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[bookmark: _Ref494215420]Introduction
In RAN1#96b [1], UCI feedback contents have been fully discussed, and possible alternatives on each of the UCI parameters were identified. Based on the agreements and FL guidance, one of the target of this meeting is to decide which alternative can be supported. 
In this contribution, we discuss the UCI feedback content on Rel-16 Type II CSI and give our preference on each of the UCI parameters.
Discussion UCI design for Rel-16 Type II CSI
Number of NZ coefficients 
On the number of NZ coefficients, for RI=1-2, it was agreed that the maximum number of non-zero coefficients for each layer is no more than K0, while for RI=3-4, the total max number of NZ coefficients across all layers is no more than 2K0. In order to determine the bitwidth of the number of NZ coefficients for each layer KNZ,i when RI=3-4, two alternatives was proposed as below,
	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 



The difference of these alternatives is that Alt0 allows KNZ,i>K0. Since only a single value of K0 will be configured, and the fundamental design target of introducing K0 is to control the overall payload size especially for rank 3-4, it’s beneficial to allow KNZ,i for one layer to be larger than K0 and KNZ,i for another layer to be smaller than K0 as long as the total max number of NZ coefficients across all layers is no more than 2K0. Therefore, Alt0 should be supported.

Proposal 1: Support Alt0, KNZ,i is unrestricted as long as 
On the indication of the number of NZ coefficients, up to 4 alternatives have been proposed as below and the down selection will be made during RAN1#97, 
	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)



The purpose of introducing the number of NZ coefficients in UCI part 1 is to indicate the payload size of UCI part 2. All of these alternatives can meet the design target, and the only difference is the payload size with additional information. For Alt1.3 and Alt1.4, comparing to Alt1.1 and Alt1.2, the differential operation will complicate the specification with no benefit. 
For down selection between Alt1.1 and Alt1.2, the decision can be made together with the strongest coefficient indication in section 2.3. 
Observation 1: The down selection between Alt1.1 and Alt1.2 should be decided together with the indication of strongest coefficient.
Bitmap design
On the bitmap for coefficient subset selection, it was agreed to be layer-independent, and up to 4 alternatives have been identified as below,
	Agreement
For RI=2, the following is supported 
· Layer-independent FD basis subset selection 
· Layer-independent coefficient subset selection
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
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) 



Among these possible alternatives, Alt2.1 is the most straight forward solution to achieve coefficient subset selection. On the other hand, for Alt2.2, Alt2.2B and Alt2.3, potentially lower payload size can be achieved by exploring the channel characteristics. 
For Alt2.2, a joint bitmap 1 for all layers with 2LM bits is introduced, and a shortened bitmap 2 for each layer indicates the relative location of NZ coefficient within a subset selected by indicator bits equals to 1 in bitmap 1. However, since FD basis subset selection is layer-independent, the same location for bitmap 2 for different layers indicate different FD basis. Consequently, the location of NZ coefficients in bitmap 2 for each layer is independently distributed, and the number of bits equals to 1 in bitmap 1 can be very large. On the other hand, the value of M for each layer may be different, and if so, how to formulate the joint bitmap 1 will be another open issue.
For Alt2.2B, a spatial beam level dropping is proposed. Bitmap 1 for each layer with 2L bits is introduced to locate strong spatial beams, and a shortened bitmap 2 is used to indicate NZ coefficients for the strong beams. Similar to Rel-15 Type II codebook where the subband coefficients for weak spatial beams are not reported, Alt2.2B should be a reasonable solution. 
For Alt2.3, polarization level dropping is proposed. This approach can be considered as a special case for Alt2.2B where the first/last L spatial beams are weak. However, the possibility for polarization level dropping should be much lower comparing to spatial beam level dropping.
Therefore, we prefer Alt2.2B for the bitmap design.
Proposal 2: Support 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)
Strongest coefficient indicator
On the strongest coefficient indicator, up to 4 alternatives have been proposed from the last meeting, 
	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))



Based on the agreement, we can see that the decision should be made together with the indication of number of NZ coefficients in section 2.1. From our perspective, the only metric of the down selection is the total payload size of the indication of the number of NZ coefficients and the indication of the strongest coefficient.
For Alt3.1 together with Alt1.2, when RI=4, according to proposal 1, the bitwidth of the number of NZ coefficients per layer should be  and the bitwidth of SCI per layer should be . The total payload size is
N1 = 4* + 4*
For Alt3.2 together with Alt1.1, when RI=4, the bitwidth of RI is 2, the bitwidth of the total number of NZ coefficients should be  and the bitwidth of SCI per layer should be . The total payload size is
N2 = 2+ + 4* 

Since , , 

 when 
If , 

 when 


For Alt3.3, since  can be larger than ,  or should be replaced by  which is the same as Alt3.2. 
For Alt3.4, further clarification is needed. 
Therefore, we prefer Alt3.2 together with Alt2.1.
Proposal 3: Support Alt2.1: RI + # NZC summed across layers where # NZC = {0, 1, 2, …, 2K0} (if sufficiency indicator is supported) or {1, 2, …, 2K0}

Proposal 4: Support Alt3.2: Per-layer SCI, where SCIi is a –bit indicator.
FD basis subset selection indicator 
[bookmark: _GoBack]Regarding the FD basis subset selection indicator, up to 8 alternatives were proposed. During email discussion before this meeting, those alternatives have been classified into three alternatives, the details can be found below,
	Offline Agreement
The two-step FD basis subset selection is described as follows:
1. The 1st (intermediate) step uses an intermediate FD basis set of size-N3’ (N3’≤ N3) 
0. The value of N3’ is RI- and layer-common
0. The intermediate FD basis subset is RI- and layer-common
1. The 2nd step uses combinatorial indicator to indicate the FD basis used for each layer 
1. FFS: exact bitwidth
1. FFS (to be resolved in RAN1#97): select one of the following alternatives on N3’ setting mechanism: 
2. 1) reported in UCI part 1
2. 2) higher-layer configured
2. 3) fixed
1. FFS (to be resolved in RAN1#97): select one of the following alternatives on size- N3’ intermediate subset (IntS) 
3. 1) IntS is adjacent and fully parameterized with Minitial, 
0. FFS (to be resolved in RAN1#97): whether is reported in UCI part 2, higher-layer configured, or fixed
3. 2) IntS is selected freely from N3 FD bases, a combinatorial indicator is reported in UCI part 2 
1. ​​FFS: exact bitwidth, either [image: cid:image001.png@01D4F659.A17B94A0]or [image: cid:image004.jpg@01D4FF2F.28138260]
Offline Agreement
In RAN1#97, decide on FD basis subset selection scheme from the following alternatives:
1. Free selection (Alt 5.1 in RAN1#96b)
1. Fixed selection (Alt 5.4 in RAN1#96b)
1. Two-step selection (cf. outcome of proposal 1)



For free selection (Alt5.1 in RAN1#96b), it is a straightforward solution similar to SD basis subset indication from Rel-15 Type II codebook. Based on the observation that DFT based compression results in stronger FD basis at the lower frequency and weaker FD basis at higher frequency with circular property, an FD basis subset with adjacent FD basis can be defined. For fixed selection (Alt 5.4 in RAN1#96b), the FD basis subset is reported as the final selection. And for two-step selection (cf. outcome of proposal 1), the FD basis subset is considered as an intermediate set in step 1 and the final FD basis subset is chosen from the intermediate set in step 2. 
From our perspective, the selection of intermediate set by UE can be avoided and can be achieved by codebook subset restriction through higher layer configuration by gNB. UE can select the FD basis only from the allowed subset, which will reduce the calculation complexity as well as feedback delay. Therefore, free selection (Alt 5.1 in RAN1#96b) is preferred.
Proposal 5: Support free selection (Alt 5.1 in RAN1#96b).
Layer indicator 
Layer indicator is one of the UCI parameters supported in Rel-15. However, during the discussion on UCI design for Rel-16, whether and how to indicate the strongest layer has not been discussed. From our perspective, there’re two possible ways to achieve the functionality,
· Alt1: explicit indication by introducing LI parameter
· Alt2: implicit indication by exchanging the order of PMI parameters of each layer
For Alt1, it reuses the same design as for Rel-15 UCI content, which will introduce  bits overhead for UCI feedback, where  is the reported RI. For Alt2, considering the PMI structure of Rel-16 Type II CSI, it is possible to exchange some of the PMI parameters for each layer to ensure that the first layer is the strongest layer. 
Specifically, for the number of NZ coefficients, if only one summed value across all layers is supported, no change is needed. If it’s a per layer indication, exchange the values for the first layer and the strongest layer. For the bitmap design used for coefficient subset selection, although there are many different solutions, the bitmap(s) in any of the solutions can be classified as layer common or layer independent. For the layer common bitmap, if supported, exchange the bitmap for the first layer and the strongest layer. For the layer independent bitmap, if supported, no change is needed. For the strongest coefficient indicator (SCI), since it’s supported to be layer independent, exchange the SCI for the first layer and the strongest layer. For SD basis subset indication, since it’s supported to be layer common, no change is needed. For FD basis subset indication, since it’s supported to be layer independent, exchange the FD basis subset indication for the first layer and the strongest layer. For the amplitude and phase of each layer, exchange between the first layer and the strongest layer is needed.
Regarding the UE implementation aspect, since the parameter exchange is not mathematical operation, we believe that the increase of UE complexity can be negligible. On the other hand, for gNB side, the PMI parameter exchange is transparent. gNB doesn’t need to know which layer was exchanged.
Based on the analysis above, we think it’s benefit to support implicit indication of strongest layer.
Proposal 6: Implicit strongest layer indication can be supported to reduce UCI feedback overhead.

Conclusion
In this contribution, we discussed the UCI feedback content on Type II CSI overhead reduction. Based on the discussion, we have the following observation and proposals:
Observation 1: The down selection between Alt1.1 and Alt1.2 should be decided together with the indication of strongest coefficient.

Proposal 1: Support Alt0, KNZ,i is unrestricted as long as 
Proposal 2: Support 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)
Proposal 3: Support Alt2.1: RI + # NZC summed across layers where # NZC = {0, 1, 2, …, 2K0} (if sufficiency indicator is supported) or {1, 2, …, 2K0}

Proposal 4: Support Alt3.2: Per-layer SCI, where SCIi is a –bit indicator.
Proposal 5: Support free selection (Alt 5.1 in RAN1#96b).
Proposal 6: Implicit strongest layer indication can be supported to reduce UCI feedback overhead.
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