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Introduction
In RAN1#107b-e meeting, several agreements were made regarding on joint channel estimation for PUSCH. [1] In this contribution, we discuss TPC command, event and inter-slot frequency hopping with inter-slot bundling.

TPC command
In the last RAN1#107b-e meeting, there was a discussion about how to describe TPC with DMRS bundling in the specification. As we discussed this in detail, the companies had different understandings about the case of accumulation with respect to legacy operation. More specifically, the understanding of all companies was consistent for CG-PUSCH, and that of  during TPC accumulation in DG-PUSCH was different as follows according to the FL’s arrangement.
Interpretation 1:  is defined as the number of OFDM symbols after a last symbol of a corresponding PDCCH reception and before a first symbol of the PUSCH transmission occasion i. 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 after a last symbol of a corresponding PDCCH reception and before a first symbol of the first PUSCH repetition for a TB. With this interpretation, value of  for all PUSCH transmission occasions are the same for the TB.
To be clear, our understanding is interpretation 1, but the current discussion is not on Rel-15/16 maintenance, but on the handling of TPC commands for the DMRS bundle, so it is better to focus on this. In that perspective, a working assumption regarding TPC command was agreed in the last RAN1#107e meeting should be focused. It is a common understanding that with accumulation should be enhanced in the working assumption. On the other hand, there was an opinion that the case of without accumulation is the same as the legacy operation, or that power change due to DCI in the middle is not supported in the first place. Therefore, considering that this meeting is the last meeting of Rel-17, it would be most feasible to confirm and proceed with accumulation with common understanding first. Since there is a controversial point about absolute TPC, one of the simple method to enhance it is to always accumulate TPC command when joint channel estimation is enabled.
Proposal 1: In working assumption about TPC command, confirm the main bullet, 1st sub-bullet for accumulate TPC commands, and remove the 2nd sub-bullet for absolute TPC command.

There were three major options for detailed description of TPC with accumulation. The first option is to modify , and the second option is to modify the TPC command value set , and the last option is to modify the UE behavior for accumulating TPC command value. In our understanding, the difference among options are in the way they describe and the UE operation is the same, and it should be. Among them, the option supported by the majority was “modify the behavior for accumulating TPC command value”, so it can be considered for the way to go. However, it should be noted that, according to the working assumption, only TPC commands expected to be applied within nominal TDW when joint channel estimation is not enabled should be accumulated and updated in units of nominal TDW. That is different from accumulating all TPC commands received within the nominal TDW.
In that context, taking the case of interlace of CG-PUSCH and DG-PUSCH as an example, there was an argument that the application unit should be the actual TDW rather than the nominal TDW. It is our understanding that “If UE receives TPC commands that would take into effect during a configured TDW”, quoted from the working assumption, does not equal to accumulate all of TPC command during the nominal TDW. Therefore even if CG-PUSCH and DG-PUSCH are interlaced when accumulating TPC in nominal TDW units, we do not see the unit should be changed from nominal TDW to actual TDW.
Proposal 2: Only TPC commands expected to be applied within nominal TDW when joint channel estimation is not enabled should be accumulated and are updated in units of nominal TDW.

However, considering it is the last meeting for Rel-17, minimum specification impact is desirable. Fully changing the specification for TPC accumulation is quite burden and hard to be resolved. In that perspective, it is desirable to change the cardinality [image: ] and [image: ] which is defined by set [image: ]for PUSCH and [image: ] for PUCCH for the accumulation of TPC command values. The cardinality [image: ] is described in TS38.213 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: ]” and same rule is applied for PUCCH. Therefore, for the consistent rule of PUSCH/PUCCH, it is desirable to change the cardinality [image: ] and [image: ] for TPC accumulation with joint channel estimation. That is, if the transmission occasion is included in the configured TDW, the cardinality should be enhanced to extend from the first transmission occasion in the previous configured TDW to the last transmission occasion in the previous configured TDW.
Proposal 3: In the description of the enhanced TPC command for joint channel estimation, the cardinality should be enhanced by extending it from the first transmission occasion in the previous configured TDW to the last transmission occasion in the previous configured TDW without compromising the definition of transmission occasion. Adopt to capture TP described in section 5.

Event
In the previous meeting, it is proposed that for HD-FDD RedCap UEs, an event is constituted if the scheduled UL symbols overlap with any symbol of an SS/PBCH block provided by ssb-PositionInBurst. To be specific, it can be divided by two cases.
Case 1) SSB reception/monitoring is configured between PUSCH transmissions and PUSCH transmission collides with SSB reception/monitoring
Case 2) SSB reception/monitoring is configured between PUSCH transmissions and PUSCH transmission does not collide with SSB reception/monitoring
Both of cases should be events since UE cannot maintain phase continuity and/or power consistency. For the first case, it is the case for the Rel-17 dropping/ cancellation based on Rel-17 collision rules since it is agreed that SSB reception/monitoring has higher priority than PUSCH transmission in Rel-17 RedCap. For the second case, it is not included by “DL slot or DL reception/monitoring based on semi-static DL/UL configuration for unpaired spectrum” since HD-FDD is not a case for unpaired spectrum, then a downlink slot or downlink monitoring can be an event.
Proposal 4: For HD_FDD RedCap UE, adopt Rel-17 drop/cancellation based on Rel-17 collision rules as an event and downlink slot or downlink monitoring as an event separately.

In the last meeting, clarification for UE not capable of restarting DM-RS bundling regarding events was discussed. The first one is whether a new actual TDW is created or not after the semi-static event if a semi-static event is triggered after one or multiple dynamic events. Second one is whether a new actual TDW is created or not after the semi-static event if a semi-static event overlaps with a dynamic event. On the other hand, RRC parameters PUSCH-Window-Restart and PUCCH-Window-Restart was updated by following agreement.
	Agreement
Update the description of the RRC parameters PUSCH-Window-Restart and PUCCH-Window-Restart as follows.
· UE bundles PUSCH DM-RS remaining in a nominal time domain window after event(s) triggered by DCI or MAC-CE that violate power consistency and phase continuity requirements
· UE bundles PUCCH DM-RS remaining in a nominal time domain window after event(s) triggered by DCI or MAC-CE that violate power consistency and phase continuity requirements



It should be noted here that a UE with capability can bundle within a nominal time domain window after a dynamic event. Conversely, this means that a UE without capability cannot bundle within the nominal time domain window after a dynamic event. Therefore, unless the above agreement is reverted, UE behavior for the two previously discussed topics should be as follows. A new actual TDW is not created after the semi-static event if a semi-static event is triggered after one or multiple dynamic events, and a new actual TDW is not created after the semi-static event if a semi-static event overlaps with a dynamic event.
Proposal 5: For UE not capable of restarting DM-RS bundling,
· If a semi-static event is triggered after one or multiple dynamic events, a new actual TDW is not created after the semi-static event.
· If a semi-static event overlaps with a dynamic event a new actual TDW is not created after the semi-static event.

Inter-slot frequency hopping with inter-slot bundling
Inter-slot frequency hopping with DMRS bundling is being discussed in the PUCCH agenda. Basically, the same rule should be applied to both DMRS bundling for PUSCH and PUCCH. First, it is necessary to define the determination of the frequency hopping pattern. Both the conventional PUSCH and the PUCCH are based on the same rule although there is a difference in description in the specification. For the frequency hopping of PUSCH, a start RB is applied when the slot index is even, and an offset to the start RB is applied when the slot index is odd. In the case of PUCCH, startingPRB is applied if the slot index is even, and secondHopPRB is applied if the slot index is odd. That is, the frequency hop is determined according to whether the physical slot index is even or odd. It is determined according to the physical slot index and it is most desirable to extend the same rule for simplicity. In addition, if the hopping boundary between the UEs is not aligned, every UE with frequency hopping occupies two RBs, which is not preferable in terms of resource management. In consideration of multi-user multiplexing, a method in which hopping boundaries between UEs can be aligned is desirable, and this can be achieved when the hopping pattern is determined by physical slot index.
Proposal 6: The frequency hopping pattern for inter-slot frequency hopping is determined only by physical slot index. Adopt to capture TP described in section 5.


It was agreed to support separate RRC configuration for hopping interval and configured TDW length. Considering that, the detailed method for frequency hop determination of PUSCH is as follows. When the inter slot frequency hopping is configured and hopping interval for PUSCH W, which is described as HoppingIntervalPUSCH in TP, is configured, the RB of the transmission occasion in the th slot is configured by the formula described in TP. That is, start RB or start RB + offset RB should be applied depending on whether the value obtained by dividing the slot index by the hopping interval for joint channel estimation of PUSCH is even or odd.

Conclusion
In this contribution, we discuss on specifications of joint channel estimation for PUSCH. From the discussion, we obtained following proposals:

Proposal 1: In working assumption about TPC command, confirm the main bullet, 1st sub-bullet for accumulate TPC commands, and remove the 2nd sub-bullet for absolute TPC command.

Proposal 2: Only TPC commands expected to be applied within nominal TDW when joint channel estimation is not enabled should be accumulated and are updated in units of nominal TDW.

Proposal 3: 
· In the description of the enhanced TPC command for joint channel estimation, the cardinality should be enhanced by extending it from the first transmission occasion in the previous configured TDW to the last transmission occasion in the previous configured TDW without compromising the definition of transmission occasion.
· Adopt to capture following TP in TS38.213.

============ Start of Text Proposal for TS38.213 [2] ==================
7.1.1	UE behaviour
<--------------------------------------Other 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
-	When PUSCH-DMRS-Bundling is enabled and if transmission occasion  is within the first nominal TDW,  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 largest integer that transmission occasion  and transmission occasion  are within same nominal TDW and  is the smallest integer for which  symbols before PUSCH transmission occasion  is earlier than  symbols before PUSCH transmission occasion 
-	When PUSCH-DMRS-Bundling is enabled and if transmission occasion  is not within the first nominal TDW,  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 largest integer that transmission occasion  and transmission occasion  are within same nominal TDW and  is the largest integer that transmission occasion  is within the previous nominal TDW, for which  symbols before PUSCH transmission occasion  is earlier than  symbols before PUSCH transmission occasion 
-	When PUSCH-DMRS-Bundling is not enabled,  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 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 
<--------------------------------------Other parts are omitted---------------------------------------------------------->
-	 is the current PUCCH power control adjustment state  for active UL BWP  of carrier  of primary cell  and PUCCH transmission occasion , where 
-	The  values are given in Table 7.1.2-1
-	When PUCCH-DMRS-Bundling is enabled,  is a sum of TPC command values in a set  of TPC command values with cardinality  that the UE receives between  symbols before PUCCH transmission occasion  and  symbols before PUCCH transmission occasion  on active UL BWP  of carrier  of primary cell  for PUCCH power control adjustment state, where  is the smallest integer for which  symbols before PUCCH transmission occasion  is earlier than  symbols before PUCCH transmission occasion 
-	 is a sum of TPC command values in a set  of TPC command values with cardinality  that the UE receives between  symbols before PUCCH transmission occasion  and  symbols before PUCCH transmission occasion  on active UL BWP  of carrier  of primary cell  for PUCCH power control adjustment state, where  is the smallest integer for which  symbols before PUCCH transmission occasion  is earlier than  symbols before PUCCH transmission occasion 
-	 is a sum of TPC command values in a set  of TPC command values with cardinality  that the UE receives between  symbols before PUCCH transmission occasion  and [image: ] symbols before PUCCH transmission occasion  on active UL BWP  of carrier  of primary cell  for PUCCH power control adjustment state, where  is the smallest integer for which  symbols before PUCCH transmission occasion  is earlier than  symbols before PUCCH transmission occasion 
<--------------------------------------Other parts are omitted---------------------------------------------------------->
============ End of Text Proposal for TS38.213 ==================

Proposal 4: For HD_FDD RedCap UE, adopt Rel-17 drop/cancellation based on Rel-17 collision rules as an event and downlink slot or downlink monitoring as an event separately.

Proposal 5: For UE not capable of restarting DM-RS bundling,
· If a semi-static event is triggered after one or multiple dynamic events, a new actual TDW is not created after the semi-static event.
· If a semi-static event overlaps with a dynamic event a new actual TDW is not created after the semi-static event.

Proposal 6: 
· The frequency hopping pattern for inter-slot frequency hopping is determined only by physical slot index.
· Adopt to capture following TP in TS38.214

============ Start of Text Proposal for TS38.214 [3] ==================
6.3.2	Frequency hopping for PUSCH repetition type A
<--------------------------------------Other parts are omitted---------------------------------------------------------->

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 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 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 and W is the HoppingIntervalPUSCH, if configured, or W is the PUSCH-TimeDomainWindowLength, if configured and if HoppingIntervalPUSCH is not configured, or W is computed as min ([maxDMRS-BundlingDuration], M), if PUSCH-TimeDomainWindowLength is not configured and HoppingIntervalPUSCH is not configured, where M is the time duration in consecutive slots of  PUSCH transmissions, and where:
· For PUSCH transmissions of PUSCH repetition Type A, N=1 and K is the number of repetitions, as defined in Clause 6.1.2.1.
· For PUSCH transmissions of PUSCH repetition Type B, N=1 and K is the number of nominal repetitions, as defined in Clause 6.1.2.1.
· For PUSCH transmissions of TB processing over multiple slots, N is the number of slots used for TBS determination and K is the number of repetitions of the number of slots N used for TBS determination, as defined in Clause 6.1.2.1.
<--------------------------------------Other parts are omitted---------------------------------------------------------->
============ End of Text Proposal for TS38.214 ==================

Reference
[1] RAN1 chair’s notes, RAN1 #107b-e, e-Meeting, January 17th – 25th, 2022
[2] 3GPP TS 38.213 V17.0.0 (2021-12): "NR; Physical layer procedures for control"
[3] 3GPP TS 38.214 V17.0.0 (2021-12): "NR; Physical layer procedures for data"

6. Agreements in RAN1#107b-e

	Conclusion
· It is not expected to redefine transmission occasion for PUSCH/PUCCH for DMRS bundling in Rel-17.
Agreement
· The value range of PUSCH-TimeDomainWindowLength is INTEGER (2..[32]).
· The value range of PUCCH-TimeDomainWindowLength is INTEGER (2..[8]).
· Note: the value shall not exceed the maximum duration.
Agreement
Adopt the following TP to TS 38.214
	6.1.7      UE procedure for determining time domain windows for bundling DM-RS
< unchanged text omitted>
-    For PUCCH transmissions of PUCCH repetition, a dropping or cancellation of a PUCCH transmission according to clause 9, clause 9.2.6 and clause 11.1 of [6, TS 38.213].
< unchanged text omitted>



Agreement
Send an LS to RAN4 asking the following question
· For extended CP, is 11-symbol the maximum length for the non-zero un-scheduled gap in-between the PUSCH transmission or PUCCH repetition, when UE is required to maintain power consistency and phase continuity?

Endorsement
[DRAFT] LS on DMRS bundling for PUSCH and PUCCH is endorsed in principle.
Agreement
Final LS R1-2200773 on DMRS bundling for PUSCH and PUCCH is endorsed.

Agreement
· If DMRS bundling and UL beam switching for multi-TRP operation are configured simultaneously, UL beam switching for multi-TRP operation is regarded as a semi-static event.

Agreement
Update the description of the RRC parameters PUSCH-Window-Restart and PUCCH-Window-Restart as follows.
· UE bundles PUSCH DM-RS remaining in a nominal time domain window after event(s) triggered by DCI or MAC-CE that violate power consistency and phase continuity requirements
· UE bundles PUCCH DM-RS remaining in a nominal time domain window after event(s) triggered by DCI or MAC-CE that violate power consistency and phase continuity requirements
Note: Events which are triggered by DCI or MAC CE, but regarded as semi-static events, e.g. frequency hopping, UL beam switching for multi-TRP operation, or other if defined, are excluded.
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