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[bookmark: _Ref67694016][bookmark: _Toc67700556]Introduction
[bookmark: _Hlk510705081]The following can be noted from the work item description (WID) for Rel-17 coverage enhancement [1]:
· “Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]
· 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 [RAN1, RAN4]
· Potential optimization of DM-RS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]”
This new feature targets improving the channel estimation quality for the demodulation of PUSCH at the receiver by using jointly the DM-RS symbols among the PUSCHs that satisfy the requirements in power consistency and phase continuity. This document will discuss the recent reply LSs from RAN4 to RAN1 [2]-[5] on these requirements and open issues from the previous RAN1 meetings.
[bookmark: _Toc67700557]Discussion
[bookmark: _Toc67700558]Use cases 
In RAN1#104-e, the following use cases for joint channel estimation were identified:
	Agreements (RAN1#104-e):
· Following potential use cases are considered for joint channel estimation for PUSCH:
· Use case 1: back-to-back PUSCH transmissions within one slot.
· Use case 2: non-back-to-back PUSCH transmissions within one slot.
· Use case 3: back-to-back PUSCH transmissions across consecutive slots.
· Use case 4: non-back-to-back PUSCH transmissions across consecutive slots.
· Use case 5: PUSCH transmissions across non-consecutive slots.
Note: RAN1 assumes “back-to-back PUSCH transmission” has zero gap in-between adjacent PUSCH transmissions.


RAN1 only agreed to support necessary design aspects to enable joint channel estimation for Use case 3 in RAN1#104-e meeting. Two specific scenarios of this use case (one was agreed, and one resulted in a working assumption) were noted as follows:
	Agreements (RAN1#104-e):
· 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 at least for the following case:
· Over back-to-back PUSCH transmissions (of the same TB) for repetition type A scheduled by dynamic grant or configured grant
· FFS details (including possible other cases)

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


In RAN1#104-e meeting, the following scenario under Use case 3 was further supported:
	Agreement (RAN1#104-bis-e):
· 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 cases:
· Over 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 back-to-back PUSCH transmissions with different TBs


In RAN1#105-e meeting the following agreements were made:
	Agreement:
· Joint channel estimation over non-back-to-back PUSCH transmissions within one slot is not supported.

Agreement:
· For back-to-back PUSCH transmissions within one slot, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following cases:
· Over 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 with consecutive slots 
· FFS: additional specification enhancements on top of that defined to support repetition Type A
· Only for single layer transmissions
· Subject to UE capability
· Joint channel estimation over back-to-back PUSCH transmissions with different TBs within one slot is not supported.

Working assumption:à confirmed as an Agreement in RAN1#106-e
· 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.


In RAN1#106bis-e meeting the following agreements were made:
	Conclusion
Joint channel estimation over PUSCH transmissions across non-consecutive slots is not supported in Rel-17.

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


Finally, the following can be noted from the recent reply LS from RAN4 [5]:
	RAN4 has further agreed for the gap between PUSCH/PUCCH transmissions, that the 13-symbol is the maximum length for the gap for all SCS, and that the 14-symbol or 1ms will not be discussed in RAN4 anymore for un-scheduled gap in Rel-17.


From the recent reply LS from RAN4 and the conclusion made in RAN1#106bis-e meeting, joint channel estimation across PUSCHs allocated in non-consecutive slots will not be supported. Therefore, based on the agreements so far, the status on the supported scenarios is summarized in Table 1 and Table 2 for the case of PUSCH transmissions of the same TB and PUSCH transmissions of different TBs, respectively. 
[bookmark: _Ref74241210][bookmark: _Ref74241195]Table 1. Summary of supported/not-supported scenarios for the case of PUSCH transmissions of the same TB.
	
	Back-to-back
	Non-back-to-back

	
	
	no UL transmission between the two successive PUSCHs
	Other UL transmission(s) between the two successive PUSCHs

	Within a slot
	· PUSCH repetition type B with constraints.
	Not supported
	Not supported

	Across consecutive slots
	· PUSCH repetition type A and type B with constraints.
· TB processed over multiple slots
	· PUSCH repetition type A and type B with constraints.
· TB processed over multiple slots
	To be discussed

	Across non-consecutive slots
	N/A
	Not supported
	Not supported


[bookmark: _Ref74241216]Table 2. Summary of supported/not-supported scenarios for the case of PUSCH transmissions of different TBs.
	
	Back-to-back
	Non-back-to-back

	
	
	no UL transmission between two successive PUSCHs
	Other UL transmission(s) between two successive PUSCHs

	Within a slot
	Not supported
	Not supported
	Not supported

	Across consecutive slots
	To be discussed
	To be discussed
	To be discussed

	Across non-consecutive slots
	N/A
	Not supported
	Not supported



From the tables above, it can be observed that several scenarios still need further discussion including:
· PUSCH transmissions of the same TB:
· JCE across non-back-to-back PUSCHs when there is other UL transmission in-between two successive PUSCHs.
· PUSCH transmissions of different TBs:
· JCE across back-to-back PUSCHs
· JCE across non-back-to-back PUSCHs with no UL transmission between two successive PUSCHs.
· JCE across non-back-to-back PUSCHs with other UL transmission between two successive PUSCHs.
It can be observed that there are many open scenarios to be discussed for supporting the case of PUSCH transmission of different TB. Conversely, there is only one remaining scenario that needs to be discussed for supporting PUSCH transmissions of the same TB, for which RAN1 is close to reach consensus.
[bookmark: _Toc78900682][bookmark: _Toc87024214]Observation 1. The discussions on supporting joint channel estimation for PUSCH transmissions of the same TB have achieved better progress than the discussions on supporting joint channel estimation for PUSCH transmission of different TBs.
On the other hand, supporting JCE for PUSCH transmissions of different TBs may introduce further complication on the indication/determination of the time-domain window. Indeed, as discussed in [8], if JCE is considered for PUSCH repetitions only an implicit rule for defining the time-domain window can be applied based on the repetition duration, which is known at both UE and gNB. Note that, if the working assumption on JCE for TBoMS is confirmed, it is straightforward to reuse the framework of JCE of PUSCH repetitions for TBoMS. Conversely, if JCE is considered for PUSCH transmissions of different TBs, the UE needs an indication on the exact duration (similar to the repetition duration) within which PUSCH transmissions could be considered for JCE (before further determining the time-domain windows based on the conditions for keeping power consistency and phase continuity).
[bookmark: _Toc78900683][bookmark: _Toc87024215]Observation 2. Supporting joint channel estimation for PUSCH transmissions of different TBs may introduce further complication on the indication/determination of the time-domain window, which can be avoided in case of joint channel estimation for PUSCH repetitions by exploiting the repetition duration.
With the above observations and given that this is the last meeting before the end of the WI, RAN1 should prioritize the discussion on supporting DMRS bundling for PUSCH repetitions. The discussion on supporting DMRS bundling for PUSCH transmissions of different TBs could be considered after a baseline framework for DMRS bundling for PUSCH repetitions is defined.
[bookmark: _Toc78900684][bookmark: _Toc87024385]Proposal 1. RAN1 should prioritize the discussion on supporting DMRS bundling for PUSCH repetitions of the same TB. The discussion on supporting DMRS bundling for PUSCH transmissions of different TBs could be considered after a baseline framework for DMRS bundling for PUSCH repetitions is defined.
With the above proposal, only one remaining use case should be discussed for supporting JCE, which is JCE across non-back-to-back PUSCHs of the same TB with other UL transmission(s) in-between two successive PUSCHs.
Non-back-to-back PUSCHs of the same TB with “other UL transmission(s)” with different settings in-between
In RAN1#106-e, the following agreement was made under the AI 8.8.2 (PUCCH enhancements):
	Agreement
For DMRS bundling for PUCCH repetitions, RAN1 at least prioritize use cases 3 and 4a in R1-2104119.
Use case 3: back-to-back PUCCH transmissions across consecutive slots.
Use case 4a: no uplink transmission in the middle of two PUCCH transmissions


RAN1 is striving to have a common design framework for joint channel estimation that can be applied in both AI 8.8.1.3 and AI 8.8.2 for PUSCH and PUCCH repetitions, respectively. Therefore, with the above agreement made for PUCCH, it is a natural consequence that the agreement might also be considered for PUSCH. In other words, RAN1 might also consider prioritizing Use case 4a for JCE of PUSCH repetitions, wherein there is no uplink transmission in the middle of two PUSCH transmissions. However, one should note that deprioritizing JCE for two successive PUSCHs with other UL transmission in-between (i.e., Use case 4b) does not mean that the scenario (other UL transmission scheduled in-between two successive PUSCH repetitions) is an error case. This simply means that when such scenario happens, joint channel estimation may not be applied across the PUSCHs.
[bookmark: _Toc87024216]Observation 3. Deprioritizing joint channel estimation for two successive PUSCHs with other UL transmission in-between does not mean that other UL transmission scheduled in-between two successive PUSCH repetitions is an error case. This simply means that when such scenario happens, joint channel estimation may not be applied across the PUSCHs.
Within the Use case 4b (other UL transmission scheduled in-between two successive PUSCH repetitions), there exist two sub-cases:
· Use case 4b-1: other UL transmission scheduled in-between two successive PUSCH repetitions has at least one different setting (regarding antenna port, occupied PRBs or UL power) than PUSCHs. 
· Use case 4b-2: other UL transmission scheduled in-between two successive PUSCH repetitions has the same setting (regarding antenna port, occupied PRBs and UL power) with PUSCHs.
While it is clear that joint channel estimation cannot be supported for Use case 4b-1, whether to support joint channel estimation for Use case 4b-2 still needs to be discussed in RAN1. Indeed, according to the feedback from RAN4, phase continuity cannot be guaranteed whenever the other UL transmission has at least one different setting than the PUSCH repetitions regarding antenna port, occupied PRBs and UL power. However, phase continuity can still be kept when the other UL transmission has the same settings with the PUSCHs.
[bookmark: _Toc87024386]Proposal 2. For joint channel estimation, the use case wherein other UL transmission scheduled in-between two successive PUSCH repetitions has at least one different setting than PUSCH is not supported.
[bookmark: _Toc87024387]Proposal 3. For joint channel estimation, RAN1 further supports the use case wherein other UL transmission scheduled in-between two successive PUSCH repetitions has the same settings with PUSCHs.
Therefore, if no further optimization is considered, the Use case 4b-1 (or Use case 4b in general, if Use case 4b-2 is also not supported) can be considered as an event for TDW determination. Further details will be discussed in Section 2.2.
In addition, instead of breaking the phase continuity, further optimization could be considered such that Use case 4b-1 would fallback to Use case 4b-2 or Use case 4b in general would fallback to Use case 4a. This could be done by considering the following options:
· Option 1: Adapt the settings of the other UL transmission to make it be the same as PUSCHs.
· Option 2: Multiplex the data of the other UL transmission on PUSCH.
· Option 3: Drop the other UL transmission with different settings.
Options 1 and 2 are more relevant when the other UL transmission is PUCCH.
Option 1 turns Use case 4b-1 into Use case 4b-2, which could be supportable as shown in Figure 1. 
[image: ]
[bookmark: _Ref75210372]Figure 1. An example of adapting the settings of the PUCCH to be the same as PUSCH when the PUCCH is configured with different settings than the PUSCH repetitions.
Assuming the UL transmission is PUCCH, the most challenging setting is to have the same occupied PRBs between PUCCH and PUSCH. Indeed, antenna port and UL power can be dynamically controlled by the gNB but the occupied PRBs for PUCCH is semi-statically configured. Therefore, a rule needs to be specified to adapt the occupied PRBs of PUCCH to be the same as the ones for PUSCH. Some specification impacts may be envisioned to apply this option to PUCCH formats 0/1/4, which support only 1 PRB. Conversely, no issue is envisioned for supporting this option for PUCCH formats 2/3 (which support up to 16 PRBs), at least when the number of PRBs configured for PUSCH repetitions is not greater than 16. This does not seem to cause any practically relevant issues for real deployments given that:
· PF2 and PF3 are arguably the formats for which coverage shortage over the PUCCH of a single UE is expected to occur (for both FR1 and FR2). Indeed, their payload size is larger than what can be transmitted over PF0/PF1. Their relevance is further confirmed by the fact that they are the typical solution to realize a P-CSI report. Relevance of PF4 in this context may be application dependent.   
· A small number of PRBs is expected to be scheduled in coverage shortage situations for PUSCH transmissions. Indeed, during the study item phase, 4 PRBs were assumed for VoIP in all scenarios and for eMBB in Rural scenario [9].
· Depending on the availability of the REs within the occupied PRBs of PUSCHs, the gNB should be able to indicate to the UE whether this option can be adopted or not. 
Option 2 turns Use case 4b into Use case 4a in general. Assuming the UL transmission is PUCCH, then the UCI on this PUCCH can be multiplexed on one of the PUSCH even if the PUCCH and the PUSCH are not overlapped. The most relevant scenario which offers a negligible specification impact is to multiplex the UCI on the next PUSCH repetition as shown in Figure 2. 
[image: ]
[bookmark: _Ref74862043]Figure 2. An example of multiplexing UCI from a non-overlapping PUCCH on one of the PUSCH repetition when the PUCCH is configured with different settings than the PUSCH repetitions.
Indeed, this option should not impact any legacy behavior in terms of generating the UCI but simply postpones the entire UCI and multiplexes it in the next PUSCH repetition, according to the conventional rules:
· UCI carrying HARQ-ACK feedback with 1 or 2 bits is multiplexed by puncturing PUSCH;
· In all other cases UCI is multiplexed by rate matching PUSCH.
This option may introduce a small additional latency to the UCI (a fair price to pay in coverage shortage condition to increase the channel coverage) and slightly reduce the reliability of the PUSCH repetition due to multiplexing. However, it can still be considered as a better solution compared to completely dropping the PUCCH or breaking the phase continuity. Indeed, in case the number of repetitions is high, multiplexing the UCI on one of the PUSCH repetition would not significantly decrease the soft-combining performance, especially in case of small UCI payload. In contrast, keeping phase continuity across all repetitions would bring larger gain. 
Option 3 also turns Use case 4b into Use case 4a in general, by simply dropping the other UL channel. This option is simpler. However, dropping all other UL channels within the PUSCH repetition duration may significantly impact normal operations in the UL, in turn altering decisions and possibly performance for the DL. Therefore, this option should be considered only when Option 1 and 2 are not applicable. As illustrated in Figure 3, in this case the gNB should at least instruct the UE on whether the latter should (i) transmit the other UL transmission with different settings and break the phase continuity or (ii) drop the other UL transmission with different settings and maintain the phase continuity. Similar to the case when there is DL reception/monitoring in-between two successive PUSCHs, in case of dropping of only some of the UL transmissions with different settings, the gNB should indicate which of them can be transmitted (and phase continuity is broken) and which of them can be dropped (and the phase continuity is maintained), e.g., by introducing the valid/invalid slots.

[image: ]
[bookmark: _Ref74864584]Figure 3. Illustration of a UL transmission with different settings scheduled in-between PUSCH transmissions that are expected to keep phase continuity.
From the above analysis, we propose the following:
[bookmark: _Toc87024388]Proposal 4. For non-back-to-back PUSCH transmissions, in case the other UL transmission in between two successive PUSCHs has different settings than PUSCH, the gNB indicates one of the following options to the UE:
· Option 1: Adapt the settings of the other UL transmission to make it be the same as PUSCHs.
· Option 2: Multiplex the data of the other UL transmission on PUSCH, if any.
· Option 3: Drop the other UL transmission with different settings.
· Option 4: Transmit the other UL transmission with different settings and break the phase continuity.
Dropping/transmitting only part of the UL transmissions with different settings within the repetition period/time-domain window is also possible and should be indicated by the gNB.

[bookmark: _Ref67694248][bookmark: _Toc67700561]Time-domain window determination for PUSCH repetitions
TDW for PUSCH repetition type A was discussed in RAN1#106-e meeting and the following working assumption was made:
	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.
o    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.
o    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.
o    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.
o    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.
o    If UE is not capable of restarting DM-RS bundling, no new actual TDW is created until the end of the configured TDW.
o    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.


From the above working assumption, TDW determination can be split into two main steps:
· Step 1: The UE determines one or multiple configured TDWs that span across the repetition duration with the window length L configured with a single value.
· Step 2: Within each configured TDW, the UE determines actual TDWs based on the events that break the power consistency and phase continuity such that one new actual TDW is created after an event, depending on UE capability.
The UE is then expected to keep the power consistency and phase continuity within the actual TDWs. The above working assumption was formulated to accommodate for all solutions identified during RAN1#106-e meeting. Therefore, RAN1 should confirm the above working assumption as soon as possible to have a basic framework for time-domain window determination. 
[bookmark: _Toc87024389]Proposal 5. RAN1 to confirm the working assumption made in RAN1#106-e meeting on the time-domain window determination for joint channel estimation of PUSCH repetition type A.
In addition, given that joint channel estimation is also supported for PUSCH repetition type B and TB processing over multiple slots as shown in Table 1, RAN1 should also confirm that the above working assumption and the agreements made for PUSCH repetition type A on TDW are also applicable for PUSCH repetition type B and TB processing over multiple slots. Otherwise, the feature is incomplete.
[bookmark: _Toc87024390]Proposal 6. RAN1 to confirm that the time domain window determination procedure agreed for PUSCH repetition type A is also applicable for PUSCH repetition type B and TB processing over multiple slots.
In this section, we discuss the remaining open issues on TDW determination.
Configured TDWs determination
[bookmark: _Ref86855595]Maximum value of the configured TDW size
Another open issue to be discussed for TDW determination is whether the configured TDW size L can be greater than the maximum duration or not, wherein maximum duration is a maximum time duration during which UE is able to maintain power consistency and phase continuity subject to power consistency and phase continuity requirements. To answer this question, let us analyze the following aspects:
· The benefit of configuring L maximum duration.
· The challenge if L maximum duration is configured.
The benefit of configuring L maximum duration:
It has been shown in several contributions during the study item phase that the longer the bundle size, the better performance for joint channel estimation. The bundle size, however, should not exceed the maximum duration. With the current working assumption, the bundle size should be the actual TDW size, wherein JCE is actually performed. Therefore, better JCE performance can be achieved if the actual TDW size reaches the maximum duration. Since actual TDW sizes are not fixed and can be different from one actual TDW to another, RAN1 should design the TDW determination procedure that can enable the maximum size for as many actual TDWs as possible.
[bookmark: _Toc87024217]Observation 4. Joint channel estimation can achieve better performance if the actual time-domain window size reaches the maximum duration.
[bookmark: _Toc87024391]Proposal 7. RAN1 should design the time-domain window (TDW) determination procedure that can enable the maximum size for as many actual TDWs as possible.
[image: ]
[bookmark: _Ref75192313]Figure 4. An example of unnecessary segmentation when L = maximum duration.
According to the working assumption, any violating event that breaks power consistency and phase continuity could happen within a configured TDW. The configured TDW is then segmented into multiple actual TDWs. Therefore, if the configured TDW size (L) is limited to the maximum duration, the actual TDW size can only reach the maximum duration when there is no violating event. In contrast, by allowing L  maximum duration, the gNB can have a full flexibility to configure both L and the violating event such that the maximum actual TDW size is preserved. Figure 4 illustrates an example of JCE for 8 PUSCH repetitions with L = maximum duration = 4 slots. Assuming the violating events happen in-between the 2nd and 3rd repetitions and the 6th and 7th repetitions, the maximum actual TDW size in this case is 2 repetitions only, since there is an unnecessary segmentation in-between the 4th and 5th repetitions due to the limited L. In this scenario, if the gNB can configure L > maximum duration (e.g., L = 6 or 8), the maximum actual TDW size in this case is 4 repetitions, i.e., equal to the maximum duration.
[bookmark: _Toc87024218]Observation 5. For L maximum duration, the actual TDW size can only reach the maximum duration when there is no violating event and L = maximum duration. In contrast, by allowing L  maximum duration, the gNB has full flexibility to configure both L and the violating events such that maximum actual TDW size is reserved.
The challenge if L maximum duration is configured
As discussed during RAN1#106-e meeting, the main challenge when configuring L > maximum duration is the error propagation of the actual TDWs determination. In fact, error propagation may happen only when the DCI associated with a (dynamic) violating event is missed by the UE. It is worth noting that the misalignment of actual TDWs determination between the gNB and the UE due to missing DCI may exist regardless of the value of L. The only difference is that with longer L, the misalignment may impact other actual TDWs within the configured TDW, which is then referred to as error propagation.
Figure 5 illustrates an example of JCE for 8 PUSCH repetitions in cases of without and with missing DCI. Different from the previous example, L is configured to be equal to the repetition duration, i.e., 8 slots. Let us assume that the violating events happen in-between the 2nd and 3rd repetitions and in-between the 6th and 7th repetitions are dynamic and semi-static events, respectively. Figure 5-a illustrates the actual TDWs determination at the UE when the DCI scheduling the dynamic event is successfully received by the UE (i.e., no missing DCI). In contrast, Figure 5-b illustrates the actual TDWs determination at the UE when the DCI scheduling the dynamic event is missed by the UE.
[image: ]
[bookmark: _Ref83634114]Figure 5. An example of error propagation of actual TDWs determination due to missing DCI.
As illustrated in Figure 5, when there is a missing DCI the actual TDW determinations at the UE and at the gNB are misaligned. Before further discuss this scenario, let us point out that “missing DCI” can be considered as a corner case. Indeed, according to the outcome of the SI phase, unicast PDCCH is always among the channels with highest maximum available path loss. Moreover, unicast PDCCH should always be considered as a reliable channel, even in coverage shortage scenario, otherwise not only the Rel-17 JCE feature but also many other Rel-15 basic functionalities would not work properly. Therefore, RAN1 should not introduce any constraint to limit the configuration flexibility and performance of the new feature if it is just to accommodate for a corner case.
[bookmark: _Toc87024219]Observation 6. Based on the outcome of Rel-17 Coverage Enhancement SI phase, unicast PDCCH is always among the reliable channels. Therefore, missing DCI can be considered as a corner case.
[bookmark: _Toc87024392]Proposal 8. RAN1 should not introduce any constraint to limit the configuration flexibility and performance of the joint channel estimation feature if the constraint is just to accommodate for a corner case.
Switching the focus to the question at hand on how to handle the above corner case of missing DCI, which leads to the error propagation of actual TDWs determination, the following observations should be noted:
· First, error propagation exists within a configured TDW only. The actual TDWs determination is refreshed for the next configured TDW. Therefore, if the gNB anticipates that there is a chance of missing DCI, it may configure a short configured TDW size L such that the impact of error propagation is minimized.
· Second, since the gNB is aware of the dynamic event, it can be prepared for the case of missing DCI. Indeed, the gNB may try to detect the dynamic event and know whether the actual TDWs are determined without (Figure 5-a) or with the dynamic event (Figure 5-b) by the UE and perform JCE accordingly. Alternatively, the gNB can opt for a more conservative approach by applying JCE only on the PUSCHs repetitions that are not impacted by the error propagation. For instance, with the example in Figure 5, the gNB can perform JCE across the 1st and the 2nd repetitions, the 3rd and the 4th repetitions, the 5th and the 6th repetitions, the 7th and the 8th repetitions. One should note that this conservative approach results in the same actual TDWs as configuring L = maximum duration in Figure 4.
[bookmark: _Toc87024220][bookmark: _Hlk87024320]Observation 7. The issue of error propagation, if any, could be handled by the gNB using at least one of the following options:
· If the gNB anticipates that there is a chance of missing DCI, it may configure a short configured TDW size L such that the impact of error propagation is minimized.
· The gNB may try to detect the dynamic event and know whether the actual TDWs are determined without or with the dynamic event by the UE and perform JCE accordingly.
· The gNB may apply a conservative approach by performing JCE only on the PUSCHs repetitions that are not impacted by the error propagation.
[bookmark: _Toc87024393]Proposal 9. For time-domain window (TDW) determination, the maximum configured TDW size (L) can be greater than the maximum duration. FFS: the maximum value of L, e.g., equal to the repetition duration.
Other remaining issues on configured TDWs determination
The following agreements were made in RAN1#106bis-e meeting for configured TDWs determination:
	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.

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 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.


From the above agreements, it can be observed that the concepts of configured TDWs determination are different for different counting methods. For PUSCH repetition type A counting based on available slots, the description “The configured TDWs are determined based on available slots” is unclear and may lead to some misunderstanding since it does not refer directly to how the configured TDW size L is determined. Indeed, since L is defined as “window size”, it may be understood that L is in unit of physical slot. This understanding is correct for physical slots counting. However, in the context of available slots counting, it is simpler to count L based on available slots such that all configured TDWs are also back-to-back. Therefore, we propose the following:
[bookmark: _Toc87024394]Proposal 10. For configured TDWs determination of PUSCH repetition type A counting based on available slots, RAN1 to further clarify that the configured time domain window length L is counted on available slots.
In addition, since PUSCH repetition type B does not support counting on available slots and TBoMS does not support counting on physical slots, it is a natural consequence that the configured TDWs determination procedure for PUSCH repetition type A counting based on physical slots is applied for PUSCH repetition type B and the configured TDWs determination procedure for PUSCH repetition type A counting based on available slots is applied for TBoMS. This understanding needs an official confirmation from RAN1. Therefore, we propose the following:
[bookmark: _Toc87024395]Proposal 11. The configured TDWs determination procedure for PUSCH repetition type A counting based on physical slots is applied for PUSCH repetition type B and the configured TDWs determination procedure for PUSCH repetition type A counting based on available slots is applied for TBoMS.
On the configuration of the window length L, the following agreements were made in RAN1#106bis-e meeting:
	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


From the above agreements, there exist one open question on whether or not the window length L can be dynamically indicated by using DCI or adding a column in TDRA table. In general, the motivation for dynamically changing the configured TDW size is unclear given that it is just a nominal window size. Concerning the indication of configured TDW size by adding a column in TDRA table, it is worth noting that the TDRA table has been used for several indications, namely number of repetitions and/or the number of allocated slots for TBoMS. Further leveraging TDRA table for other purpose would be too restrictive for configuring the TDRA table.
[bookmark: _Toc87024396]Proposal 12. Dynamic indication of the configured TDW length L is not supported.
Actual TDWs determination
[bookmark: _Ref86904851]The events that break power consistency and phase continuity
The following agreement was made in RAN1#106bis-e meeting:
	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.


From the above agreement, several events that may break power consistency and phase continuity are still listed as FFS. Our views on these events are as follows.
Other UL transmission in between PUSCH/PUCCH transmissions: Based on the discussions so far, this event can be further classified into two types, namely other UL transmission with different setting and other UL transmission with the same setting. While further discussions are needed (including waiting for official feedback from RAN4) on whether and how to support the latter case, the former case can already be confirmed as an event that breaks power consistency and phase continuity from both RAN1 and RAN4 perspective. Therefore, RAN1 should confirm other UL transmission with different settings in between PUSCH/PUCCH transmissions as an event that breaks power consistency and phase continuity.
Transmission parameters need to be changed due to network-indicated operations, including Tx power, UL beam/TPMI, and RB allocation: This event type would need further discussion in RAN1. At least, it is unclear what is the network-indicated operation for Tx power and what is the difference with TPC command. In addition, the difference between UL beam/TPMI and precoder cycling is unclear. Moreover, for PUSCH repetition type A (and also PUSCH repetition type B and TBoMS), it is unclear why RB allocation is changed across PUSCH repetitions.
TPC command: Since the TPC command is carried in DCI by PDCCH which is a DL reception and “DL slot or DL reception/monitoring based on semi-static DL/UL configuration for unpaired spectrum” is an event as per the agreement above, it is redundant to further introduce TPC command as an event for unpaired spectrum. In contrast, for paired spectrum, wherein the reception/monitoring of a DL transmission does not break power consistency and phase continuity (at least no agreement in both RAN1 and RAN4 exists that prevents such scenario for paired spectrum), then the PDCCH carrying the DCI that contains TPC command could be considered as an event. However, if TPC command is applied in the next configured TDW instead of the next actual TDW (as per the discussion in Section 2.2.4), then it is not necessary to consider TPC command as an event, even for paired spectrum.
TA adjustment: Given that the TA adjustment is performed via MAC-CE, it is not so straightforward to define TA adjustment as an event in PHY layer. In addition, and similar to the above comment for TPC command, if TA adjustment is applied in the next configured TDW instead of the next actual TDW, then it is not necessary to consider TA adjustment as an event.
The actual TDW reaches the maximum duration: As pointed out in Section 2.2.1.1, the benefit of configuring L to be greater than the maximum duration is obvious. If L can be greater than the maximum duration, then it’s straightforward to consider actual TDW reaching maximum duration as an event.
Frequency hopping: It is straightforward that, for frequency hopping, joint channel estimation cannot be applied across the PUSCHs in different frequency hops. Therefore, if a new frequency hopping pattern cannot be agreed under AI 8.8.2 for “inter-slot FH with DMRS bundling”, then the Rel-17 JCE feature cannot be enabled at the same time with the legacy inter-slot or intra-slot frequency hopping pattern. Indeed, in case of inter-slot or intra-slot frequency hopping, JCE cannot be applied across the PUSCH transmissions. This is an undesired scenario, especially in coverage shortage, given that both JCE and FH could offer performance gain.
Precoder cycling: The following can be noted from the reply LS from RAN4 in [4]: “RAN4 Answer is that applying the same TPMI precoder across PUSCH transmissions is necessary condition to apply joint channel estimation”. Therefore, applying different precoders in the context of precoder cycling can be considered as an event that breaks the power consistency and phase continuity. 
In summary, we propose the following:
[bookmark: _Toc87024397]Proposal 13. RAN1 to further support the following events that break power consistency and phase continuity:
· Other UL transmission with different setting in between PUSCH/PUCCH transmissions,
· the actual TDW reaches the maximum duration,
· frequency hopping,
· applying different precoders in the context of precoder cycling.
UE capability of restarting DM-RS bundling
In RAN1#106bis-e meeting, the following agreement was made:
	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.


In addition, the following agreement was also made under AI 8.8.2 for the inter-slot FH with inter-slot bundling:
	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, 2, assume a hopping interval can be different than an actual TDW. Option 4 assumes a hopping interval is the same as an actual TDW. 


If a UE reports the capability of supporting joint channel estimation, it should be mandatory for the UE to support the restart the DM-RS bundling at least after a semi-static event. The reasons are as follows.
· Firstly, following the formulation of the two options above, it can be understood that if a UE cannot support restarting DM-RS bundling after a semi-static event, then it cannot support the restarting after a dynamic event. Assuming a (semi-static) event that happens right after the first PUSCH repetition, then it is meaningless for a UE to report the capability of supporting JCE if it doesn’t have capability of restarting after semi-static events (and so as for dynamic events), since JCE cannot be applied across any bundle of PUSCH transmission in this scenario.
· Secondly, from the discussion so far, the main concern and reason for introducing such UE capability is that the UE may not be able to quickly react to a dynamic event and hence may not be able to support the restarting of DM-RS bundling after a dynamic event, depending on its capability. In contrast, all semi-static events are known to the UE before the first transmissions. Therefore, the motivation for introducing a separate capability of restarting DM-RS bundling after semi-static events, independently from the JCE capability, is unclear.
· Finally, following the discussion in Section 2.2.2.1, frequency hopping can be considered as a semi-static event.  For a UE that reports the capability of supporting JCE but it does not support restarting DM-RS bundling due to semi-static events, then JCE can only be applied in the first bundle of PUSCH transmissions for FH and cannot be applied across any bundle of PUSCH transmissions after the first frequency hopping, within a configured TDW. Therefore, if Option 2 (i.e., restarting DM-RS bundling after semi-static events is also a UE capability, independently from JCE capability) is adopted, then the inter-slot FH with inter-slot bundling specified under AI 8.8.2 is incomplete, which does not fulfil the requirement in the WID. In contrast, if Option 1 (i.e., restarting DM-RS bundling after semi-static events is mandatory if the UE support JCE) is adopted, then the spirit of the three options listed for the inter-slot FH with inter-slot bundling in the agreement made under AI 8.8.2 holds.
[bookmark: _Toc87024398]Proposal 14. 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.
In addition, RAN1 should also clarify whether the UE capability of restarting DM-RS bundling is applicable per configured TDW (i.e., for a UE that does not support the restarting capability, JCE can be applied across PUSCH transmissions in between the start of a configured TDW and the first event within the configured window, for all configured TDWs) or it is applicable across all configured TDW (i.e., for a UE that does not support the restarting capability, JCE can only be applied across PUSCH transmission in between the start of the first configured TDW and the first event in any configured TDW).
[bookmark: _Toc87024399]Proposal 15. RAN1 to clarify whether the UE capability of restarting DM-RS bundling is applicable per configured TDW or across all configured TDW.
[bookmark: _Ref86916260]TPC command and TA adjustment handling
In RAN1#106bis-e meeting, the handling of TPC command and TA adjustment was discussed extensively without reaching consensus. The latest feature lead’s (FL’s) proposals on this topic are as follows [11].
	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.
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.



For the FL’s proposal 10-a above, a DL reception of PDCCH that carries TPC command would not happen in a middle of an actual TDW for unpaired spectrum given that DL reception was agreed as an event for actual TDW determination for unpaired spectrum. Therefore, Option 1 in the FL’s proposal 10-a above is not applicable for unpaired spectrum. Hence, Option 2 should be applied at least for unpaired spectrum. Switching the focus to paired spectrum, if TPC command is not specified as an event that breaks power consistency and phase continuity, then receiving TPC command in the middle of an actual TDW is a valid scenario. However, RAN1 should strive for a common design for both paired and unpaired spectrum, if possible. In addition, applying TPC command in the next actual TDW may further complicate the discussion on actual TDW determination, wherein RAN1 is almost reaching consensus. 
[bookmark: _Toc87024400]Proposal 16. 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.
For the FL’s proposal 11, unlike TPC command which can tolerate some level of delay without introducing any strong impact on the system operation, TA adjustment need to be applied on time. In this regard, on the one hand, it can be argued that the gNB can anticipate whether TA adjustment is needed or not and configure L accordingly, e.g., L can be small if TA adjustment is needed. In that case, Option 2 can be applied without any issue. On the other hand, one can apply the TA adjustment after n actual TDWs from the current actual TDW. This would not change the way the actual TDW is currently determined in the WA, it simply defines which actual TDW the TA adjustment should be applied in.
[bookmark: _Toc87024401]Proposal 17. 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.
· FFS: in which actual TDW after the current actual TDW the TA adjustment is applied.
· Option 2: UE performs TA adjustment after the configured TDW if it receives any TA command indicating TA adjustment during the configured TDW.
[bookmark: _Toc67700564]Conclusion
In this contribution, we discussed aspects related to the normative work necessary to provide support to joint channel estimation in Rel-17. The following observations have been made:
Observation 1. The discussions on supporting joint channel estimation for PUSCH transmissions of the same TB have achieved better progress than the discussions on supporting joint channel estimation for PUSCH transmission of different TBs.
Observation 2. Supporting joint channel estimation for PUSCH transmissions of different TBs may introduce further complication on the indication/determination of the time-domain window, which can be avoided in case of joint channel estimation for PUSCH repetitions by exploiting the repetition duration.
Observation 3. Deprioritizing joint channel estimation for two successive PUSCHs with other UL transmission in-between does not mean that other UL transmission scheduled in-between two successive PUSCH repetitions is an error case. This simply means that when such scenario happens, joint channel estimation may not be applied across the PUSCHs.
Observation 4. Joint channel estimation can achieve better performance if the actual time-domain window size reaches the maximum duration.
Observation 5. For L maximum duration, the actual TDW size can only reach the maximum duration when there is no violating event and L = maximum duration. In contrast, by allowing L  maximum duration, the gNB has full flexibility to configure both L and the violating events such that maximum actual TDW size is reserved.
Observation 6. Based on the outcome of Rel-17 Coverage Enhancement SI phase, unicast PDCCH is always among the reliable channels. Therefore, missing DCI can be considered as a corner case.
Observation 7. The issue of error propagation, if any, could be handled by the gNB using at least one of the following options:
· If the gNB anticipates that there is a chance of missing DCI, it may configure a short configured TDW size L such that the impact of error propagation is minimized.
· The gNB may try to detect the dynamic event and know whether the actual TDWs are determined without or with the dynamic event by the UE and perform JCE accordingly.
· The gNB may apply a conservative approach by performing JCE only on the PUSCHs repetitions that are not impacted by the error propagation.

In addition, the following proposals have been made:

Proposal 1. RAN1 should prioritize the discussion on supporting DMRS bundling for PUSCH repetitions of the same TB. The discussion on supporting DMRS bundling for PUSCH transmissions of different TBs could be considered after a baseline framework for DMRS bundling for PUSCH repetitions is defined.
Proposal 2. For joint channel estimation, the use case wherein other UL transmission scheduled in-between two successive PUSCH repetitions has at least one different setting than PUSCH is not supported.
Proposal 3. For joint channel estimation, RAN1 further supports the use case wherein other UL transmission scheduled in-between two successive PUSCH repetitions has the same settings with PUSCHs.
Proposal 4. For non-back-to-back PUSCH transmissions, in case the other UL transmission in between two successive PUSCHs has different settings than PUSCH, the gNB indicates one of the following options to the UE:
· Option 1: Adapt the settings of the other UL transmission to make it be the same as PUSCHs.
· Option 2: Multiplex the data of the other UL transmission on PUSCH, if any.
· Option 3: Drop the other UL transmission with different settings.
· Option 4: Transmit the other UL transmission with different settings and break the phase continuity.
Dropping/transmitting only part of the UL transmissions with different settings within the repetition period/time-domain window is also possible and should be indicated by the gNB.
Proposal 5. RAN1 to confirm the working assumption made in RAN1#106-e meeting on the time-domain window determination for joint channel estimation of PUSCH repetition type A.
Proposal 6. RAN1 to confirm that the time domain window determination procedure agreed for PUSCH repetition type A is also applicable for PUSCH repetition type B and TB processing over multiple slots.
Proposal 7. RAN1 should design the time-domain window (TDW) determination procedure that can enable the maximum size for as many actual TDWs as possible.
Proposal 8. RAN1 should not introduce any constraint to limit the configuration flexibility and performance of the joint channel estimation feature if the constraint is just to accommodate for a corner case.
Proposal 9. For time-domain window (TDW) determination, the maximum configured TDW size (L) can be greater than the maximum duration. FFS: the maximum value of L, e.g., equal to the repetition duration.
Proposal 10. For configured TDWs determination of PUSCH repetition type A counting based on available slots, RAN1 to further clarify that the configured time domain window length L is counted on available slots.
Proposal 11. The configured TDWs determination procedure for PUSCH repetition type A counting based on physical slots is applied for PUSCH repetition type B and the configured TDWs determination procedure for PUSCH repetition type A counting based on available slots is applied for TBoMS.
Proposal 12. Dynamic indication of the configured TDW length L is not supported.
Proposal 13. RAN1 to further support the following events that break power consistency and phase continuity:
· Other UL transmission with different setting in between PUSCH/PUCCH transmissions,
· the actual TDW reaches the maximum duration,
· frequency hopping,
· applying different precoders in the context of precoder cycling.
Proposal 14. 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.
Proposal 15. RAN1 to clarify whether the UE capability of restarting DM-RS bundling is applicable per configured TDW or across all configured TDW.
Proposal 16. 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.
Proposal 17. 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.
· FFS: which actual TDW after the current actual TDW the TA adjustment is applied.
· Option 2: UE performs TA adjustment after the configured TDW if it receives any TA command indicating TA adjustment during the configured TDW.
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