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Introduction
A working item description (WID) on NR coverage enhancement was approved in [1]. It was agreed to specify mechanism(s) to enable joint channel estimation for enhancing coverage of PUSH in the WID as follows 
· Specify mechanism(s) to enable joint channel estimation
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation
This document provides our view on some aspects for enabling joint channel estimation. 

Discussion
Use cases
For other UL signals/channels in the gap between repetitions in the use case 4b
In [2], RAN4 has asked the consequences if phase continuity cannot be maintained when the other UL signals/channels are sent in the gap between repetitions with same setting as described below.
	RAN4 has agreed for the case of other signals/channels in the gap between repetitions, it is not considered for UE to transmit other channels in the gap with different settings.
For the case of other UL signals/channels in the gap between repetitions with same settings, as communicated in R4-2105417, RAN4 has further refined the conditions when phase continuity can be met as follows:
· Signals/channels with repetitions and other UL signals/channels in the gap have the same:
· PAPR and average power, e.g., PUSCH/PUCCH part of repetitions and SRS has same PAPR and average power.
· Allocated number and locations of PRBs transmitted
· Antenna port settings 
RAN4 has not agreed detailed requirement for phase continuity and plans to revisit the above agreement in the scenario of other UL signals/channels in the gap once the requirement is defined. Therefore, RAN4 would like to ask RAN1 what are the consequences if phase continuity cannot be maintained in that scenario?


There are several approaches for the handling of the other uplink transmission in the middle of two PUSCH transmissions in the following 
· Option 1: When the other uplink transmission satisfies requirements of power consistency and phase continuity, the other uplink transmission is transmitted as within the same TDW. If not, the other uplink transmission is dropped. The two PUSCH transmissions are kept in the same TDW.
· Option 2: When the other uplink transmission satisfies requirements of power consistency and phase continuity, the other uplink transmission is transmitted as within the same TDW. If not, the other uplink transmission is transmitted, but it is considered as an event that violates power consistency and phase continuity.
· Option 3: Regardless of the other uplink transmission satisfies requirements of power consistency and phase continuity or not, the other uplink transmission is dropped. The two PUSCH transmissions are kept in the same TDW.
· Option 4: Regardless of the other uplink transmission satisfies requirements of power consistency and phase continuity or not, the other uplink transmission is transmitted, but it is considered as an event that violates power consistency and phase continuity.
At first, we think Option 1 and Option 2 are small optimizations for a limited usage. As TU in both RAN1 and RAN4 are limited and it increase the complexity of UE, we don't think these options should be selected. 
For the comparison between Option 3 and Option 4, it depends on the priority of other uplink transmission compared with two PUSCH transmissions. If the other uplink transmission is a PUCCH containing HARQ feedback, Option 4 should be taken as it is important information. If the other uplink transmission is an SRS or a PUCCH containing only CSI, Option 3 should be taken as the other uplink transmission is a low priority transmission. If a high priority transmission of PUSCH is supported in the gap, Option 4 should be taken, but we are not sure whether such case needs to be supported in Rel.17. 
Proposal 1: For non-back-to-back PUSCH transmissions across consecutive slots, in case PUCCH containing HARQ feedback in the middle of two PUSCH transmissions, the PUCCH containing HARQ feedback constitutes an event that violates power consistency and phase continuity.
Proposal 2: For non-back-to-back PUSCH transmissions across consecutive slots, SRS or PUCCH containing CSI in the middle of two PUSCH transmissions is dropped, PUCCH containing HARQ feedback constitutes an event that violates power consistency and phase continuity.

Time domain window (TDW)
In RAN1#106-e, it has been reached a working assumption for determination of TDW for enabling joint channel estimation (CE) for PUSCH. We will discuss FFS points in this working assumption.
	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 and L is no longer than the maximum duration.
· FFS: The maximum value of L is the duration of all repetitions
· FFS: Solutions to error propagation issue if for 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.



Maximum value of window length L of the configured TDW
RAN1 asked RAN4 about the maximum duration, where a UE can maintain power consistency and phase continuity under certain tolerance level. It is not concluded whether such UE capability is taken into account for a configured TDW, or it is taken into account as an event for determining an actual TDW. Although RAN4 is discussing whether maximum duration depends on modulation order or whether it is band dependent, we propose the maximum duration is taken into account for the configured TDW. How long UE can continue power consistency and phase continuity is reported as UE capability and it can be dependent on modulation order or band based on RAN4 discussion. When gNB sets the configured TDW, this UE capability for maximum duration is taken into account. Thus, a common understanding between UE and gNB can be ensured. A UE is not required to handle the case that the configured TDW is longer than its capability.
In RAN1#106-bis-e, the maximum value of window length L has been discussed and addressed by the following agreement. After a long discussion, Option 3’ was removed from the list of options, while Option 1 and Option 1’s have been updated as Option 1’-a and Option 1’-b, respectively, as shown the below proposal 15-v2 of Feature Lead (FL).
	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, 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

FL’s proposal 15-v2: Down select one of the following options in RAN1 #107-e.
Option 1’-a: 
· 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 is to be discussed, with default value not exceeding the maximum duration.
Option 1’-b: 
· 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 and default behavior are to be discussed, where default value may or may not exceed the maximum duration.


We think that the sub-bullet of Option 1’-b includes the case that the default value may exceed the maximum duration. It is contradicted with the main bullet of Option 1’-b, where the value L should not exceed the maximum duration. In addition, when the default value exceeds the maximum duration, there could be misalignment on actual TDW between gNB and UE may happen. For instance, if events for determining actual TDW are triggered by dynamic signaling, but the dynamic signaling is missed due to a reason such as poor channel propagation, such that the misalignment on actual TDW between gNB and UE occurs. Due to the above reasons, we support Option 1’-a. 
Proposal 3: 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 is to be discussed, with default value not exceeding the maximum duration.
In general, we don't see the need to support the default value or default configuration as the configured TDW should be always explicitly configured. The gain of the signaling optimization is a negligible amount. On the other hand, as it needs to define the default value as the agreement, it can be the duration reported as UE capability. When inter-slots hopping is jointly configured with joint channel estimation, we expect the maximum performance would be obtained when the hopping period and configured TDW are aligned. Therefore, taking the same value as the hopping period can be another option.

Indication of window length L of the configured TDW(s)
In RAN1#106-bis-e, it has been agreed that the window length L of the configured TDW is at least configured by RRC, while it is not precluded to use a DCI-based indication in the following agreements.
	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


We think that if the configured TDW length L is configured with each row in the TDRA table, the properties could be shown as follows 
· Depending on the repetition number, which can be dynamic indication by DCI, the configured length L can be adjusted. For example, in case 8 repetitions, the configured TDW length L can be set as 4 in the middle of the repetition. In case of 4 repetitions, the configured TDW length L can be set as 2 in the middle of the repetition. If configured TDW length is semi-static configuration only, regardless of what repetition period, the same configured TDW needs to be taken. 
· The alignments with the period of an inter-slot frequency hopping and/or inter-slot precoder cycling (as discussed in section 2.2.2) are possible.
· There is no increasing of DCI overhead.
Based on above properties, an entry of TDRA table should be used to signal the window length L of the configured TDW(s) because a TDRA-bit field in a DCI can be used to signal the window length L for the dynamic grant and activation DCI in CG type 2. 
Proposal 4: Support to use an entry of TDRA table to signal the window length L of the configured TDW(s) for DG-PUSCH and Type 2 CG-PUSCH.

Determination of actual TDW 
In RAN1#106-bis-e, it has been agreed that the configured TDW is determined based on either physical slot or available slot for PUSCH repetition type A. 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.
For determination of actual TDW, the following working assumption has been made for PUSCH repetition Type A. It can be used for transport block processing over multiple slots (TBoMS) as well because TBoMS also uses the 2-step procedure framework for time domain resource determination of the available slots in agenda item 8.8.1.1 Rel. 17 PUSCH repetition Type A. The 2-step procedure framework is shown in the following
· Step 1: Determine available slots for K repetitions based on RRC configuration(s) in addition to TDRA in the DCI scheduling the PUSCH, CG configuration or activation DCI,
· Step 2: The UE determines whether to drop a PUSCH repetition or not according to Rel. 15/16 PUSCH dropping rules, but the PUSCH repetition is still counted in the K repetitions.
	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.


Furthermore, it has been agreed that joint channel estimation for PUSCH repetition Type B is supported if it reuses only those joint channel estimation specification enhancements defined to support repetition Type A. In our understanding, the above working assumption cannot be applicable for PUSCH repetition Type B because the terminology of "available slot" is not used for PUSCH repetition Type B specified in current Rel. 15/16. Therefore, it can be concluded that PUSCH repetition Type B cannot be supported as it does not reuse only those joint channel estimation specification enhancements defined to support repetition Type A.
Proposal 5: Joint channel estimation of PUSCH repetition Type B is not supported.

Interaction between joint CE and inter-slot FH
When inter-slot frequency hopping and joint CE are used together, it is essential to avoid the case that frequency hopping cycle is affected by PUSCH dropping procedure in Step 2 of the 2-step procedure because the dropping procedure is based on the reception of other DCI such as dynamic SFI, UL CI, and higher priority UL channel. Depending on the miss- or false-detection of DCI, there can be different frequency hopping cycle understanding between UE and gNB when frequency hopping cycle is determined in Step 2. Therefore, the frequency hopping cycle should be determined by a UE in Step 1, and the frequency hopping is performed per the configured TDW for a simple solution. Moreover, for the interaction between joint CE and inter-slot FH, the following agreement was made in RAN1#106-bis-e in the agenda of PUCCH enhancement for NR coverage enhancement. As the interaction of inter-slot FH was agreed to be discussed in PUCCH enhancement for NR coverage enhancement agenda, our view is submitted in that agenda [3].
	Agreement:
· For the interaction between inter-slot frequency hopping and DMRS bundling for PUCCH / PUSCH repetitions, a UE perform the “hopping intervals determination”, “configured TDW determination”, and “actual TDW determination” in a sequential ordering. One option of the following options is to be selected.
· Option 1: “hopping intervals determination” -> “configured TDW determination” -> “actual TDW determination”
· Option 2: “configured TDW determination” -> “hopping intervals determination” -> “actual TDW determination”
· Option 4: “configured TDW determination” -> “actual TDW determination” and “hopping intervals determination”
· Note: Option 1 and Option 2 assume a hopping interval can be different than an actual TDW. Option 4 assumes a hopping interval the same as an actual TDW.


In [4] of agenda item 8.8.1.1 Rel. 17 PUSCH repetition Type A, we propose to apply the 2-step procedure for FDD and SUL in order to reserve some specific slots for URLLC or other UEs usage. Then the 2-step procedure is commonly applied to FDD and SUL. We propose the same approach is applied for joint CE. Therefore, we propose following.
Proposal 6: TDD configuration is just applied without difference between pair and unpaired spectrum, i.e., the available slot based counting method to paired spectrum should be supported.

Others
TPC command
Regarding TPC command, it has not been specifying UE behavior if it receives TPC commands during TDW as shown in the following FL’s proposal 10-a [5].
	 FL’s proposal 10-a:
· 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.


We propose to take Option 1. When UE receives TPC commands during an actual TDW, it skips application of TPC commands and does not update a closed-loop power control adjustment state to maintain the power consistency and the phase continuity. After the transmission, the UE can accumulate TPC commands, update the closed-loop power control adjustment state, and apply a latest updated value to determine a power for repetitions of the PUSCH transmission in a subsequent actual TDW if any. Therefore, we propose the following.
Proposal 7: Support UE to receive and accumulate TPC commands without taking effect during the current actual TDW. TPC commands take effect after the current actual TDW.

TA adjustment 
Regarding TA adjustment, it has been proposed in [4] as follows
	FL’s proposal 11:
· 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.


We propose to take Option 1 as the similar approach with TPC command, i.e., UE ignores any TA command which indicates TA adjustment during the actual TDW. Then UE performs TA adjustment after the actual TDW if it receives any TA command indicating TA adjustment during the actual TDW. 
Proposal 8: Support UE to perform TA adjustment after the actual TDW if it receives any TA command indicating TA adjustment during the actual TDW.

UE capability of restarting DM-RS bundling
Regarding UE capability of restarting DMRS bundling, there are two available options listed in below agreement.
	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.


We support Option 2 as it considers the events in more general. Therefore, we propose the following
Proposal 9: Support UE capability of restarting DMRS bundling to be applied for both semi-static events and dynamic events

Conclusions
In this contribution, we provide our view on joint channel estimation for PUSCH. We made the following proposals. 
Proposal 1: For non-back-to-back PUSCH transmissions across consecutive slots, in case PUCCH containing HARQ feedback in the middle of two PUSCH transmissions, the PUCCH containing HARQ feedback constitutes an event that violates power consistency and phase continuity.
Proposal 2: For non-back-to-back PUSCH transmissions across consecutive slots, SRS or PUCCH containing CSI in the middle of two PUSCH transmissions is dropped, PUCCH containing HARQ feedback constitutes an event that violates power consistency and phase continuity.
Proposal 3: 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 is to be discussed, with default value not exceeding the maximum duration.
Proposal 4: Support to use an entry of TDRA table to signal the window length L of the configured TDW(s) for DG-PUSCH and Type 2 CG-PUSCH.
Proposal 5: Joint channel estimation of PUSCH repetition Type B is not supported.
Proposal 6: TDD configuration is just applied without difference between pair and unpaired spectrum, i.e., the available slot based counting method to paired spectrum should be supported.
Proposal 7: Support UE to receive and accumulate TPC commands without taking effect during the current actual TDW. TPC commands take effect after the current actual TDW.
Proposal 8: Support UE to perform TA adjustment after the actual TDW if it receives any TA command indicating TA adjustment during the actual TDW.
Proposal 9: Support UE capability of restarting DMRS bundling to be applied for both semi-static events and dynamic events
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