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1. Introduction
In RAN1#90bis, the contents of R1-1718998 are agreed as:
· 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 CQI in UCI

· Note: The maximum number of UL PTRS ports can reflect the number of oscillators at this UE

In RAN1#91, following agreements regarding LI was captured in chairman’s note as: 

Agreement:
· Introduce new possible values in the report quantity parameter in Report Setting to indicate presence of strongest layer indicator (LI) in the CSI report
At last, in email discussion [91-NR-13], following working assumption related to LI was made as:
Agreements:
· As UE capability, at a given carrier frequency, for each subcarrier spacing applicable to data channel at this carrier frequency, UE shall report the preferred MCS/BW thresholds based on its phase noise characteristics, assuming the MCS table with the maximum ModOrder as it reported to support

· (working assumption) 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

· (working assumption) Before RRC configuration, PTRS is not used

· (working assumption) X={10 for MCS table with up to 64QAM, 5 for MCS table with up to 256QAM, corresponding to switch point between QPSK and 16QAM}, Y=3, X_UL=0, Y_UL=1 (for UL CFO tracking)

· Do not support in spec that UE may assume the layers corresponding to the scheduled DL DMRS ports in one DL DMRS port group are experiencing the same phase variations at gNB side due to phase noise

   In this contribution, we provide our views on remaining issues on layer indicator (LI) and provide related text proposals for TS 38.212. 
2. Discussions on layer indicator (LI)

The layer indicator was introduce to ensure the PTRS performance by choosing the strongest layer which will be used for PTRS port mapping. Regarding LI, there are several remaining issues such as bit-width of LI, LI encoding rule and UCI field order of one CSI report.
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. 
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 of 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 1. In order to the overhead reduction, the bit-width of LI depends on the reported RI.
Proposal 2. 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.
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 3. UCI field order for short PUCCH and long PUCCH with WB reporting is CRI → RI → Padding bits (if present) → LI (if presents) → PMI → CQI.
3. Text proposals on 38.212
6.3.1.1.2
CSI only

The bitwidth for PMI of CodebookType=TypeI-SinglePanel is provided in Tables 6.3.1.1.2-1, where the values of 
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--------------- Unchanged parts omitted -------------
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
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	Layer Indicator
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	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, 
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 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 section X.X [6, TS38.214]; otherwise 
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 in Table 6.3.1.1.2-3 is the number of allowed rank indicator values according to section 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
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	Layer Indicator
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	Wide-band CQI
	4

	Subband differential CQI
	2


Note: 
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n

 is the number of allowed rank indicator values according to Section 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
	Field
	Bitwidth

	Rank Indicator
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	Layer Indicator
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	Wide-band CQI
	4

	Subband differential CQI
	2

	Indicator of the number of non-zero 
wideband amplitude coefficients 
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Note: 
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 is the number of allowed rank indicator values according to Section 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
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	SSB index
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	RSRP
	7

	Differential RSRP
	4


where  
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 is the number of CSI-RS resources in the corresponding resource set, and 
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 is the configured number of SS/PBCH blocks in the corresponding resource set for reporting ‘SSB/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

	
	Padding bits, if needed

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

	
	PMI wideband information fields 
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X

, from left to right as in Tables 6.3.1.1.2-1/2, if reported

	
	PMI wideband/partial band information fields 
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X

, 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 
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 as in Table 6.3.1.1.2-5, if reported 


Table 6.3.1.1.2-8: Mapping order of CSI fields of one report for CRI/RSRP or SSB/RSRP reporting
	CSI report number
	CSI fields

	CSI report #n
	CRI or SSB index as in Table 6.3.1.1.2-6, if reported

	
	RSRP as in Table 6.3.1.1.2-6, if reported

	
	Differential RSRP as in Table 6.3.1.1.2-6, if reported


Table 6.3.1.1.2-9: Mapping order of CSI fields of one CSI report, CSI part 1, PMI-FormatIndicator= subbandPMI or CQI-FormatIndicator=subbandCQI
	CSI report number
	CSI fields

	CSI report #n

CSI part 1
	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

	
	

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

	
	Subband differential CQI for the first TB as in Tables 6.3.1.1.2-3/4/5, if reported

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


Table 6.3.1.1.2-10: Mapping order of CSI fields of one CSI report, CSI part 2 wideband, PMI-FormatIndicator= subbandPMI or CQI-FormatIndicator=subbandCQI
	CSI report number
	CSI fields

	CSI report #n

CSI part 2 wideband
	Wideband CQI for the second TB as in Tables 6.3.1.1.2-3/4/5, if present and reported

	
	PMI wideband information fields 
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X

, from left to right as in Tables 6.3.1.1.2-1/2, if reported

	
	PMI wideband/partial band information fields 
[image: image33.wmf]2

X

, from left to right as in Tables 6.3.1.1.2-1/2, if PMI-FormatIndicator= widebandPMI and if reported

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


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 
[image: image34.wmf]2

X

 of all even subbands with increasing order of subband number, from left to right as in Tables 6.3.1.1.2-1/2, 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 
[image: image35.wmf]2
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 of all odd subbands with increasing order of subband number, from left to right as in Tables 6.3.1.1.2-1/2, if PMI-FormatIndicator= subbandPMI and if reported


--------------- Unchanged parts omitted -------------
6.3.2.1.2
CSI 

The bitwidth for PMI of CodebookType=TypeII is provided in Tables 6.3.2.1.2-1, where the values of 
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are given by Section 5.2.1.2 in [6, TS38.214].
--------------- Unchanged parts omitted -------------
For CSI on PUSCH, two UCI bit sequences are generated, 
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1

(

1

)

1

(

3

)

1

(

2

)

1

(

1

)

1

(

0

)

1

(

,...,

,

,

,

-

A

a

a

a

a

a

 and 
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. The CSI fields of all CSI reports, in the order from upper part to lower part in Table 6.3.2.1.2-6, are mapped to the UCI bit sequence 
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. The CSI fields of all CSI reports, in the order from upper part to lower part in Table 6.3.2.1.2-7, are mapped to the UCI bit sequence 
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Table 6.3.2.1.2-3: Mapping order of CSI fields of one CSI report, CSI part 1

	CSI report number
	CSI fields

	CSI report #n

CSI part 1
	CRI or SSB index as in Tables 6.3.1.1.2-6, if reported

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

	
	

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

	
	Subband differential CQI for the first TB as in Tables 6.3.1.1.2-3/4/5, if reported

	
	Indicator of the number of non-zero wideband amplitude coefficients 
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[image: image50.wmf]l

 as in Table 6.3.1.1.2-5, if reported

	
	RSRP as in Table 6.3.1.1.2-6, if reported

	
	Differential RSRP as in Table 6.3.1.1.2-6, if reported


Table 6.3.2.1.2-4: Mapping order of CSI fields of one CSI report, CSI part 2 wideband

	CSI report number
	CSI fields

	CSI report #n

CSI part 2 wideband
	Wideband CQI for the second TB as in Tables 6.3.1.1.2-3/4/5, if present and reported

	
	PMI wideband information fields 
[image: image51.wmf]1

X

, from left to right as in Tables 6.3.1.1.2-1/2 or 6.3.2.1.2-1/2, if reported

	
	PMI wideband/partial band information fields 
[image: image52.wmf]2

X

, from left to right as in Tables 6.3.1.1.2-1/2 or 6.3.2.1.2-1/2, if PMI-FormatIndicator= widebandPMI and if reported

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