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

2. Discussion on joint channel estimation for PUSCH and PUCCH
TPC command procedure with DMRS bundling still has not been agreed yet. However, companies have different interpretations regarding the Rel-15/16 TPC command procedure of PUSCH 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.
Observation 2: It is still unclear if group common TPC command is supported for CG PUSCH.

Given that there is no consensus regarding these points in CR at RAN1#107 [1], it is hard to reach the common understanding among all companies at this stage. To move forward from this deadlock situation, there are two solutions: (a) designing TPC command procedure with DMRS bundling compatible with all scenarios in the above two points or (b) deciding the specific UE behaviour for these two points only when DMRS bundling is enabled. In our view, either approach should be adopted for the progress.
Proposal 1: One of following two options should be considered for the TPC command procedure for DRMS bundling.
· Option 1: Design the TPC command procedure which can work regardless of the interpretation of                      for DG and group common TPC command for CG PUSCH when DMRS bundling is enabled.
· Option 2: Clarify the TPC command procedure regarding   for DG and group common TPC command for CG PUSCH at least when DMRS bundling is enabled. 

At the RAN1#108-e meeting, the following four approaches were brought up to maintain power continuity within nominal time domain windows (TDW) when DMRS bundling is applied [2].

	· 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 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.



The goal of four options is the same, which is the constant transmitted power within a nominal TDW. The difference of transmitted power among these options could be observed only in DG and CG interlace scenarios, where some TPC commands do not take effect under specific resource scheduling [2]. However, the same issue in DG-CG interlace can be observed in Rel-15/16 without DMRS bundling as shown in Fig.1. 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 of TPC command procedure due to the issue caused by DG-CG interlace.  
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Figure 1. 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 2: No need to revert the working assumption about TPC command under DMRS bundling due to the issue caused by DG-CG interlace resource scheduling.

Although our first choice is to make TPC commands maintain power consistency within nominal TDW, it is understandable to treat the effect of group TPC commands as events due to the lack of time for Rel-17. Even in that case, the event of TPC commands should be confined to group common TPC commands with format 2_2 indicating different values of power control adjustment. If TPC command indicates the same transmitting power before and after the action of TPC command, UE can maintain the power consistency without any issues. To enhance the coverage performance by joint channel estimation, it is better to avoid introducing unnecessary events. 

Proposal 3: If the effect of group TPC commands is treated as an event, it should be confined to group common TPC commands with format 2_2 indicating different values of power control adjustment.

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.
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: It is still unclear if group common TPC command is supported for CG PUSCH.

Proposal 1: One of following two options should be considered for the TPC command procedure for DRMS bundling.
· Option 1: Design the TPC command procedure which can work regardless of the interpretation of                      for DG and group common TPC command for CG PUSCH when DMRS bundling is enabled.
· Option 2: Clarify the TPC command procedure regarding   for DG and group common TPC command for CG PUSCH at least when DMRS bundling is enabled. 

Proposal 2: No need to revert the working assumption about TPC command under DMRS bundling due to the issue caused by DG-CG interlace.

Proposal 3: If the effect of group TPC commands is treated as an event, it should be confined to group common TPC commands with format 2_2 indicating different values of power control adjustment.
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