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Introduction
In the RAN1 #106e meeting, joint channel estimation for PUSCH was discussed, especially on the use case, time domain window, TPC command, TA adjustment and etc. A few agreements have been achieved [1] and are listed in the correspondent sections. And the further reply from RAN4 on PUCCH and PUSCH has reached [2]. 
In this contribution, based on the agreements in the last meeting and new information from RAN4, we provide our views on the joint channel estimation for PUSCH.
Discussion
2.1 Conditions for joint channel estimation
In this meeting, replies from RAN4 have been received [2]. It was confirmed that the un-scheduled gap consisting of unscheduled symbols between PUCCH repetitions or PUSCH repetitions could be at most 13 symbols for all SCS. And the 14 symbol or 1 ms un-scheduled gap will not be discussed anymore in RAN4 for Rel-17. And a refinement about the condition to maintain the phase continuity and power consistency has been made and marked as [refined] as below. According to the replies from RAN4 in [2-5], the conditions of joint channel estimation in different cases are listed below.

· For the case of back-to-back transmission with zero gap in-between adjacent transmissions
· Modulation order does not change
· RB allocation in terms of length and frequency position should not be changed. Intra-slot and inter-slot frequency hopping is not enabled
· No change on the transmission power level.
· No UL beam switching for FR2 UE
· No TA adjustment and UE uplink timing autonomous adjustments
· Same TPMI precoder across PUSCH transmission
· For the non-back-to-back transmission with non-zero gap in-between adjacent transmissions
· At least no downlink reception happens in-between the PUCCH or PUSCH
· 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.
· un-scheduled gap consisting of 13 or less unscheduled symbols between PUCCH repetitions or PUSCH repetitions
· In the case of other physical signals/channels transmitted in-between the repetitions, 
· It is feasible to maintain phase continuity and power consistency, at least the other scheduled signals/channels during the non-zero gap should have the same setting as the repeated transmission signals/channels in the below aspects, 
· [refined] PAPR and average power, e.g., PUSCH/PUCCH part of repetitions and SRS has same PAPR and average power.
· [refined] Allocated number and locations of PRBs transmitted
· [refined] Antenna port settings
· Others are the same as back-to-back transmission with zero gap

[bookmark: _Hlk83759162]Observations 1:
Back-to-back with zero gap in-between adjacent transmissions could keep the power consistency and phase continuity under the conditions as below, 
· Modulation order does not change
· RB allocation in terms of length and frequency position should not be changed. Intra-slot and inter-slot frequency hopping is not enabled
· No change on the transmission power level.
· No UL beam switching for FR2 UE
· No TA adjustment and UE uplink timing autonomous adjustments
· Same TPMI precoder across PUSCH transmission

Observation 2:
For the non-back-to-back transmission with non-zero gap in-between adjacent transmissions, 
· At least no downlink reception happens in-between the PUCCH or PUSCH
· 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.
· un-scheduled gap consisting of 13 or less unscheduled symbols between PUCCH repetitions or PUSCH repetitions
· In the case of other physical signals/channels transmitted in-between the repetitions, 
· It is feasible to maintain phase continuity and power consistency, at least the other scheduled signals/channels during the non-zero gap should have the same setting as the repeated transmission signals/channels in the below aspects, 
· PAPR and average power, e.g., PUSCH/PUCCH part of repetitions and SRS has same PAPR and average power.
· Allocated number and locations of PRBs transmitted
· Antenna port settings
· Others are the same as back-to-back transmission with zero gap

Besides the conditions provided by RAN4 on the power consistency and phase continuity, a same precoder should be maintained for the consecutive slot transmission. And if the consecutive slots are not too long, the coherence of channel could also be maintained. 

[bookmark: _Hlk83759167]Observation 3:
Besides the power consistency and phase continuity, the channel coherence over the multiple slot transmission is also important for the joint channel estimation. 

According to the reply for RAN4, the main drawback with long gaps is UE energy efficiency since it needs to maintain the Tx parts active while UE is not transmitting. In addition, the phase discontinuity tolerance and the maximum duration are still under the discussion in RAN4. The performance of maintaining long term phase continuity and its impact to the demodulation are still not clear.

[bookmark: _Hlk83759178]Observation 4:
Several issues should be considered to maintain the phase continuity for the joint channel estimation,
· Power consumption for UE to maintain the Tx part while UE is not transmitting.
· The impact to the performance of maintaining long term phase continuity is still not clear. 

2.2 Use cases 
In the 106e meeting, the working assumption for non-back-to-back PUSCH transmissions across consecutive slots was confirmed. Then the five use cases and their current states are updated and listed as below. 

· Following potential use cases are considered for joint channel estimation for PUSCH:
· Use case 1: back-to-back PUSCH transmissions within one slot.
· Supported for repetition type B, under the same enhancements to the repetition type A
· Not supported for different TBs
· Use case 2: non-back-to-back PUSCH transmissions within one slot.
· Not supported.
· Use case 3: back-to-back PUSCH transmissions across consecutive slots.
· Supported for repetition type A
· Working assumption for TBoMS, which is subject to UE capability
· Supported for repetition type B, under the condition that the enhancements to repetition type A are reused.
· Use case 4: non-back-to-back PUSCH transmissions across consecutive slots.
· Supported for repetition type A
· Supported for repetition type B, under the same enhancements of repetition type A
· FFS for
· TBoMS
· Different TBs
· With other uplink transmission between two successive PUSCH tranmissions
· Use case 5: PUSCH transmissions across non-consecutive slots.

Based on the reply from RAN4[2], the gap of 13 unscheduled symbols is the maximum length of the gap for all SCS, and the 14-symbol or 1ms will not be discussed for the un-scheduled gap. In addition, the gaps with other signals/channels in-between repetitions and transmitted with different settings will not be discussed either. For the use case 5, the un-scheduled gap between the PUSCH transmissions is at least 14 symbols. And it is also too stringent to transmit other signals/channels with the same setting as PUSCH repetitions. Then the use case 5 should not be supported in Rel-17.

[bookmark: _Hlk83759199]Proposal 1:
The use case 5, with the PUSCH transmissions across non-consecutive slots, should not be supported in Rel-17.

For the use case 4, the un-scheduled symbols could happen for repetition type A, since the PUSCH repetition type A has to use the same scheduled symbols in different slots. But the using scenario of repetition type B need more clarifications. The un-scheduled uplink symbols could not happen between the multiple actual repetitions of type B. And using the same PRBs, antenna ports and transmit powers in-between two PUSCH repetitions put too much restrictions. The feasibility of other uplink transmission in-between two consecutive PUSCH repetitions need more discussion.

[bookmark: _Hlk83759210]Proposal 2:
The use cases within use case 4 needs more discussion and the feasibility should be justified. Or those use cases should be deprioritized.
· The other uplink transmission in-between two consecutive PUSCH transmission (repetition type A and B) in the use case 4
· Unscheduled symbols in-between repetition type B

Considering the typical TDD UL-DL configurations, 7D1S2U, DDDSUDDSUU and DDSUU, the joint channel estimation could be used only in one special slot and one or two uplink slots. The DMRS bundling among those two or three slots could be further studied. And in the FDD band, joint channel estimation could be used in the consecutive uplink slots. As the reception latency could be enlarged, the length of slots implemented with joint channel estimation should be limited. If the other physical signals/channels are not allowed to be transmitted in-between the adjacent PUSCH, those signals or channels, such as SRS and PUCCH, would be delayed due to the use of joint channel estimation. 

[bookmark: _Hlk83759217][bookmark: _Hlk79136105]Observation 5:
In the typical TDD UL-DL configurations, special slot bundled with one or two uplink slots could work for joint channel estimation. 

[bookmark: _Hlk68042357][bookmark: _Hlk83759230]Proposal 3:
The DMRS in the special slots are encouraged to be studied to facilitate the joint channel estimation of the consecutive special slots and the uplink slots after that.

Proposal 4:
[bookmark: _Hlk68042365]The length or the slot numbers of the joint channel estimation should be limited to reduce the impact to the other physical signals and channels.

Current conclusions only cover the single TB cases but not multiple TBs in multiple slots. In the case that one UE is scheduled to transmit in the consecutive slots, such as the last two uplink slots or last three slots in the TDD configurations of 7D1S2U, the UE could transmit in the same modulation order, using the same transmit power and precoding mechanisms. As the channel conditions, such as pathloss, CSI, will not change too much during the 2 or 3 slots, it is also an opportunity to use joint channel estimation. And during the consecutive uplink slots in TDD, the 2 or 3 uplink slots could work under the same transmit power without any change. Thus, the condition of joint channel estimation could be fulfilled. Once the capability of joint channel estimation is defined or supported for PUSCH repetition type A and TB processing over multiple slots, it could be easy to extend the using scenarios to the multiple TBs over multiple slots.

[bookmark: _Hlk68042370]Proposal 5: 
The multiple TBs transmission in consecutive slots, e.g. the two consecutive uplink slots or three consecutive slots (one special slot and two uplink slots), should be considered and supported in the joint channel estimation.

Proposal 6: 
Support the over back-to-back PUSCH transmissions with different TBs.

2.3 Time domain window
In the last meeting, a working assumption about the determination of the time domain window for JCE was approved. The details are as below. There are still a few FFSs and open issue should be discussed. Several issues are highlighted to facilitate the discussion. Our views are provided mainly focusing on them.
	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.
[bookmark: _Hlk83735024]   [Issue #1]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
[bookmark: _Hlk83735033]‐   [Issue #2] FFS: The first available slot/symbol, or the first physical slot/symbol for the first PUSCH transmission.
[bookmark: _Hlk83735050]   [Issue #3] 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.
‐  [Issue #4] FFS: The end of the configured TDW is the last available slot/symbol, or the last physical slot/symbol for the last PUSCH transmission.
[bookmark: _Hlk83748744]   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   [Issue #5] 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.
[bookmark: _Hlk83746138]o    [Issue #6] 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
  [Issue #7] 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.
 [Issue #8] 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,
  [Issue #9] 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.



The issue #1 is whether the configured TDW length L should be longer than the maximum duration. Though the actual TDW is defined in case that the configured TDW would be interrupted by the violation events. But for the paired spectrum, it could be that no interruption events happen during the configured TDW. Then the UE should maintain the phase continuity and power consistency until the end of the configured TDW. Compared with a configured TDW which length is beyond maximum duration, multiple configured TDWs is preferred, in which the length of each TDW is below the maximum duration. On the other hand, as the start of the other configured TDW could be implicitly determined, the multiple configuration TDWs could facilitate the TDW configuration in unpaired spectrum. The TDD configuration could be used to implicitly determine the start of the 2nd and 3rd start of the configured TDWs. And configuring a long TDW window beyond maximum duration is not efficient for the un-paired spectrum. 

[bookmark: _Hlk83759257]Proposal 7: 
The maximum value of L should be below the maximum duration.

Proposal 8:
A configuration of multiple (N) configured TDWs with length L is preferred.

The issue #2 is about whether to use a slot or a symbol as the start of the TDW and also the slot/symbol should be the physical slot or available slot. As in the 1st bullet of the working assumption, the configured TDW is at least one or multiple consecutive slots. The start of the 1st configured TDW which is the first PUSCH transmission, should be counted based on slots. It is more simple and straightforward to count the start and the duration of TDW based on slots. A finer level, namely symbols, could induce that the TDW could be finished in the middle of one slot. Though start from the 1st slot with the 1st PUSCH transmission, the symbols which could not be used for UL transmission obviously cannot be used for the JCE and could be precluded. For the choice between physical slots and available slots, the available slots is more appropriate for the unpaired spectrum and could also work in the paired spectrum. Thus the start of the first configured TDW should be the available slot of the first PUSCH transmissions. 

[bookmark: _Hlk83759261]Proposal 9:
The start of the first configured TDW should be the available slot of the first PUSCH transmissions.

The issue #3 is the determination of the start of other configured TDWs. For the paired spectrum, as proposed in the above, the configured TDW length should be smaller than the maximum duration. Within one configured TDW, the JCE could be executed without interruption. The configured TDW is actually the actual TDW. If there is a need, another configured TDW could follow the last one. And for the paired spectrum, the start of the configured TDWs could be determine implicitly based on the on semi-static DL/UL configuration. Since the semi-static configured DL slots cannot be used for the UL transmission, it is reasonable to configure the TDW starting from the flexible slots, or the 1st slots which has a UL symbols. And the actual TDW could be determined based on the scheduling or configured grant information.

[bookmark: _Hlk83759266]Proposal 10: 
· The configured TDWs are consecutive for paired spectrum/SUL band.
· [bookmark: _Hlk83743564][bookmark: _Hlk83745623]The start of the configured TDWs for unpaired spectrum is implicitly determined based on semi-static DL/UL configuration.
For issue #4, the end of the configured TDW should be aligned with the definition of TDW in the first bullet and starting of the TDW. Then the end of the configured TDW should be the last available slot for the last PUSCH transmission.

[bookmark: _Hlk83759271]Proposal 11:
The end of the configured TDW should be the last available slot for the last PUSCH transmission.

The actual TDWs are derived from the configured TDWs based on the interruption events. The interruption events divides the configured TDW into multiple actual TDWs. Within each actual TDWs, the power consistency and phase continuity could be maintained. Then the start of the 1st actual TDW and the end of the actual TDWs should be aligned with the configured TDW. And there is no need to define the start and the end of the actual TDWs in a symbol level. Since the joint channel estimation or the DMRS bundling will be operated based on the actual scheduling. And the actual TDWs only need to cover the intended transmission. Then slot level staring and ending point is enough for the JCE. At last, for issue #5, the start of the first actual TDW is the first available slots for the first PUSCH transmission. And for the issue #6, the end of the last actual TDW is the last available slot for the last PUSCH transmission. 

[bookmark: _Hlk83759299]Proposal 12:
· The start of the first actual TDW is the first available slots for the first PUSCH transmission
· The end of the last actual TDW is the last available slot for the last PUSCH transmission.

In issue # 7, a few events have listed which may break the power consistency and phase continuity. The DL slot based on UL/DL configuration for unpaired spectrum is considered for the configured TDW. Then for the determination of the actual TDW, if it is not a dynamic scheduled higher priority transmission, there would not be a DL slot or symbols to divide the actual TDW. As the DL reception/monitoring occasion is also configured semi-statically, the actual TDW division due to this event could be determined before the transmission. Frequency hopping pattern under the JCE would be specified. Once the frequency hopping is indicated, the pattern for the frequency hopping is determined according to the allocated slots and the actual TDWs are also determined. Most of the issues expect the high priority transmission could be anticipated and the actual TDWs could be determined before the transmission. For the precoding cycling, which is transparent to the gNB and specifications, the UE should guarantee that the precoding cycling in multiple PUSCH transmissions is the same for the JCE. Otherwise, JCE cannot work since the precoding of multiple slots within the TDW are different. But since that the precoding cycling shift is transparent to the gNB, the issue should be solved through implementation by UE side. 

[bookmark: _Hlk83759308]Observation 6: 
The UE should guarantee the precoding cycling has a same precoder among the multiple transmissions within the actual TDW. Or it will break the phase continuity and cannot support the JCE.

[bookmark: _Hlk83759315]Proposal 13:
It needs more discussion about whether the precoding cycling could be kept the same between PUSCH transmissions or it should be considered as one event which could interrupt the condition of JCE.

The issue #8 is to define the end of one actual TDW which is not the one aligned with the configured TDW. Then the end of one actual TDW could be the last available symbol of the PUSCH transmission right before an event, if the actual TDW is not the last one in the configured TDW. This is a bit different from the issue #6. 

[bookmark: _Hlk83759325]Proposal 14: 
The end of one actual TDW could be the last available symbol of the PUSCH transmission right before an event, if the actual TDW is not the last one in the configured TDW. 

During the email discussion, some companies had mentioned it may require some time to resume the capability to maintain the phase continuity and power consistency. Then issue #9 is about how many time would be consumed if the UE could resume the capability to maintain the power consistency and phase continuity. Then the issue would be become not only whether the actual TDW could be set up but also when could the actual TDW set up. 

[bookmark: _Hlk83759331]Proposal 15: 
It is proposed to discuss whether the resuming of capability to maintain the phase continuity and power consistency would cost some time. 

Proposal 16
If resuming the capability to maintain the phase continuity and power consistency needs some time, then the main bullet of issue #9 should be updated as,
· If the power consistency and phase continuity are violated due to an event, whether or when a new actual TDW is created is subject to UE capability of supporting restarting DMRS bundling.

Though it seems complicated to discuss the configured and actual TDW as above. The actual scheduling could much simple in the un-paired spectrum, as the DL and UL slots are consecutive. And the non-consecutive slot based PUSCHs could not be used for JCE according to the latest reply from RAN4. Under this situation, there is no need to explicitly indicate the time domain window to the UE, if the scheduled consecutive slots are not larger than the maximum duration. The gNB could schedule the uplink transmissions with additional indications of joint channel estimation. And UE could naturally interpret that phase continuity and power consistency should be maintained for those repetitions in the consecutive slots. If single configured TDW cannot cover all the repetitions, then multiple configured TDW could be indicated.

[bookmark: _Hlk83759337]Proposal 17: 
If the consecutive slots for PUSCH repetitions are not larger than the maximum duration, single indication to enable JCE in the scheduling signaling is needed.  

While the phase continuity could be maintained according to the conditions provided from RAN4, the phase could also drift along with times. In FDD system, the uplink slots are always consecutive. If a large number of consecutive slots is indicated for the joint channel estimation, the phase of the later part transmissions could drift significantly compared with the first few transmissions. The impact of phase drifting should be considered for the performance of joint channel estimation. 
The impact of phase drifting or phase tolerance level is still under RAN4. According to phase tolerance level, a maximum consecutive slot number could be defined under which the performance of joint channel estimation could be maintained. This maximum slot number could be defined as the upper bound of joint channel estimation. Current agreed time domain window does not consider the impact of phase drifting or the phase tolerance. 
[bookmark: _Hlk83759345]Proposal 18:
The impact of phase drifting to the performance of joint channel estimation under a large number of consecutive slots should be studied.

Though the maximum duration is still under RAN4’s discussion. The time domain window during which a UE is expected to maintain the power consistency and phase continuity, should be at least a UE capability. The UE could report the duration in which it could maintain the condition of joint channel estimation. And the gNB could schedule the UE according to the capability and limit the transmission duration within the capability. Then it is necessarily defined for RAN1 and further limited the slots used for joint channel estimation under the UE’s capability. Though the specific values should depend on RAN4’s study. 

[bookmark: _Hlk79136168]Proposal 19:
The time domain window during which a UE is expected to maintain power consistency and phase continuity among PUSCH transmission should be at least a UE capability. It should be defined in RAN1 and the specific values should be studied in RAN4.
[bookmark: _Hlk79136172]
2.4 TPC and TA
Two agreements about TPC command and TA adjustment were achieved in the 106e meeting. And down selection should be made during this meeting.
	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.




As it was specified in the TS 38.213, the TPC command could be accumulated and take effect when there is a PUSCH transmission. It is more straightforward to restrict UE not to adjust the transmission power during the JCE window. There is no need to further limit the gNB behavior through the Alt 1. On the other hand, gNBs should have the knowledge of the JCE window and do not send a TPC command without power adjustments. Then the Alt 2 for TPC is preferred. 

[bookmark: _Hlk83759359]Proposal 20:
The Alt 2 of the TPC command is preferred, as that UE receives and accumulates TPC commands without taking effect during the current time domain window.

While for the TA adjustments, it is similar that the gNB could refrain to send the TA adjustment through implementation. And there is no need to limit the gNB’s behavior from the specification. On the other hand, UE could ignore the TA command which would take effect during the TDW. Ignoring a TA adjustment is not a new behavior for UE. At last, there is no explicit function for UE accumulate the timing adjustment command. And if the timing for UE uplink is still not appropriate, gNB could send a new TA adjustment with a updated value to cover the mis-alignment during the TDW.  

[bookmark: _Hlk83759364]Proposal 21:
UE can ignore the TA command which indicates TA adjustment during the TDW.

2.5 Inter-slot frequency hopping with inter-slot bundling for joint channel estimation
According to the reply from RAN4, the frequency hopping is not allowed in-between the multiple PUSCH transmissions. Then only one pattern could be used for the inter-slot frequency hopping as below. 
[image: ]
Figure 1, Inter-slot frequency hopping with inter-slot bundling for joint channel estimation

A number of consecutive slots, such as X, should be defined for the joint channel estimation. And the frequency hopping could happen every X consecutive slots according to the configurations.
[bookmark: _Hlk68042383]
[bookmark: _Hlk79136181]Proposal 22:
According to the reply from RAN4, X consecutive slots could be configured for the joint channel estimation. And the inter-slot frequency hopping could be configured every X consecutive slots.

In addition, the agreements on the inter-slot frequency hopping are as below.
	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



Both option 1 and 2 are feasible for the joint channel estimation. Since the bundle size should not exceed the UE capability, both equal or smaller than the time window size is acceptable. But there is no need to limit the bundle size should always equal to the window size. The bundle size should depend on gNB’s scheduling. 

[bookmark: _Hlk79136191]Proposal 23:
The bundle size should not exceed the time domain window defined for joint channel estimation. Both equal (option 1) and less than (parts of option 2) the time domain window are acceptable. 


Conclusions
In this contribution, based on the agreements in the last meeting and latest information from RAN4, we provide our views on the joint channel estimation for PUSCH. The observations and proposals are as below.

Observations 1:
Back-to-back with zero gap in-between adjacent transmissions could keep the power consistency and phase continuity under the conditions as below, 
· Modulation order does not change
· RB allocation in terms of length and frequency position should not be changed. Intra-slot and inter-slot frequency hopping is not enabled
· No change on the transmission power level.
· No UL beam switching for FR2 UE
· No TA adjustment and UE uplink timing autonomous adjustments
· Same TPMI precoder across PUSCH transmission

Observation 2:
For the non-back-to-back transmission with non-zero gap in-between adjacent transmissions, 
· At least no downlink reception happens in-between the PUCCH or PUSCH
· 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.
· un-scheduled gap consisting of 13 or less unscheduled symbols between PUCCH repetitions or PUSCH repetitions
· In the case of other physical signals/channels transmitted in-between the repetitions, 
· It is feasible to maintain phase continuity and power consistency, at least the other scheduled signals/channels during the non-zero gap should have the same setting as the repeated transmission signals/channels in the below aspects, 
· PAPR and average power, e.g., PUSCH/PUCCH part of repetitions and SRS has same PAPR and average power.
· Allocated number and locations of PRBs transmitted
· Antenna port settings
· Others are the same as back-to-back transmission with zero gap

Observation 3:
Besides the power consistency and phase continuity, the channel coherence over the multiple slot transmission is also important for the joint channel estimation. 

Observation 4:
Several issues should be considered to maintain the phase continuity for the joint channel estimation,
· Power consumption for UE to maintain the Tx part while UE is not transmitting.
· The impact to the performance of maintaining long term phase continuity is still not clear. 

Observation 5:
In the typical TDD UL-DL configurations, special slot bundled with one or two uplink slots could work for joint channel estimation. 

Observation 6: 
The UE should guarantee the precoding cycling has a same precoder among the multiple transmissions within the actual TDW. Or it will break the phase continuity and cannot support the JCE.

Proposal 1:
The use case 5, with the PUSCH transmissions across non-consecutive slots, should not be supported in Rel-17.

Proposal 2:
The use cases within use case 4 needs more discussion and the feasibility should be justified. Or those use cases should be deprioritized.
· The other uplink transmission in-between two consecutive PUSCH transmission (repetition type A and B) in the use case 4
· Unscheduled symbols in-between repetition type B

Proposal 3:
The DMRS in the special slots are encouraged to be studied to facilitate the joint channel estimation of the consecutive special slots and the uplink slots after that.

Proposal 4:
The length or the slot numbers of the joint channel estimation should be limited to reduce the impact to the other physical signals and channels.

Proposal 5: 
The multiple TBs transmission in consecutive slots, e.g. the two consecutive uplink slots or three consecutive slots (one special slot and two uplink slots), should be considered and supported in the joint channel estimation.

Proposal 6: 
Support the over back-to-back PUSCH transmissions with different TBs.
Proposal 7: 
The maximum value of L should be below the maximum duration.

Proposal 8:
A configuration of multiple (N) configured TDWs with length L is preferred.

Proposal 9:
The start of the first configured TDW should be the available slot of the first PUSCH transmissions.

Proposal 10: 
· The configured TDWs are consecutive for paired spectrum/SUL band.
· The start of the configured TDWs for unpaired spectrum is implicitly determined based on semi-static DL/UL configuration.

Proposal 11:
The end of the configured TDW should be the last available slot for the last PUSCH transmission.

Proposal 12:
· The start of the first actual TDW is the first available slots for the first PUSCH transmission
· The end of the last actual TDW is the last available slot for the last PUSCH transmission.

Proposal 13:
It needs more discussion about whether the precoding cycling could be kept the same between PUSCH transmissions or it should be considered as one event which could interrupt the condition of JCE.

Proposal 14: 
The end of one actual TDW could be the last available symbol of the PUSCH transmission right before an event, if the actual TDW is not the last one in the configured TDW. 

Proposal 15: 
It is proposed to discuss whether the resuming of capability to maintain the phase continuity and power consistency would cost some time. 

Proposal 16
If resuming the capability to maintain the phase continuity and power consistency needs some time, then the main bullet of issue #9 should be updated as,
· If the power consistency and phase continuity are violated due to an event, whether or when a new actual TDW is created is subject to UE capability of supporting restarting DMRS bundling.

Proposal 17: 
If the consecutive slots for PUSCH repetitions are not larger than the maximum duration, single indication to enable JCE in the scheduling signaling is needed.  

Proposal 18:
The impact of phase drifting to the performance of joint channel estimation under a large number of consecutive slots should be studied.

Proposal 19:
The time domain window during which a UE is expected to maintain power consistency and phase continuity among PUSCH transmission should be at least a UE capability. It should be defined in RAN1 and the specific values should be studied in RAN4.

Proposal 20:
The Alt 2 of the TPC command is preferred, as that UE receives and accumulates TPC commands without taking effect during the current time domain window.

Proposal 21:
UE can ignore the TA command which indicates TA adjustment during the TDW.

Proposal 22:
According to the reply from RAN4, X consecutive slots could be configured for the joint channel estimation. And the inter-slot frequency hopping could be configured every X consecutive slots.

Proposal 23:
The bundle size should not exceed the time domain window defined for joint channel estimation. Both equal (option 1) and less than (parts of option 2) the time domain window are acceptable. 
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Annex 
The agreements related to use cases are listed below.
[bookmark: _Hlk79131808]Agreements: (104e)
· 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.

Agreements: (104e)
· 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: (104e)
· 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

Agreement: (104bis)
· 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

Agreement: (#105e)
· Joint channel estimation over non-back-to-back PUSCH transmissions within one slot is not supported.

Agreement:（#105e）
· 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.

Confirm the following working assumption (106e)
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.
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