	3GPP TSG-RAN WG1 Meeting #106bis-e	
[bookmark: _Hlk67995241]e-Meeting, October 11th – 19th, 2021
	R1-2110203


[bookmark: _Hlk495298459]
Agenda item:	8.8.1.3
Source: 	Qualcomm Incorporated
Title: 	 Joint channel estimation for PUSCH
Document for:	Discussion/Decision
Introduction
RAN 90e agreed to specify joint channel estimation as a technique to extend PUSCH coverage [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 DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]



This document discusses our views on joint channel estimation for PUSCH. More specifically, we shall discuss its use cases, time domain window, interaction between PUSCH DMRS bundling and frequency hopping, relation to PTRS, and DMRS optimization.
For quick reference, agreements made in RAN1 105-e and RAN1 106-e meetings are included in the appendix.
Applicability of Joint Channel Estimation
RAN1 provided the following feedback to RAN4 on possible use cases for joint channel estimation across PUSCH repetitions [2]: 
	For PUSCH transmission, the following use cases are considered in RAN1. Among the following cases, RAN1 suggest RAN4 to deprioritize use case 5a for PUSCH transmission.
�   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 2a: no uplink transmission in the middle of two PUSCH transmissions
‐   Use case 2b: other uplink transmissions in the middle of two PUSCH transmissions
�   Use case 3: back-to-back PUSCH transmissions across consecutive slots.
[bookmark: _Hlk71401696]�   Use case 4: non-back-to-back PUSCH transmissions across consecutive slots.
‐   Use case 4a: no uplink transmission in the middle of two PUSCH transmissions
‐   Use case 4b: other uplink transmissions in the middle of two PUSCH transmissions
�   Use case 5: PUSCH transmissions across non-consecutive slots.
‐   Use case 5a: no uplink transmission in the middle of two PUSCH transmissions 
‐   Use case 5b: other uplink transmissions in the middle of two PUSCH transmissions
Note: RAN1 assumes “back-to-back PUSCH transmission” has zero gap in-between adjacent PUSCH transmissions.



Current status in RAN1:
For PUSCH repetition of the same TB, use case 1, 2a, 3, and 4a are already agreed to be supported. Both repetition Type A and Type B are allowed. Remaining cases are under discussion.
For DMRS bundling across different TBs, use case 2 is agreed to be NOT supported. There was no consensus to support the other cases. 
We now present our views on the remaining cases while taking RAN4 feedback into account.
Current feedback from RAN4:
RAN4 provided feedback on the following two scenarios in [3]:
· For back-to-back transmissions with zero gap in-between adjacent transmissions 
· For non-back-to-back transmission with non-zero gap in-between adjacent transmissions where no downlink reception in-between the PUSCH or PUCCH repetition in the same band for TDD case

In particular, RAN4 states that [4]:
· For non-zero un-scheduled gap case for a gap less than 14 symbols, RAN4 confirms the feasibility of phase continuity and power consistency when UE is not required to meet the existing off power requirements. Whether new or existing off power requirements for shorter duration than 1 msec as well as the maximum value of X un-scheduled symbols will be introduced are pending on further RAN4 discussions. 
· For the case with other UL channels in between repetitions, at least if the other scheduled signals/channels during the non-zero gap have the same settings in antenna port, occupied PRBs and UL power than the repeated transmission signals/channels, it is feasible to maintain the phase continuity and power consistency across the repetitions. 
· In scenario of no more than X un-scheduled OFDM symbols in-between the PUSCH or PUCCH repetition (e.g., X = 0, 1, 2, …, 14), and scenario of other physical signals/channels in-between PUCCH or PUSCH repetitions from the UE perspective, e.g., SRS or PUCCH transmission in-between the PUSCH repetition for the UE, RAN4 is still discussing if X can be non-zero value and UE can maintain phase continuity

Additional RAN4 feedback in [5] states the following:
	RAN4 has continued discussing the un-scheduled gap consisting of unscheduled symbols between two PUCCH repetitions or PUSCH transmissions and reached a conclusion that it is feasible for UE to maintain phase continuity when the gap is 13 symbols or less. RAN4 is still discussing the feasibility of 14 symbols or 1 ms for different SCSs for the un-scheduled gap. Main drawback RAN4 sees with long gaps is UE energy efficiency since it needs to maintain TX parts active but UE is not transmitting and the issue of existing OFF power requirements not being satisfied for less 1ms duration. 
If new RF requirements for UE during the gap are needed, is under discussion in RAN4.
· RAN1 Question 3: 
· There are two different interpretation in RAN1 regarding the “downlink reception” in “No downlink reception in-between the PUSCH or PUCCH repetition in the same band for TDD case” (in R4-2103393)
1) “downlink reception” refers to downlink symbols with actual DL transmission from gNB to UE.
2) “downlink reception” refers to downlink symbols with actual DL transmission from gNB to UE and/or downlink symbols without actual DL transmission from gNB to UE and/or no DL monitoring occasions configured.
Can RAN4 please confirm which interpretation is correct?
RAN4 Answer is that
1) The “downlink reception” means downlink symbols with actual DL transmission from gNB to UE and/or DL monitoring with the assumption that UE is receiving information.
2) Regarding whether “downlink reception” include downlink symbols without actual DL transmission from gNB to UE and without DL monitoring, it would be helpful if RAN1 could provide more information on the exact scenario.
3) Phase discontinuity tolerance LLS is ongoing in RAN4 study and conditions of whether the phase continuity can be maintained in TDD case that has downlink reception in-between the PUSCH or PUCCH repetition could be revisited in future meeting with consideration of phase discontinuity tolerance.  RAN4 is also still checking whether there are any optional UE antenna configurations where a UE could overcome this problem and still gain from using the feature.



Additional RAN4 feedback in [6] states the following:
	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.



Remaining cases under discussion for PUSCH repetition of the same TB:
Regarding non-back-to-back PUSCH transmissions with intervening uplink transmissions, the current RAN4 guidance requiring at least the use of the same antenna port, allocated number and locations of PRBs, average power and PAPR as the PUSCH transmissions is too restrictive to be practically useful. We therefore make the following proposal:
Proposal 1: For DMRS bundling across non-back-to-back PUSCH repetition of the same TB, do not support the following use cases:
�   Use case 2: non-back-to-back PUSCH transmissions within one slot.
‐   Use case 2b: other uplink transmissions in the middle of two PUSCH transmissions
�   Use case 4: non-back-to-back PUSCH transmissions across consecutive slots.
‐   Use case 4b: other uplink transmissions in the middle of two PUSCH transmissions
�   Use case 5: PUSCH transmissions across non-consecutive slots.
‐   Use case 5b: other uplink transmissions in the middle of two PUSCH transmissions
For the case of DMRS bundling across non-consecutive slots, the current RAN4 guidance states that the maximum gap across 2 transmissions cannot be greater than or equal to 14 symbols. Based on the current status, it therefore does not seem possible to support use case 5b and we make the following proposal:
Proposal 2: For DMRS bundling across non-back-to-back PUSCH repetition of the same TB, do not support the following use cases:
�   Use case 5: PUSCH transmissions across non-consecutive slots.
‐   Use case 5a: no uplink transmission in the middle of two PUSCH transmissions 
Time Domain Window and UE Indication
A working assumption was made in the last RAN1 meeting governing the determination of time domain window locations. We make specific comments on certain aspects of this working assumption in this section.
	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.




Challenges to DMRS Bundling for large values of 
This section aims to explain some of the challenges in setting up multiple actual TDWs within a configured window and trying to react on-the-fly to events that violate RAN4 conditions.
On reliably scheduling loop updates
Consider a setting where a UE is configured PUSCH with 16 repetitions in an FDD band, with UE indicating max duration of bundling it can support to be 4. Assume that the PUSCH TDRA spans the first 12 symbols, and that on any slot PUCCH HARQ-ACK/NACK feedback could occur in the last two symbols depending on DL traffic.
Let . Thus, the entire set of 16 repetitions are covered by a single configured TDW. Within this configured TDW, the UE needs to dynamically place “actual TDWs” and bundle slots within each actual TDW. In case an event that violates RAN4 conditions occurs, then UE terminates the current bundle/TDW and starts a new “actual TDW”.
As the following figure shows, a UE initially plans to bundle the first four slots and schedules certain loop updates such as FTL, TTL, RF calibration updates, updates for power consistency, thermal cal. updates, etc. But suppose due to a dynamic event such as a PUCCH transmission in the second slot, the UE needs to terminate the first bundle after the first two slots and needs to start a new bundle/“actual TDW” after the second slot. For this operation, UE first needs to cancel the loop updates it had planned at the end of the 4th slot and reschedule them after the 6th slot. This leads to a delay in loop updates. Further, to make this worse, this process of cancelling and rescheduling loop updates could occur multiple times, leading to a significant degradation in performance. 
[image: ]
Figure 1 UE's inability to reliably schedule loop updates within a configured TDW due to dynamic events 
This leads us to the following observation:
Observation 1: When L exceeds max duration, UE may not be able to reliably schedule loop updates within a configured TDW leading to performance degradation.
On error propagation
Using the same example as above, with L =16, it is also seen that a simple misunderstanding between UE and gNB can lead to a cascading misalignment of DMRS bundling/JCE between UE and gNB in the rest of the configured TDW duration. In the figure below, we illustrate a scenario where a UE misses a DL DCI and consequently skips transmitting a PUCCH. gNB expects a PUCCH transmission and assumes DMRS bundling will be terminated and restarted in the next slot. These error propagation issues are due to a coupling between dynamic events and DMRS bundling procedures. We must strive to decouple such decision making and make the overall process more robust.
[image: ]
Figure 2 Error propagation issues in DMRS bundling due to misalignment between UE and gNB

Observation 2: Coupling between DMRS bundling procedure and other dynamic events at a UE can lead to misunderstanding between UE and gNB, leading to a misalignment of bundling windows at UE and gNB.
On the range of values for configured window length 
As seen in the previous section, configuring values for  greater than maximum duration leads to ambiguity on bundling boundaries and uncertainty to the UE on when to apply the various loop updates. Further the motivation to introduce L > max duration is not very clear. It leads to a bundling procedure that is prone to misalignment and would therefore not be preferable. We would therefore strongly advice against using values of L greater than max duration, and make the following proposal:
Proposal 3: Due to error propagation issues and inability to reliably schedule loop updates at the UE, restrict  max duration.
On the placement of configured TDWs
Next we turn our attention to the placement of configured TDWs and we propose the following straightforward approach to determine its locations based on semi-static slot format configurations and the set of available slots.
Proposal 4: For joint channel estimation over PUSCH repetitions (for the same TB), the configured TDWs are determined as follows: 
· Configured TDWs are non-overlapping in time.
· For paired spectrum, configured TDWs are consecutive (back-to-back) and start from the first available slot determined for a sequence of PUSCH repetitions.
· For unpaired spectrum, the start of the configured TDWs is determined implicitly based on semi-static slot format configuration and the set of available slots determined for a sequence of PUSCH repetitions. The starting slot of each window is an available slot for PUSCH repetition. After the end of a configured TDW, the next configured TDW starts from the next available slot for PUSCH repetition.

The above procedure if illustrated for a TDD and an FDD band in the following figure.
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[bookmark: _Ref68005303]Figure 3: Time domain window illustration
Bundling Indication by UE
Having the UE to indicate whether a PUSCH transmission is coherent with respect to the other PUSCH transmission is useful for cases where some change on the UE side may impact the phase continuity but such change may not be known to the gNB, for example:
· PUSCH transmit power control depends on pathloss measurement. If the pathloss measurement changes, the transmit power should be changed accordingly, but such power change may not be known to the gNB.
· Another example is that the UE may need to perform some (periodic) events as discussed in Section 3.1. Such event(s) are expected to impact phase continuity across PUSCH transmissions, but gNB is not aware of such event(s).
· Another situation may arise when multiple actual TDWs are used within a configured TDW and there is a chance of ambiguity between UE and gNB on where the bundling boundaries are located.
How to enable UE indication can be further discussed. One possible approach is to allow UE to signal indication in the UCI multiplexing with PUSCH transmission. The indication can indicate whether the PUSCH transmission is coherent with respect to the previous PUSCH transmission or whether the PUSCH transmission is coherent with respect to the next PUSCH transmission as illustrated in Figure 2.
[image: ]
[bookmark: _Ref61428330]Figure 4: Examples of bundling indication by UE via UCI multiplexed with PUSCH
Proposal 5: For each PUSCH transmission, the UE signals a bundling indication in the PUSCH transmission.
Interaction with Inter-slot Frequency Hopping
[bookmark: _Hlk71027981]It was agreed to consider inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation for PUSCH. In general, we can have two cases as follows:
· Non-interleaving case (as illustrated in Figure 3): The bundled PUSCH transmissions in one frequency hop are first transmitted and then another bundled PUSCH transmissions are transmitted in the other frequency hop.
· Interleaving case (as illustrated in Figure 4): PUSCH transmissions are interleaved between the first frequency hop and the second frequency hop.
[image: ]
[bookmark: _Ref61428521]Figure 5: Non-interleaving case
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[bookmark: _Ref61428558]Figure 6: Interleaving case
RAN4 LS reply [3] provided answer to question 1 on the conditions under which UE can maintain phase continuity across PUCCH or PUSCH repetitions. One of the conditions is that intra-slot and inter-slot frequency hopping is not enabled within a repetition bundle: 
	· Question 1: Under what conditions UE can keep phase continuity cross PUCCH or PUSCH repetitions 
· RAN4 Answer for question 1: If the following conditions are met
· Modulation order does not change.
· RB allocation in terms of length and frequency position should not be changed, and intra-slot and inter-slot frequency hopping is not enabled within a repetition bundle.
· No change on transmission power level of its own CC, i.e., no change on the power control parameters specified in TS 38.213, and also when own CC is not impacted by other concurrent CC(s) that are configured for inter-band CA or DC for same UE with dynamic power sharing and no change in any configured CC s that are part of configured intra-band uplink CA or DC. 
· No UL beam switching for FR2 UE occurs



Observation 3: Based on RAN4 feedback, all bundled transmissions within a single time domain DMRS bundling window are required to have the same frequency hop index.
Furthermore, RAN1 104b-e made the following agreements:
	Agreements:
· 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



We propose the following procedure to describe how inter-slot frequency hopping and DMRS bundling may interact with each other and be enabled at the same time.
For the purposes of DMRS bundling, a gNB may configure a UE with a new frequency hopping pattern. This new frequency pattern defines groups of contiguous physical slots that are assigned to each frequency hop. For example, slots 0 to 3 could be assigned to first hop, slots 4 to 7 could be assigned to second hop, and so on. Note that this a predetermined/static mapping between hops to physical slots. This strives to prioritize frequency hopping and the efficient use of resources over DMRS bundling.
Thus, once UE received determines the set of available slots for a sequence of PUSCH repetitions, it assigns hop indices to each slot that’s available based on the predetermined hopping patter that it is configured with. Once these two steps are completed, it proceeds to determining the placement of the time domain windows. Hop indices are factored into time domain window locations and two slots with different hop indices are not bundled together.
The three-step procedure can be summarized as follows:
1. Identify available slots for PUSCH/PUCCH reps
1. Determine frequency hopping index for each available slot based on the configured hopping pattern for DMRS bundling
1. Determine configured TDWs for DMRS bundling assuming frequency hop allocations made in Step 2. UE ensures that no two slots with different hop indices are bundled together.

The above process is figuratively represented below, where a UE is scheduled to transmit PUSCH with 8 repetitions and a 4-slot hopping pattern. Note that the hopping pattern is decoupled from the start of PUSCH repetitions.

[image: ]
Figure 7 Inter-slot frequency hopping with DMRS bundling
Proposal 6: Consider the following procedure for inter-slot frequency hopping with DMRS bundling:
1. Identify available slots for PUSCH/PUCCH reps
2. Determine frequency hopping index for each available slot based on the configured hopping pattern for DMRS bundling
3. Determine configured TDWs for DMRS bundling assuming frequency hop allocations made in Step 2. UE ensures that no two slots with different hop indices are bundled together.
Joint Channel Estimation in presence of PTRS 
In 5G, PTRS was introduced to track phase noise (especially for FR2). Compared to DMRS, PTRS has lesser frequency density, which results in much smaller overhead (compared to DMRS). In presence of DMRS, gNB may be able to not only track the continuous phase noise inside a time slot, but also estimate the phase jumps across slots. In this, by compensating the estimated phase jumps across slots, gNB may be able to apply DMRS bundling even for the case that UE is not able of maintaining phase continuity or when the phase continuity is not perfect. However, relying on PTRS for estimating the phase jumps and compensating them may require a higher density for PTRS (e.g., higher time density). Currently, the presence of PTRS and its time density is determined based on configurable thresholds for MCS (as shown in Table 1).
Table 1. Determining presence of PTRS and its time density based on configured MCS thresholds.
	Scheduled MCS
	Time density

	IMCS < ptrs-MCS1
	PT-RS is not present

	ptrs-MCS1  IMCS < ptrs-MCS2
	4

	ptrs-MCS2  IMCS < ptrs-MCS3
	2

	ptrs-MCS3  IMCS < ptrs-MCS4
	1



It would be useful to allow a different set of MCS thresholds to determine the presence of PTRS (and its time density), when DMRS bundling is applied.      
Proposal 7: Support different criteria for activation of PTRS or its density for the case of joint channel estimation.
Figure 4 shows the performance of PUSCH repetition over two time slots, when a random phase jump (glitch) is applied at the slot boundary (i.e. the worst case which means no phase continuity). In absence of phase jump, no PTRS is needed for PUSCH reception for MCS 7, while it is useful for MCS 16. However, when DMRS bundling is applied in presence of the phase jump, PTRS becomes necessary for both MCS 7 and MCS 16. This shows that different MCS thresholds are useful to determine presence of PTRS (or its time density). The simulation results also show that when gNB can rely on PTRS for estimating the phase jumps, the phase continuity requirement can be relaxed. 
[image: ]
Figure 8. Reception of PUSCH repetition over two time slots, in presence of worst random phase jump at the slot boundary and using PTRS to estimate and compensate it (with PTRS with time density of every other symbol)

On TA and TPC updates
In previous meeting different options were discussed on how a UE is to handle TA and TPC commands that a UE receives during a TDW. In particular, the agreements stated the following:
	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.




Its not very clear to us why a gNB may want to send either TPC or TA commands during a TDW. This issue seems to be easily resolvable at the gNB and the UE must not be forced to bear the burden of carefully accounting for TA or TPC commands received during a TDW. We therefore make the following two proposals:
Proposal 8: A UE is not expected to receive TPC commands during a configured time domain window.
Proposal 9: A UE is not expected to receive TA commands indicating TA adjustment during a configured TDW. 
Conclusion 
[bookmark: _Hlk23927392]This document discusses our views on joint channel estimation as a technique to extend PUSCH coverage. In particular, we have made the following observations and proposals:
Proposal 1: For DMRS bundling across non-back-to-back PUSCH repetition of the same TB, do not support the following use cases:
�   Use case 2: non-back-to-back PUSCH transmissions within one slot.
‐   Use case 2b: other uplink transmissions in the middle of two PUSCH transmissions
�   Use case 4: non-back-to-back PUSCH transmissions across consecutive slots.
‐   Use case 4b: other uplink transmissions in the middle of two PUSCH transmissions
�   Use case 5: PUSCH transmissions across non-consecutive slots.
‐   Use case 5b: other uplink transmissions in the middle of two PUSCH transmissions

Proposal 2: For DMRS bundling across non-back-to-back PUSCH repetition of the same TB, do not support the following use cases:
�   Use case 5: PUSCH transmissions across non-consecutive slots.
‐   Use case 5a: no uplink transmission in the middle of two PUSCH transmissions 

Observation 1: When L exceeds max duration, UE may not be able to reliably schedule loop updates within a configured TDW leading to performance degradation.
Observation 2: Coupling between DMRS bundling procedure and other dynamic events at a UE can lead to misunderstanding between UE and gNB, leading to a misalignment of bundling windows at UE and gNB.
Proposal 3: Due to error propagation issues and inability to reliably schedule loop updates at the UE, restrict  max duration.
Proposal 4: For joint channel estimation over PUSCH repetitions (for the same TB), the configured TDWs are determined as follows: 
· Configured TDWs are non-overlapping in time.
· For paired spectrum, configured TDWs are consecutive (back-to-back) and start from the first available slot determined for a sequence of PUSCH repetitions.
· For unpaired spectrum, the start of the configured TDWs are determined implicitly based on semi-static slot format configuration and the set of available slots determined for a sequence of PUSCH repetitions. The starting slot of each window is an available slot for PUSCH repetition. After the end of a configured TDW, the next configured TDW starts from the next available slot for PUSCH repetition.
Proposal 5: For each PUSCH transmission, the UE signals a bundling indication in the PUSCH transmission.
Observation 3: Based on RAN4 feedback, all bundled transmissions within a single time domain DMRS bundling window are required to have the same frequency hop index.
Proposal 6: Consider the following procedure for inter-slot frequency hopping with DMRS bundling:
1. Identify available slots for PUSCH/PUCCH reps
2. Determine frequency hopping index for each available slot based on the configured hopping pattern for DMRS bundling
3. Determine configured TDWs for DMRS bundling assuming frequency hop allocations made in Step 2. UE ensures that no two slots with different hop indices are bundled together.

Proposal 7: Support different criteria for activation of PTRS or its density for the case of joint channel estimation.
Proposal 8: A UE is not expected to receive TPC commands during a configured time domain window.
Proposal 9: A UE is not expected to receive TA commands indicating TA adjustment during a configured TDW. 
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Appendix A: Agreements from RAN1-105-e meeting
	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:
· 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.

Agreement:
· Definition of the maximum duration: a maximum time duration during which UE is able to maintain power consistency and phase continuity subject to power consistency and phase continuity requirements. 
· FFS whether or not such a definition is necessary for RAN1 specifications.
· Note: whether such a definition is to be specified in RAN4 specifications is up to RAN4.
· FFS the maximum duration may be reported by UE.
· Note: it is understood that for a UE, the maximum duration is no less than the time domain window duration

Agreement: Send LS to RAN4 asking the following questions
· For joint channel estimation, is there a maximum duration during which UE is able to maintain power consistency and phase continuity under certain tolerance level? If any, how long is it?
· What factors determine the maximum duration?
· Whether the maximum duration should be the same for different cases for both PUSCH and PUCCH?
· Whether the maximum duration is dependent on the modulation order of transmission, e.g., QPSK, 16QAM, 64QAM? 
· Whether the maximum duration is dependent on UL waveform (DFT-s-OFDM vs. OFDM)?
· Whether the maximum duration is band specific?
· Besides the factors listed above, whether or not the maximum duration is further dependent on UE capabilities (e.g., multiple possible values for a given set of factor(s)), and if so, whether the UE should report such a duration

Agreement:
For joint channel estimation for PUSCH repetition type A of PUSCH repetitons of the same TB, down select one of the following alternatives for the time domain window.
· Alt 1: All the repetitions are covered by one single time domain window
· The start of the window is the first PUSCH transmission
· FFS: how to handle non-consecutive physical slots for UL transmission, e.g., due to DL/UL configuration for unpaired spectrum
· FFS: frequency hopping and precoder cycling
· Alt 2: All the repetitions are covered by one or multiple time domain windows
· For the start of each window,
· The start of the first window is the first PUSCH transmission.
· FFS: how to determine the start of other windows, e.g., whether multiple windows are consecutive or non-consecutive, whether the start of the window depends on DL/UL configuration for unpaired spectrum
· For the length of each window,
· FFS Each window consists of at least two adjacent physical slots for UL transmission.
· The length of each window is no longer than the maximum duration.
· FFS: how to determine the length of each window
· FFS: whether the length of each window depends on DL/UL configuration for unpaired spectrum
· FFS: how to handle non-consecutive physical slots for UL transmission, e.g., due to DL/UL configuration for unpaired spectrum.
· FFS: frequency hopping and precoder cycling
· Other alternatives are not precluded.

Agreement:
· Joint channel estimation for PUSCH transmissions is enabled or disabled via RRC configuration for a UE
· FFS: whether additional dynamic signaling is needed to enable/disable joint channel estimation for PUSCH transmissions
· Note: the enabling of such a feature is subject to certain prerequisites
· FFS RRC parameter details (including explicit vs. implicit configuration)
· FFS For joint channel estimation for PUSCH, the time domain window is not explicitly enabled or disabled separately from joint channel estimation.
Note: Enabling/disabling of joint channel estimation for PUSCH transmissions means enabling/disabling of DMRS bundling for PUSCH transmissions under the condition of power consistency and phase continuity.

Agreement:
· Optimization of DMRS granularity in time domain for PUSCH is not considered for joint channel estimation in Rel-17.





Appendix B: Agreements from RAN1-106-e meeting

	Confirm the following working assumption
Working assumption:
· For non-back-to-back PUSCH transmissions (at least for the case of the same TB) across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following cases:
· Over non-back-to-back PUSCH transmissions (of the same TB) for repetition type A scheduled by dynamic grant or configured grant.
· Over non-back-to-back PUSCH transmissions (of the same TB) for repetition type B scheduled by dynamic grant or configured grant, if it reuses only those joint channel estimation specification enhancements defined to support repetition Type A. 
· FFS: additional specification enhancements on top of that defined to support repetition Type A
· Only for single layer transmissions
· Subject to UE capability
· FFS: Over non-back-to-back PUSCH transmissions with different TBs
· FFS: Over non-back-to-back PUSCH transmissions for TBoMS 
· For the non-back-to-back PUSCH transmissions, it is defined as at least when there is no UL transmission between the two successive PUSCH transmissions
· Subject to UE capability with details FFS (e.g., separate vs. joint capability for type A & type B, w.r.t. OFF power requirements, etc.)
· FFS: Joint channel estimation over non-back-to-back PUSCH transmissions with other uplink transmissions between the two successive PUSCH transmissions across consecutive slot.
Conclusion
· Optimization of DMRS location in time domain for PUSCH is not considered for joint channel estimation in Rel-17.
Agreement
· Joint channel estimation for PUSCH transmissions and the time domain window are jointly enabled or disabled via RRC configuration for a UE.
· Note: Enabling/disabling of joint channel estimation for PUSCH transmissions means enabling/disabling of DMRS bundling for PUSCH transmissions under the condition of power consistency and phase continuity.
Agreement 
Make down-selection between the following two alternatives:
· Alt 1: UE is not expected to receive TPC commands during the current time domain window.
· Alt 2: UE receives and accumulates TPC commands without taking effect during the current time domain window.
Agreement
· UE should not perform TA adjustment during the time domain window.
‐   FFS: UE does not expect to receive TA command to indicate TA adjustment during the TDW.
‐   FFS: UE ignores any TA command which indicates TA adjustment during the TDW.
‐   FFS: UE performs TA adjustment after the TDW if it receives any TA command indicating TA adjustment during the TDW.


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.
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