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Background
In RAN1#106b-e meeting, several agreements were made for joint channel estimation for PUSCH. We discuss remaining details of UE procedure.
Time domain window (TDW)
At RAN1#106b-e meeting, the following agreement was made for time domain window (TDW) [1].
	Agreement
It is agreed that
· For PUSCH repetition type A counting based on physical slots
· The start of the first configured TDW is the first physical slot for the first PUSCH transmission.
· The end of the last configured TDW is the last physical slot for the last PUSCH transmission.
· For PUSCH repetition type A counting based on available slots
· The start of the first configured TDW is the first available slot for the first PUSCH transmission.
· The end of the last configured TDW is the last available slot for the last PUSCH transmission. 
· Note: The determination of available slots for PUSCH repetition Type A is defined in AI 8.8.1.1.
Conclusion
· Joint channel estimation over PUSCH transmissions across non-consecutive slots is not supported in Rel-17.
Agreement
· For DG-PUSCH, Type1 CG-PUSCH and Type2 CG-PUSCH, the window length L of the configured TDW is at least configured by RRC.
· FFS: For DG-PUSCH and Type2 CG-PUSCH, whether the window length L of the configured TDW can be indicated by DCI or indicated by TDRA table with one additional entry.
Agreement
· The window length L of the RRC configured TDW is configured separately for PUSCH and PUCCH.
· For PUSCH, L is configured per BWP.
FFS whether the window length L can be configured with each row in the TDRA table
Agreement
· 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 next first available slot after the conclusion 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.
Working Assumption
Support Actual TDW Option 2b’:
· The start of the first actual TDW is the first available symbol (at least determined by TDRA table) in available slot for the first PUSCH transmission in an available slot within the configured TDW.
· The end of the actual TDW is
· the last available symbol (at least determined by TDRA table) in available slot 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 available symbol (at least determined by TDRA table) in available slot 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 available symbol (at least determined by TDRA table) in available slot for PUSCH transmission after the event violates power consistency and phase continuity, and the PUSCH transmission is in an available slot.
Agreement
         For back-to-back PUSCH transmissions across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following case:
· Over back-to-back PUSCH transmissions for one TB processed over multiple slots
· It’s subject to UE capability
· if it reuses only those joint channel estimation specification enhancements defined to support repetition Type A
Note: No need to confirm the Working assumption
Working assumption:
· For back-to-back PUSCH transmissions across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following case:
· Over back-to-back PUSCH transmissions for one TB processed over multiple slots
· It’s subject to UE capability
Agreement
     For non-back-to-back PUSCH transmissions across consecutive slots (no uplink transmission in the middle of two PUSCH transmissions), support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following case:
· Over non-back-to-back PUSCH transmissions for one TB processed over multiple slots
· It’s subject to UE capability
· if it reuses only those joint channel estimation specification enhancements defined to support repetition Type A




In the above agreements and working assumption, several FFSs and issues are remaining as in the following.
· Maximum value of window length L
· Events violating phase continuity and power consistency
· UE capability of restarting DMRS bundling
· TPC command
· TA adjustment
2.1 Maximum value of window length L
	Agreement:
Down-select one of the following options in this meeting:
Option 1: 
· 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.
Option 1’: 
· 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 configured TDW length is equal to all repetitions
· If L is not configured, default behavior should be defined, e.g., the configured TDW length is equal to all repetitions
Option 3’: 
· Whether the window length L of the configured TDW can be longer than maximum duration is subject to UE capability.
· If UE is capable of L being longer than maximum duration,
· The maximum value of the window length L of the configured TDW is the duration of all repetitions.
· FFS: whether L cannot be other values other than the duration of all repetitions, if it is longer than the maximum duration.
· If L is longer than the maximum duration, UE does not expect dynamic events.
· FFS: details of dynamic events



In e-mail discussion of RAN1#106bis-e meeting, majority view was Option 1 or Option 1’.
For Option 1 and 1’, the configured TDW length does not exceed the maximum duration when the window length L is configured by RRC. However, for Option 1’, the configured TDW length potentially exceeds the maximum duration when the window length L is not configured by RRC. This is because the default length of the configured TDW for Option 1’ is equal to all repetitions (i.e., the maximum number of repetitions among all configured repetition numbers) and the maximum number of repetitions is potentially larger than the maximum duration. As other idea, the default length of the configured TDW can be equal to the maximum duration.
We support Option 1’ and the default length of the configured TDW should be equal to all repetitions. This is because the gNB can control the default length by using repetition factors and this default length has higher flexibility than the default value fixed by the maximum duration.
Proposal 1: We support Option 1’. The default length of the configured TDW should be equal to all repetitions.
2.2 Events violating phase continuity and power consistency
	Agreement
[bookmark: _Hlk86161168]Support at least the following events that violate power consistency and phase continuity.
‐   Dropping/cancellation based on Rel-15/16 collision rules.
‐   FFS: Rel-17 collision rules.
‐   DL slot or DL reception/monitoring based on semi-static DL/UL configuration for unpaired spectrum.
‐   FFS: Other UL transmission in between PUSCH/PUCCH transmissions.
‐   Gap between two PUSCH/PUCCH transmissions exceeds 13 symbols.
‐   FFS: Transmission parameters need to be changed due to network-indicated operations, including: Tx power, UL beam/TPMI, and RB allocation.
‐   FFS: TPC command.
‐   FFS: TA adjustment.
‐   FFS: The actual TDW reaches the maximum duration.
‐   FFS: Frequency hopping.
‐   FFS: Precoder cycling.
‐   FFS: other events.
‐   FFS: whether events are semi-static events or dynamic events.
‐   FFS: the time duration of an event.



“Other UL transmission in between PUSCH/PUCCH transmissions” should be one of the events because DMRS bundling cannot be performed between two PUSCHs with at least different settings. For precoder cycling, the UE should not implicitly change precoder for PUSCH repetitions within at least the actual TDW because the gNB cannot identify that. Therefore, the events should not include precoder cycling. For frequency hopping, the window length L can be used as frequency hopping bundle (i.e., hopping interval). However, the UE can ignore that and perform intra-slot or inter-slot frequency hopping in Rel-15/16 to not reduce flexibility. For this reason, the events should include frequency hopping. Besides, the events should not include TPC command/TA adjustment because they are applied at the first slot of the configured/actual TDW or outside the configured/actual TDW as shown in section 2.4/2.5.
Proposal 2: The events that violate power consistency and phase continuity should include the followings:
· Dropping/cancellation based on Rel-15/16 collision rules.
· Rel-17 collision rules
· DL slot or DL reception/monitoring based on semi-static DL/UL configuration for unpaired spectrum
· Other UL transmission in between PUSCH/PUCCH transmissions.
· Gap between two PUSCH/PUCCH transmissions exceeds 13 symbols
· Transmission parameters need to be changed due to network-indicated operations, including: Tx power, UL beam/TPMI, and RB allocation
· FFS: The actual TDW reaches the maximum duration (it depends on the default behavior without configuring the window length L)
· Frequency hopping
2.3 UE capability of restarting DMRS bundling
	Agreement
Down-select one of the following options:
   Option 1: 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.
   Option 2: UE capability of restarting DMRS bundling is applied to both semi-static events and dynamic events.



For Option 2, if a UE supports DMRS bundling and is not capable of restarting DMRS bundling, the configured TDW always includes one actual TDW. We think it is simple and can make the events more general. On the other hand, Option 1 can maximize the performance of the DMRS bundling even if the UE is not capable of restarting DMRS bundling. We prefer Option 1 from performance perspective.
Proposal 3: We prefer Option 1. If DMRS bundling is supported, UE should be mandatory to support restarting DMRS bundling due to semi-static events. UE capability of restarting DMRS bundling should be applied only to dynamic events.
2.4 TPC command
	Proposal 10-a:
· Reception of DCI indicating TPC commands constitutes an event that violates power consistency and phase continuity only for unpaired spectrum.
· The action of TPC commands does not constitute an event that violates power consistency and phase continuity.
· If UE is configured to accumulate TPC commands, down select one of the following options.
· Option 1: If UE receives TPC commands that would take into effect during an actual TDW, UE accumulates TPC commands without taking effect during the current actual TDW. TPC commands take effect after the current actual TDW.
· Option 2: 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.
· FFS: If UE is not configured to accumulate TPC commands, down select one of the following alternatives.
· Alt 1: 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. 
· Alt 2: no more than 1 TPC command is expected to take effect during a configured TDW.
Proposal 10-b:
· If UE is not configured to accumulate TPC commands, down select one of the following alternatives.
· Alt 1: 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. 
· Alt 2: no more than 1 TPC command is expected to take effect during a configured TDW.
· Alt 3: the last TPC command that would take effect within an actual TDW supersedes all previous TPC commands that take effect within that actual TDW and only the last TPC command is applied by the UE. 
· Alt 4: no more than 1 TPC command is expected to take effect during an actual TDW.



In RAN1#106b-e meeting, the discussion for TPC command was made progress in Proposal 10-a. First, for accumulation mode, if the transmission occasion  for TPC is the actual/configured TDW, UE can automatically accumulate TPC command without taking effect during the actual/configured TDW. Furthermore, for absolute mode, if the transmission occasion  for TPC is the actual/configured TDW, one last TPC command can automatically correspond to multiple PUSCH repetitions within the actual/configured TDW even if other TPC commands are received during the actual/configured TDW. For these reasons, we think that it is reasonable and simpler solution than changing the equation of TPC accumulation that the transmission occasion  for TPC is the actual/configured TDW. 
Observation 1: For accumulation mode, if the transmission occasion  for TPC is the actual/configured TDW, UE can automatically accumulate TPC command without taking effect during the actual/configured TDW when the UE receives TPC commands that would take into effect during the actual/configured TDW.
Observation 2: For absolute mode, if the transmission occasion for TPC is the actual/configured TDW, one last TPC command can automatically correspond to multiple PUSCH repetitions within the actual/configured TDW even if other TPC commands are received during the actual/configured TDW.
Proposal 4: If DMRS bundling is enabled, the transmission occasion  for TPC should be the actual/configured TDW.
For proposal 10-a, we prefer Option 2. In Rel-15/16, a basis of power control is fixed by slot or nominal repetition (i.e., power control is regularly performed). However, if TPC commands are applied at the basis of the actual TDW, the basis of power control depends on the events and is dynamically changed. For this, the UE is potentially required to have higher capability than the legacy UE. For this reason, the basis of power control should be fixed by the window length L (i.e., the configured TDW).
Proposal 5: We prefer Option 2. For accumulation mode, if UE receives TPC commands that would take into effect during a configured TDW, UE should accumulate TPC commands without taking effect during the current configured TDW.
Likewise, for proposal 10-b, the one last TPC command should correspond to the configured TDW. Furthermore, Alt 1 is more flexible than Alt 2 because the UE can receive other TPC commands during the configured TDW. For these reasons, we prefer Alt 1.
Proposal 6: We prefer Alt 1. For absolute mode, the last TPC command that would take effect within a configured TDW should supersede all previous TPC commands that take effect within that configured TDW and only the last TPC command should be applied by the UE.
2.5 TA adjustment
	Proposal 11:
· Reception of TA commands constitutes an event that violates power consistency and phase continuity only for unpaired spectrum.
· The action of TA commands does not constitute an event that violates power consistency and phase continuity, down select one of the following options.
· Option 1: UE performs TA adjustment after the actual TDW if it receives any TA command indicating TA adjustment during the actual TDW.
· Option 2: UE performs TA adjustment after the configured TDW if it receives any TA command indicating TA adjustment during the configured TDW.
· FFS: UE receives no more than 1 TA command whose action time falls within a configured TDW. 



In RAN1#106b-e meeting, the discussion for TA adjustment was made progress in Proposal 11 and we prefer Option 1. For Option 1 or Option 2, we think TA adjustment is performed at a first slot for PUSCH transmission after the end of the actual TDW or the configured TDW, respectively. Since the length of the configured TDW is equal to or larger than the length of the actual TDW, we prefer Option 1 to perform TA adjustment as soon as possible.
Proposal 7: We prefer Option 1. UE should perform TA adjustment after the actual TDW if it receives any TA command indicating TA adjustment during the actual TDW.
Conclusion
In this contribution, we have the following proposal:
Proposal 1: We support Option 1’. The default length of the configured TDW should be equal to all repetitions.
Proposal 2: The events that violate power consistency and phase continuity should include the followings:
· Dropping/cancellation based on Rel-15/16 collision rules.
· Rel-17 collision rules
· DL slot or DL reception/monitoring based on semi-static DL/UL configuration for unpaired spectrum
· Other UL transmission in between PUSCH/PUCCH transmissions.
· Gap between two PUSCH/PUCCH transmissions exceeds 13 symbols
· Transmission parameters need to be changed due to network-indicated operations, including: Tx power, UL beam/TPMI, and RB allocation
· FFS: The actual TDW reaches the maximum duration (it depends on the default behavior without configuring the window length L)
· Frequency hopping
Proposal 3: We prefer Option 1. If DMRS bundling is supported, UE should be mandatory to support restarting DMRS bundling due to semi-static events. UE capability of restarting DMRS bundling should be applied only to dynamic events.
Proposal 4: If DMRS bundling is enabled, the transmission occasion  for TPC should be the actual/configured TDW.
Proposal 5: We prefer Option 2. For accumulation mode, if UE receives TPC commands that would take into effect during a configured TDW, UE should accumulate TPC commands without taking effect during the current configured TDW.
Proposal 6: We prefer Alt 1. For absolute mode, the last TPC command that would take effect within a configured TDW should supersede all previous TPC commands that take effect within that configured TDW and only the last TPC command should be applied by the UE.
Proposal 7: We prefer Option 1. UE should perform TA adjustment after the actual TDW if it receives any TA command indicating TA adjustment during the actual TDW.
Observation 1: For accumulation mode, if the transmission occasion  for TPC is the actual/configured TDW, UE can automatically accumulate TPC command without taking effect during the actual/configured TDW when the UE receives TPC commands that would take into effect during the actual/configured TDW.
Observation 2: For absolute mode, if the transmission occasion for TPC is the actual/configured TDW, one last TPC command can automatically correspond to multiple PUSCH repetitions within the actual/configured TDW even if other TPC commands are received during the actual/configured TDW.
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