[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #107bis-e	R1-2100053
e-Meeting, January 17th – January 25th, 2022

Agenda Item:	8.8.1.3
Source:	Huawei, HiSilicon
Title:	Discussion on joint channel estimation for PUSCH
Document for:	Discussion and Decision

1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#107 [1], several issues for joint channel estimation for PUSCH were discussed, and following agreements were made:
	Agreement
Support Option 1’-a
Option 1’-a:
· If L is configured, the maximum value of window length L of the configured TDW should not exceed the maximum duration, which is reported as UE capability as the duration where UE is able to maintain power consistency and phase continuity subject to power consistency and phase continuity requirements.
· If L is not configured, the default value of L = min (maximum duration, duration of all PUSCH repetitions).
Agreement
· For non-back-to-back PUSCH/PUCCH transmissions across consecutive slots, the other uplink transmission in the middle of two PUSCH/PUCCH transmissions constitutes an event that violates power consistency and phase continuity.
Conclusion
· Dynamic indication of the window length L of the configured TDW by DCI or indicated by TDRA table with one additional entry is not supported.
Agreement
This working Assumption is confirmed.
Working assumption:
· The start of the first actual TDW is the first symbol (at least determined by TDRA table) for the first PUSCH transmission in an available slot within the configured TDW.
· The end of the actual TDW is
· the last symbol (at least determined by TDRA table) for the last PUSCH transmission in an available slot within the configured TDW if the actual TDW reaches the end of the last PUSCH transmission within the configured TDW.
· the last symbol (at least determined by TDRA table) of the PUSCH transmission right before the event if an event occurs that violates power consistency and phase continuity, and the PUSCH transmission is in an available slot.
· For UE capable of restarting DM-RS bundling, the start of the new actual TDW is the first symbol (at least determined by TDRA table) for PUSCH transmission after the event violates power consistency and phase continuity, and the PUSCH transmission is in an available slot.


Agreement
· The action of gNB indicated TA commands constitutes an event that violates power consistency and phase continuity.
Agreement
· UE should not perform UE autonomous TA adjustment during the actual time domain window.
Agreement
· The candidate values of the window length L of the configured TDW can be any integer value that is larger than 1 and no larger than the maximum duration.
Agreement 
The following agreement is clarified as follows.
· For PUSCH repetition type A counting based on available slots,
· “The configured TDWs are determined based on available slots” in the agreement means “The start of the configured TDWs is determined based on available slots”.
Agreement(RAN1#106b-e)
· For PUSCH repetition type A counting based on physical slots.
· The configured TDWs are consecutive, where the start of other configured TDWs is the first physical slot right after the last physical slot of a previous configured TDW.
· For PUSCH repetition type A counting based on available slots.
· The configured TDWs are determined based on available slots, where start of a configured TDWs is the first available slot after the last available slot of a previous configured TDW.
Note: The determination of available slots for PUSCH repetition Type A is defined in AI 8.8.1.1.
Agreement
· The TDW determination procedure agreed for PUSCH repetition type A is reused, when applicable, for PUSCH repetition type B and TBoMS with or without repetition.
· No additional specification enhancements for PUSCH repetition type B and TBoMS.
Agreement
The following working assumption is confirmed
Working assumption:
For joint channel estimation for PUSCH repetition type A of PUSCH repetitions of the same TB, all the repetitions are covered by one or multiple consecutive/non-consecutive configured TDWs.
· Each configured TDW consists of one or multiple consecutive physical slots.
· The window length L of the configured TDW(s) can be explicitly configured with a single value.
· FFS: The maximum value of L.
· FFS: Solutions to error propagation issue if L is longer than the maximum duration is to be discussed further.
· FFS: The window length L is configured per UL BWP.
· The start of the first configured TDW is the first PUSCH transmission.
· FFS: The first available slot/symbol, or the first physical slot/symbol for the first PUSCH transmission.
· The start of other configured TDWs can be implicitly determined prior to first repetition.
· FFS: The configured TDWs are consecutive for paired spectrum/SUL band.
· FFS: The start of the configured TDWs for unpaired spectrum is implicitly determined based on semi-static DL/UL configuration.
· The end of the last configured TDW is the end of the last PUSCH transmission.
· FFS: The end of the configured TDW is the last available slot/symbol, or the last physical slot/symbol for the last PUSCH transmission.
· Within one configured TDW, one or multiple actual TDWs can be implicitly determined:
· The start of the first actual TDW is the first PUSCH transmission within the configured TDW.
· FFS: The first available slot/symbol, or the first physical slot/symbol for the first PUSCH transmission.
· After one actual TDW starts, UE is expected to maintain the power consistency and phase continuity until one of the following conditions is met, then the actual TDW is ended.
· The actual TDW reaches the end of the last PUSCH transmission within the configured TDW.
· FFS: The end of the actual TDW is the last available slot/symbol, or the last physical slot/symbol for the last PUSCH transmission.
· An event occurs that violates power consistency and phase continuity.
· FFS: The events may include e.g., a DL slot based on DL/UL configuration for unpaired spectrum, the actual TDW reaches the maximum duration, DL reception/monitoring occasion for unpaired spectrum, high priority transmission, frequency hopping, precoder cycling.
· FFS: The end of the actual TDW is the last available slot/symbol of the PUSCH transmission right before an event such that the power consistency and phase continuity are violated.
· 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 capable of restarting DM-RS bundling, one new actual TDW is created after the event,
· FFS: The start of the new actual TDW is the first available slot/symbol for PUSCH transmission after the event.
· If UE is not capable of restarting DM-RS bundling, no new actual TDW is created until the end of the configured TDW.
· FFS: UE capability of restarting DMRS bundling is applied only to dynamic event or not.
Note 1: A ‘configured TDW’ refers to a time domain window whose length can be configured to ‘L’ and whose start and end is determined as described above.
Note 2: An ‘actual TDW’ refers to a time domain window during whose entire duration the DM-RS bundling is actually applied. An ‘actual TDW’ duration is always less than or equal to the ‘configure TDW’ duration.
Note 3: Whether the terms ‘configured TDW’ and ‘actual TDW’ are revised to other terms and if such terminology is used in specifications is to be further discussed.
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.

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.
Agreement
· If DMRS bundling and UL beam switching for multi-TRP operation are configured simultaneously, UL beam switching for multi-TRP operation constitutes an event that violates power consistency and phase continuity.
· FFS: UL beam switching for multi-TRP operation is regarded as a semi-static event.


According to these agreements, this contribution continues to discuss the remaining issues, i.e., power control (TPC) command.

2. Discussion on joint channel estimation for PUSCH coverage enhancement
2.1 TPC Command
In RAN1#107-e meeting, after sufficient discussion and compromise, we reached a Working Assumption on the rules of TPC commands when joint channel estimation is enabled as follows.
	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.


In our view, the FFS conflicts with “the last TPC command that would take effect within a configured TDW supersedes all previous TPC commands” in the second bullet. For a unified mechanism and no scheduling restrictions, the FFS should be deleted. 
In current specifications, the following transmission cases are allowed:
· Case 1: DG PUSCH transmissions and DG PUSCH transmission(s) are interlaced.
· Case 2: CG PUSCH transmissions and DG PUSCH transmission(s) are interlaced.
· Case 3: CG PUSCH transmissions are cancelled by DG PUSCH transmission(s).
· Case 4: eMBB PUSCH transmissions are cancelled by URLLC transmission(s) via UL CI.
In RAN1#106bis-e, the following conclusion is reached. 
	Conclusion
· Joint channel estimation over PUSCH transmissions across non-consecutive slots is not supported in Rel-17.


According to this conclusion, only consecutive slots are supported for joint channel estimation. So in Case 1, the two DG PUSCHs must be transmitted within one slot. Firstly, in coverage-limited scenarios, two transmissions scheduled in one slot for the same UE is a corner case since it does not provide non-trivial coverage gain. Secondly, more than one PUSCH transmission of different TBs within one slot is optional UE feature and are not supported by mainstream UEs yet. Thus, the Case 1 is not a typical case for joint channel estimation. The following analysis focus on Case 2, Case 3 and Case 4.
In RAN1#107-e, the following agreement is reached.
	Agreement
· For non-back-to-back PUSCH/PUCCH transmissions across consecutive slots, the other uplink transmission in the middle of two PUSCH/PUCCH transmissions constitutes an event that violates power consistency and phase continuity.


According to the agreement, the DG PUSCH transmission or URLLC transmission in Case 2 and Case 3 and Case 4 constitutes an event that violates power consistency and phase continuity for DMRS bundling for CG PUSCHs or eMBB PUSCHs. And the UE-specific TPC command in the scheduling DCI of the DG PUSCH or URLLC transmission would take effect within the configured TDW of the CG PUSCHs or eMBB PUSCHs. However, in the current Working Assumption, common TPC commands would take effect after the current configured TDW. In order to align the Working Assumption with the agreement, and avoid increased number of closed-loop states of power control, it is recommended that replacing all the “configured TDW” to “actual TDW”.
Finally, as discussed last meeting, the WA does not intend to change the current concept of transmission occasion. Such clarification should be added to the WA.
With above analysis, we have the following proposal,
[bookmark: OLE_LINK2]Proposal 1: Confirm the Working Assumption with the following modifications, 
· Remove the FFS bullet.
· Replace all the “configured TDW” to “actual TDW”.
· A note is added as “no change to the concept of transmission occasion”.
Proposal 2: Adopt the TP1 and TP2 in Appendix to capture the revised working assumption.

2.2 Events that violate power consistency and phase continuity
In RAN1#107-e, the following agreements regarding the available slots for HD-FDD are reached.
	Agreement
· For HD-FDD RedCap Ues supporting the counting based on available slots.
· For CG-PUSCH, ssb-PositionsInBurst is used in the first step of determining of available slots.
· A slot is not counted in the number of available slots if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a symbol of an SS/PBCH block with index provided by ssb-PositionInBurst.
· FFS: For DG-PUSCH
· Note: Neither tdd-UL-DL-ConfigurationCommon nor tdd-UL-DL-ConfigurationDedicated is configured for FDD.
Agreement
· For HD-FDD RedCap Ues supporting the counting based on available slots.
· For DG-PUSCH, ssb-PositionsInBurst is used in the first step of determining of available slots.
· A slot is not counted in the number of available slots if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a symbol of an SS/PBCH block with index provided by ssb-PositionInBurst.
· Note: Neither tdd-UL-DL-ConfigurationCommon nor tdd-UL-DL-ConfigurationDedicated is configured for FDD.



A half-duplex UE (HD-UE) in paired spectrum is not capable of simultaneous transmissions and receptions on a serving cell. UE cannot perform uplink transmission at symbols that overlap with the symbols of an SS/PBCH block with index provided by ssb-PositionInBurst. It is difficult to ensure phase continuity of uplink transmission on these symbols. Therefore, symbols of an SS/PBCH block with index provided by ssb-PositionInBurst should constitute an event that violates the power consistency and phase continuity. Similarly, symbols that overlap with the symbols of other DL reception or DL monitoring constitute an event.
Proposal 3: For HD-FDD RedCap UEs, an event that violate the power consistency and phase continuity is constituted if the scheduled UL symbols overlap with any symbol of an SS/PBCH block provided by ssb-PositionInBurst.

2.3 TDW for CG-PUSCH
The scheme of TDW determination was agreed in RAN#107-e [1]. It is mainly discussed based on the assumption of dynamic grant. Regarding to configured grant, however, a misalignment issue of configured TDWs between gNB and UE may be occurred if the scheme of TDW determination for dynamic grant is reused.
For example, the RV sequence is {0, 0, 0, 0}, the CG period is 8 slots, the number of repetition is 8, the first PUSCH transmission starts from the third slot in a CG period, and the window length is 4 slots. According to the agreement that the first configured TDW starts from the first physical/available slot for the first PUSCH transmission in RAN#107-e [1], the real transmission and its configured TDWs assumed by a UE are shown in Fig. 1(b). However, if the first PUSCH transmission is false-alarmed or miss-detected by gNB, the derived configured TDWs are shown in Fig. 1(a) and (c), respectively. It is obvious that, the configured TDWs cannot be aligned between gNB and UE if false alarm or missed detection occurs.
Observation 1: In the case of configured grant, the configured TDWs cannot be aligned between gNB and UE if the first PUSCH transmission is false-alarmed or miss-detected by gNB.

[image: ]
Fig. 1 Misalignment issue

To solve this issue, a simple method is to force the first configured TDW to start from the first physical slot of a CG period. As shown in Fig. 2, the configured TDWs can always be aligned between gNB and UE regardless of whether false alarm or missed detection occurs in the case of configured grant.
Proposal 4: In the case of configured grant, to avoid any misalignment of configured TDW between a gNB and UEs, the first configured TDWs should always start from the first physical slot of a CG period.

[image: ]
Fig. 2 Configured TDW starts from the first physical slot during a CG period.

3. Conclusions
In this contribution, our views on RAN1 specification impacts for joint channel estimation are provided along with following proposals:
Observation 1: In the case of configured grant, the configured TDWs cannot be aligned between gNB and UE if the first PUSCH transmission is false-alarmed or miss-detected by gNB.

Proposal 1: Confirm the Working Assumption with the following modifications, 
· Remove the FFS bullet.
· Replace all the “configured TDW” to “actual TDW”.
· A note is added as “no change to the concept of transmission occasion”.
Proposal 2: Adopt the TP1 and TP2 in Appendix to capture the revised working assumption.
Proposal 3: For HD-FDD RedCap UEs, an event that violate the power consistency and phase continuity is constituted if the scheduled UL symbols overlap with any symbol of an SS/PBCH block provided by ssb-PositionInBurst.
Proposal 4: In the case of configured grant, to avoid any misalignment of configured TDW between a gNB and UEs, the first configured TDWs should always start from the first physical slot of a CG period.
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Appendix
Based on current Working Assumption and Proposal 1, tentative TPs are given below for cases with and without accumulation of TPC commands configured.
TP1 for case with accumulation of TPC commands configured:
	7 Uplink Power control
7.1	Physical uplink shared channel
7.1.1	UE behaviour
< Unchanged parts are omitted >
-	[image: ] is the PUSCH power control adjustment state [image: ] for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] and PUSCH transmission occasion [image: ] if the UE is not provided tpc-Accumulation, where 
-	The [image: ] values are given in Table 7.1.1-1
-	[image: ] is a sum of TPC command values in a set [image: ] of TPC command values with cardinality [image: ] 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: ]
· If the UE is provided PUSCH-DMRS-Bundling =‘enabled’, and for processing TPC command values provided by DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI, 
· , where =
· If the transmission occasion  is the first transmission occasion within an actual time domain window determined as described in [6, TS 38.214], or if the transmission occasion  is a transmission occasion that is not within an actual time domain window, then , otherwise  where the transmission occasion  is the first transmission occasion within the same actual time domain window as the transmission occasion .
< Unchanged parts are omitted >



TP2 for case without accumulation of TPC commands configured:
	7 Uplink Power control
[bookmark: _Toc12021445][bookmark: _Toc20311557][bookmark: _Toc26719382][bookmark: _Toc29894813][bookmark: _Toc29899112][bookmark: _Toc29899530][bookmark: _Toc29917267][bookmark: _Toc36498141][bookmark: _Toc45699167][bookmark: _Toc83289639]7.1	Physical uplink shared channel
7.1.1	UE behaviour
< Unchanged parts are omitted >
-	[image: ] is the PUSCH power control adjustment state for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] and PUSCH transmission occasion [image: ] if the UE is provided tpc-Accumulation, where
-	[image: ] absolute values are given in Table 7.1.1-1
· If the UE is provided PUSCH-DMRS-Bundling =‘enabled’, and for processing TPC command values provided by DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI, 
· , where =
· If the transmission occasion  is the first transmission occasion within an actual time domain window determined as described in [6, TS 38.214], or if the transmission occasion  is a transmission occasion that is not within an actual time domain window, then , otherwise  where the transmission occasion  is the first transmission occasion within the same actual time domain window as the transmission occasion .
< Unchanged parts are omitted >
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