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Introduction
In RAN1#108e discussions for Coverage enhancement, the action of group common TPC commands with format 2_2 is not defined (e.g., whether it is accumulated during the nominal TDW or regarded as an event). Therefore, to properly work DMRS bundling, it is important to define the action of TPC commands.
Accumulation TPC mode for CG-PUSCH
At RAN1#106b-e meeting, the following Working assumption was made in AI 8.8.1.3 [1]. 
	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.



For the above WA, we firstly focus on accumulation TPC mode because whether the group common TPC commands with DCI format 2_2 is used for absolute TPC mode was no consensus for Rel-15 [2]. Furthermore, we focus on CG-PUSCH because there are two interpretations of accumulation TPC mode for DG-PUSCH with repetition and it was no consensus for Rel-15 [2]. To define the action of group common TPC commands with DCI format 2_2 when DMRS bundling is enabled, WA for accumulation TPC mode and CG-PUSCH should be confirmed.
Proposal 1: The following part of WA (a case of accumulate TPC for CG-PUSCH) should be confirmed:
	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 for CG-PUSCH,
· 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.



In RAN1#108e meeting [3], the following options were proposed by companies to capture WA:
	· 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.
· Combined Option 1&3a: For group common TPC commands with format 2_2, if UE is configured to accumulate TPC commands and configured with DMRS bundling,
· For a transmission occasion  occurs within a nominal time domain window, ,  for PUSCH transmissions occasion  from K symbols before the start a first symbol of the transmission occasion  before to a first symbol of the transmission occasion i where transmission occasion  is a first transmission occasion within the nominal time domain window for the same transport block as transmission occasion  and  reuses the same Rel-15/16 definition of .
· 

The definition of set  for  in Rel-15/16 TS 38.213 is reused. 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.



In our view, the combined Option 1&3a is the best one. Although Option 3 is the simplest, in Figure 1,  even if  is received right before PUSCH3. That is, in Option 3,  at the first transmission occasion  right after the nominal TDW is calculated regardless of . To avoid this issue and other issues discussed in RAN1#108e meeting, it is the good way to apply the concept of  in Rel-15/16 to Option 3. Consequently, it is closed to Option 1. Therefore, we think the combined Option 1&3a is the best one.
[image: ]
Figure 1: Issue case of Option 3

Proposal 2: The following option should be adopted to capture the working assumption on group common TPC commands with format 2_2 for accumulate TPC commands for CG-PUSCH.
· Combined Option 1&3a:
· If a transmission occasion  occurs within a nominal TDW and is not a transmission occasion ,  for transmission occasion  is a number of symbols from  symbols before a first symbol of the transmission occasion  to a first symbol of the transmission occasion , where the transmission occasion  is a first transmission occasion for PUSCH transmission within the nominal TDW for the same transport block as transmission occasion .
· Otherwise,  is the same as one in Rel-15/16.
However, we’d like to clarify the following cases to make TP.
· Case 1: Two nominal TDWs include the transmission occasion .
· Case 2: PUSCH dropping in the first transmission occasion within the nominal TDW.
Case 1: Two nominal TDWs include the transmission occasion .
In Figure 2, PUSCH3 with repetition number K = 1 is included in self-nominal TDW and other nominal TDW corresponding to PUSCH1 and PUSCH2. In our view,  for PUSCH3 is determined as shown in Figure 2. That is,  is not a number of symbols from  symbols before PUSCH1 to PUSCH3. In other words, in the combined option 1&3a, the nominal TDW is determined for the PUSCH transmissions in both transmission occasion  and .
[image: ]
Figure 2: Two nominal TDWs include the transmission occasion .
Case 2: PUSCH dropping in the first transmission occasion within the nominal TDW.
In Case 2, the PUSCH dropping is considered in addition to Case 1. In Figure 3, a PUSCH in the first transmission occasion within the nominal TDW corresponding to PUSCH2 and PUSCH3 is dropped due to PUSCH1. For this case,  of PUSCH2 is determined by the determination of Rel-15/16. That is, the transmission occasion  within the nominal TDW corresponding to PUSCH2 and PUSCH3 is the transmission occasion for PUSCH2. Note that “transmission occasion” in TS 38.213 does not mean the transmission occasion for actual PUSCH transmission because it is the nominal repetition in PUSCH repetition type B.

[image: ]
Figure 3: PUSCH dropping in the first transmission occasion within the nominal TDW
Proposal 3: In the combined option 1&3a,  should be the first transmission occasion for actual PUSCH transmission within a nominal TDW.
Based on the above cases, we propose TP1 in Appendix to capture Working assumption.
Proposal 4: Adopt TP1 in Appendix to capture Working assumption.
Accumulation TPC mode for DG-PUSCH
In Rel-15/16 maintenance phase [2], no consensus was reached regarding the interpretation of  for DG-PUSCH repetitions for accumulated TPC command.
For Rel-15/16,  for DG-PUSCH is defined as the number of symbols between the starting symbol of the PDCCH with the DCI scheduling a PUSCH and the start of “the PUSCH transmission”. Depending on whether “the PUSCH transmission” is each PUSCH repetition or the first PUSCH transmission among PUSCH repetitions, value of  is different from the one for another PUSCH transmission occasion among the PUSCH repetitions or is the same among the PUSCH repetitions, respectively. Using figures as written in [4], we show these interpretations as Interpretation 1 and Interpretation 2 below.
· Interpretation 1:  is defined as the number of OFDM symbols between the starting OFDM symbol of the scheduling DCI and the start of the PUSCH transmission occasion . This interpretation follows that “the PUSCH transmission” in the spec. as the PUSCH transmission in the PUSCH transmission occasion . With this interpretation, value of  for a PUSCH transmission occasion is different from the one for another PUSCH transmission occasion among the same set of PUSCH repetitions for a TB.


Figure 1: Interpretation 1 [4]
· Interpretation 2:  is defined as the number of OFDM symbols between the starting OFDM symbol of the scheduling DCI and the start of the first PUSCH repetition for a TB. This interpretation follows that “the PUSCH transmission” in the spec. as the whole repetitions of the PUSCH for the TB. With this interpretation, value of  for all PUSCH transmission occasions are the same for the TB.


Figure 2: Interpretation 2 [4]
Observation 1: No consensus was reached regarding the interpretation of KPUSCH(i) for DG PUSCH repetitions for accumulated TPC command in Rel-15/16 maintenance phase.
· Interpretation 1:  is defined as the number of OFDM symbols between the starting OFDM symbol of the scheduling DCI and the start of the PUSCH transmission occasion . This interpretation follows that “the PUSCH transmission” in the spec. as the PUSCH transmission in the PUSCH transmission occasion . With this interpretation, value of  for a PUSCH transmission occasion is different from the one for another PUSCH transmission occasion among the same set of PUSCH repetitions for a TB.
· Interpretation 2:  is defined as the number of OFDM symbols between the starting OFDM symbol of the scheduling DCI and the start of the first PUSCH repetition for a TB. This interpretation follows that “the PUSCH transmission” in the spec. as the whole repetitions of the PUSCH for the TB. With this interpretation, value of  for all PUSCH transmission occasions are the same for the TB.
However, TPC accumulation is mandatorily supported and repetition is important for not only CovEnh, but also other AIs. Particularly, it is not possible to specify operation of DMRS bundling unless Interpretation is determined. For this reason, RAN1 should adopt either Interpretation 1 or 2 for Rel-17.
Proposal 5: For Rel-17, RAN1 should adopt either Interpretation 1 or 2.
If Interpretation 1 is adopted, TPC commands in DCI format 2_2 are not applied from the PDCCH with scheduling DCI to the last PUSCH repetition among all the PUSCH repetitions. This is because the set  includes TPC commands that UE receives between  symbols before PUSCH transmission occasion  and  symbols before PUSCH transmission occasion  where  is the smallest integer for which  symbols before PUSCH transmission occasion  is earlier than  symbols before PUSCH transmission occasion . Namely, Interpretation 1 cause longer latency than Interpretation 2.
Observation 2: Interpretation 1 causes longer latency than Interpretation 2.
Furthermore, for CG-PUSCH,  is the same among all the PUSCH repetitions and used to consider minimum preparation time. Likewise, for DG-PUSCH,  can be the same among all the PUSCH repetitions and the large value of  is unnecessary. For this reason, Interpretation 2 should be adopted for Rel-17.
Proposal 6: Interpretation 2 should be adopted for Rel-17.
Absolute TPC mode
In Rel-15/16 maintenance phase [2], no consensus was reached regarding whether absolute TPC command in DCI format 2_2 is supported. This is because the timeline aspects are missing from the spec while the absolute TPC command in DCI format 2_2 is specified in Table 7.1.1-1 in TS38.213. 
	Table 7.1.1-1: Mapping of TPC Command Field in a DCI format scheduling a PUSCH transmission, or in DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI, or in DCI format 2_3, to absolute and accumulated  values or  values 
	TPC Command Field 
	Accumulated  or  [dB]
	Absolute  or  [dB] 

	0
	-1
	-4

	1
	0
	-1

	2
	1
	1

	3
	3
	4






Observation 3: No consensus was reached regarding whether absolute TPC command in DCI format 2_2 is supported in Rel-15/16 maintenance phase because the timeline is undefined.
In Rel-17, absolute TPC command in DCI format 2_2 can be used by simply reusing  of accumulation mode.
Proposal 7: In Rel-17, the timeline  of accumulation TPC mode should be reused for absolute TPC mode.
Inter-slot frequency hopping for Msg3
Two hopping patterns for inter-slot frequency hopping are specified in TS38.214.
	
In case of inter-slot frequency hopping and when PUSCH-DMRS-Bundling is not enabled, the starting RB during slot  is given by:

	, 



where  is the current slot number within a system radio frame, where a multi-slot PUSCH transmission can take place,  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2) and is the frequency offset in RBs between the two frequency hops.

In case of inter-slot frequency hopping and when PUSCH-DMRS-Bundling is enabled, the starting RB during slot  is given by: 
	[]

where  is the current slot number within a system radio frame,  is the number of the system radio frame containing the current slot,  is the number of slots per frame for subcarrier spacing configuration of the UL BWP that the PUSCH is transmitted on,  is the value of the higher layer parameter PUSCH-Frequencyhopping-Interval,  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation



Currently, one of two hopping patterns (Rel-16 inter-slot FH and Rel-17 inter-slot FH) for PUSCH transmission is selected depending on whether DMRS bundling is enabled or not. However, it was agreed in 107e meeting that Rel-16 inter-slot FH is applied to Msg3 PUSCH repetition as below. That is, even if DMRS bundling is enabled, Rel-17 FH is not used for Msg3 PUSCH repetition. Therefore, it should be specified that Rel-16 inter-slot FH is used for Msg3 PUSCH repetition even if DMRS bundling is enabled.
	Agreement 
For inter-slot FH for Msg3 PUSCH repetition, adopt the following legacy rules.
· The Rel-16 RB offset determination mechanism defined in Table 8.3-1 of TS 38.213 for intra-slot FH for Msg3 PUSCH is reused.
· The Rel-16 additional DMRS configuration defined in Clause 6.2.2 of TS 38.214 for Msg3 PUSCH in case intra-slot FH is disabled is reused.
· The Rel-16 inter-slot FH pattern defined in Clause 6.3.1 of TS 38.214 for PUSCH repetition type A is reused. 



Proposal 8: It should be specified that Rel-16 inter-slot FH is used for Msg3 PUSCH repetition even if DMRS bundling is enabled.
Proposal 9: Adopt TP2 in Appendix.

Conclusion
In this contribution, we have the following proposal:
Proposal 1: The following part of WA (a case of accumulate TPC for CG-PUSCH) should be confirmed:
	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 for CG-PUSCH,
· 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.


Proposal 2: The following option should be adopted to capture the working assumption on group common TPC commands with format 2_2 for accumulate TPC commands for CG-PUSCH.
· Combined Option 1&3a:
· If a transmission occasion  occurs within a nominal TDW and is not a transmission occasion ,  for transmission occasion  is a number of symbols from  symbols before a first symbol of the transmission occasion  to a first symbol of the transmission occasion , where the transmission occasion  is a first transmission occasion for PUSCH transmission within the nominal TDW for the same transport block as transmission occasion .
· Otherwise,  is the same as one in Rel-15/16.
Proposal 3: In the combined option 1&3a,  should be the first transmission occasion for actual PUSCH transmission within a nominal TDW.
Proposal 4: Adopt TP1 in Appendix to capture Working assumption.
Proposal 5: For Rel-17, RAN1 should adopt either Interpretation 1 or 2.
Proposal 6: Interpretation 2 should be adopted for Rel-17.
Proposal 7: In Rel-17, the timeline  of accumulation TPC mode should be reused for absolute TPC mode.
Proposal 8: It should be specified that Rel-16 inter-slot FH is used for Msg3 PUSCH repetition even if DMRS bundling is enabled.
Proposal 9: Adopt TP2 in Appendix.
Observation 1: No consensus was reached regarding the interpretation of KPUSCH(i) for DG PUSCH repetitions for accumulated TPC command in Rel-15/16 maintenance phase.
· Interpretation 1:  is defined as the number of OFDM symbols between the starting OFDM symbol of the scheduling DCI and the start of the PUSCH transmission occasion . This interpretation follows that “the PUSCH transmission” in the spec. as the PUSCH transmission in the PUSCH transmission occasion . With this interpretation, value of  for a PUSCH transmission occasion is different from the one for another PUSCH transmission occasion among the same set of PUSCH repetitions for a TB.
· Interpretation 2:  is defined as the number of OFDM symbols between the starting OFDM symbol of the scheduling DCI and the start of the first PUSCH repetition for a TB. This interpretation follows that “the PUSCH transmission” in the spec. as the whole repetitions of the PUSCH for the TB. With this interpretation, value of  for all PUSCH transmission occasions are the same for the TB.
Observation 2: Interpretation 1 causes longer latency than Interpretation 2.
Observation 3: No consensus was reached regarding whether absolute TPC command in DCI format 2_2 is supported in Rel-15/16 maintenance phase because the timeline is undefined.
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Appendix
TP1
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<Unchanged parts are omitted>
-	 is the PUSCH power control adjustment state  for active UL BWP  of carrier  of serving cell  and PUSCH transmission occasion  if the UE is not provided tpc-Accumulation, where 
-	The  values are given in Table 7.1.1-1
-	 is a sum of TPC command values in a set  of TPC command values with cardinality  that the UE receives between  symbols before PUSCH transmission occasion  and  symbols before PUSCH transmission occasion  on active UL BWP  of carrier  of serving cell  for PUSCH power control adjustment state , where  is the smallest integer for which  symbols before PUSCH transmission occasion  is earlier than  symbols before PUSCH transmission occasion 
-  If the UE is provided PUSCH-DMRS-Bundling = ‘enabled’, and the transmission occasion  is within a nominal time domain window and is not a transmission occasion ,  is a number of symbols for active UL BWP  of carrier  of serving cell  from  symbols before the first symbol of the transmission occasion  to a first symbol of the transmission occasion , where the transmission occasion  is a first transmission occasion for the PUSCH transmission within the nominal time domain window. The nominal time domain window is determined for the PUSCH transmission in the transmission occasion  as described in [6, TS 38.214].
-  Otherwise,
	-	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 
	-	If a PUSCH transmission is configured by ConfiguredGrantConfig,  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  
<Unchanged parts are omitted>



	Reason for change:
	To capture Woking assumption.
It is specified in TS38.214 Clause 6.1.7 that “The UE shall maintain power consistency and phase continuity within an actual TDW, across PUSCH transmissions of PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots, or across PUCCH transmissions of PUCCH repetition, in case the actual TDW is created in response to frequency hopping or in response to any event not triggered by DCI or MAC-CE.”.
Therefore, the UE should maintain the power on a duration of or over the actual TDW.

	Summary of change:
	If DMRS bundling is enabled, KPUSCH(i) is a number of symbols from KPUSCH(i1) symbols before the first symbol of TO#i1 to KPUSCH(i) symbols before the first symbol of TO#i.

	Consequences if not approved:
	Power change potentially occurs within an actual TDW even if the UE shall maintain power consistency and phase continuity within the actual TDW.

	Other comments:
	



TP2
	
In case of inter-slot frequency hopping and when PUSCH-DMRS-Bundling is not enabled, or for inter-slot frequency hopping for a PUSCH scheduled by RAR UL grant or DCI format 0_0 with CRC scrambled by TC-RNTI, the starting RB during slot  is given by:

	, 



where  is the current slot number within a system radio frame, where a multi-slot PUSCH transmission can take place,  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2) and is the frequency offset in RBs between the two frequency hops.

In case of inter-slot frequency hopping and when PUSCH-DMRS-Bundling is enabled, and when a PUSCH is not scheduled by RAR UL grant or DCI format 0_0 with CRC scrambled by TC-RNTI, the starting RB during slot  is given by: 
	[]


where  is the current slot number within a system radio frame,  is the number of the system radio frame containing the current slot,  is the number of slots per frame for subcarrier spacing configuration of the UL BWP that the PUSCH is transmitted on,  is the value of the higher layer parameter PUSCH-Frequencyhopping-Interval,  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2) andis the frequency offset in RBs between the two frequency hops.




	Reason for change:
	To capture Agreement in 107e meeting.
It is specified in TS38.214 Clause 6.3.1 only that “In case of inter-slot frequency hopping and when PUSCH-DMRS-Bundling is enabled,” Rel-17 inter-slot FH is used. However, for Msg3 PUSCH repetition, Rel-16 inter-slot FH needs to be reused.
Therefore, the condition that Rel-17 inter-slot FH is used should be added.

	Summary of change:
	If a PUSCH is scheduled by RAR UL grant, fallbackRAR UL grant, or DCI format 0_0 with CRC scrambled by TC-RNTI, Rel-16 inter-slot FH is used.

	Consequences if not approved:
	If a PUSCH is scheduled by RAR UL grant, fallbackRAR UL grant, or DCI format 0_0 with CRC scrambled by TC-RNTI, and DMRS bundling is enabled, Rel-17 inter-slot FH is used.

	Other comments:
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