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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The specification for CSI enhancement in Rel-17 has been approved by RAN #94-e. In this contribution, we discuss some issues on CSI enhancement that we have identified based on the latest specification, V17.0.0. 

[bookmark: _Ref129681832]Rel-17 CSI enhancements on FR1 FDD reciprocity
The missing description for the mapping order of KNZ in 38.212
Reason of Changes: 
In RAN1 107, it was agreed to clarify the values of the  indicator field mapped to the allowed values of  with increasing order, where '0' is mapped to  for Rel-16 eType II codebook. Similarly, above clarification and associated CR shall be applied to Rel-17 FeTypeII PS codebook for corresponding  indicator field in order to elaborate the mapping order and avoid ambiguity between reported values and actual values.  
Proposed Changes #1 (TS 38.212): 
	6.3.2.1.2	CSI
-- Unchanged text is omitted---
The bitwidth for RI/CQI of codebookType= typeII-r16 or codebookType=typeII-PortSelection-r16 is provided in Table 6.3.2.1.2-8.
Table 6.3.2.1.2-8: RI and CQI of codebookType=typeII-r16 or typeII-PortSelection-r16
	Field
	Bitwidth

	Rank Indicator
	

	Wide-band CQI
	4

	Subband differential CQI
	2

	Indicator of the total number of non-zero coefficients summed across all layers 
	 if max allowed rank is 1;
 otherwise


where  is the number of allowed rank indicator values according to Clauses 5.2.2.2.5 and 5.2.2.2.6 [6, TS 38.214],, where , , , and  are given by Clause 5.2.2.2.5 and 5.2.2.2.6 in [6, TS 38.214]. The values of the rank indicator field are mapped to allowed rank indicator values with increasing order, where '0' is mapped to the smallest allowed rank indicator value. The values of the  indicator field are mapped to the allowed values of , according to Clauses 5.2.2.2.5 and 5.2.2.2.6 [6, TS 38.214], with increasing order, where '0' is mapped to .
The bitwidth for RI/CQI of codebookType= codebookType=typeII-PortSelection-r17 is provided in Table 6.3.2.1.2-9.
Table 6.3.2.1.2-9: RI and CQI of codebookType=typeII-PortSelection-r17
	Field
	Bitwidth

	Rank Indicator
	

	Wide-band CQI
	4

	Subband differential CQI
	2

	Indicator of the total number of non-zero coefficients summed across all layers 
	 if max allowed rank is 1;
 otherwise


where  is the number of allowed rank indicator values according to Clauses 5.2.2.2.7 [6, TS 38.214],, where , , and  are given by Clause 5.2.2.2.7 in [6, TS 38.214]. The values of the rank indicator field are mapped to allowed rank indicator values with increasing order, where '0' is mapped to the smallest allowed rank indicator value. The values of the  indicator field are mapped to the allowed values of , according to Clauses 5.2.2.2.7 [6, TS 38.214], with increasing order, where '0' is mapped to .



The missing citation/overall description for Part 1 CSI in 38.214
Reason of Changes: 
In current specification, the information in Part 1 CSI is given in section 5.2.3 in TS 38.214 [2] as follows:
	[bookmark: _Hlk93860377]For Type I, Type II, Enhanced Type II and Further Enhanced Type II Port Selection CSI feedback on PUSCH, a CSI report comprises of two parts. Part 1 has a fixed payload size and is used to identify the number of information bits in Part 2. Part 1 shall be transmitted in its entirety before Part 2. 
-	…
-	For Enhanced Type II and Further Enhanced Type II Port Selection CSI feedback, Part 1 contains RI (if reported), CQI, and an indication of the overall number of non-zero amplitude coefficients across layers for the Enhanced Type II CSI (see Clause 5.2.2.2.5). The fields of Part 1 – RI (if reported), CQI, and the indication of the overall number of non-zero amplitude coefficients across layers – are separately encoded. Part 2 contains the PMI of the Enhanced Type II or Further Enhanced Type II Port Selection CSI. Part 1 and 2 are separately encoded


Considering the similarity between Enhanced Type II and FeType II PS codebook, above paragraph has provided overall descriptions of CSI fields in Part 1 for both codebooks in section 5.2.3, which includes RI (if reported), CQI, and the indication of the overall number of non-zero amplitude coefficients across layers. The sentence so far seems to be incomplete and may leads to a certain ambiguity and inconsistency for Part 1 CSI reporting fields of FeType II PS CSI. 
Proposed Changes #2 (TS 38.214): 
	[bookmark: _Toc11352132][bookmark: _Toc20318022][bookmark: _Toc27299920][bookmark: _Toc29673191][bookmark: _Toc29673332][bookmark: _Toc29674325][bookmark: _Toc36645555][bookmark: _Toc45810600][bookmark: _Toc91695470]5.2.3	CSI reporting using PUSCH
-- Unchanged text is omitted---
For Type I, Type II, Enhanced Type II and Further Enhanced Type II Port Selection CSI feedback on PUSCH, a CSI report comprises of two parts. Part 1 has a fixed payload size and is used to identify the number of information bits in Part 2. Part 1 shall be transmitted in its entirety before Part 2. 
-	…
-	For Enhanced Type II CSI feedback (see Clause 5.2.2.2.5) and Further Enhanced Type II Port Selection CSI feedback (see Clause 5.2.2.2.7), Part 1 contains RI (if reported), CQI, and an indication of the overall number of non-zero amplitude coefficients across layers for the Enhanced Type II CSI (see Clause 5.2.2.2.5). The fields of Part 1 – RI (if reported), CQI, and the indication of the overall number of non-zero amplitude coefficients across layers – are separately encoded. Part 2 contains the PMI of the Enhanced Type II or Further Enhanced Type II Port Selection CSI. Part 1 and 2 are separately encoded



The redundant description for  in 38.214
Reason of Changes: 
In TS 38.214 [2], the description about the indication for SCI is given in section 5.2.2.2.7 as follows
	Let  be the index of  and  be the index of  which identify the strongest coefficient of layer , i.e., the element  of , for . The strongest coefficient of layer  is identified by the index

which is found from

The indices  and  are found from  by using



Based on the equation of , i.e. , in our understanding there is no ambiguity to obtain  and , which are further used in corresponding 38.214 sections. Therefore, following equations of how to calculate  and  specifically are redundant without providing additional information. To make RAN1 specifications relatively concise, it is suggested to remove them.
Proposed Changes #3 (TS 38.214): 
	[bookmark: _Toc91695465]5.2.2.2.7	Further enhanced Type II port selection codebook
-- Unchanged text is omitted---
Let  be the index of  and  be the index of  which identify the strongest coefficient of layer , i.e., the element  of , for . The strongest coefficient of layer  is identified by the index

which is found from

The indices  and  are found from  by using




Rel-17 CSI enhancement on Multi-TRP
Wrong number of reported CQIs for single/Multi-TRP hypotheses in Mode 2
Reason of Changes: 
In current specification, the reporting quantities for CSI report Mode 2 is given in section 5.2.1.4.2 in TS 38.214 [2] as follows:
	5.2.1.4.2	Report Quantity Configurations
-- Unchanged text is omitted---
-	The UE shall derive the CSI parameters other than CRI(s) conditioned on the reported CRI(s), as follows:
-	If the higher layer parameter csi-ReportMode is set to 'Mode1' and the higher layer parameter numberOfSingleTRP-CSI-Mode1 is set to ,  CRI(s) are reported:
-	one CRI  corresponds to the configured -th entry of the associated  Resource Pairs in the corresponding CSI-RS Resource Set for channel measurement, and -th entry of the corresponding CSI-IM Resource Set, if configured. The UE shall report two RIs, two PMIs, two LIs (if configured), associated to the resource in Group 1 and the resource in Group 2, respectively, of the -th Resource Pair, and one CQI; and
-	if , one CRI  () corresponds to the configured -th entry of the associated  resources in the corresponding CSI-RS Resource Set for channel measurement, and -th entry of the corresponding CSI-IM Resource Set, if configured. The UE shall report one RI, one PMI, one LI (if configured) and one or two CQIs conditioned on CRI ; or
-	if , one CRI   corresponds to the configured -th entry of the associated  resources in Group 1 of the corresponding CSI-RS Resource Set for channel measurement, and -th entry of the associated resources in the corresponding CSI-IM Resource Set, if configured, and one CRI   corresponds to the configured -th entry of the associated  resources in Group 2 of the corresponding CSI-RS Resource Set for channel measurement, and -th entry of the corresponding CSI-IM Resource Set, if configured. The UE shall report one RI, one PMI, one LI (if configured) and one oro two CQIs conditioned on CRI  and one RI, one PMI, one LI (if configured) and one or two CQIs conditioned on CRI .
-	If the higher layer parameter csi-ReportMode is set to 'Mode2', one CRI   is reported, which corresponds to the -th entry of the  resources or Resource Pairs in the corresponding CSI-RS Resource Set for channel measurement, and -th entry of the associated resources in the corresponding CSI-IM Resource Set, if configured. The first  codepoints of the CRI correspond to resources associated to Group 1 and Group 2. The last  codepoints of the CRI correspond to the  configured Resource Pairs. The UE shall report one RI, one PMI, one LI, if configured, and one CQI conditioned on CRI  if ; or two RIs, two PMIs, two LIs, if configured, associated to the resource in Group 1 and the resource in Group 2, respectively, of the -th Resource Pair, and one or two CQIs, otherwise.



When the UE is set to “Mode 2”, the first  codepoints of the CRI correspond to resources associated to Group 1 and Group 2 for single-TRP measurement hypothesis. Therefore CSI fields corresponding to single-TRP measurement hypothesis are reported if reported CRI . One or two CQIs are reported when RI  and when RI > 4, respectively. On the hand, if the reported CRI  is associated to a Resource Pair, CSI fields corresponding to a NCJT measurement hypothesis are reported. Then for this case, two RIs, two PMIs, two LIs, and only one CQI are reported for NCJT measurement hypothesis. Moreover, one typo for Mode 1 with X = 2 highlighted in yellow above is also corrected in the following proposed TP.
Proposed Changes #4 (TS 38.214): 
	5.2.1.4.2	Report Quantity Configurations
-- Unchanged text is omitted---
-	The UE shall derive the CSI parameters other than CRI(s) conditioned on the reported CRI(s), as follows:
-	If the higher layer parameter csi-ReportMode is set to 'Mode1' and the higher layer parameter numberOfSingleTRP-CSI-Mode1 is set to ,  CRI(s) are reported:
-	one CRI  corresponds to the configured -th entry of the associated  Resource Pairs in the corresponding CSI-RS Resource Set for channel measurement, and -th entry of the corresponding CSI-IM Resource Set, if configured. The UE shall report two RIs, two PMIs, two LIs (if configured), associated to the resource in Group 1 and the resource in Group 2, respectively, of the -th Resource Pair, and one CQI; and
-	if , one CRI  () corresponds to the configured -th entry of the associated  resources in the corresponding CSI-RS Resource Set for channel measurement, and -th entry of the corresponding CSI-IM Resource Set, if configured. The UE shall report one RI, one PMI, one LI (if configured) and one or two CQIs conditioned on CRI ; or
-	if , one CRI   corresponds to the configured -th entry of the associated  resources in Group 1 of the corresponding CSI-RS Resource Set for channel measurement, and -th entry of the associated resources in the corresponding CSI-IM Resource Set, if configured, and one CRI   corresponds to the configured -th entry of the associated  resources in Group 2 of the corresponding CSI-RS Resource Set for channel measurement, and -th entry of the corresponding CSI-IM Resource Set, if configured. The UE shall report one RI, one PMI, one LI (if configured) and one oro two CQIs conditioned on CRI  and one RI, one PMI, one LI (if configured) and one or two CQIs conditioned on CRI .
-	If the higher layer parameter csi-ReportMode is set to 'Mode2', one CRI   is reported, which corresponds to the -th entry of the  resources or Resource Pairs in the corresponding CSI-RS Resource Set for channel measurement, and -th entry of the associated resources in the corresponding CSI-IM Resource Set, if configured. The first  codepoints of the CRI correspond to resources associated to Group 1 and Group 2. The last  codepoints of the CRI correspond to the  configured Resource Pairs. The UE shall report one RI, one PMI, one LI, if configured, and one or two CQIs conditioned on CRI  if ; or two RIs, two PMIs, two LIs, if configured, associated to the resource in Group 1 and the resource in Group 2, respectively, of the -th Resource Pair, and one or two CQIs, otherwise.


Conclusions
This contribution provides our views and suggested specification changes over Rel-17 CSI enhancement for MTRP and FDD CSI. It is proposed to adopt above four changes. 
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