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1. Introduction
In this contribution, we discuss remaining issues on joint channel estimation for PUSCH in coverage enhancements.

2. Discussion on joint channel estimation for PUSCH
Restart actual time domain window after events
At the RAN1#107-e meeting, the restarting actual time domain window (TDW) within a nominal TDW was discussed, and the following agreement was made [1].

	Agreement:
· If DM-RS bundling is supported, 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.
· An event is regarded as a dynamic event if it is triggered by a DCI or MAC-CE, otherwise it is regarded as a semi-static event.
· Note: At least frequency hopping event is considered as semi-static event.



It is still under discussion whether it is mandatory for UE supporting DM-RS bundling to restart actual TDW after a semi-static event when the semi-static event is triggered after one or multiple dynamic events. Based on the above agreement, UE is expected to re-start actual TDW after a semi-static event regardless of UE capability. Hence, there is no need to skip re-starting actual TDW due to the dynamic events before semi-static events.

Proposal 1: Make conclusion that if a semi-static event is triggered after one or multiple dynamic events, a new actual TDW is created after the semi-static event regardless of UE capability.


TPC command when DMRS bundling is applied
Companies have different interpretations regarding the Rel-15/16 TPC command procedure in the following two aspects. 

· Definition of  for DG-PUSCH 
There are two interpretations; either  is defined as the number of OFDM symbols before a first symbol of each PUSCH transmission occasion i or a first symbol of the first PUSCH repetition for a TB. If  is defined as the number of OFDM symbols before a first symbol of the first PUSCH repetition for a TB, the TPC command values over each PUSCH repetition is the same. Hence, there is no need to enhance the TPC command procedure for DMRS bundling over DG PUSCH repetitions in that case. 
Observation 1: If  is defined as the number of OFDM symbols before a first symbol of the first PUSCH repetition for a TB, there is no need to enhance TPC command procedure for DMRS bundling over DG PUSCH repetitions. 

· Absolute TPC command with DCI format 2_2 for CG PUSCH
It is still unclear whether to support group common TPC for CG PUSCH. In the current specification, there is no clear procedure for PUSCH power control adjustment state for CG PUSCH when UE is provided tpc-Accumulation. Before the discussion of absolute TPC command by DCI format 2_2 for CG PUSCH under DMRS bundling, RAN1 should clarify whether to support absolute TPC command with DCI format 2_2 for CG PUSCH in Rel-15/16.
Proposal 2: Clarify the interpretation regarding the Rel-15/16 TPC command procedure in two aspects: definition of  for DG-PUSCH and absolute TPC command with DCI format 2_2 for CG PUSCH.

At the RAN1#107-e meeting, the following three approaches were brought up to maintain power continuity when DMRS bundling is applied [2].

	· 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 behaviour 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  occurs after the nominal time domain window, , where  is the TPC command values that would take effect between the first symbol of the previous nominal time domain window and the first symbol of current nominal time domain window.



The goal of three options is the same, which is the constant transmitted power within a nominal TDW. However, only the Option 1 is different from other options in a sense that the TPC command reference period is determined by  before nominal TDW but not the first transmission occasion within a nominal TDW. Since the unit of nominal TDW is a slot, the TPC command reference period for each case could be different. Fig.1 shows the difference on the latency for TPC command values in each case. In the case (a) of Fig.1,   does not take effect in CG PUSCH#1 and #2, while it is referred for CG PUSCH#1 and #2 in the case (b). This is because the TPC command reference period ends faster when the first symbol of nominal TDW is a reference to . Accordingly, we prefer to support Option 2 or Option 3.

Observation 2: TPC command reference period of Option 1 could end faster than other options.  
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(a) TPC command reference period at  from the first symbol of nominal TDW
(b) TPC command reference period ends at first symbol of the first transmission occasion

Figure 1. TPC command reference period for two cases where the first symbol of nominal TDW (a) and the first symbol of the first transmission occasion in the nominal TDW (b) are a reference to , respectively. 

Given the fact that Option 2 and Option 3 result in the same TPC command procedure, we prefer the simple solution Option 3 because it does not require to change the definition of TPC command value set . 

Proposal 3: Support Option 3 as a TPC command procedure when DMRS bundling is enabled. 

During the RAN1#107-e meeting, several companies pointed out the problem of TPC command per a nominal TDW under the DG PUSCH and CG PUSCH interlaced scenarios. Fig.2 illustrates the issue that TPC command  is ignored after updating TPC for DG PUSCH#1 under the DG PUSCH and CG PUSCH interlaced scenarios. In this example, the PUSCH power control adjustment state for CG PUSCH#3 and CG PUSCH#4 is the same as CG PUSCH#1, because the transmission occasions are within a nominal TDW. Also, DG-PUSCH#2 takes over the PUSCH power control adjustment state from CG PUSCH#4 not DG PUSCH#1, because the transmission occasion i -i0 becomes CG PUSCH#4 when the transmission occasion i is DG PUSCH#2. Therefore, the TPC command  accumulated in DG PUSCH#1 is ignored after DG PUSCH#1 in some scenarios, even though DG PUSCH and CG PUSCH share the same close-loop state. 
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Figure 2. TPC command  is ignored after updating the corresponding TPC command under the DG PUSCH and CG PUSCH interlaced scenarios 

This issue can be solved by reverting the working assumption and replacing TPC per nominal TDW with TPC per actual TDW. However, the similar issue can be observed in Rel-15/16 without DMRS bundling as shown in Fig.3. In this case, TPC command  updates PUSCH power control adjustment state for CG PUSCH#2. However, TPC command  is ignored after that. Assuming transmission occasion i is DG PUSCH#1, the transmission occasion i -i0 becomes CG PUSCH#1 instead of CG PUSCH#2. Accordingly, the PUSCH power control adjustment state for DG PUSCH#1 is calculated from one for CG PUSCH#1. In the same way, the PUSCH power control adjustment state is taken over from DG PUSCH#1 to CG PUSCH#3. Therefore, the TPC command  takes effect only in CG PUSCH#2, even though DG PUSCH and CG PUSCH share the same close-loop state. As this issue resides in Rel-15/16 irrespective of DMRS bundling, we think it is not necessary to revert the working assumption and the discussion assuming TPC command per a nominal TDW. 
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Figure 3. TPC command  is ignored after updating the PUSCH power control adjustment state for CG PUSCH#2 under the DG PUSCH and CG PUSCH interlaced scenarios 

Proposal 4: No need to revert the working assumption about TPC command under DMRS bundling in order to change TPC command per a nominal TDW to TPC command per an actual TDW.

3. Conclusion
In this contribution, we discussed joint channel estimation for PUSCH in coverage enhancements. Based on the discussion we made the following proposals and observations.

Proposal 1: Make conclusion that if a semi-static event is triggered after one or multiple dynamic events, a new actual TDW is created after the semi-static event regardless of UE capability.

Proposal 2: Clarify the interpretation regarding the Rel-15/16 TPC command procedure in two aspects: definition of  for DG-PUSCH and absolute TPC command with DCI format 2_2 for CG PUSCH.

Proposal 3: Support Option 3 as a TPC command procedure when DMRS bundling is enabled.

Proposal 4: No need to revert the working assumption about TPC command under DMRS bundling in order to change TPC command per a nominal TDW to TPC command per an actual TDW.

Observation 1: If  is defined as the number of OFDM symbols before a first symbol of the first PUSCH repetition for a TB, there is no need to enhance TPC command procedure for DMRS bundling over DG PUSCH repetitions. 

Observation 2: TPC command reference period of Option 1 could end faster than other options.  

References

[1] 3GPP, RAN1#107-e, RAN1 Chairman’s Notes, Nov. 2021.
[2]  R1-2200790,   Summary of email discussion on joint channel estimation for PUSCH,  China Telecom.
image2.png
TPC command in DCI &, does not take effect
even for CG PUSCH #38&4 and DG PUSCH #2

nominal TDW

S e Time

K, PUSCI K
I Kpusch# 1 I| Kpe puschit | KPUSCHwB KPUSCH:M DG PUSAH#2




image3.png
TPC command in DCI &, takes effect only in CG PUSCH #2.
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