[bookmark: OLE_LINK2][bookmark: OLE_LINK3]3GPP TSG RAN WG1 #97			R1-1906397
Reno, US, 13th – 17th May, 2019

[bookmark: Source]Agenda item:	7.2.8.1
[bookmark: _GoBack]Source:	NEC
Title:              	Discussion on CSI Reporting
[bookmark: DocumentFor]Document for:	Discussion and Decision

1 [bookmark: OLE_LINK9][bookmark: OLE_LINK10]Introduction 
In RAN1#96b meeting [1], the Type II CSI overhead reduction (compression) scheme was agreed as follows:
· 
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))
· 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 
· Alt5.6: Two-step FD basis subset selection where
· 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
· 
The FD basis in this intermediate set is reported either by N3-bit bitmap or  bit indicator
· 
The 2nd step uses either N3’-bit bitmap or -bit indicator to indicate the FD basis used for each layer
· Alt5.7: Two-step FD basis subset selection where
· 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
· 
The FD basis in this intermediate set is the union of FD basis for all layers, and is reported bybit indicator
· 
The 2nd step uses either N3’-bit bitmap or -bit indicator to indicate the FD basis used for each layer
· Alt5.8: 
· 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
· For RI < 3, FD basis subset selection indicator is per layer where it is a size- N3 bitmap  
[bookmark: OLE_LINK64][bookmark: OLE_LINK65]This contribution is focused on CSI overhead reduction.
2 Modula-shift operations on FD basis
The enhanced type II CSI report has a form of  for the layer r. It has been observed that given the selected FD basis subset  for the layer r, if it is N3-modula-shifted via a rotation matrix with a parameter 

the resulting CSI reporting at the gNB shall have the form as 

which indicates that the PMI of a CSI report differs from the unshifted ones by only one phase factor.
Most importantly, the gNB does not need to know the value of phase factor, since it does not affect the PMI performance. This issue is similar to what have been observed for the oversampling factor on FD basis. Realizing that the oversampling is not needed to be reported, we have reverted the corresponding working assumption.

Observation 1: Any N3-modula-shift can be applied to each layer of CSI report at UE side, without reporting to the gNB.
3 FD basis subset selection
It is noted that the two-step FD basis subset selection methods have been proposed, and there are several alternatives. First, UE selects an intermediate set of size N3’, and then select  FD basis from the intermediate set. Basically, instead of selecting a number of  FD basis directly from N3 FD basis, an intermediate set is considered, which is either a union of reported layers, or layer-common. There are several issues related to two-step FD basis subset selection.
3.1. The value of N3’ 
Among all the alternatives, there are three alternatives. 
1) N3’ is fixed or higher layer configured.
The value of N3’ can be fixed or higher layer configured. This is because in NR CP-OFDM systems, cyclic prefix (CP) is used to cover channel taps of different delays. It means, by setting a proper CP, the channel delays fall typically within the length of CP. In other words, the target channel delays will not spread in the full time domain. In the Rel.16 design of CSI overhead reduction codebook, each of FD-compression vectors in the DFT matrix of dimension N3, is corresponding to a different channel delay, and all the FD-compression vectors span the full time domain. Considering the typical channel delays will not exceed the length of CP, not all the N3 FD-compression vectors are necessary to be used. 

[image: ]
Figure 1 FD samplings for different delay value
One example of the weights/quantization gains using different FD vectors/basis of length N3 to sample a certain channel delay is shown in Figure 1, where N3 = 24. Note that the FD vector indices [0:N3O3-1] are normalized to the axis [0:1] in the figure, and the weights are normalized by the weight of perfect samplings for a better comparison. As shown in Figure 1, for the channel tap of zero delay, the first few FD vectors are possible to give significant weights, and because of limited resolution, the last few FD vectors are also able to give significant weights. Only these FD vectors with significant weights are valid candidates that can have chance to be reported. In NR, for the target maximum delay of the CP (T=144Tc), it is also the first few FD vectors that gives significant weights, while the last few FD vectors have much less impact. By observation, for both the channel taps of minimum delay and maximum delay, the FD vectors around 0.5 results in very trivial weights due to side-lopes, for which there should be no chance to be selected and reported. Since the typical CP in NR is less than 1/8, it is safe to restrict those FD vectors that has no chance to be reported. For example, we can consider to restrict a half of FD vectors among all the N3O3 indices, as shown by the red bar window.
Proposal 1: Support fixed or higher-layer configured value of N3’ in two-step FD basis subset selection for overhead reduction. 
Another approach is that UE reports its selected value of N3’ in UCI part 1. This approach provides the best performance, which is however at the cost of signalling overhead in UCI part 1. In the worst case, the UCI part 1 may have to reserve 5 bits to indicate the value of N3’.
If a single fixed or higher layer configured value of N3’cannot cover all the needs of CSI reporting in different cases, then a set of N3’ values can be provided, either by fixed or higher layer-configured, and UE in UCI part 1 can chose one of them. For example, the set of N3’ values can contain at least the value of N3, which can be selected when all the FD basis have to be reported. This provides a trade-off in terms of performance and overhead between a single fixed/higher-layer configured N3’and UE reported N3’.
Proposal 2: Support multiple fixed or higher-layer configured values of N3’, and UE select one value of them in UCI part1.
3.2. The intermediate set 
There are three methods for UE to report the intermediate set in UCI part 2.
1) The intermediate set is fixed or higher-layer configured. 
In this method, the intermediate set does not needed to be reported in UCI part 2. This method saves the signalling overhead for intermediate set in UCI part 2.
Proposal 3: Support fixed or higher-layer configured intermediate set in two-step FD basis subset selection for overhead reduction, where UE does not report the intermediate set in UCI part 2. 
2) The intermediate set is window-based. 
In this method, the intermediate set is based on a FD basis window, where the starting basis is indexed by Minitial, and the length of the window is N3’. The window is wrap-around.
Since the value of N3’ is fixed or indicated in UCI part 1, the remaining issue is whether the index of Minitial should be reported in UCI part 2 or not. 
· 
In Alt5.2, the index of Minitial is reported in UCI part2 via  bits. 
· In Alt.5.3, the index of Minitial is not needed to be reported. 
Note that an N3-modula shift operation can be applied to the UE intermediate set whose Minitial>1, so that the UE intermediate set with a fixed starting index, e.g., Minitial=1. It is noted that such shift has no impact on PMI performance. Then the UE can report the CSI based on the shifted intermediate set, where the intermediate set has a fixed value of Minitial, which saves the overhead of UCI part 2 for Minitial. 
Importantly, the N3-modula shift operation can significantly reduce the value of N3’ or the size of intermediate set. This is illustrated with Figure 2.
[image: ]

Figure 2 UE reported window without and with shift (N3=8, and bitmap is to represent the selected FD basis subset)
Proposal 4: The index of Minitial for the window-based intermediate set in two-step FD basis subset selection does not need to be reported in UCI part 2 for overhead reduction.
3) The intermediate set is combinatorial-index-based. 

In this method, the intermediate set is based on a combinatorial-index. The combinatorial index can be either or .
First, similar to the window-based method, it should be noted that the N3-modula-shift operation plays an important role in reducing the intermediate set size, or the value of N3’. This is shown in Figure 3.
[image: ]
Figure 3 UE reported combinatorial index without and with shift (N3=8, and bitmap is to represent the selected FD basis subset)
Moreover, by the N3-modula-shift operation, the first FD basis can be always default to be selected, thus the combinatorial index can be reported as  .
Observation 2: The signalling overhead of combinatorial index can be reduced by applying N3-modula-shift to each layer.
Proposal 5: The combinatorial index for the intermediate set size should be reported as , and  is determined by applying N3-modula-shift to each layer.
4 Conclusion
This contribution provided our proposals for CSI reporting in NR. And particularly, there are:
Proposal 1: Support fixed or higher-layer configured value of N3’ in two-step FD basis subset selection for overhead reduction.
Proposal 2: Support multiple fixed or higher-layer configured values of N3’, and UE select one value of them in UCI part1.
Proposal 3: Support fixed or higher-layer configured intermediate set in two-step FD basis subset selection for overhead reduction, where UE does not report the intermediate set in UCI part 2.
Proposal 4: The index of Minitial for the window-based intermediate set in two-step FD basis subset selection does not need to be reported in UCI part 2 for overhead reduction.
Proposal 5: The combinatorial index for the intermediate set size should be reported as , and  is determined by applying N3-modula-shift to each layer.
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