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1 Introduction
During the RAN1#106bis e-meeting, the following agreements were reached on joint channel estimation for PUSCH . 
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                       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.
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
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
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.
 
Agreement
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.
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

In this contribution, we will further discuss and share our consideration on the mechanism to enable joint channel estimation. 
2 Discussion
2.1 Use cases for joint channel estimation
The only remaining use case needs to be further discussed is use case 4b “other uplink transmissions in the middle of two PUSCH transmissions”. And it is divided into two sub-cases:

· Sub-case 1: other UL transmission in between two successive PUSCH transmissions has the same setting with PUSCH.

· Sub-case 2: other UL transmission in between two successive PUSCH transmissions has different settings than PUSCH.

For sub-case 1, according to RAN4’s reply, it is possible for UE to maintain the power consistency and phase continuity as long as other uplink transmission in the middle of two PUSCH transmissions has exactly the same setting with PUSCH, which is up to gNB scheduling. Besides, some cases maybe important and efficient, for example SRS or PUCCH transmission between PUSCH transmissions. Thus, there is not necessarily to preclude them as long as the condition of power consistency and phase continuity can be met. As for Sub-case 2, it is no doubt that DM-RS bundling should be supported because it violates the power consistency and phase continuity, and which can be regarded as an event and restarting the DMRS bundling.

Proposal 1: Support the sub-case 1 of use case 4b, and don’t support sub-case 2.
2.2 The maximum duration

A maximum time duration during which UE is able to maintain power consistency and phase continuity is defined. But whether and how to report the information of maximum duration need further discussed. We support that UE report the maximum duration as an UE capability in initial access. Because we think the maximum duration is relatively stable and only needs to be reported once rather than reported frequently. From this point of view, it is reasonable and can greatly reduce the overhead.
And the procedure of channel estimation could be:

· Step 1: UE report the current maximum duration capability N in initial access.

· Step 2: gNB configure the time window M based on the maximum duration N, M≤N

· Step 3: UE carry out joint channel estimation with time window size M.

As for the capability of the maximum duration, it can be classified according to different cases, for example 

	UE capability
	Case 1
	Case 2
	Case 3
	Case 4

	the maximum duration
	<1 slot
	2 slots
	3slots
	>4 slots


Proposal 2：UE needs to report the maximum duration once as an UE capability in initial access.
2.3 Time domain window
Regarding the maximum value of window length L, there are three options needs to be down-selected. We support Option 1’. Not only because the maximum value of window length L should be determined based on the maximum duration report and not exceed the maximum duration, but also because it provides a default behavior when L is not configured, which is more complete. However, whether the default behavior is configured TDW length equal to all repetitions needs further discussed. Firstly, if the maximum duration not reported by UE, gNB may not guarantee all repetitions are within the maximum duration, which will be inconsistent with the main bullet. Secondly, all repetitions is a dynamic variable, unlike the maximum duration, which is a relatively stable quantity. Thus, we think an easier way is that when L is not configured, the configured TDW length should equal to the maximum duration.

Proposal 3: Support Option 1’ and a suggest default behavior is that when L is not configured, the configured TDW length should be equal to the maximum duration.
2.3.1 Actual TDW

For actual TDW, a working assumption is reached after RAN1#106 bis e-meeting as following. We suggest to confirm it directly. 
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.
As the unit of actual TDWs is symbol, the mechanism of the actual TDWs should be designed based on symbol level, above working assumption can be confirmed, which can also be reused for PUSCH repetition Type B.
Proposal 4: Confirm the working assumption of actual TDW Option 2b’.
As for UE capability of restarting DMRS bundling, two options need to be down-selected. From the point of us, introducing UE capability of supporting restarting DMRS bundling can help UE to determine the start of each actual TDW, which mainly relevant to dynamic events. As for semi-static events, it is naturally known by UE ahead of time and UE is mandatory to support restarting DM-RS bundling. Therefore, option 1 should be supported.

Proposal 5: Support option 1 for UE capability of restarting DMRS bundling.
2.3.2 Events
There are several events that violate power consistency and phase continuity.in agreement needs to be further discussed. From our point of view, at least other UL transmission with different settings in between PUSCH/PUCCH will violate power consistency and phase continuity and can be deemed as an event. 
What’s more, we think frequency hopping and transmission parameters change should be seemed as an event because they depends on gNB scheduling and inevitably break power consistency and phase continuity too. Specifically, we think frequency hopping can be included in transmission parameter change like UL beam or RB allocation. 
As for TPC command and TA adjustment, we don’t think they can constitute events, because UE can ignore the commands without taking into effect during TDW and perform command after the TDW. 
Proposal 6: Support UL transmission with different settings in between PUSCH/PUCCH to be an event that violate power consistency and phase continuity. 
Proposal 7: Support frequency hopping and transmission parameters change to be events that violate power consistency and phase continuity. And frequency hopping can be included in transmission parameters.
2.4 TPC commands and TA adjustment

For accumulate commands, the following options are discussed.

· 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.

In our understanding, we prefer option 1. On the one hand, it is more reasonable to design based on actual TDW. On the other hand, actual TDW usually be smaller than configured TDW, which can shorten the command wait time. 
Proposal 8: Support 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.
Similarly, there are two options about TA adjustment are discussed.
· 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.

Similar with TPC commands, we also prefer option .
Proposal 9: Support option1: UE performs TA adjustment after the actual TDW if it receives any TA command indicating TA adjustment during the actual TDW.
3 Conclusion
In this contribution, we discuss the mechanism of joint channel estimation, based on the discussion, our views are summarized as follows
Proposal 1: Support the sub-case 1 of use case 4b, and don’t support sub-case 2.

Proposal 2：UE needs to report the maximum duration once as an UE capability in initial access.
Proposal 3: Support Option 1’ and a suggest default behavior is that when L is not configured, the configured TDW length should be equal to the maximum duration.
Proposal 4: Confirm the working assumption of actual TDW Option 2b’.
Proposal 5: Support option 1 for UE capability of restarting DMRS bundling.
Proposal 6: Support UL transmission with different settings in between PUSCH/PUCCH to be an event that violate power consistency and phase continuity. 

Proposal 7: Support frequency hopping and transmission parameters change to be events that violate power consistency and phase continuity. And frequency hopping can be included in transmission parameters.

Proposal 8: support 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.
Proposal 9: Support option1 :UE performs TA adjustment after the actual TDW if it receives any TA command indicating TA adjustment during the actual TDW.
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