3GPP TSG RAN WG1 #108-e	R1-2201443
e-Meeting, February 21st – March 3rd, 2022

[bookmark: _GoBack]Agenda item:		8.8.1.3
Source:	China Telecom
Title:	Remaining issues on joint channel estimation
Document for:		Discussion
Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]In RAN #90 e-meeting, a new Rel-17 work item on NR coverage enhancements was approved [1] and revised in [2]. The objective of this work item is to specify enhancements for PUSCH, PUCCH and Msg3 PUSCH for both FR1 and FR2 as well as TDD and FDD. The objectives include mechanism(s) to enable joint channel estimation.
· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4 [RAN1, RAN4]
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]
Editors’ CRs on introduction of coverage enhancements in NR have been approved in RAN#94e [3]. In this contribution, we discuss the remaining issues on events and TPC commands for joint channel estimation.
Events
For PUSCH transmissions of PUSCH repetition Type A, PUSCH repetition Type B and TB processing over multiple slots, when PUSCH-DMRS-Bundling is enabled, or for PUCCH repetition, when PUCCH-DMRS-Bundling is enabled, the UE determines one or multiple nominal TDWs, and a nominal TDW consists of one or multiple actual TDWs. If the power consistency and phase continuity are violated due to an event, whether a new actual TDW is created is subject to UE capability of supporting restarting DMRS bundling. If UE is not capable of restarting DM-RS bundling, no new actual TDW is created until the end of the nominal TDW. In addition, when PUSCH-DMRS-Bundling or PUCCH-DMRS-Bundling is enabled, UE is mandatory to support restarting DM-RS bundling due to semi-static events. UE capability of restarting DMRS bundling is applied only to dynamic events.
For UEs capable of restarting DM-RS bundling, it is clear that when PUSCH-Window-Restart or PUCCH-Window-Restart is enabled, a new actual TDW is created after an event within the nominal TDW. However, for UEs not capable of restarting DM-RS bundling, when PUSCH-Window-Restart or PUCCH-Window-Restart is enabled, it is not clear whether a new actual TDW is created for the following two cases:
· Case 1: A semi-static event is triggered after one or multiple dynamic events. Whether a new actual TDW is created after the semi-static event?
· Case 2: A semi-static event overlaps with a dynamic event. Whether a new actual TDW is created after the semi-static event?


1
  


Fig.1 Illustration of case 1



Fig.2 Illustration of case 2

In our understanding, the motivation of introducing UE capability of supporting restarting DMRS bundling is that UE may need to know the start of each actual TDW ahead of time. This issue is only relevant to dynamic events, since UE can know semi-static events beforehand. In this sense, a new actual TDW is created after a semi-static event no matter whether there are dynamic events before the semi-static event. For case 2, gNB should avoid the overlapping between semi-static events and dynamic events. In case the overlapping cannot be avoided, since the UE knows the semi-static events beforehand, a new actual TDW is created after the event.




Fig.3 Illustration of proposal 4


Fig.4 Illustration of proposal 5


In RAN1#107b-e, the above two cases were discussed and companies’ understandings were different [4]. We think it is necessary to clarify the specification. 
Proposal 1: For UEs 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 created after the triggered semi-static event.
· If a semi-static event overlaps with a dynamic event, a new actual TDW is created after the triggered semi-static event.
· Note: No specification impact is expected.

TPC commands
In RAN1#107e, the following working assumption was reached.
	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.



However, when discussing TPs for the above working assumption, companies have different understandings on Rel-15/16 power control procedure.
Observations in [4]:
· Clarification on whether absolute TPC command is supported for group common TPC with DCI format 2_2 for Rel-15/16 is needed.
· If supported, whether the timeline of absolute TPC command follows the accumulate TPC command.
· Clarification on the interpretation of the definition of KPUSCH(i) for DG-PUSCH in TS 38.214 for Rel-15/16 is needed.
· Interpretation 1: KPUSCH(i) 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 KPUSCH(i) 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: KPUSCH(i) 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 KPUSCH(i) for all PUSCH transmission occasions are the same for the TB.

In our understanding, for the first observation, absolute TPC command is supported for group common TPC with DCI format 2_2, and the timeline of absolute TPC command follows the accumulate TPC command. Moreover, based on the above WA, the behavior of absolute TPC command is clearly stated, i.e. only the last TPC command is applied by the UE after the current configured TDW. For the second observation, we think interpretation 1 is aligned with the description in the current specification. Nevertheless, UE behavior is clear in the WA on group common TPC commands.
Proposal 2: Confirm the following working assumption and remove the FFS sub-bullet.
	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.


Regarding how to capture the above working assumption on the TPC enhancement to support DMRS bundling in the specification, the following options were discussed during RAN1 #107bis-e.
· Option 1: Modify the definition of , e.g.  is a number of symbols from the first symbol of the nominal time domain window including the transmission occasion i and before a first symbol of the transmission occasion i.
· Option 2: 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.
· Option 3: Modify the behavior for accumulating TPC command value, e.g. ① 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; ② For the first transmission occasion  occuring 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 1 is illustrated in Fig.1 and Fig.2 for CG-PUSCH and DG-PUSCH respectively. PDCCHs colored with purple carry DCIs format 2_2 with group common TPC commands, e.g., ,  and .  is scheduled by  for both cases, while PUSCH repetitions are scheduled by  for DG-PUSCH. It should be noted that the value of  can be “0” when the first symbol of nominal TDW coincides with the first symbol of PUSCH transmission occasion i.
: PUSCH transmission occasion i;
: Transmission power control state for ;
: TPC command value of ;
: A set of TPC command values that should be accumulated for ;
T(i): Time period for TPC accumulation for .

 Fig.1 Illustration of Option 1 for CG-PUSCH

 Fig.2 Illustration of Option 1 for DG-PUSCH
For Option 1, we have:
	CG-PUSCH
	DG-PUSCH

	For , , ;
For , , ;
For , , ;
	For , , ;
For , , ;
For , , ;


Option 1 can work properly for both CG-PUSCH and DG-PUSCH and the behavior of TPC command for CG-PUSCH and DG-PUSCH are also aligned. UE behavior for DG-PUSCH is different from legacy UE behavior.
Option 2 and Option 3 are illustrated in Fig.3 and Fig.4 for CG-PUSCH and DG-PUSCH respectively.


Fig.3 Illustration of Option 2/3 for CG-PUSCH


Fig.4 Illustration of Option 2/3 for DG-PUSCH

For Option 2, we have:
	CG-PUSCH
	DG-PUSCH

	For , , ;
For , , ;
For , , ;
	For , , ;
For , , ;
For , , ;


Option 2 can work properly for both CG-PUSCH and DG-PUSCH. For DG-PUSCH under Interpretation 1, any TPC command occurs after the corresponding PDCCH will not have any impact on PUSCH transmissions during the nominal TDWs, because these TPC values are not in any set D. We think this is not against the WA. The WA says “If UE receives TPC commands that would take into effect during a configured TDW…”, but  and  will not take into effect based on the timeline of  for DG-PUSCH under Interpretation 1. It can be observed that for Option 2 the timeline is different for CG-PUSCH and DG-PUSCH. In addition, legacy UE behavior for DG-PUSCH is kept.
For Option 3, we have:
	CG-PUSCH
	DG-PUSCH

	For , , ;
For , , ;
For , , ;
	For , , ;
For , , ;
For , , ;


Option 3 can work properly for both CG-PUSCH and DG-PUSCH. Similar to Option 2, for DG-PUSCH under Interpretation 1, any TPC command occurs after the corresponding PDCCH will not have any impact on PUSCH transmissions during the nominal TDWs, because these TPC commands will not take effect for the PUSCH transmissions. Similar to the analysis for Option 2, Option 3 is also not against the WA. For Option 3, the timeline is different for CG-PUSCH and DG-PUSCH, and legacy UE behavior for DG-PUSCH is kept. It can be observed that Option 3 and Option 2 have the same effect on accumulate TPC commands.
Based on the above analysis, we have the following observation and proposal.
Observation: 
· All the following three options on the TPC enhancement to support DMRS bundling can work properly for CG-PUSCH and DG-PUSCH.
· Option 1: Modify the definition of , e.g.  is a number of symbols from the first symbol of the nominal time domain window including the transmission occasion i and before a first symbol of the transmission occasion i.
· Option 2: 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.
· Option 3: Modify the behavior for accumulating TPC command value, e.g. ① 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; ② For the first transmission occasion  occuring 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) 
· For Option 1, 
· The timeline is same for CG-PUSCH and DG-PUSCH.
· UE behavior for DG-PUSCH is different from legacy UE behavior.
· For Option 2 and Option 3, 
· The timeline is different for CG-PUSCH and DG-PUSCH.
· Legacy UE behavior for DG-PUSCH is kept.
· Option 2 and Option 3 have the same effect on TPC commands.

Proposal 3: It’s up to Editor how to capture TPC enhancement to support DMRS bundling into the specification.
Conclusions
In this contribution, we discussed the remaining issues on events and TPC commands. We have following proposals and observation:
Proposal 1: For UEs 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 created after the triggered semi-static event.
· If a semi-static event overlaps with a dynamic event, a new actual TDW is created after the triggered semi-static event.
· Note: No specification impact is expected.

Proposal 2: Confirm the following working assumption and remove the FFS sub-bullet.
	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.



Observation: 
· All the following three options on the TPC enhancement to support DMRS bundling can work properly for CG-PUSCH and DG-PUSCH.
· Option 1: Modify the definition of , e.g.  is a number of symbols from the first symbol of the nominal time domain window including the transmission occasion i and before a first symbol of the transmission occasion i.
· Option 2: 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.
· Option 3: Modify the behavior for accumulating TPC command value, e.g. ① 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; ② For the first transmission occasion  occuring 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) 
· For Option 1, 
· The timeline is same for CG-PUSCH and DG-PUSCH.
· UE behavior for DG-PUSCH is different from legacy UE behavior.
· For Option 2 and Option 3, 
· The timeline is different for CG-PUSCH and DG-PUSCH.
· Legacy UE behavior for DG-PUSCH is kept.
· Option 2 and Option 3 have the same effect on TPC commands.

Proposal 3: It’s up to Editor how to capture TPC enhancement to support DMRS bundling into the specification.
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