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1 Introduction
[bookmark: _Hlk22834419]This contribution discusses remaining issues for joint channel estimation over multiple repetitions of PUSCH and PUCCH transmission. 
2 TPC commands for power adjustment
To perform joint channel estimation across repetitions of PUSCH and PUCCH transmission, a same power and phase should be preserved over the repetitions. RAN1 introduced a time domain window (TDW) during which a UE is expected to maintain power consistency and phase continuity. To maintain the power consistency and phase continuity within TDW, enhanced power control has been discussed.
During the last few RAN1 meeting various options for capturing the WA achieved in RAN1#107-e [1] have been discussed. 
	Working assumption:
· The action of group common TPC commands with format 2_2 does not constitute an event that violates power consistency and phase continuity.
· If UE is configured to accumulate TPC commands,
· If UE receives TPC commands that would take into effect during a configured TDW, UE accumulates TPC commands without taking effect during the current configured TDW. TPC commands take effect after the current configured TDW.
· If UE is not configured to accumulate TPC commands
· the last TPC command that would take effect within a configured TDW supersedes all previous TPC commands that take effect within that configured TDW and only the last TPC command is applied by the UE after the current configured TDW. 
FFS: no more than 1 TPC command is expected to take effect during a configured TDW.

Proposal: Agree in principle to the following in order to capture the working assumption on group common TPC commands with format 2_2 for accumulate TPC commands for CG-PUSCH.
	· Option 1: Legacy definition of  is preserved for PUSCH transmissions without DM-RS bundling. Redefine  for PUSCH transmissions within a nominal TDW in case of DM-RS bundling. e.g.,  is a number of symbols from K symbols before the start of the first repetition within the nominal time domain window including the transmission occasion i and before a first symbol of the transmission occasion i.
· FFS: the value of K, e.g., K is “a number of  symbols equal to the product of a number of symbols per slot, , and the minimum of the values provided by k2 in PUSCH-ConfigCommon for active UL BWP  of carrier  of serving cell ”.
· Option 2a: Modify the TPC command value set , e.g. if transmission occasion i is not the first transmission occasion within a nominal time domain window, then any TPC command values received via DCI format 2_2 contained in the set  are deleted and added to the set  where j is a transmission occasion occurring after the end of the nominal time domain window and  is the smallest integer for which  symbols before PUSCH transmission occasion  is earlier than  symbols before PUSCH transmission occasion .
· Option 3: For group common TPC commands with format 2_2, if UE is configured to accumulate TPC commands,
· For a transmission occasion  occurs within a nominal time domain window, , where transmission occasion  is a first transmission occasion within the nominal time domain window.
· For the first transmission occasion  occurring after the nominal time domain window, , where  is all the TPC command values that would take effect for the transmission occasions occurring after transmission occasion  and no later than transmission occasion  (i.e. including occasion k itself).
· Option 3a: For group common TPC commands with format 2_2, if UE is configured to accumulate TPC commands,
· For a transmission occasion  occurs within a nominal time domain window, , where transmission occasion  is a first transmission occasion within the nominal time domain window.
· For the first transmission occasion  occurring after the nominal time domain window, , where  is all the TPC command values that  would take effect for the transmission occasions occurring after are received between   symbols before transmission occasion  and  no later than  symbols before  transmission occasion  (i.e. including occasion k itself).
· Note: If a UE is configured with DMRS bundling, for a given PUSCH power control adjustment state l in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission occasion m in symbol p and is configured with any CG PUSCH transmission occasion n ending before symbol p, the UE is not expected to receive a TPC command by DCI format 2_2 arrived later than  symbols before transmission occasion m but no later than  symbols before transmission occasion n.





The WA states that, when DMRS bundling is enabled, PUSCH repetitions during a time domain window are transmitted with a same power, and the power of PUSCH repetitions can change when the time domain window changes. Based on the WA, the above options address in principle how to derive the transmit power to use during the time domain window for group common TPC commands. Option 1 and Option 2a define a new timeline  and a new TPC command value set , respectively, which are not necessary to capture the WA and require more specification changes. Option 3 is the most straightforward description of the WA with minimal specification impact and without introducing new quantities/mechanisms. Option 3 and Option 3a are equivalent, and Option 3a is just a rewording of Option 3 in a more specification-like language. Therefore, we support Option 3a.

Proposal 1: Agree to the following Option 3a to capture the WA on TPC commands provided by DCI format 2_2 for PUSCH transmissions in TS 38.213. 
Option 3a:
If the UE is provided PUSCH-DMRS-bundling = ‘enable’, and for processing TPC command values provided by DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI,
· For a transmission occasion  occurs within a nominal time domain window, , where transmission occasion  is a first transmission occasion within the nominal time domain window.
· For the first transmission occasion  occurring after the nominal time domain window, , where  is all the TPC command values that   are received between   symbols before transmission occasion  and   symbols before  transmission occasion .
· Note: If a UE is configured with DMRS bundling, for a given PUSCH power control adjustment state l in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission occasion m in symbol p and is configured with any CG PUSCH transmission occasion n ending before symbol p, the UE is not expected to receive a TPC command by DCI format 2_2 arrived later than  symbols before transmission occasion m but no later than  symbols before transmission occasion n.

Proposal 2: Adopt the following text proposal to determine the transmit power during a time domain window when DMRS bundling is enabled in TS 38.213.
	[7.1.1, TS 38.213]
…
- 	[image: ] is the PUSCH power control adjustment state [image: ] for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] and PUSCH transmission occasion [image: ] if the UE is not provided tpc-Accumulation, where 
-	The [image: ] values are given in Table 7.1.1-1
-	[image: ] is a sum of TPC command values in a set [image: ] of TPC command values with cardinality [image: ] that the UE receives between [image: ] symbols before PUSCH transmission occasion [image: ] and [image: ] symbols before PUSCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] for PUSCH power control adjustment state [image: ], where [image: ] is the smallest integer for which [image: ] symbols before PUSCH transmission occasion [image: ] is earlier than [image: ] symbols before PUSCH transmission occasion [image: ]
-	If the UE is provided PUSCH-DMRS-bundling = ‘enable’, and for processing TPC command values provided by DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI, 
· for a transmission occasion  occuring within a nominal time domain window, , where transmission occasion  is a first transmission occasion within the nominal time domain window 
· for a first transmission occasion  occurring after the nominal time domain window, , where  is all the TPC command values that   are received between   symbols before transmission occasion  and   symbols before  transmission occasion .
-	If a PUSCH transmission is scheduled by a DCI format,  is a number of symbols for active UL BWP  of carrier  of serving cell  after a last symbol of a corresponding PDCCH reception and before a first symbol of the PUSCH transmission 
…
-     [image: ] is the PUSCH power control adjustment state for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] and PUSCH transmission occasion [image: ] if the UE is provided tpc-Accumulation, where
	-	[image: ] absolute values are given in Table 7.1.1-1. 
If the UE is provided PUSCH-DMRS-bundling = ‘enable’, and for processing TPC command values provided by DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI, 
· for a transmission occasion  occuring within a nominal time domain window, , where transmission occasion  is a first transmission occasion within the nominal time domain window 
· for a first transmission occasion  occurring after the nominal time domain window, , where  is all the TPC command values that   are received between   symbols before transmission occasion  and   symbols before  transmission occasion 



3 DM-RS bundling in unlicensed band
In AI 8.2.5 RAN1#107bis-e [2], the following conclusion was made to further discuss for applicability of DMRS bundling to FR2-2 including licensed band and unlicensed band.
	Conclusion (RAN1#107bis-e)
DMRS bundling across multiple PUSCHs scheduled by a single DCI is not supported for NR operation in FR2-2 in Rel-17.
Note: applicability of DMRS bundling FG developed in CovEnh WI for same TB to FR2-2 with 120 kHz SCS can be further discussed


In above 52.6 GHz (unlicensed band), the coverage was one of key factor. In addition, due to regulation limitation in unlicensed band, the coverage enhancement would be more necessary comparing to licensed band. However, coverage enhancement left out from discussion in AI 8.2.5. At least, to enhance the coverage, the coverage enhancement techniques introduced in Rel-17 coverage enhancement can be applied in above 52.6 GHz (unlicensed band).  

Proposal 3: RAN1 to support Rel-17 coverage enhancement techniques in unlicensed band.

For the PUSCH transmission in the unlicensed band, UE can receive HARQ-ACK information for a transport block of a corresponding HARQ process number. In addition, UE can determine whether the HARQ-ACK information is valid based on the timeline of PDCCH reception. The timeline for validity of HARQ-ACK was defined to take into account the processing time for decoding a first PUSCH by gNB. However, when DM-RS bundling is enabled, we are not sure whether gNB will decode a first PUSCH or multiple PUSCHs in actual TDW. It would be gNB implementation. Hence, when DM-RS bundling is enabled for PUSCH transmissions, the new timeline for validity of HARQ-ACK information should be considered as following text proposal. 

Proposal 4: Adopt the following text proposal to determine the validity of HARQ-ACK information for PUSCH transmission in TS 38.213.
	[10.5, TS 38.213]
…
For a PUSCH transmission configured by ConfiguredGrantConfig, HARQ-ACK information for a transport block of a corresponding HARQ process number is valid if a first symbol of the PDCCH reception is after a last symbol of the PUSCH transmission, or of any repetition of the PUSCH transmission, by a number of symbols provided by cg-minDFI-Delay.
For a PUSCH transmission configured by ConfiguredGrantConfig, HARQ-ACK information for a transport block of a corresponding HARQ process number is valid if PUSCH-DMRS-Bundling is enabled, and a first symbol of the PDCCH reception is after a last symbol of the PUSCH transmission in a last slot from any actual TDW, by a number of symbols provided by cg-minDFI-Delay.
For a PUSCH transmission scheduled by a DCI format, HARQ-ACK information for a transport block of a corresponding HARQ process number is valid if a first symbol of the PDCCH reception is after a last symbol of the PUSCH transmission by a number of symbols provided by cg-minDFI-Delay or, if the PUSCH transmission is over multiple slots, 
- after a last symbol of the PUSCH transmission in a first slot from the multiple slots by a number of symbols provided by cg-minDFI-Delay, if a value of the HARQ-ACK information is ACK. 
- after a last symbol of the PUSCH transmission in a last slot from the multiple slots by a number of symbols provided by cg-minDFI-Delay, if a value of the HARQ-ACK information is NACK.
For a PUSCH transmission scheduled by a DCI format, HARQ-ACK information for a transport block of a corresponding HARQ process number is valid if PUSCH-DMRS-Bundling is enabled, and the PUSCH transmission is over multiple slots, 
- after a last symbol of the PUSCH transmission in a last slot from the first actual TDW by a number of symbols provided by cg-minDFI-Delay, if a value of the HARQ-ACK information is ACK. 
- after a last symbol of the PUSCH transmission in a last slot from the last actual TDW by a number of symbols provided by cg-minDFI-Delay, if a value of the HARQ-ACK information is NACK.
UE does not expect to be configured with different cg-minDFI-Delay-r16 among multiple ConfiguredGrantConfig in one BWP.


4 Conclusion
This contribution discusses the details and techniques for joint channel estimation over multiple PUSCH transmission. The proposals and observations made in this contribution are summarized as below:
Proposal 1: Agree to the following Option 3a to capture the WA on TPC commands provided by DCI format 2_2 for PUSCH transmissions in TS 38.213. 
Option 3a:
If the UE is provided PUSCH-DMRS-bundling = ‘enable’, and for processing TPC command values provided by DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI,
· For a transmission occasion  occurs within a nominal time domain window, , where transmission occasion  is a first transmission occasion within the nominal time domain window.
· For the first transmission occasion  occurring after the nominal time domain window, , where  is all the TPC command values that   are received between   symbols before transmission occasion  and   symbols before  transmission occasion .
· Note: If a UE is configured with DMRS bundling, for a given PUSCH power control adjustment state l in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission occasion m in symbol p and is configured with any CG PUSCH transmission occasion n ending before symbol p, the UE is not expected to receive a TPC command by DCI format 2_2 arrived later than  symbols before transmission occasion m but no later than  symbols before transmission occasion n.

Proposal 2: Adopt the following text proposal to determine the transmit power during a time domain window when DMRS bundling is enabled in TS 38.213.
	[7.1.1, TS 38.213]
…
- 	[image: ] is the PUSCH power control adjustment state [image: ] for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] and PUSCH transmission occasion [image: ] if the UE is not provided tpc-Accumulation, where 
-	The [image: ] values are given in Table 7.1.1-1
-	[image: ] is a sum of TPC command values in a set [image: ] of TPC command values with cardinality [image: ] that the UE receives between [image: ] symbols before PUSCH transmission occasion [image: ] and [image: ] symbols before PUSCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] for PUSCH power control adjustment state [image: ], where [image: ] is the smallest integer for which [image: ] symbols before PUSCH transmission occasion [image: ] is earlier than [image: ] symbols before PUSCH transmission occasion [image: ]
-	If the UE is provided PUSCH-DMRS-bundling = ‘enable’, and for processing TPC command values provided by DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI, 
· for a transmission occasion  occuring within a nominal time domain window, , where transmission occasion  is a first transmission occasion within the nominal time domain window 
· for a first transmission occasion  occurring after the nominal time domain window, , where  is all the TPC command values that   are received between   symbols before transmission occasion  and   symbols before  transmission occasion .
-	If a PUSCH transmission is scheduled by a DCI format,  is a number of symbols for active UL BWP  of carrier  of serving cell  after a last symbol of a corresponding PDCCH reception and before a first symbol of the PUSCH transmission 
…
-     [image: ] is the PUSCH power control adjustment state for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] and PUSCH transmission occasion [image: ] if the UE is provided tpc-Accumulation, where
	-	[image: ] absolute values are given in Table 7.1.1-1. 
If the UE is provided PUSCH-DMRS-bundling = ‘enable’, and for processing TPC command values provided by DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI, 
· for a transmission occasion  occuring within a nominal time domain window, , where transmission occasion  is a first transmission occasion within the nominal time domain window 
· for a first transmission occasion  occurring after the nominal time domain window, , where  is all the TPC command values that   are received between   symbols before transmission occasion  and   symbols before  transmission occasion 



Proposal 3: RAN1 to support Rel-17 coverage enhancement techniques in unlicensed band.

Proposal 4: Adopt the following text proposal to determine the validity of HARQ-ACK information for PUSCH transmission in TS 38.213.
	[10.5, TS 38.213]
…
For a PUSCH transmission configured by ConfiguredGrantConfig, HARQ-ACK information for a transport block of a corresponding HARQ process number is valid if a first symbol of the PDCCH reception is after a last symbol of the PUSCH transmission, or of any repetition of the PUSCH transmission, by a number of symbols provided by cg-minDFI-Delay.
For a PUSCH transmission configured by ConfiguredGrantConfig, HARQ-ACK information for a transport block of a corresponding HARQ process number is valid if PUSCH-DMRS-Bundling is enabled, and a first symbol of the PDCCH reception is after a last symbol of the PUSCH transmission in a last slot from any actual TDW, by a number of symbols provided by cg-minDFI-Delay.
For a PUSCH transmission scheduled by a DCI format, HARQ-ACK information for a transport block of a corresponding HARQ process number is valid if a first symbol of the PDCCH reception is after a last symbol of the PUSCH transmission by a number of symbols provided by cg-minDFI-Delay or, if the PUSCH transmission is over multiple slots, 
- after a last symbol of the PUSCH transmission in a first slot from the multiple slots by a number of symbols provided by cg-minDFI-Delay, if a value of the HARQ-ACK information is ACK. 
- after a last symbol of the PUSCH transmission in a last slot from the multiple slots by a number of symbols provided by cg-minDFI-Delay, if a value of the HARQ-ACK information is NACK.
For a PUSCH transmission scheduled by a DCI format, HARQ-ACK information for a transport block of a corresponding HARQ process number is valid if PUSCH-DMRS-Bundling is enabled, and the PUSCH transmission is over multiple slots, 
- after a last symbol of the PUSCH transmission in a last slot from the first actual TDW by a number of symbols provided by cg-minDFI-Delay, if a value of the HARQ-ACK information is ACK. 
- after a last symbol of the PUSCH transmission in a last slot from the last actual TDW by a number of symbols provided by cg-minDFI-Delay, if a value of the HARQ-ACK information is NACK.
UE does not expect to be configured with different cg-minDFI-Delay-r16 among multiple ConfiguredGrantConfig in one BWP.
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