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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: 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.


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, RAN4 confirmed that 13-symbol is the maximum length for the unscheduled gap for all SCSs. With this conclusion from RAN4, 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 (WA)
	PUSCH repetition type A and type B with constraints. 
	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: _Toc83907897]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: _Toc83907898]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 there are only two meetings left for this 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: _Toc83907908]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: _Toc83907899]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: _Toc83907909]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: _Toc83907910]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 Section 2.1.2, 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: _Toc83907911]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: _Ref74864240]“DL reception” in-between the two successive PUSCHs
The following can be noted from the first reply LS from RAN4 [2]: 
	For non-back-to-back transmission with non-zero gap in-between adjacent transmissions, RAN4 concluded that at least following additional condition also need to be met in addition to the conditions under Q1:
· No downlink reception in-between the PUSCH or PUCCH repetition in the same band for TDD case


In addition, the following can also 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.


With the recent conclusion from RAN4, JCE is not supported for PUSCHs allocated in non-consecutive slots. In other words, the scenario of DL reception in-between two successive PUSCHs allocated in consecutive slots would not happen in TDD deployment. The only remaining valid scenario is DL reception in-between two successive PUSCHs allocated in consecutive slots in FDD. Since TDD is specifically mentioned in [2], it is still unclear whether JCE can be applied when there is DL reception/monitoring within the unscheduled gap between two successive PUSCH or PUCCH repetitions in FDD or not.
Indeed, in the recent LS from RAN1 [7], aside from DL reception and DL monitoring, the following was also noted without mentioning duplexing scheme:
	Besides the above, RAN1 also like to clarify that any DL measurement that a UE needs to perform is also included in “downlink reception”. 


Therefore, further clarifications from RAN4 for the FDD case is needed.
[bookmark: _Toc83907912]Proposal 5. RAN1 to further ask RAN4 on whether JCE can be applied when there is DL reception/monitoring within the unscheduled gap between two successive PUSCH or PUCCH repetitions in FDD.
[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: _Toc83907913]Proposal 6. 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 this section, we discuss the remaining open issues from the above working assumption.
The start and end of the configured TDWs
From the working assumption, it has been agreed that the start of the first configured TDW is the first PUSCH transmission. However, details on whether it should be the first available slot/symbol or the first physical slot/symbol for the first PUSCH transmission need to be further discussed. In general, the main benefit of configured TDW is to calibrate the actual TDWs such that if there is any misalignment happening within one configured TDW, it would not impact the next configured TDW. Other than that, a configured TDW is just a nominal duration for determining actual TDWs. Hence, the precision of TDW at symbol-level is not needed. In addition, the length (L) of configured TDWs needs to be configured in RRC. Therefore, considering the unit of slot for configured TDW is more reasonable, at least it may simplify the discussion on candidate values for L. In addition, considering the first available slot is more appropriate since JCE can only be applied across the transmitted PUSCHs. In this case, the repetition duration also starts from the first available slot.
[bookmark: _Toc83907914]Proposal 7. For the configured time-domain windows (TDWs) determination, the start of the first configured TDW is the first available slot that contains the first PUSCH repetition.
Similarly, the end of the last configured TDW is the end of the last available slot that contains the last PUSCH repetition.
[bookmark: _Toc83907915]Proposal 8. For the configured time-domain windows (TDWs) determination, the end of the last configured TDW is the last available slot that contains the last PUSCH repetition.
Concerning the implicit determination of other configured TDWs prior to first repetition, it was discussed during RAN1#106-e meeting that the configured TDWs are consecutive for paired spectrum and the start of the configured TDWs for unpaired spectrum is implicitly determined on semi-static DL/UL configuration. It is worth noting that if the configured TDWs can be implicitly determined based on semi-static DL/UL configuration then it does not make sense to configure the TDW length L. For instance, considering the DDDSU DDSUU DL/UL configuration and assuming PUSCH mapping type B such that there are PUSCH repetitions in S slots as well. In this case, the gNB should always configure L = 3 (hence the configuration of L is meaningless), otherwise the benefit of configuring L = 2 (and abandon the last U slot in DDSUU) or L = 1 (and no JCE) is unclear. Another example is the DDSUU DDSUU DL/UL configuration, the gNB should always configure L = 3 as well.
[bookmark: _Toc83907900]Observation 4. If the configured time-domain windows (TDWs) can be implicitly determined based on semi-static DL/UL configuration for unpaired spectrum, then the benefit of configuring the configured TDW length L is unclear.
Therefore, consecutive configured TDWs within the repetition duration should be considered for both paired and unpaired spectrum.
[bookmark: _Toc83907916]Proposal 9. For the configured time-domain windows (TDWs) determination, consecutive configured TDWs within the repetition duration should be considered for both paired and unpaired spectrum.
The start and end of the actual TDWs
Unlike the configured TDWs, which are the nominal time durations, the UE needs to keep the power consistency and phase continuity within each actual TDW. Therefore, the unit of the actual TDWs should be more precise compared to configured TDWs. In addition, unlike configured TDWs whose size is RRC configured, the size of actual TDW is implicitly determined, therefore concern on indication of the actual TDW size does not exist; the start of the first actual TDW should be the first symbol of the first PUSCH transmission within the configured TDW.
[bookmark: _Toc83907917]Proposal 10. For the actual time-domain windows (TDWs) determination, the start of the first actual TDW should be the first symbol of the first PUSCH transmission within the configured TDW.
Following the above analysis, the start and end of the remaining actual TDWs within a configured TDW can be summarized as follows. 
· 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, i.e., the end of the actual TDW is the last symbol of the last PUSCH transmission.
· An event occurs that violates power consistency and phase continuity. The end of the actual TDW is the last symbol of the PUSCH transmission right before an event such that the power consistency and phase continuity are violated.
· If UE is capable of restarting DM-RS bundling, one new actual TDW is created after the event. The start of the new actual TDW is the first available symbol for PUSCH transmission after the event.
[bookmark: _Toc83907918]Proposal 11. For the actual time-domain windows (TDWs) determination, end of the actual TDW is the last symbol of the last PUSCH transmission within the configured TDW or the last symbol of the PUSCH transmission right before an event such that the power consistency and phase continuity are violated.
[bookmark: _Toc83907919]Proposal 12. For the actual time-domain windows (TDWs) determination, if UE is capable of restarting DM-RS bundling after an event such that the power consistency and phase continuity are violated, the start of the new actual TDW is the first available symbol for PUSCH transmission after the event.
Maximum value of the configured TDW size (L)
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: _Toc83907901]Observation 5. Joint channel estimation can achieve better performance if the actual time-domain window size reaches the maximum duration.
[bookmark: _Toc83907920]Proposal 13. 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: _Toc83907902]Observation 6. 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: _Toc83907903]Observation 7. 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: _Toc83907921]Proposal 14. 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: _Toc83907904]Observation 8. 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: _Toc83907922]Proposal 15. 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.
The events that break power consistency and phase continuity for actual TDWs determination
Following the guidance from RAN4 so far on the conditions that power consistency and phase continuity can be kept, the event that break power consistency and phase continuity for actual TDWs determination can be generalized as at least one of the following:
· The “maximum duration” is exceeded.
· The “maximum unscheduled gap” between two successive PUSCHs is exceeded.
· The UE is expected to monitor/receive a DL reception occasion.
· The UE is expected to transmit an UL transmission with different settings than PUSCH repetitions.
[bookmark: _Toc83907923]Proposal 16. For actual TDWs determination, an event such that the power consistency and phase continuity are broken could be one of the following:
· The “maximum duration” is exceeded.
· The “maximum unscheduled gap” between two successive PUSCHs is exceeded.
· The UE is expected to monitor/receive a DL reception occasion, if applicable.
· The UE is expected to transmit an UL transmission with different settings than PUSCH repetitions.
Handling of loop updates
When should the UE perform loop updates?
Another issue that had been discussed during RAN1#106-e meeting was about the timing for loop updates at the UE, which include at least one of: frequency update, TA update, TPC update, RF calibration update, etc. Following the current working assumption for TDW determination, the loop updates can be performed either per configured TDW or per actual TDW. In general, configured TDW is just a nominal time duration for the actual TDW determination. Therefore, unless the UE is capable to maintain the RF configuration for a duration longer than the actual TDW and there is no other indication of loop updates, the UE should apply loop updates per actual TDW, wherein the JCE is actually performed.
[bookmark: _Toc83907905]Observation 9. Loop updates per actual TDW is more relevant for JCE than loop updates per configured TDW since power consistency and phase continuity are required within actual TDW. 
[bookmark: _Toc83907906]Observation 10. Loop updates per actual TDW is friendlier for implementation than loop updates per configured TDW since at least the UE has occasions to update the RF configuration more frequently given that actual TDW size is smaller than configured TDW size.
[bookmark: _Toc83907924]Proposal 17. For joint channel estimation, the UE performs loop updates per actual TDW.
The main concern for performing loop updates per actual TDW is that the UE may not be able to react quickly to dynamic events and hence update the loops accordingly. Therefore, from UE implementation perspective, if all the events (including the dynamic events) that break power consistency and phase continuity are known beforehand, the UE can plan ahead the loop updates per actual TDW.
The dynamic events can be categorized into two main groups:
· Group A: Other channels/signals that are indicated/triggered by a DCI.
· Group B: PDCCH transmissions and/or PDCCH monitoring occasions.
For the dynamic events in Group A, one simple solution is to guarantee that any DCI, which indicates/triggers another channel/signal transmission within a configured TDW should be known prior to the first transmission in the configured TDW. This should be applicable regardless of whether the configured TDWs are back-to-back or determined based on DL/UL configuration. For the dynamic events in Group B, as discussed in Section 2.1.2, PDCCH transmissions/monitoring occasions cannot be violating events at least for TDD following the recent conclusion in RAN4, whereas whether they are violating events for FDD or not is unclear. However, regardless of whether PDCCH transmissions/monitoring occasions are valid events or not, they should be known beforehand by the UE since the PDCCH monitoring occasions are configured.
[bookmark: _Toc83907925]Proposal 18. If the loop updates are performed per actual TDW, any DCI that indicates/triggers another channel/signal transmission within a configured TDW should be known prior to the first transmission in the configured TDW.
TPC and TA adjustment handling
In RAN1#106-e meeting, the following agreements were made:
	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.


It is worth noting that the above agreements had been made before RAN1 reached consensus on the working assumption for TDW determination. In other words, the definitions of “configured TDW” and “actual TDW” were introduced after the above agreements had been agreed. Therefore, RAN1 should further clarify whether “time domain window” in the above agreements is configured TDW or actual TDW. Indeed, on the one hand, the above agreements were made to make sure that any adjustment in TPC and/or TA should not impact the power consistency and phase continuity. On the other hand, following the working assumption, power consistency and phase continuity should be kept within the actual TDWs only. Therefore, it is straightforward to deduce that the above agreements should refer to actual TDWs.
[bookmark: _Toc83907926]Proposal 19. RAN1 to further clarify that the time domain window (TDW) referred to in the agreements made in RAN1#106-e on TPC and TA adjustment handling is the actual TDW.
[bookmark: _Toc67700562]For TPC handling, since the TPC command for PUSCH is indicated via DCI, the scenario of receiving TPC command within an actual TDW is invalid. Indeed, with the maximum unscheduled gap being equal to 13 symbols, JCE (and hence actual TDW) should happen between consecutive UL slots only, at least for TDD. The only potentially valid scenario is for FDD, if PDCCH is within the valid unscheduled gap and if PDCCH reception/monitoring does not break phase continuity in FDD. In the case the PDCCH reception/monitoring is possible in FDD, our preference would be Alt.2 for which the UE receives and accumulates TPC commands without taking effect during the current time domain window.
[bookmark: _Toc83907907]Observation 11. For TPC handling, the scenario of receiving TPC command within an actual TDW is invalid at least for TDD. Receiving TPC command within an actual TDW could be valid in FDD, if PDCCH is within the valid unscheduled gap and if PDCCH reception/monitoring does not break phase continuity in FDD.
[bookmark: _Toc83907927]Proposal 20. In case the PDCCH reception/monitoring is possible in FDD, the UE receives and accumulates TPC commands without taking effect during the current time domain window.
For TA adjustment, the agreement made in RAN1#106-e is still valid considering time domain window is the actual TDW. In principle, ignoring the TA adjustment should be avoided, otherwise the timing misalignment strongly impact system performance, especially in coverage shortage scenario.
[bookmark: _Toc83907928]Proposal 21. For TA adjustment, UE performs TA adjustment after the actual TDW if it receives any TA command indicating TA adjustment during the actual TDW. Ignoring TA adjustment should be avoided.
Inter-slot frequency hopping with inter-slot bundling
The following agreement was made in RAN1#104-bis-e:
	Agreements (RAN1#104-bis-e):
For inter-slot frequency hopping with inter-slot bundling, down select on the following two options:
· Option 1: The bundle size (time domain hopping interval) equals to the time domain window size.
· Option 2: The bundle size (time domain hopping interval) can be different from the time domain window size.
· FFS: Whether the bundle size (time domain hopping interval) is explicitly configured or implicitly determined.
· FFS: Whether/How the bundle size (time domain hopping interval) is defined separately for FDD and TDD.
· FFS: relation between the bundle size (time domain hopping interval) and the time domain window size


With the definition of time-domain window in Section 2.2, each actual TDW is the duration within which the UE can actually be able to maintain the power consistency and phase continuity (all constraints have been considered for the segmentation into multiple windows). Therefore, inter-actual-TDW frequency hopping can simply be applied as shown in Figure 6.
[image: ]
[bookmark: _Ref67696229]Figure 6. An example of inter-actual-TDW frequency hopping mode for joint channel estimation.
From the above discussion, we propose the following:
[bookmark: _Toc83907929][bookmark: _Toc67700564]Proposal 22. For inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation, the UE switches frequency hop for every actual TDW. Note that when there is no event that breaks power consistency and phase continuity the actual TDW is also the configured TDW.
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. If the configured time-domain windows (TDWs) can be implicitly determined based on semi-static DL/UL configuration for unpaired spectrum, then the benefit of configuring the configured TDW length L is unclear.
Observation 5. Joint channel estimation can achieve better performance if the actual time-domain window size reaches the maximum duration.
Observation 6. 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 7. 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 8. 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.
Observation 9. Loop updates per actual TDW is more relevant for JCE than loop updates per configured TDW since power consistency and phase continuity are required within actual TDW.
Observation 10. Loop updates per actual TDW is friendlier for implementation than loop updates per configured TDW since at least the UE has occasions to update the RF configuration more frequently, given that actual TDW size is smaller than configured TDW size.
Observation 11. For TPC handling, the scenario of receiving TPC command within an actual TDW is invalid at least for TDD. Receiving TPC command within an actual TDW could be valid in FDD, if PDCCH is within the valid unscheduled gap and if PDCCH reception/monitoring does not break phase continuity in FDD.
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 further ask RAN4 on whether JCE can be applied when there is DL reception/monitoring within the unscheduled gap between two successive PUSCH or PUCCH repetitions in FDD.
Proposal 6. 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 7. For the configured time-domain windows (TDWs) determination, the start of the first configured TDW is the first available slot that contains the first PUSCH repetition.
Proposal 8. For the configured time-domain windows (TDWs) determination, the end of the last configured TDW is the last available slot that contains the last PUSCH repetition.
Proposal 9. For the configured time-domain windows (TDWs) determination, consecutive configured TDWs within the repetition duration should be considered for both paired and unpaired spectrum.
Proposal 10. For the actual time-domain windows (TDWs) determination, the start of the first actual TDW should be the first symbol of the first PUSCH transmission within the configured TDW.
Proposal 11. For the actual time-domain windows (TDWs) determination, end of the actual TDW is the last symbol of the last PUSCH transmission within the configured TDW or the last symbol of the PUSCH transmission right before an event such that the power consistency and phase continuity are violated.
Proposal 12. For the actual time-domain windows (TDWs) determination, if UE is capable of restarting DM-RS bundling after an event such that the power consistency and phase continuity are violated, the start of the new actual TDW is the first available symbol for PUSCH transmission after the event.
Proposal 13. RAN1 should design the time-domain window (TDW) determination procedure that can enable the maximum size for as many actual TDWs as possible.
Proposal 14. 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 15. 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 16. For actual TDWs determination, an event such that the power consistency and phase continuity are broken could be one of the following:
· The “maximum duration” is exceeded.
· The “maximum unscheduled gap” between two successive PUSCHs is exceeded.
· The UE is expected to monitor/receive a DL reception occasion, if applicable.
· The UE is expected to transmit an UL transmission with different settings than PUSCH repetitions.
Proposal 17. For joint channel estimation, the UE performs loop updates per actual TDW.
Proposal 18. If the loop updates are performed per actual TDW, any DCI that indicates/triggers another channel/signal transmission within a configured TDW should be known prior to the first transmission in the configured TDW.
Proposal 19. RAN1 to further clarify that the time domain window (TDW) referred to in the agreements made in RAN1#106-e on TPC and TA adjustment handling is the actual TDW.
Proposal 20. In case the PDCCH reception/monitoring is possible in FDD, the UE receives and accumulates TPC commands without taking effect during the current time domain window.
Proposal 21. For TA adjustment, UE performs TA adjustment after the actual TDW if it receives any TA command indicating TA adjustment during the actual TDW. Ignoring TA adjustment should be avoided.
Proposal 22. For inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation, the UE switches frequency hop for every actual TDW. Note that when there is no event that breaks power consistency and phase continuity the actual TDW is also the configured TDW.
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