FD basis for all layers, and is reported bybit indicator
6. 
The 2nd step uses either N3’-bit bitmap or -bit indicator to indicate the FD basis used for each layer
1. Alt5.8: 
7. For RI > 2, two-step FD basis subset selection
0. 
The 1st (intermediate) step uses an intermediate set of size-N3’ (N3’=) 
0. Intermediate set is the union of FD basis for all layers, and is reported by size-N3 bitmap
0. The 2nd step uses size-N3’ bitmap to indicate the FD basis used for each layer
7. For RI < 3, FD basis subset selection indicator is per layer where it is a size- N3 bitmap

Agreement
On RI=3-4 extension, with the agreed total max # NZ coefficients across all layers ≤ 2K0 where the K0 value (hence β) set for RI{1,2}, the scheme for determining the # NZC per layer will be chosen from the following alternatives in RAN1#97 (Reno):
· 
Alt0. KNZ,i is unrestricted as long as 
· 
Alt1. KNZ,i≤K0 as long as 
In this contribution, we will provide analysis on overhead reduction for type II CSI feedback along with system-level evaluation results. 
Discussion
(L, p) parameters setting
We have concluded that L is to be RI-common and layer-common for Rank3/4 codebook. The configuration mechanism for parameter p will be down-selected among Alt 3C, Alt 2B and Alt 6E according the agreement of RAN1#96bis.
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Alt 3C: layer-common and RI-common for RI 3/4
· It is the simplest way to extend Rank1/2 codebook
·  could be in fixed relationship with  or configured by a single RRC parameter
· Overhead compression can be achieved by selecting a smaller subset of FD basis (equivalently, a smaller M) to ensure comparable overhead with Rank1/2; 
Alt 2B: layer-group-specific and RI-common for RI 1~4
· An additional parameter  could be configured for layer 3/4
· Overhead of RI 3/4 will exceed that of RI 1/2 (generally tens of bits, for example   results in more 4*2*4*2=64 bit for bitmap in L=4 for rank4). It’s hard to regard it as a “comparable” overhead to RI 1/2 (assuming RI1/2 bitmap design directly extend to RI3/4). 
· RI-common  is not flexible for layer 1/2 because #FD basis of layer 1/2 for RI 3/4 may be reduced. 
· It can provide better performance at the cost of larger overhead compared with Alt3C/Alt6E.
Alt 6E: layer-specific and RI-specific for RI 3/4
· It can provide a flexible way to configure p for each RI and each layer 
· Alt 3C is a special case of Alt 6E
· From the perspective of simplifying implementation, it’s not desired to have more than one high layer parameters. It is preferred to have a fixed relation with  or use a single high layer configured parameter.
The Alts 2B, 3C and 6E were evaluated with some values of p parameter through SLS. In the simulation, a a length-2LM bitmap per layer was assumed. The evaluation results are provided in the following table: 
	Alt-p
	13SB,M=7,L=4,beta=0.5,2K0
	Rank4 overhead
	Gain over rank2

	
	layer1
	layer2
	layer3
	layer4
	
	

	2B
	1/2
	1/2
	1/4
	1/4
	581
	24.3%

	3C
	1/4
	1/4
	1/4
	1/4
	531
	22.2%

	6E-RI3
	2/3
	2/3
	2/3
	　
	
	22.4%

	6E-RI4
	1/4
	1/4
	1/4
	1/4
	
	



Based on the evaluation results, we can conclude the following observation:
Observation 1: Alt 2B outperforms Alt 3C/Alt 6E about 2% with additional 50 bits; Alt 3C/ Alt 6E show similar performance, and the gain of further optimization offered by Alt6E seems marginal.
Alt.2B provides very limited extra gain over Alt.3C but with the cost of additional overhead, 50bits. Alt.3C and Alt.6E offers very similar performance and same overhead reduction. However, Alt.3C is simpler and more friendly to UE implementation. Therefore, in our view, Alt.3C is the first preference and shall be supported. The following proposals are made:
Proposal 1: For p parameter setting, support Alt3C
 Alt6E is also acceptable as a comprise for better progress (second preference).
Proposal 2: Support fixed relation for RI3/4 of p setting if Alt 6E is supported.
NZC and SCI
Currently two types of  #NZC indicator are discussed, i.e., a joint indicator representing the sum of #NZC across layers and separate indicator representing #NZC for each layer.  It was agreed the maximum number of all NZC across layers is 2K0 for rank3/4 extension. #NZC indicator in UCI part1 should be desired to be as effective as possible. It can be seen Alt 1.1 outperform Alt 1.2 significantly. For example, in the case of  for rank4 reporting, Alt 1.1 requires   bits and Alt 1.2 requires  bits with maximum #NZC per layer less than K0. In terms of signaling overhead, Alt 1.1 is much better than Alt. 1.2. However, Alt1.1 require a new SCI for RI >1 (Alt3.2 Alt3.3 or Alt 3.4), because directly extending conventional RI=1 SCI causes ambiguity of UCI part 2 for Alt 1.1. 
Length of SCI in Alt 3.2 is variable while it is constant in Alt 3.3 and Alt 3.4. At extremely condition (e.g LoS) Alt 3.2 is better. In general, Alt 3.2 and Alt3.3 tend to be similar if the UE is configured with a proper   because   should not be too much smaller in unit of bit than . Alt 3.4 can further reduce  bits for each layer in comparison with Alt 3.3. The bit reduction depends on the bandwidth and is generally 1 or 2 bits per layer.
Observation 2: For NZC indicator, Alt 1.1 reduce overhead obviously (e.g 12 bits); For new SCI indicator, Alt 3.2 and Alt 3.3 are expected to be similar, and Alt 3.4 can save 1~2 bit per layer in comparison with Alt 3.3;
Proposal 3: Support joint NZC indicator (Alt1.1) and a new   SCI indicator with  bits per layer (Alt 3.4).
FD basis selection indicator
In RAN1#96bis meeting, 8 alternatives were discussed for the design of FD basis selection indicator.  In the corresponding e-mail discussions, FL’s proposals are summarized as:
	Proposal 1: The two-step FD basis subset selection is described as follows:
·         The 1st (intermediate) step uses an intermediate FD basis set of size-N3’ (N3’≤ N3)
o   The value of N3’ is RI- and layer-common
o   The intermediate FD basis subset is RI- and layer-common
·         The 2nd step uses combinatorial indicator to indicate the FD basis used for each layer
o   FFS: exact bitwidth
·         FFS (to be resolved in RAN1#97): select one of the following alternatives on N3’ setting mechanism:
o   1) reported in UCI part 1
o   2) higher-layer configured
o   3) fixed
·         FFS (to be resolved in RAN1#97): select one of the following alternatives on size- N3’ intermediate subset (IntS)
o   1) IntS is adjacent and fully parameterized with Minitial,
§  FFS (to be resolved in RAN1#97): whether is reported in UCI part 2, higher-layer configured, or fixed
o  2) IntS is selected freely from N3 FD bases,   -bit combinatorial indicator is reported in UCI part 2
 
Proposal 2: In RAN1#97, decide on FD basis subset selection scheme from the following alternatives:
·         Free selection (Alt 5.1 in RAN1#96b)
·         Fixed selection (Alt 5.4 in RAN1#96b)
·         Two-step selection (cf. outcome of proposal 1)



For two-step selection, UE reports or can be configured with a length-N3’ intermediate subset which is a union FD basis set (or subset) of all layer in the first step, and encode FD basis of each layer in the intermediate set for the second step. Regarding N3’ setting mechanism, the method of reporting N3’ in UCI can provide better overhead reduction with no performance loss when FD-basis of multi-layer are highly overlapped. The drawback of reporting N3’ is that or  bits in UCI part1 are required. Higher-layer configured N3’ may be more flexible than the method of a fixed N3’ setting for overhead reduction. However, for the same reason as p parameter setting, a fixed relationship between N3’ and the same single high-layer configured p parameter is preferred.
Proposal 4: Support fixed N3’ setting, a fixed relationship between N3’ and the same single higher layer configured p parameter is preferred.
Another issue is whether the intermediate set is adjacent or not. The motivation for free Intermediate Set (InS) selection is adjacent selection would decrease T’put performance. The adjacent IntS selection considers the fact that CIR is typically low frequency concentrated, or tradeoff between T’put and overhead through window-based union set. In our evaluation, N3’ is fixed for each case:
1) UE finds the best window with length of N3’ and starting point of M_inital; 
2) A fixed length-N3’ restricted window corresponding to FD basis mod(-N3’/2:N3’/2,N3) ;
3) Length-N3’ IntS are selected freely;
4) Length-Ml FD basis are selected with per layer M_initial;
The method of free FD basis selection was used as performance reference in our evaluation. The evaluation results, as shown in following chart, show that adjacent IntS is only slight worse than (less than 1%) freely IntS selection. Reporting M_initial does not bring any benefit to throughput. Fixed selection shows obvious performance loss (about 2%).
On overhead, given a N3’ value,  the method of free IntS selection requires additional  bits to indicate IntS in comparison with fixed IntS selection, which ranges 0~10 bits for  and it is monotone decreasing as  increase to N3. 

Hence we have the following observations and proposals:
Observation 3: For throughput, adjacent IntS selection slightly decrease performance (less than 1%); reporting M_initial does not bring benefit to performance; fixed selection sacrifice performance obviously (about 2%).
Observation 4: For overhead, free IntS selection require additional (less than 10) bits overhead and bring 1% gain compared with fixed IntS selection.
Proposal 5: Do not support fixed selection and do not support M_initial reporting.
Proposal 6: Support free IntS for two-step selection.
Another issue is to determine the exact bit width of FD basis indicator. For free selection: 1)  and 2)  ; for two step selection 1)  or 2) . Alternative 2) rely on cyclic shifting of the selected FD basis (union selected set) by UE implementation.  reduced at most 1 bit compared with . If the equivalence of selected FD basis set is built by cyclic shift operation, with the greatest effort, approximately  bits is needed result in   bits (3~4 bits in generally) reduction, it’s impractical for high complexity and low benefit. However, it still could do better than . For example, in two step selection UE desire a highly overlapped FD basis across layer and may rotate FD basis of each layer, a simple implementation would be UE find the “necklace” of each layer by N3 rotations and comparisons. In this manner, LSB would always be 1 while MSB would always be 0 (more than one 0s is possible which is dependent on parameter p), hence at least   is achieved (2bits reduced). 
[image: ]
Anyway, these shorter bitwidth highly depends on UE implementation and overhead reduction is marginal, preference for alternatives is not strong.
Proposal 7: For intermediate set indicator, support either or size- bitmap; for FD basis indicator, support either   or size-  bitmap. 
[bookmark: _GoBack]Maximum NZC restriction per layer
It’s agreed maximum NZC across layers is limited by 2K0 and if there is a per-layer restriction is to be decided. Except that per-layer restriction would save 1 bit for SCI Alt 3.3,  we don’t see any reason to restrict maximum  K0 for KNZ,i .

Proposal 8: For # NZC per layer, support unrestricted KNZ,i as long as  (Alt0).
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: Alt 2B outperforms Alt 3C/Alt 6E about 2% with additional 50 bits; Alt 3C/ Alt 6E show similar performance, and the gain of further optimization offered by Alt6E seems marginal.
Observation 2: For NZC indicator, Alt 1.1 reduce overhead obviously (e.g 12 bits); For new SCI indicator, Alt 3.2 and Alt 3.3 are expected to be similar, and Alt 3.4 can save 1~2 bit per layer in comparison with Alt 3.3;
Observation 3: For throughput, adjacent IntS selection slightly decrease performance (less than 1%); reporting M_initial does not bring benefit to performance; fixed selection sacrifice performance obviously (about 2%).
Observation 4: For overhead, free IntS selection require additional (less than 10) bits overhead and bring 1% gain compared with fixed IntS selection.
Proposal 1: For p parameter setting, support Alt3C
 Alt6E is also acceptable as a comprise for better progress (second preference).
Proposal 2: Support fixed relation for RI3/4 of p setting if Alt 6E is supported.
Observation 2: For NZC indicator, Alt 1.1 reduce overhead obviously (e.g 12 bits); For new SCI indicator, Alt 3.2 and Alt 3.3 are expected to be similar, and Alt 3.4 can save 1~2 bit per layer in comparison with Alt 3.3;
Proposal 3: Support joint NZC indicator (Alt1.1) and a new   SCI indicator with  bits per layer (Alt 3.4).
Proposal 4: Support fixed N3’ setting, a fixed relationship between N3’ and the same single higher layer configured p parameter is preferred.
Proposal 5: Do not support fixed selection and do not support M_initial reporting.
Proposal 6: Support free IntS for two-step selection.
Proposal 7: For intermediate set indicator, support either or size- bitmap; for FD basis indicator, support either   or size-  bitmap. 

Proposal 8: For # NZC per layer, support unrestricted KNZ,i as long as  (Alt0).
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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%



ALt 3C, 13SB, L=4,M=7, N3' = 8

Free selection 	Minital_report window-based	Low frequency  window	Free IntS 	Fix selection	0	-1.1469407258838382E-2	-1.0542345408789622E-2	-8.0812473745932589E-3	-2.0199412923169069E-2	
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