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1. Introduction
In this contribution, we discuss the remaining issues on CSI reporting. Firstly, we further discuss issues on CSI timing and related UE capability, and then issue on Type I SP CSI with rank 8 is identified. Lastly, remaining issues for LI reporting are presented. Also, we provides corresponding text proposals for TS 38.212 and TS 38.214.

2. Discussion on CSI reporting timing and related UE capability
One of remaining issues is Z and Z’ values for high latency CSI for normal UE. For Type B CSI processing capability, there are two alternative assumptions for high latency CSI with CRI selected from N CSIRSs; Alt 1 assumes to use single CPU and Alt 2 assumes to use N CPUs. In our view, Alt 2 occupies too many CPUs when CRI reporting is configured so that other CSI without CRI lose a chance to occupy CPU. Furthermore, if a periodic/semi-persistent CSI with CRI is configured, in case of Type B, it always occupies N CPUs and consumes too many CPUs exclusively. Therefore, we support Alt 1 and provide Z values for High latency based on Alt 1 in Table 1 and 2 in case of CSI only on PUSCH. 

Proposal 1: For Type B CSI processing capability, when a CSI report is linked with Ks > 1 CSI-RS resources for channel measurement is triggered, the CSI report occupies a single CSI processing unit and the latency requirement is calculated based on (Z, Z’) according to the High latency CSI class. If a CSI report is linked with Ks > 1 CSI-RS resources for channel measurement, for Ks=2, at most 16 CSI-RS ports per CSI-RS resource can be configured and for 8>=Ks>2, at most 8 CSI-RS ports per CSI-RS resource can be configured.

For normal UE high latency Z’ value, we assume that during Z’ symbols UE conducts CSI measurement/calculation and channel multiplexing, CSI encoding and modulation. Some parts of CSI measurement and calculation time depend on numerology and it takes 12 symbols, and remaining parts and channel multiplexing/ CSI encoding/modulation take 20 symbols for high latency. As a result, Z’ for high latency is 20+.
For normal UE Z value, we assume CSIRS is located at next symbol of the last PDCCH symbol. Also, we assume CSI processing can start after DCI decoding. DCI decoding time consists of numerology dependent parts such as PDCCH CE/de-multiplexing/decoding and numerology independent parts so that it takes 4+20*. As a result, Z becomes DCI decoding time + CSI processing time, i.e., 4+20* + Z’.
For advanced UE, in our view, Z’ is 7 and 16 symbols for low and high latency, respectively, and Z is Z’+5 since DCI decoding is done during 5 symbols.

Proposal 2: For CSI only on a PUSCH, adopt (Z, Z’) values in Table 1 and 2 as minimum required CSI processing time for normal UE and advanced UE, respectively. 

Table1. CSI calculation time (Z, Z’) for CSI only on PUSCH for normal UE.
	CSI latency
	Units
	15kHz SCS ()
	30kHz SCS ()
	60kHz SCS ()
	120kHz SCS ()

	High latency
	Symbols
	(32, 23)
	(40, 26)
	(56, 32)
	(88, 44)



Table2. CSI calculation time (Z, Z’) for CSI only on PUSCH for advanced UE.
	CSI latency
	Units
	15kHz SCS ()
	30kHz SCS ()
	60kHz SCS ()
	120kHz SCS ()

	Low latency
	Symbols
	(12, 7)
	(12, 7)
	(12, 7)
	(12, 7)

	High latency
	Symbols
	(21, 16)
	(21, 16)
	(21, 16)
	(21, 16)



For the values of Z and Z’ for the case of UL-SCH multiplexed with CSI, it was agreed that minimum required time is (Z+N2, Z’+N2) for low latency CSI for normal UE due to serial processing between CSI and UL data. When CSI and data are multiplexed, data RE allocation depends on CSI payload but part 2 CSI payload size varies depending on CRI/RI/ the number of non-zero amplitude coefficient or CSI omission. As a result, CSI processing and data encoding cannot be done in fully parallel manner. Specifically, in case of Type I CSI, CRI/RI of part 1 CSI determines payload size of part 2 CSI such as PMI and CQI. In case of Type II CSI, RI/the number of non-zero amplitude coefficient of part 1 CSI determines payload size of part 2 CSI such as PMI and CQI. We should apply the same principle for the rest of values of (Z, Z’). We can finalize the values of (Z, Z’) for advanced UE as soon as the N2 values for advanced UEs are finalized. Note that, in RAN1#92bis, the N2 values for advanced UE are captured in conclusion with square bracket.

Proposal 3: For CSI multiplexed with UL-SCH on a PUSCH, the principle applied for low latency CSI for normal UE should be applied commonly.
- For high latency CSI for normal UE, add N2 values defined for normal UE into Z and Z’
- For low and high latency CSI for advanced UE, add N2 values defined for advanced UE into Z and Z’

Another remaining issue is calculation time for beam reporting, i.e., CRI and L1 RSRP. Given that L1 RSRP is just single port power measurement and same computation power is used for CSI reporting and beam reporting, it makes sense to consider it low latency CSI. Additionally, to reduce computation complexity, the number of CSI-RS resources for beam reporting can be limited. 

Proposal 4: Apply the same (Z, Z’) in low latency CSI as CSI reporting to beam reporting.

Next issue is about relaxation for multiple CSI reports. If N AP CSI reports are triggered in a slot, but the UE only has M un-occupied CSI processing units, UE is only required to update M of the N CSI reports.  How to choose M out of N should be based on predefined rules like CSI collision handing case. One of rules we can consider is based on Z and Z’ value, which can be different according to latency and numerology. Specifically, CSI whose Z value is smaller has high priority. In case of Type A, by choosing M to minimize sum of Z (or Z’), M CSIs are likely to be updated and reported for a given CSI processing time. Also, since they occupy M CPUs in short time, next triggered CSIs have more chance to be updated and reported. In the same reason, CSI whose Z value is smaller has high priority, in case of Type B.

Proposal 5: If N AP CSI reports are triggered in a slot, but the UE only has M un-occupied CSI processing units, M out of N CSI reports are selected based on Z or Z’ value.


3. Discussion on type I CSI with rank 8
[image: ]In [1], the wideband CSI indicator  for rank 7 and 8 can be determined as followings:
However, in case of rank 8 and (N1 =2, N2=2), half of codewords are duplicated, so that it increase UE complexity redundantly. 
Specifically, for rank 8 and (N1 =2, N2=2), SB co-phases exist first 4 layers, thus resulting codebooks can be the same with the same beam group. Table I summarized the resulting codebook as follows.
Table I. Beam pair comparison for rank 8 Type I SP with N1 =2 and N2=2
	
	
	=
	=
	=

	Case 1:

	(0,0)
	(4,0)
	 (0,4)
	 (4,4)

	Case 2:

	(4,0)
	(8,0) = (0,0)
	(4,4)
	(8,4)=(0,4)

	Case 3:

	(0,4)
	(4,4)
	(0,8)=(0,0)
	(4,8)=(4,0)

	
where     


As we can see in the Table II, the resulting codebook for the Case 1 and 2 are identical even considering the asymmetrical co-phase among the layers. For instance, if the beam group for Case 1 is consist of , and its resulting codebook is 
.
For Case 2, we have  which is the codebook with layer permutation. Thus, the duplicated beam pair should be removed from the codebook by simply restricting WB CSI range as , so that UE can reduce its PMI search complexity by half. 
Some redundancy can be also found in other case such as rank 3, 4 or 7. However, removing those redundant codewords are very complicated due to the association of other PMI such as  or . Thus, it is preferable correcting the case of rank 8 and (N1 =2, N2=2) only. 
Observation 1. For rank 8 and (N1 =2, N2=2), resulting codebooks for  are identical.
Proposal 6: For rank 8, calculation and reporting of  is wideband, ;  ( bits)

Note: when N2=1,  and  are not applicable

3.1. Text proposals on 38.212

--------------- Unchanged parts omitted -------------
Table 6.3.1.1.2-1: codebookType=typeI-SinglePanel
	
	
Information field  for wideband PMI
	
Information field  for wideband PMI
or per subband PMI

	
	

(,)
	

	


	
	cCodebookMode=1
	cCodebookMode=2
	
	cCodebookMode=1
	cCodebookMode=2

	
Rank = 1 with >2 CSI-RS ports, 
	

	

	N/A
	2
	4

	Unchanged rows omitted

	
Rank=7 or 8, with 

or 

or 
	

	N/A
	1

	
Rank=7, 
	6
	N/A
	1

	
Rank= 8, with  
	5
	N/A
	1



3.2. Text proposals on 38.213
--------------- Unchanged parts omitted -----------
Table 5.2.2.2.1-12: Codebook for 8-layer CSI reporting using antenna ports 3000 to 2999+PCSI-RS
	codebookMode = 1-2

	
	

	

	

	

	

	

	

	

	


	

	

	

	

	


	

	

	

	

	


	

	

	

	

	


	

	

	

	

	


	
where .



--------------- Unchanged parts omitted -------------
4. Discussions on LI reporting
In NR, the layer indicator was introduced to ensure the PT-RS performance by choosing the strongest layer which will be used for PT-RS port mapping. In this section, we discuss the remaining issues for LI reporting. 
LI calculation for 2 CWs
In RAN1#90bis meeting, R1-1718998 was agreed. In slide 3 of R1-1718998, UE behavior for LI calculation in case of 2 CWs is captured in red text as follows:
[image: ]
In current TS 38.214, however, above agreement regarding LI calculation for 2 CWsis missing. Thus, we propose text proposal as

Proposal 7. Adopt the following text proposal for LI calculation for 2 CWs: 
When the reported RI is larger than 4, LI is calculated among the layers within the codeword with higher CQI value. 

Bit-width and encoding rule for LI  
For the determination of bit-width, there are two options. One is fixing the bit-width according to the configured antenna ports, and the other one is having the dependency according to reported RI. Since the number of layers depends on the reported RI, having the dependency according to reported RI will provide payload saving compared to fixing the bit-width. For instance, when the UE is equipped with 4 antenna ports and reports RI=1, zero-bit payload for LI is required for the second option, while the first option requires 2 bits. Therefore, we can save 2-bit payload in this case. Also, from the previous agreement that in case of 2 CWs, if the one DMRS-group is configured, only one LI with higher CQI in UCI can be reported. The Table I lists the actual required bit-with for LI. In the case of Rank = 5, the LI bit-width can be varying from 1-bit to 2-bit according to the CQI values for CW 1 and 2, respectively. Since the CQI for CW 2 is included in Part 2 CSI, there may be the payload ambiguity if the LI bit-width dependency on CQI value is allowed. However, LI bit-width variation according to CQI occurs only when reported rank equals to 5. Thus, conservative bit-width determination for LI as shown in Table I may be a good solution. In the case that two DMRS-group is configured, there may be more bit-width variation. However, this special case is more suitable for CoMP scenario which is de-prioritized in Rel-15. Thus, further study on the case of two DMRS-group is needed until next release. 
Table I. Bit-width for LI, if the one DMRS-group is configured
	Rank
	# of layers for CW1
	# of layers for CW2
	Required Bits for LI
	Proposed Bit-width LI 

	1
	1
	-
	0
	0

	2
	2
	-
	1
	1

	3
	3
	-
	2
	2

	4
	4
	-
	2
	

	5
	2
	3
	1 or 2
	

	6
	3
	3
	2
	

	7
	3
	4
	2
	

	8
	4
	4
	2
	



Regarding encoding rule for LI, two options which are joint and separate encoding of RI can be considered. Although joint encoding with RI may be further reducing the total payload at most 1 bit, it would not be desirable to increase the bit-with of RI in the perspective of decoding reliability, since other CSI such as PMI and CQI depend on the reported RI. Thus, we prefer supporting a LI field separated from other CSI. Also, since the LI has the dependency on RI, we also think following encoding rule of wideband PMI is more preferable. Therefore, LI should be included in the Part 2 CSI when subband reporting on PUCCH or PUSCH based reporting is configured. 

Proposal 8. Confirm the working assumption related to LI as
· For reporting preferred layer for mapping PTRS using layer indicator (LI), support a LI field separate from other CSI, following the encoding rule of wideband PMI.
Proposal 9. For overhead reduction, the bit-width of LI depends on the reported RI and support LI bit-width in Table below.
	Field
	Bitwidth

	
	Rank = 1
	Rank = 2
	Rank = 3-8

	Layer Indicator
	0
	1
	2



UCI field order
In the RAN1#91, following agreement regarding UCI field order was capture in chairman’s note as:
Agreement:
· UCI field order is  CRI → RI → Padding bits (if present) → PMI → CQI
· Note: Where any newly defined parameters are placed can be decided purely from a MIMO perspective
In polar code, each information bit positions serves different reliabilities, and sequential decoding is assumed basically. Thus proper information bit position should be considered carefully based on importance of the CSI contents and decoding performance. In terms of decoding order aspects, it could be considered to determine CRI/RI bit position to have advanced decoding order in sequential decoding perspective. In this case, decoding results of CRI/RI information can be used to decode LI/PMI/CQI information bits which are placed in subsequent order whether zero-padding is present or not. For example, CRI/RI information can be used to estimate the LI/PMI/CQI information state. Usually, information bit position with higher reliability has lower BER performance that one with lower reliability. Thus proper information bit position selection should be considered in perspective of importance of CSI parameters. In general, CRI/RI information may have higher priority than LI/PMI/CQI information due to the bit-width dependency of CRI/RI. Thus, it would be proper criterion placing CRI/RI bits at information bit position with high reliability. Based on the above discussion and the working assumption that LI follows encoding order of WB PMI, we have the proposal below. 
Proposal 10. UCI field order for short PUCCH and long PUCCH with WB reporting is CRI → RI → Padding bits (if present) → LI (if presents) → PMI → CQI.

4.1. Text proposals on 38.212
[bookmark: _Toc500953294]6.3.1.1.2	CSI only
The bitwidth for RI/LI/CQI of CodebookType=TypeI-SinglePanel is provided in Tables 6.3.1.1.2-3.
Table 6.3.1.1.2-3: RI, LI, and CQI of CodebookType=TypeI-SinglePanel
	Field
	Bitwidth

	
	2 antenna ports
	4 antenna ports
	>4 antenna ports

	
	
	
	Rank1~4
	Rank5~8

	Rank Indicator
	

	

	

	


	Layer Indicator
	

 
	

	

	


	Wide-band CQI
	4
	4
	4
	8

	Subband differential CQI
	2
	2
	2
	4


If the higher layer parameter Number_CQI is not configured or Number_CQI=1, [image: ] in Table 6.3.1.1.2-3 is the number of allowed rank indicator values in the 4 LSBs of the higher layer parameter TypeI-SinglePanel-RI-Restriction according to Subclause X.X [6, TS38.214]; otherwise [image: ] in Table 6.3.1.1.2-3 is the number of allowed rank indicator values according to Subclause X.X [6, TS38.214]. 
The bitwidth for RI/LI/CQI of CodebookType= TypeI-MultiPanel is provided in Table 6.3.1.1.2-4.
Table 6.3.1.1.2-4: RI, LI, and CQI of CodebookType=TypeI-MultiPanel
	Field
	Bitwidth

	Rank Indicator
	[image: ]

	Layer Indicator
	


	Wide-band CQI
	4

	Subband differential CQI
	2


Note: [image: ] is the number of allowed rank indicator values according to Subclause X.X [6, TS38.214].

The bitwidth for RI/LI/CQI of CodebookType= TypeII is provided in Table 6.3.1.1.2-5.
Table 6.3.1.1.2-5: RI, LI, and CQI of CodebookType=TypeII or TypeII-PortSelection
	Field
	Bitwidth

	Rank Indicator
	


	Layer Indicator
	



	Wide-band CQI
	4

	Subband differential CQI
	2

	Indicator of the number of non-zero 
wideband amplitude coefficients [image: ] for layer [image: ] 
	[image: ]


Note: [image: ] is the number of allowed rank indicator values according to Subclause X.X [6, TS38.214].

The bitwidth for CRI, SSB index, RSRP, and differential RSRP are provided in Table 6.3.1.1.2-6.
Table 6.3.1.1.2-6: CRI, SSB index, and RSRP
	Field
	Bitwidth

	CRI
	[image: ]

	SSB index
	[image: ]

	RSRP
	7

	Differential RSRP
	4


where [image: ] is the number of CSI-RS resources in the corresponding resource set, and [image: ] is the configured number of SS/PBCH blocks in the corresponding resource set for reporting 'SSBRI/RSRP'.

Table 6.3.1.1.2-7: Mapping order of CSI fields of one CSI report, PMI-FormatIndicator=widebandPMI and CQI-FormatIndicator=widebandCQI
	CSI report number
	CSI fields

	CSI report #n
	CRI as in Tables 6.3.1.1.2-3/4/5, if reported

	
	Rank Indicator as in Tables 6.3.1.1.2-3/4/5, if reported

	
	Layer Indicator as in Tables 6.3.1.1.2-3/4/5, if reportedZero padding bits, if needed

	
	Zero padding bits, if neededLayer Indicator as in Tables 6.3.1.1.2-3/4/5, if reported

	
	PMI wideband information fields [image: ], from left to right as in Tables 6.3.1.1.2-1/2, if reported

	
	PMI wideband information fields [image: ], from left to right as in Tables 6.3.1.1.2-1/2, if reported

	
	Wideband CQI as in Tables 6.3.1.1.2-3/4/5, if reported 

	
	Indicator of the number of non-zero wideband amplitude coefficients [image: ] for layer [image: ] as in Table 6.3.1.1.2-5, if reported 



--------------- Unchanged parts omitted -------------
4.2. [bookmark: _Hlk500777975]Text Proposal on 38.214
[bookmark: _Toc510988192]5.2.1.4	Reporting configurations
The UE shall calculate CSI parameters (if reported) assuming the following dependencies between CSI parameters (if reported)
-	LI shall be calculated conditioned on the reported CQI, PMI, RI and CRI
-	CQI shall be calculated conditioned on the reported PMI, RI and CRI
-	PMI shall be calculated conditioned on the reported RI and CRI
-	RI shall be calculated conditioned on the reported CRI.
The Reporting configuration for CSI can be aperiodic (using PUSCH), periodic (using PUCCH) or semi-persistent (using PUCCH, and DCI activated PUSCH). The CSI-RS Resources can be periodic, semi-persistent, or aperiodic.
--------------- Unchanged parts omitted -------------
When the UE is configured with the higher layer configured parameter nrofCQIsPerReportNumber-CQI set to '1', a single CQI is reported for one codeword per CSI report. When the UE is configured with the higher layer configured parameter nrofCQIsPerReportNumber-CQI set to '2', one CQI for each codeword is reported per CSI report.
When the reported RI is larger than 4, LI is calculated among the layers within the codeword with higher CQI value.

--------------- Unchanged parts omitted -------------

5. Conclusion
In this contribution, we discussed remaining issues on CSI reporting and provided related text proposals for TS 38.212 and TS 38.214. Based on the above discussion, following observation and proposals are given as:

Observation 1. For rank 8 and (N1 =2, N2=2), resulting codebooks for  are identical.
Proposal 1: For Type B CSI processing capability, when a CSI report is linked with Ks > 1 CSI-RS resources for channel measurement is triggered, the CSI report occupies a single CSI processing unit and the latency requirement is calculated based on (Z, Z’) according to the High latency CSI class. If a CSI report is linked with Ks > 1 CSI-RS resources for channel measurement, for Ks=2, at most 16 CSI-RS ports per CSI-RS resource can be configured and for 8>=Ks>2, at most 8 CSI-RS ports per CSI-RS resource can be configured.

Proposal 2: For CSI only on a PUSCH, adopt (Z, Z’) values in Table 1 and 2 as minimum required CSI processing time for normal UE and advanced UE, respectively. 

Table1. CSI calculation time (Z, Z’) for CSI only on PUSCH for normal UE.
	CSI latency
	Units
	15kHz SCS ()
	30kHz SCS ()
	60kHz SCS ()
	120kHz SCS ()

	High latency
	Symbols
	(32, 23)
	(40, 26)
	(56, 32)
	(88, 44)



Table2. CSI calculation time (Z, Z’) for CSI only on PUSCH for advanced UE.
	CSI latency
	Units
	15kHz SCS ()
	30kHz SCS ()
	60kHz SCS ()
	120kHz SCS ()

	Low latency
	Symbols
	(12, 7)
	(12, 7)
	(12, 7)
	(12, 7)

	High latency
	Symbols
	(21, 16)
	(21, 16)
	(21, 16)
	(21, 16)




Proposal 3: For CSI multiplexed with UL-SCH on a PUSCH, the principle applied for low latency CSI for normal UE should be applied commonly.
- For high latency CSI for normal UE, add N2 values defined for normal UE into Z and Z’
- For low and high latency CSI for advanced UE, add N2 values defined for advanced UE into Z and Z’

Proposal 4: Apply the same (Z, Z’) in low latency CSI as CSI reporting to beam reporting.

Proposal 5: If N AP CSI reports are triggered in a slot, but the UE only has M un-occupied CSI processing units, M out of N CSI reports are selected based on Z or Z’ value.

Proposal 6: For rank 8, calculation and reporting of  is wideband, ;  ( bits)

Note: when N2=1,  and  are not applicable
Proposal 7. Adopt the following text proposal for LI calculation for 2 CWs: 
When the reported RI is larger than 4, LI is calculated among the layers within the codeword with higher CQI value. 
Proposal 8. Confirm the working assumption related to LI as
· For reporting preferred layer for mapping PTRS using layer indicator (LI), support a LI field separate from other CSI, following the encoding rule of wideband PMI.
Proposal 9. In order to the overhead reduction, the bit-width of LI depends on the reported RI and support LI bit-width in Table below.
	Field
	Bitwidth

	
	Rank = 1
	Rank = 2
	Rank = 3-8

	Layer Indicator
	0
	1
	2



[bookmark: _GoBack]Proposal 10. UCI field order for short PUCCH and long PUCCH with WB reporting is CRI → RI → Padding bits (if present) → LI (if presents) → PMI → CQI.

Reference
[1] R1-1709232, “WF on Type I and II CSI codebooks”, Samsung et al.
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Antenna ports

For CP-OFDM, antenna port (AP) configuration
« Same as DL, support at least up to 2 UL PTRS ports in Rel-15
« If one PTRS port is configured for a DMRS port group for two CWs transmission, the PT-RS
port is associated with the lowest DMRS port index among the DMRS ports assigned for the
CW with higher MCS
* If MCS of the 2 CWs are the same, CW 0 is selected
* For CP-OFDM, support UE to report the desired maximum number of UL PTRS ports as UE
capability and report the preferred DL layer, in case of 2 CW, report the preferred DL layer within
the CW with higher CQl in UCI
* Note: The maximum number of UL PTRS ports can reflect the number of oscillators at
this UE
* For UL codebook-based transmission, when one PTRS port is configured, support gNB to indicate
to UE in the UL grant which DMRS port is associated with the PTRS port
« UE is not expected to be configured/scheduled with DMRS with TD-OCC and PTRS in the same slot
in case of above 6 GHz
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