[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 #114bis			               R1- 2309334
Xiamen, China, October 9th – October 13th, 2023
Agenda item:	8.13.1 
Source:	LG Electronics
Title:	Remaining issues on coverage enhancement for NR NTN
Document for:	   Discussion and Decision
1. Introduction
In this contribution, we discuss the following remaining issues of PUCCH enhancement for Msg4 HARQ-ACK and DMRS bundling for PUSCH for Rel-18 NR NTN enhancement.
· Repetition factor indication via DAI field
· RSRP threshold value for PUCCH repetition for Msg4 HARQ-ACK
· Whether to confirm remaining WA

2. Discussion
PUCCH enhancement for Msg4 HARQ-ACK 
2.2.1.	Repetition factor indication via DAI field
In RAN1 #114 meeting, the issue regarding the repetition factor indication via DAI field for Msg4 HARQ-ACK PUCCH repetition was discussed, following proposal was captured in the FL summary [1].
	Proposal 1-2_v1
With respect to dynamic indication of PUCCH repetition factor by using DAI field in DCI format 1_0 with CRC scrambled by TC-RNTI, one option is down-selected from the following options:
· Option 1: 2 bits are used regardless of the number of configured repetition factors
· Option 1a: Repetition factors {1, 2, 4, 8} are mapped to ‘00’, ’01’, ‘10’, ‘11’ of 2 bits DAI field, respectively. Codepoint(s) corresponding to unconfigured repetition factor(s) is(are) not used.
· Option 1b: the 1st/2nd/3rd/4th configured repetition factors are mapped to ‘00’, ’01’, ‘10’, ‘11’ of 2 bits DAI field, respectively. When the 3rd and/or the 4th repetition factors is/are not configured, the corresponding codepoint(s) (i.e., ‘10’ and/or ‘11’) is(are) not used.
· Option 2: 1 bit or 2 bits are used based on the number of configured repetition factors
· If 2 repetition factors are configured, the 1st/2nd configured repetition factors are mapped to ‘0’, ’1’ of 1 bit LSB of 2 bits DAI field, respectively. The remaining one bit is reserved.
· If 3 or 4 repetition factors are configured, the 1st/2nd/3rd/4th configured repetition factors are mapped to ‘00’, ’01’, ‘10’, ‘11’ of 2 bits DAI field, respectively. When the 4th repetition factor is not configured, the corresponding codepoint (i.e., ‘11’) is not used.


This issue is essential for UE operation, but it was not agreed in the previous meeting due to limited discussion time. Therefore, it is desirable to discuss this issue with high priority in this meeting. Regarding this issue, we propose to support Option 2 as shown above proposal, and we suggest a text proposal related to this issue.

Proposal 1. With respect to dynamic indication of PUCCH repetition factor by using DAI field in DCI format 1_0 with CRC scrambled by TC-RNTI,
· 1 bit or 2 bits are used based on the number of configured repetition factors (Option 2)
· If 2 repetition factors are configured, the 1st/2nd configured repetition factors are mapped to ‘0’, ’1’ of LSB bit of 2 bits DAI field, respectively. The remaining one bit is reserved.
· If 3 or 4 repetition factors are configured, the 1st/2nd/3rd/4th configured repetition factors are mapped to ‘00’, ’01’, ‘10’, ‘11’ of 2 bits DAI field, respectively. When the 4th repetition factor is not configured, the corresponding codepoint (i.e., ‘11’) is not used.

Proposal 2. Adopt the text proposal as below for TS38.212
	[bookmark: _Toc19798777][bookmark: _Toc26467248][bookmark: _Toc29326610][bookmark: _Toc29327760][bookmark: _Toc36045950][bookmark: _Toc36046210][bookmark: _Toc36046356][bookmark: _Toc45209273][bookmark: _Toc51852447][bookmark: _Toc129874529]7.3.1.2	DCI formats for scheduling of PDSCH 
[bookmark: _Toc19798778][bookmark: _Toc26467249][bookmark: _Toc29326611][bookmark: _Toc29327761][bookmark: _Toc36045951][bookmark: _Toc36046211][bookmark: _Toc36046357][bookmark: _Toc45209274][bookmark: _Toc51852448][bookmark: _Toc129874530]7.3.1.2.1	Format 1_0
DCI format 1_0 is used for the scheduling of PDSCH in one DL cell. 
< Unchanged parts are omitted >
The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by TC-RNTI:
-	Identifier for DCI formats – 1 bit
-	The value of this bit field is always set to 1, indicating a DL DCI format

-	Frequency domain resource assignment – bits

-	 is the size of CORESET 0
-	Time domain resource assignment – 4 bits as defined in Clause 5.1.2.1 of [6, TS38.214]
-	VRB-to-PRB mapping – 1 bit according to Table 7.3.1.2.2-5
-	Modulation and coding scheme – 5 bits as defined in Clause 5.1.3 of [6, TS38.214], using Table 5.1.3.1-1
-	New data indicator – 1 bit
-	Redundancy version – 2 bits as defined in Table 7.3.1.1.1-2
-	HARQ process number – 4 bits
-	Downlink assignment index – 2 bits
-	2 bits indicating the number of repetitions for PUCCH as defined in clause 9.2.6 of [5, TS38.213], if the higher layer parameter numberOfPUCCHforMsg4HARQACK-RepetitionsList is configured with at least two values;
-	If the higher layer parameter numberOfPUCCHforMsg4HARQACK-RepetitionsList is configured with two values, the 1st/2nd values are mapped to ‘0’, ’1’ of LSB bit, respectively. The remaining one bit is reserved.
-	If the higher layer parameter numberOfPUCCHforMsg4HARQACK-RepetitionsList is configured with three or four values, the 1st/2nd/3rd/4th values are mapped to ‘00’, ’01’, ‘10’, ‘11’, respectively. When the 4th value is not configured, the codepoint ‘11’ is reserved.
-	otherwise, reserved. 
-	TPC command for scheduled PUCCH – 2 bits as defined in Clause 7.2.1 of [5, TS38.213]
-	PUCCH resource indicator – 3 bits as defined in Clause 9.2.3 of [5, TS38.213]
-	PDSCH-to-HARQ_feedback timing indicator – 3 bits as defined in Clause 9.2.3 of [5, TS38.213]
-	ChannelAccess-CPext – 2 bits indicating combinations of channel access type and CP extension as defined in Table 7.3.1.1.1-4, or Table 7.3.1.1.1-4A if channelAccessMode-r16 = "semiStatic" is provided, for operation in a cell with shared spectrum channel access in frequency range 1; 2 bits indicating channel access type as defined in Table 7.3.1.1.1-4B if ChannelAccessMode2-r17 is provided for operation in a cell in frequency range 2-2; otherwise 0 bit
-	Reserved bits – 2 bits when the DCI format is monitored in common search space for operation in a cell in frequency range 2-2 and the number of bits for the field of 'ChannelAccess-CPext' is 0; 0 bits otherwise
Table 7.3.1.2.1-1: Short Message indicator
	Bit field
	Short Message indicator

	00
	Reserved

	01
	Only scheduling information for Paging, and TRS availability indication if trs-ResourceSetConfig is configured, are present in the DCI

	10
	Only short message, and TRS availability indication if trs-ResourceSetConfig is configured, are present in the DCI

	11
	Both scheduling information for Paging, TRS availability indication if trs-ResourceSetConfig is configured and short message are present in the DCI


Table 7.3.1.2.1-2: System information indicator
	Bit field
	System information indicator

	0
	SIB1 [9, TS38.331, Clause 5.2.1]

	1
	SI message [9, TS38.331, Clause 5.2.1]


< Unchanged parts are omitted >



2.2.2. RSRP threshold value for PUCCH repetition for Msg4 HARQ-ACK
In RAN1 #114 meeting [2], it was agreed that the different UE behaviors are supported depending on whether RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK is configured. 
	Agreement
The working assumption at the RAN1#112 meeting is superseded by the following agreement:
For PUCCH repetition for Msg4 HARQ-ACK,
· A RSRP threshold can be configured via SIB when the number of repetitions is configured by SIB.
· If the RSRP threshold is configured,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK only if measured RSRP is lower than the configured RSRP threshold.
· If the RSRP threshold is not configured,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK
· Alt B: New RSRP threshold is introduced.
· Note: the same value between the new RSRP threshold and the RSRP threshold for R17 Msg3 repetition can be configured by gNB implementation.
· The range of RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK is the same as the range of the RSRP threshold for R17 Msg3 repetition.
· FFS signaling details, e.g. whether RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK is signaled as a relative or absolute value
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report
· Note 2: RAN1 considers that there is no difference between “repetition request” and “capability report” in earlier RAN1 agreements


However, it is still FFS whether RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK is signaled as a relative or absolute value. If the RSRP threshold value is signaled as a relative value, additional specification works can be considered. First of all, additional UE behavior needs to be introduced for calculating new RSRP threshold value of Msg4 HARQ-ACK PUCCH repetition based on that of Msg3 PUSCH repetition. Furthermore, if the RSRP value calculated using the relative value is outside of the predefined value range for RSRP threshold (e.g., greater than the maximum value or less than the minimum value), further discussions could be necessary to resolve this issue.
Therefore, alternative that can increase specification work do not seem appropriate to be discussed in the maintenance phase. In addition, we think it is natural to provide the RSRP threshold value as an absolute value, since the new RSRP threshold was introduced for PUCCH repetition for Msg4 HARQ-ACK.

Proposal 3. RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK is signaled as an absolute value.

DMRS bundling for PUSCH
In the last meeting, it has been concluded how to determine actual/nominal TDW except the aspect of UE capability signaling design. However, there are remaining issues on how UE operates within TDW with a consideration of phase pre-compensation. Regarding these issues, couple of working assumptions were made in previous meetings. 

In RAN1#112bis, following working assumption was made:
	Working assumption
For NTN-specific PUSCH DMRS bundling, to satisfy the phase difference limit without causing phase discontinuity, it is assumed that pre-compensation to keep phase rotation due to timing drift within the phase difference limit can be performed at UE side.
· UE shall not perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.
· FFS: how to determine the actual TDW
· FFS: specification impact
· Send an LS to RAN4
· 


In the above working assumption, it is assumed that UE shall not perform TA pre-compensation update within an actual TDW, only if it could cause phase discontinuity. However, according to the note in the agreement from RAN1#114, the phase discontinuity should be considered at gNB receiver which is difficult to be expected at the UE side. Thus, it may be impossible that UE performs TA pre-compensation adaptively. In other words, UE has to keep the phase in the best effort manner. Considering those point of view, we suggest to confirm working assumption with following modification.

Proposal 4: Confirm working assumption with following modification.
	Working assumption
For NTN-specific PUSCH DMRS bundling, to satisfy the phase difference limit without causing phase discontinuity, it is assumed that pre-compensation to keep phase rotation due to timing drift within the phase difference limit can be performed at UE side.
· UE shall not perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.
· FFS: how to determine the actual TDW
· FFS: specification impact
· Send an LS to RAN4



In addition, following working assumption was made in RAN1#113bis:
	Working assumption
For NTN-specific PUSCH DMRS bundling, reuse clause 6.1.7 in TS38.214 for nominal TDW determination, except for aspects related to UE capabilities and assistance information (if needed).
· i.e., if PUSCH-TimeDomainWindowLength is configured, nominal TDW is determined by PUSCH-TimeDomainWindowLength; otherwise, nominal TDW is determined based on UE capability(ies) signaling.
· FFS: which UE capability(ies) signaling is(are) used
· FFS: whether/how to use UE assistance information, if supported



In the last meeting, what the UE capability would be and the potential specification impact were discussed. As an outcome, a form of UE capability and whether/how to use UE assistance information had been concluded and related CR that almost re-use clause 6.1.7 in TS 38.214 had been endorsed. Therefore, it may not be meaningful to confirm the above working assumption. 
On the other hand, it still remains whether to introduce a new UE capability or re-use existing UE capability. However, even with a new UE capability, the new UE capability would clearly replace the existing UE capability especially in NTN band and UE may indicate only either a new UE capability or existing UE capability for NTN band. Thus, in terms of specification, working assumption can be further revised and it is still good to confirm the working assumption, at least for upcoming CR and UE features discussion. 

Proposal 5: Confirm working assumption with following modification.
	Working assumption
For NTN-specific PUSCH DMRS bundling, reuse clause 6.1.7 in TS38.214 for nominal TDW determination, except for aspects related to UE capabilities and assistance information (if needed).
· i.e., if PUSCH-TimeDomainWindowLength is configured, nominal TDW is determined by PUSCH-TimeDomainWindowLength; otherwise, nominal TDW is determined based on UE capability(ies) signaling.
· FFS: which UE capability(ies) signaling is(are) used
· FFS: whether/how to use UE assistance information, if supported


 
3. Conclusion
In this contribution, we discussed the remaining issues of PUCCH enhancement for Msg4 HARQ-ACK and DMRS bundling for PUSCH for Rel-18 NR NTN enhancement, we have following proposals.

Proposal 1. With respect to dynamic indication of PUCCH repetition factor by using DAI field in DCI format 1_0 with CRC scrambled by TC-RNTI,
· 1 bit or 2 bits are used based on the number of configured repetition factors (Option 2)
· If 2 repetition factors are configured, the 1st/2nd configured repetition factors are mapped to ‘0’, ’1’ of LSB bit of 2 bits DAI field, respectively. The remaining one bit is reserved.
· If 3 or 4 repetition factors are configured, the 1st/2nd/3rd/4th configured repetition factors are mapped to ‘00’, ’01’, ‘10’, ‘11’ of 2 bits DAI field, respectively. When the 4th repetition factor is not configured, the corresponding codepoint (i.e., ‘11’) is not used.

Proposal 2. Adopt the text proposal as below for TS38.212
	7.3.1.2	DCI formats for scheduling of PDSCH 
7.3.1.2.1	Format 1_0
DCI format 1_0 is used for the scheduling of PDSCH in one DL cell. 
< Unchanged parts are omitted >
The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by TC-RNTI:
-	Identifier for DCI formats – 1 bit
-	The value of this bit field is always set to 1, indicating a DL DCI format

-	Frequency domain resource assignment – bits

-	 is the size of CORESET 0
-	Time domain resource assignment – 4 bits as defined in Clause 5.1.2.1 of [6, TS38.214]
-	VRB-to-PRB mapping – 1 bit according to Table 7.3.1.2.2-5
-	Modulation and coding scheme – 5 bits as defined in Clause 5.1.3 of [6, TS38.214], using Table 5.1.3.1-1
-	New data indicator – 1 bit
-	Redundancy version – 2 bits as defined in Table 7.3.1.1.1-2
-	HARQ process number – 4 bits
-	Downlink assignment index – 2 bits
-	2 bits indicating the number of repetitions for PUCCH as defined in clause 9.2.6 of [5, TS38.213], if the higher layer parameter numberOfPUCCHforMsg4HARQACK-RepetitionsList is configured with at least two values;
-	If the higher layer parameter numberOfPUCCHforMsg4HARQACK-RepetitionsList is configured with two values, the 1st/2nd values are mapped to ‘0’, ’1’ of LSB bit, respectively. The remaining one bit is reserved.
-	If the higher layer parameter numberOfPUCCHforMsg4HARQACK-RepetitionsList is configured with three or four values, the 1st/2nd/3rd/4th values are mapped to ‘00’, ’01’, ‘10’, ‘11’, respectively. When the 4th value is not configured, the codepoint ‘11’ is reserved.
-	otherwise, reserved. 
-	TPC command for scheduled PUCCH – 2 bits as defined in Clause 7.2.1 of [5, TS38.213]
-	PUCCH resource indicator – 3 bits as defined in Clause 9.2.3 of [5, TS38.213]
-	PDSCH-to-HARQ_feedback timing indicator – 3 bits as defined in Clause 9.2.3 of [5, TS38.213]
-	ChannelAccess-CPext – 2 bits indicating combinations of channel access type and CP extension as defined in Table 7.3.1.1.1-4, or Table 7.3.1.1.1-4A if channelAccessMode-r16 = "semiStatic" is provided, for operation in a cell with shared spectrum channel access in frequency range 1; 2 bits indicating channel access type as defined in Table 7.3.1.1.1-4B if ChannelAccessMode2-r17 is provided for operation in a cell in frequency range 2-2; otherwise 0 bit
-	Reserved bits – 2 bits when the DCI format is monitored in common search space for operation in a cell in frequency range 2-2 and the number of bits for the field of 'ChannelAccess-CPext' is 0; 0 bits otherwise
Table 7.3.1.2.1-1: Short Message indicator
	Bit field
	Short Message indicator

	00
	Reserved

	01
	Only scheduling information for Paging, and TRS availability indication if trs-ResourceSetConfig is configured, are present in the DCI

	10
	Only short message, and TRS availability indication if trs-ResourceSetConfig is configured, are present in the DCI

	11
	Both scheduling information for Paging, TRS availability indication if trs-ResourceSetConfig is configured and short message are present in the DCI


Table 7.3.1.2.1-2: System information indicator
	Bit field
	System information indicator

	0
	SIB1 [9, TS38.331, Clause 5.2.1]

	1
	SI message [9, TS38.331, Clause 5.2.1]


< Unchanged parts are omitted >



Proposal 3. RSRP threshold for PUCCH repetition for Msg4 HARQ-ACK is signaled as an absolute value.
Proposal 4: Confirm working assumption with following modification.
	Working assumption
For NTN-specific PUSCH DMRS bundling, to satisfy the phase difference limit without causing phase discontinuity, it is assumed that pre-compensation to keep phase rotation due to timing drift within the phase difference limit can be performed at UE side.
· UE shall not perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.
· FFS: how to determine the actual TDW
· FFS: specification impact
· Send an LS to RAN4


Proposal 5: Confirm working assumption with following modification.
	Working assumption
For NTN-specific PUSCH DMRS bundling, reuse clause 6.1.7 in TS38.214 for nominal TDW determination, except for aspects related to UE capabilities and assistance information (if needed).
· i.e., if PUSCH-TimeDomainWindowLength is configured, nominal TDW is determined by PUSCH-TimeDomainWindowLength; otherwise, nominal TDW is determined based on UE capability(ies) signaling.
· FFS: which UE capability(ies) signaling is(are) used
· FFS: whether/how to use UE assistance information, if supported
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