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Introduction
Some companies raise a potential ambiguity in CSI subband indexing. One option counts only the active subbands configured by the gNB, another option counts all the subbands in the BWP with nature order. These two interpretations cause ambiguity in determining even and odd subbands, leading to two different UCI packing orders. In this contribution, we present our understanding and propose solutions for clarification.
Interpretation on CSI subband index
Before this meeting, there was an issue raised by some companies’ product team regarding CSI reporting subbands. There are two options in interpretating the CSI subband index. 
· Option 1: the CSI subband index count from the first active subband indicated by in the RRC signalling csi-ReportingBand, i.e., the first “1” from the right in the csi-ReportingBand is regarded as subband 0, the second “1” is regarded as subband 1, etc
· For example, with subband configuration 1110001000111, CSI is reported for the 0th, 1st, 2nd, 6th, 10th, 11th, 12th subbands in the BWP, but they are reindexed as subband 0, 1, 2, 3, 4, 5, 6, respectively.
· Option 2: the CSI subband index count from the first subband in the BWP, i.e., the subband is indexed from 0 to 18 regardless of the RRC signalling csi-ReportingBand
· For example, with subband configuration 1110001000111, CSI is reported for the 0th, 1st, 2nd, 6th, 10th, 11th, 12th subbands in the BWP, and they are indexed with the natural order 0, 1, 2, 6, 10, 11, 12, respectively.
These interpretation does not cause ambiguity in the subbands where CSI is reported for, but raise ambiguity in UCI packing. According to current 38.212 (Table 6.3.1.1.2-11, 11A, 11B, 6.3.2.1.2-5, 5C, 5D) and 38.214 spec, the even subbands of Type I and Type II CSI are reported first, followed by the odd subbands. With such, given the above example, the subband CSI are reported in the other of 0, 2, 4, 6, 1, 3, 5 (with actual order 0th, 2nd, 10th, 12th, 1st, 6th , 11th subbands) in option 1, while the subbands CSI are reported in the natural order 0, 2, 6, 10, 12, 1, 11 in option 2 (with actual order 0th, 2nd, 6th, 10th, 12th, 1st, 11th subbands). Apparently, there is mismatch in the reported subband order in option 1 and option 2.
In our view, option 2 should be the correct understanding which aligns with the intention of UCI packing and omission. The UCI packing order, i.e., even subbands followed by odd subbands, intends to keep subbands as close to each other as possible when UCI omission occurs so that the gNB may perform inter/extrapolation to obtain the missing CSI of missing subbands. Thus, option 2 naturally reflects this principle while option 1 may result in far separated subbands which is difficult for inter/extrapolation. Given the above example, 
· With option 1: the even subbands are 0th, 2nd, 10th, 12th, odd subbands are 1st, 6th, and 11th. If UCI omission occurs, subbands 0, 2, 10, 12 are reported.
· With option 2: the even subbands are 0, 2, 6, 10, 12, odd subbands are 1, 11. If UCI omission occurs, subbands 0, 2, 6, 10, 12 are reported.
Apparently, with the orphan subband 6 reported, option 2 makes it much easier for inter/extrapolation than option 1 does. 
Besides, from spec language perspective, Option 2 should be the natural interpretation which aligns the text better. In TS38.331, it is described that the right-most bit in the csi-ReportingBand represents the lowest subband in the BWP, while TS38.212 spec (notes under Table 6.3.1.1.2-11, 11A, 11B, 6.3.2.1.2-5, 5C, 5D) further clarifies that the lowest subband of csi-ReportingBand is regarded as subband 0. Similar text also exists in TS 38.214 spec. The relevant texts in TS 38.331, TS 38.212 and TS 38.214 specs are shown below.



When CSI reporting on PUSCH comprises two parts, the UE may omit a portion of the Part 2 CSI. Omission of Part 2 CSI is according to the priority order shown in Table 5.2.3-1, where  is the number of CSI reports configured to be carried on the PUSCH. Priority 0 is the highest priority and priority  is the lowest priority and the CSI report n corresponds to the CSI report with the nth smallest Prii,CSI(y,k,c,s) value among the  CSI reports as defined in Clause 5.2.5. The subbands for a given CSI report n indicated by the higher layer parameter csi-ReportingBand are numbered continuously in increasing order with the lowest subband of csi-ReportingBand as subband 0. When omitting Part 2 CSI information for a particular priority level, the UE shall omit all of the information at that priority level. 

Table 6.3.1.1.2-11: Mapping order of CSI fields of one CSI report, CSI part 2 subband, pmi-FormatIndicator= subbandPMI or cqi-FormatIndicator=subbandCQI
CSI report #n
Part 2 subband
Subband differential CQI for the second TB of all even subbands with increasing order of subband number, as in Tables 6.3.1.1.2-3/4/5, if cqi-FormatIndicator=subbandCQI and if reported


PMI subband information fields  of all even subbands with increasing order of subband number, from left to right as in Tables 6.3.1.1.2-1/2, or codebook index for 2 antenna ports according to Clause 5.2.2.2.1 in [6, TS38.214] of all even subbands with increasing order of subband number, if pmi-FormatIndicator= subbandPMI and if reported

Subband differential CQI for the second TB of all odd subbands with increasing order of subband number, as in Tables 6.3.1.1.2-3/4/5, if cqi-FormatIndicator=subbandCQI and if reported


PMI subband information fields  of all odd subbands with increasing order of subband number, from left to right as in Tables 6.3.1.1.2-1/2, or codebook index for 2 antenna ports according to Clause 5.2.2.2.1 in [6, TS38.214] of all odd subbands with increasing order of subband number, if pmi-FormatIndicator= subbandPMI and if reported
Note:	Subbands for given CSI report n indicated by the higher layer parameter csi-ReportingBand are numbered continuously in the increasing order with the lowest subband of csi-ReportingBand as subband 0.

csi-ReportingBand 
Indicates a contiguous or non-contiguous subset of subbands in the bandwidth part which CSI shall be reported for. Each bit in the bit-string represents one subband. The right-most bit in the bit string represents the lowest subband in the BWP. The choice determines the number of subbands (subbands3 for 3 subbands, subbands4 for 4 subbands, and so on) (see TS 38.214 [19], clause 5.2.1.4). This field is absent if there are less than 24 PRBs (no sub band) and present otherwise, the number of sub bands can be from 3 (24 PRBs, sub band size 8) to 18 (72 PRBs, sub band size 4). 


Based on the discussion, we observe and propose
Observation 1: Option 2, i.e., counting subband with its natural order in BWP, reflects the original intention of UCI packing principle, in the sense of, keeping the subbands as close to each other as possible when UCI omission occurs.
Observation 2: TS38.331 spec describes that the right-most bit in the csi-ReportingBand represents the lowest subband in the BWP, while TS38.212 spec further clarifies that the lowest subband of csi-ReportingBand is regarded as subband 0. TS 38.214 spec also describes that the lowest subband is indexed by 0.
Proposal 1: Clarify in TS38.212 and TS38.214 spec that the right-most bit of csi-ReportingBand represents the lowest subband and it is regarded as subband 0.

Following text proposal can be considered for TS38.212 spec:
6.3.1.1.2 CSI only
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
-	Table 6.3.1.1.2-11: Mapping order of CSI fields of one CSI report, CSI part 2 subband, pmi-FormatIndicator= subbandPMI or cqi-FormatIndicator=subbandCQI
	CSI report #n
Part 2 subband
	Subband differential CQI for the second TB of all even subbands with increasing order of subband number, as in Tables 6.3.1.1.2-3/4/5, if cqi-FormatIndicator=subbandCQI and if reported

	
	
PMI subband information fields  of all even subbands with increasing order of subband number, from left to right as in Tables 6.3.1.1.2-1/2, or codebook index for 2 antenna ports according to Clause 5.2.2.2.1 in [6, TS38.214] of all even subbands with increasing order of subband number, if pmi-FormatIndicator= subbandPMI and if reported

	
	Subband differential CQI for the second TB of all odd subbands with increasing order of subband number, as in Tables 6.3.1.1.2-3/4/5, if cqi-FormatIndicator=subbandCQI and if reported

	
	
PMI subband information fields  of all odd subbands with increasing order of subband number, from left to right as in Tables 6.3.1.1.2-1/2, or codebook index for 2 antenna ports according to Clause 5.2.2.2.1 in [6, TS38.214] of all odd subbands with increasing order of subband number, if pmi-FormatIndicator= subbandPMI and if reported


Note:	Subbands for given CSI report n indicated by the higher layer parameter csi-ReportingBand are numbered continuously in the increasing order with the lowest subband of csi-ReportingBand as subband 0. The lowest subband is represented by the rightmost bit in the bitstring of csi-ReportingBand.
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<

Following text proposal can be considered for TS38.214 spec:
[bookmark: _Toc11352132][bookmark: _Toc20318022][bookmark: _Toc27299920][bookmark: _Toc29673191][bookmark: _Toc29673332][bookmark: _Toc29674325][bookmark: _Toc36645555][bookmark: _Toc45810600][bookmark: _Toc100147405]5.2.3	CSI reporting using PUSCH
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<



When CSI reporting on PUSCH comprises two parts, the UE may omit a portion of the Part 2 CSI. Omission of Part 2 CSI is according to the priority order shown in Table 5.2.3-1, where  is the number of CSI reports configured to be carried on the PUSCH. Priority 0 is the highest priority and priority  is the lowest priority and the CSI report n corresponds to the CSI report with the nth smallest Prii,CSI(y,k,c,s) value among the  CSI reports as defined in Clause 5.2.5. The subbands for a given CSI report n indicated by the higher layer parameter csi-ReportingBand are numbered continuously in increasing order with the lowest subband represented by the right-most bit of csi-ReportingBand as subband 0. When omitting Part 2 CSI information for a particular priority level, the UE shall omit all of the information at that priority level. 
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
Alternative approach with additional UE capability reporting
If some companies already implement option 1, an alternative approach is to leave the Rel-15/16 spec as it is, but delay the change in section 2 to Rel-17. Specifically, Rel-15/16 gNB may have to always configure subbands patterns without ambiguity (e.g., all “1”s in csi-ReportingBand). In this case, option 1 UE and option 2 UE will implement the same UCI packing so that the ambiguity can be avoided. Alternatively, the Rel-15/16 gNB can try both options when receiving the UCI containing UE’s CSI feedback. 
For Rel-17, we suggest adding following UE capability and RRC signalling:
· Introduce a new UE capability for the UE to signal that the new UE implements following the changed spec. An old UE which does not signal the capability keep their legacy implementation.
· Introduce a new RRC signalling csi-ReportingBand-r17 for the new gNB to indicate arbitrary subband patterns. The new UE will read this RRC signaling instead of the old csi-ReportingBand message. 
· On the other hand, the old gNB still use the old signalling csi-ReportingBand for both new and old UEs. The old gNB can choose to indicate subband patterns which do not cause ambiguity in UCI packing (e.g., full subband configuration). Alternatively, the old gNB can choose to try both options in receiving the UCI.
With these signalling, forward and backward compatibility are kept as shown in following table
	
	Old gNB
	New gNB

	Old UE
(not signal support the spec change)
	Use csi-ReportingBand
	Use csi-ReportingBand

	New UE
(signal support the spec change)
	Use csi-ReportingBand
	Use csi-ReportingBand-r17


Proposal 2: If there exist companies implementing other options than proposal 1, consider spec change in Rel-17 with the following additional UE capability and RRC signaling
· UE capability signalling to support the spec change of subband indexing
· New RRC signalling csi-ReportingBand-r17 used to configure arbitrary subband pattern for new UEs.
Conclusion
In this contribution, we discuss two potential interpretation of CSI subband index. Based on the discussion, we observe and propose
Observation 1: Option 2, i.e., counting subband with its natural order in BWP, reflects the original intention of UCI packing principle, in the sense of, keeping the subbands as close to each other as possible when UCI omission occurs.
Observation 2: TS38.331 spec describes that the right-most bit in the csi-ReportingBand represents the lowest subband in the BWP, while TS38.212 spec further clarifies that the lowest subband of csi-ReportingBand is regarded as subband 0. TS 38.214 spec also describes that the lowest subband is indexed by 0.
Proposal 1: Clarify in TS38.212 and TS38.214 spec that the right-most bit of csi-ReportingBand represents the lowest subband and it is regarded as subband 0.
Proposal 2: If there exist companies implementing other options than proposal 1, consider spec change in Rel-17 with the following additional UE capability and RRC signalling
· UE capability signalling to support the spec change of subband indexing
· New RRC signalling csi-ReportingBand-r17 used to configure arbitrary subband pattern for new UEs.
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