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

· For non-back-to-back PUSCH transmissions (at least for the case of the same TB) across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following cases:

· Over non-back-to-back PUSCH transmissions (of the same TB) for repetition type A scheduled by dynamic grant or configured grant.

· Over non-back-to-back PUSCH transmissions (of the same TB) for repetition type B scheduled by dynamic grant or configured grant, if it reuses only those joint channel estimation specification enhancements defined to support repetition Type A. 

· FFS: additional specification enhancements on top of that defined to support repetition Type A

· Only for single layer transmissions

· Subject to UE capability

· FFS: Over non-back-to-back PUSCH transmissions with different TBs

· FFS: Over non-back-to-back PUSCH transmissions for TBoMS 

· For the non-back-to-back PUSCH transmissions, it is defined as at least when there is no UL transmission between the two successive PUSCH transmissions

· Subject to UE capability with details FFS (e.g., separate vs. joint capability for type A & type B, w.r.t. OFF power requirements, etc.)

· FFS: Joint channel estimation over non-back-to-back PUSCH transmissions with other uplink transmissions between the two successive PUSCH transmissions across consecutive slot.

Conclusion

· Optimization of DMRS location in time domain for PUSCH is not considered for joint channel estimation in Rel-17.
Agreement
· Joint channel estimation for PUSCH transmissions and the time domain window are jointly enabled or disabled via RRC configuration for a UE.

· Note: Enabling/disabling of joint channel estimation for PUSCH transmissions means enabling/disabling of DMRS bundling for PUSCH transmissions under the condition of power consistency and phase continuity.
Agreement 
Make down-selection between the following two alternatives:
· Alt 1: UE is not expected to receive TPC commands during the current time domain window.

· Alt 2: UE receives and accumulates TPC commands without taking effect during the current time domain window.

Agreement
· UE should not perform TA adjustment during the time domain window.
‐   FFS: UE does not expect to receive TA command to indicate TA adjustment during the TDW.
‐   FFS: UE ignores any TA command which indicates TA adjustment during the TDW.
‐   FFS: UE performs TA adjustment after the TDW if it receives any TA command indicating TA adjustment during the TDW.
In this contribution, we will further discuss and share our consideration on the mechanism to enable joint channel estimation. 
2 Discussion
2.1 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 enables and configures 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 1：UE needs to report the maximum duration once as an UE capability in initial access.
2.2 Time domain window
Although joint channel estimation do make benefit to coverage enhancement, the premise of such mechanism is phase continuity and power consistency. That is, during a DMRS time domain window that UE is expected to maintain power consistency and phase continuity among PUSCH transmissions. The DMRS bundling mechanism needs to be specified and further discussed, about whether need to and how to trigger a DMRS bundling mechanism, the units of time domain window, how to configure and indicate the time window size and so on. 
As for joint channel estimation, although DMRS bundling for PUSCH transmissions is enabled or disabled via RRC configuration, the determination of size of time window should depends on both network schedule and UE report. From gNB side, schedule UE using the same allocated frequency resource, frequency hop pattern, different use cases and repetition number all have an impact on the size of time window. From UE side, varying the UE transmit power or TX beam, UE measurement, UE beamforming, antenna switching also affect the maximum duration. Thus, window size within which power consistency and phase continuity should be maintained depends on both UE and gNB side. But the final size of the time window should be determined by gNB, UE capability report or the maximum duration report is for reference only which is used to limit the time window to be smaller than the maximum duration. For example, UE report the maximum duration, then gNB configure the time window based on the report and trigger the channel estimation simultaneously.
Proposal 2: The size of the time window should be final configured and determined by gNB based on the maximum duration report.
2.3 Inter-slot frequency hopping with inter-slot bundling

        As for inter-slot frequency hopping with inter-slot bundling, although a simplest method is that DMRS bundling size is the same as time window size by default. We prefer Option2 that bundle size can be different from the time domain window size. Firstly, time window represents the capability UE can maintain power consistency and phase continuity while the bundle size is the granularity of the actual joint channel estimation. From the definitions, the former is a prerequisite for the latter, and the latter can be less than the former. Secondly, if un-scheduled OFDM symbols/slots happened in a fixed time window preconfigured by gNB because of dynamic SFI, CI or higher priority, UE should reduce the bundle size because power consistency and phase continuity are broken. 
       Figure 1 shows an example where DMRS bundle size is smaller than the time window size. Regarding how to indicate the bundle size, both explicit and implicit configuration are fine. One explicit way is configure bundle size through RRC signaling. As for implicit method, bundle size can be determined according to some predefined rules based on the time window size, hopping interval or the number of repetitions, such as 1/2 time window.
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Figure 1: DMRS bundling size= 1/2 time window size

Proposal 3：Support the bundle size can be different from the time window size, but bundle size should be always no more than the time window.

Some special cases, un-scheduled OFDM symbol because of dynamic SFI, CI or higher priority should be taken into account. For example, the actual time domain window may be smaller than the configured time domain window due to unscheduled gap in TDD operation. Here we propose to introduce ‘nominal time domain window’, ‘actual time domain window’ and split mechanism that is similar to the mechanism introduced for PUSCH repetition type B in Rel-16. With such assumption, the same nominal time domain window can be configured for all use cases through RRC signaling. Then if the gap is bigger than the limitation X symbols defined by RAN4, the nominal time window would split into two actual time windows. An example is shown in Figure 2 below, where the nominal time domain window contains 4 slots and there are two actual time domain windows with 2 and 1 slots respectively. For nominal time window 4, the gap within it is smaller than the limitation X symbols, so the time window will not split, but the DMRS bundle size is still affected by the gap who broke the power consistency and phase continuity.
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Figure 2:  time window split affacts the DMRS bundle size
Proposal 4：Support time window split mechanism when there are more than X un-scheduled OFDM symbols/slots exists in a nominal time window.

2.4 TPC command and TA adjustment
The introduction of time domain window brings some restrictions for power control and TA adjustment because the UE should maintain the same transmit power and phase continuity within the window. There are two alternatives should be down-selected, although alt 1 seems simple enough, there are two different interpretations, One is Gnb send the TPC commands in DCI 0_0/0_1/0_2, but UE ignore the command and does not receive and perform blind detection. Another is Gnb does not send the TPC commands. As for alt 2, the advantage is that there is no restriction and influence on gNB behavior or UE behavior. But there is a problem whether UE should perform power adjustment after the TDW if it receives any TPC command during the TDW.
Proposal 5: For TPC command, we slight prefer alt 2, but whether UE should perform power control after the TDW if it receives any TPC command during the TDW need to be further discussed.

Regarding the TA adjustment during the time domain window, UE should not perform TA adjustment during the time domain window. Similar to TPC command, we suggest UE receive but ignore the TA command without taking effect during the TDW. One lifecycle P of TA adjustment can be configured by RRC signalling. After the end of joint channel estimation, check whether the instruction is still within the lifecycle. If yes, continue to perform TA adjustment following the TA command. Otherwise, the TA command received in TDW would not be executed any more.
[image: image3.png]TA/TPC command 1+ TA/TPC command 2

Lifecycle®

‘Time domain window 10 Time domain window 2+




Proposal 6: For TA adjustment, a lifecycle P of TA adjustment command should be introduced. If the command is still within the lifecycle after the TDW of joint channel estimation, continue to perform TA adjustment.
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：UE needs to report the maximum duration once as an UE capability in initial access.
Proposal 2: The size of the time window should be final configured and determined by gNB based on the maximum duration report.

Proposal 3：Support the bundle size can be different from the time window size, but bundle size should be always no more than the time window.

Proposal 4：Support time window split mechanism when there are more than X un-scheduled OFDM symbols/slots exists in a nominal time window.

Proposal 5: For TPC command, we slight prefer alt 2, but whether UE should perform power control after the TDW if it receives any TPC command during the TDW need to be further discussed.

Proposal 6: For TA adjustment, a lifecycle P of TA adjustment command should be introduced. If the command is still within the lifecycle after the TDW of joint channel estimation, continue to perform TA adjustment.
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