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Introduction
In RAN1#108-e meeting, multiple agreements were reached on joint channel estimation for PUSCH in [1]. One working assumption was made on TPC comnand application for DMRS bundling.
In this contribution, we discuss the remaining issues on joint channel estimation for PUSCH transmission and give our proposals.
Discussion on joint channel estimation
Regarding the TPC command application, the following working assumption was made in RAN1#107-e meeting. According to the working assumption, TPC command is only applied to next configured TDW, it minimized the impact of missing dynamic event, the UE don’t need to check the dynamic event then to determine the application of TPC command, it’s friendly to UE implementation. However, one issue for the working assumption is which TPC commands will be applied to the next configured TDW. 
	 Working assumption: [2]
· 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 accumulate power control case under the working assumption, it’s further divided into two cases. PUSCH is scheduled by dynamic grant and PUSCH is scheduled via the configured grant. For the PUSCH scheduled by configured grant, it’s common understanding the TPC command application timeline is clearly defined in current specification. However, for PUSCH repetition scheduled by dynamic grant, there are two different interpretations on the TPC command application time in RAN1#107-e meeting. Especially in RAN1#108-e meeting, there was dedicated email thread [3] to discuss which interpretation is the common understanding as showing in below figures. The TPC commands received during the repetition will not be applied for interpretation 1, but will be applied to interpretation 2 if the timeline is satisfied. Unfortunately, no consensus was reached. Thus, two different UE behaviors associating with different interpretations are allowed. As there is no UE capability on which interpretation is implemented by the UE, to avoid unexpected UE behavior, UE just ignores the group common TPC commands received within in the repetition.
	[image: ]
	[image: ]

	Figure 1. An example of Interpretation 1 [3]
	Figure 2. An example of Interpretation 2 [3]


Proposal 1: For PUSCH scheduled by dynamic grant with accumulate power control, UE just ignores the group common TPC command during the DMRS bundling.
For the working assumption on the absolute power control, the question is whether group common TPC command with DCI format 2_2 apply to absolute power control as discussed in [108-e-NR-CRs-03] in last RAN1 meeting. Majority companies agreed the group command TPC command can be applied to absolute power control, one of reason is according to Table 7.1.1.-1 of TS38.213. However, other companies believe there is no use case for absolute power control applying DCI format 2_2, one shot TPC command is enough for absolute power control. In addition, no timeline was defined in the specification for absolute power control. The discussion was closed no agreements. Thus, there is no common understanding on TPC command with DCI format 2_2 applying on absolute power control. As for the working assumption, the related part cound not be confirmed.
	

Table 7.1.1-1: Mapping of TPC Command Field in DCI format 0_0, DCI format 0_1, or DCI format 2_2, with CRC scrambled by TPC-PUSCH-RNTI, or DCI format 2_3, to absolute and accumulated  values or  values 
	TPC Command Field 
	Accumulated [image: ] or [image: ] [dB]
	Absolute [image: ] or [image: ] [dB] 

	0
	-1
	-4

	1
	0
	-1

	2
	1
	1

	3
	3
	4





Proposal 2: If UE is configured with absolute power control and DMRS bundling, UE doesn’t expect to receive TPC command with DCI format 2_2. 
For the working assumption on accumulate power control for configured grant PUSCH, the timeline  for CG-PUSCH was defined in the specification. Several options were extensively discussed in last meeting to confirm the working assumption. For Option 3, the timeline of first transmission after the TDW is not considered, which could cause the issue that the group common TPC command could be counted twice in coming PUSCH transmissions. The first transmission after the TDW could be PUSCH scheduled by dynamic grant or PUSCH repetition in the following TDW. Option 3a solves the issue and makes the timeline clear. As for the power state reversal issue, MRS bundling just following the same legacy behaviour is enough. Thus, Option 3a without note is preferred.
	· 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.


Proposal 3: Update the working assumption as follow: For configured grant PUSCH, if UE receives TPC commands in 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 the TPC command(s) satisfy the TPC application timeline of the first transmission after the TDW. 
Proposal 4: Option 3a without note is adopted for DMRS bundling.
Summary
In this contribution, we discuss the remaining issue of joint channel estimation for PUSCH and have the following proposals:
Proposal 1: For PUSCH scheduled by dynamic grant with accumulate power control, UE just ignores the group common TPC command during the DMRS bundling.
Proposal 2: If UE is configured with absolute power control and DMRS bundling, UE doesn’t expect to receive TPC command with DCI format 2_2. 
Proposal 3: Update the working assumption as follow: For configured grant PUSCH, if UE receives TPC commands in 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 the TPC command(s) satisfy the TPC application timeline of the first transmission after the TDW. 
Proposal 4: Option 3a without note is adopted for DMRS bundling.
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