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Introduction
In the RAN1 #106bis-e 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, 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]Observation 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 106bis meeting, the agreements on use cases are as below.
	Conclusion
· Joint channel estimation over PUSCH transmissions across non-consecutive slots is not supported in Rel-17.

Agreement
         For back-to-back PUSCH transmissions across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following case:
· Over back-to-back PUSCH transmissions for one TB processed over multiple slots
· It’s subject to UE capability
· if it reuses only those joint channel estimation specification enhancements defined to support repetition Type A


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
· Supported for TBOMS, depends on UE capability and reuse only the JCE enhancements specified 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
· Supported for TBOMS, when no uplink is transmitted in between the two PUSCHs.
· Reuse JCE mechanisms defined for 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.
· Not support

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 1:
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 2:
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 3:
[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 4: 
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 5: 
Support the over back-to-back PUSCH transmissions with different TBs.

2.3 Time domain window
In the 106bis meeting, the details of time domain window were discussed. The details contain, 
· The configured TDW
· The length of the window L, the start and the end of the window, default behaviors
· The actual TDW
· The starts and the ends of the actual TDW
· Restart of the DMRS bundling
· The events that violate power consistency and phase continuity

The configured TDW

The definition of the configured TDW is clearer base on last meetings’ agreements. The start and the end of the configured TDW depends on PUSCH repetition type A counting methods, i.e. consecutive slot counting and the available slot counting methods. And the start of the 2nd  and other configured TDW depends on the 1st physical or available slot after the previous TDW.

	Agreement
It is agreed that
· For PUSCH repetition type A counting based on physical slots
· The start of the first configured TDW is the first physical slot for the first PUSCH transmission.
· The end of the last configured TDW is the last physical slot for the last PUSCH transmission.
· For PUSCH repetition type A counting based on available slots
· The start of the first configured TDW is the first available slot for the first PUSCH transmission.
· The end of the last configured TDW is the last available slot for the last PUSCH transmission. 
· Note: The determination of available slots for PUSCH repetition Type A is defined in AI 8.8.1.1.

Agreement
· For PUSCH repetition type A counting based on physical slots
· The configured TDWs are consecutive, where the start of other configured TDWs is the first physical slot right after the last physical slot of a previous configured TDW.
· For PUSCH repetition type A counting based on available slots
· The configured TDWs are determined based on available slots, where start of a configured TDWs is the next first available slot after the conclusion last available slot of a previous configured TDW.
· Note: The determination of available slots for PUSCH repetition Type A is defined in AI 8.8.1.1.

Agreement
· For DG-PUSCH, Type1 CG-PUSCH and Type2 CG-PUSCH, the window length L of the configured TDW is at least configured by RRC.
· FFS: For DG-PUSCH and Type2 CG-PUSCH, whether the window length L of the configured TDW can be indicated by DCI or indicated by TDRA table with one additional entry.

Agreement
· The window length L of the RRC configured TDW is configured separately for PUSCH and PUCCH.
· For PUSCH, L is configured per BWP.
FFS whether the window length L can be configured with each row in the TDRA table




For the length L of the configured window, no consensus was reached. And three options are left for this meeting. 

	Agreement:
Down-select one of the following options in this meeting:
Option 1: 
· The maximum value of window length L of the configured TDW should not exceed the maximum duration, which is reported as UE capability as the duration where UE is able to maintain power consistency and phase continuity subject to power consistency and phase continuity requirements.
Option 1’: 
· The maximum value of window length L of the configured TDW should not exceed the maximum duration, which is reported as UE capability as the duration where UE is able to maintain power consistency and phase continuity subject to power consistency and phase continuity requirements.
· If L is not configured, the configured TDW length is equal to all repetitions
· If L is not configured, default behavior should be defined, e.g., the configured TDW length is equal to all repetitions
Option 3’: 
· Whether the window length L of the configured TDW can be longer than maximum duration is subject to UE capability.
· If UE is capable of L being longer than maximum duration,
· The maximum value of the window length L of the configured TDW is the duration of all repetitions.
· FFS: whether L cannot be other values other than the duration of all repetitions, if it is longer than the maximum duration.
· If L is longer than the maximum duration, UE does not expect dynamic events.
· FFS: details of dynamic events




As the actual joint channel estimation happens within the actual TDWs. And the actual TDWs are divided by the events that break the power consistency and phase continuity. In the paired spectrum, if no event happens the configured TDW would be the actual TDW. And if the length of configured TDW is larger than the maximum duration, then partial slots within the configured TDW cannot use the JCE. Then the length L of the configured TDW should not exceed the maximum duration. The intention of configuring a length L larger than maximum duration is to use the JCE in a longer period. But indicating a multiple configured TDWs have a similar effect.

Proposal 6: 
The maximum value of L should be below the maximum duration.

Proposal 7:
An indication of multiple (N) configured TDWs could be an alternative solution for configured window length larger than maximum duration. 

The option 1 in the agreements is to limit the L smaller than the maximum duration. And the option 3 is searching for the solution with L larger than the maximum duration. And the option 1’ is an compromise between option 1 and option 3. The sub-bullet under option 1’ provide a way to implement the JCE combined with the PUSCH repetitions. As all the repetitions are covered by the configured TDW, the actual TDW would depends on the TDD configurations in the unpaired spectrum. Then the option 1’ is preferred. 

Proposal 8:
The option 1’ is preferred.

The actual TDW

One working assumption was made in the last meeting. The working assumption is mainly based on the definition of the available slots, which does not introducing new concept such as available symbol and ect. Then it could be confirm the working assumption at this meeting.

Proposal 9:
Confirm the working assumption of actual TDW option 2b’ as an agreement.

	Working Assumption
Support Actual TDW Option 2b’:
· The start of the first actual TDW is the first available symbol (at least determined by TDRA table) in available slot for the first PUSCH transmission in an available slot within the configured TDW.
· The end of the actual TDW is
· the last available symbol (at least determined by TDRA table) in available slot for the last PUSCH transmission in an available slot within the configured TDW if the actual TDW reaches the end of the last PUSCH transmission within the configured TDW.
· the last available symbol (at least determined by TDRA table) in available slot of the PUSCH transmission right before the event if an event occurs that violates power consistency and phase continuity, and the PUSCH transmission is in an available slot.
· For UE capable of restarting DM-RS bundling, the start of the new actual TDW is the first available symbol (at least determined by TDRA table) in available slot for PUSCH transmission after the event violates power consistency and phase continuity, and the PUSCH transmission is in an available slot.




The events

The events which violate the power consistency and phase continuity were discussed and listed below.

	
[bookmark: _Hlk86935787]Agreement
Support at least the following events that violate power consistency and phase continuity.
‐   Dropping/cancellation based on Rel-15/16 collision rules.
‐   FFS: Rel-17 collision rules.
‐   DL slot or DL reception/monitoring based on semi-static DL/UL configuration for unpaired spectrum.
‐   FFS: Other UL transmission in between PUSCH/PUCCH transmissions.
‐   Gap between two PUSCH/PUCCH transmissions exceeds 13 symbols.
‐   FFS: Transmission parameters need to be changed due to network-indicated operations, including: Tx power, UL beam/TPMI, and RB allocation.
‐   FFS: TPC command.
‐   FFS: TA adjustment.
‐   FFS: The actual TDW reaches the maximum duration.
‐   FFS: Frequency hopping.
‐   FFS: Precoder cycling.
‐   FFS: other events.
‐   FFS: whether events are semi-static events or dynamic events.
‐   FFS: the time duration of an event.




The other UL transmission in between PUSCH/PUCCH transmission should be further classified as with or without the same configurations as PUSCH/PUCCH. As it was clarified by RAN4, only the PUSCH/PUCCH with different configuration will break the conditions for JCE. But if the other UL transmissions have the same configurations as the PUSCH/PUCCH, it is too stringent to transmit any other signals or channels. But if this case happens, it does not violate the power consistency and phase continuity. Then the 2nd FFS should be improved as below.

‐   FFS: Other UL transmission in between PUSCH/PUCCH transmissions with different configurations.

Proposal 10:
The 2nd FFS should be improved as below and confirmed as an event.
‐   FFS: Other UL transmission in between PUSCH/PUCCH transmissions with different configurations.

The 3rd FFS in the agreements is not clear. As in the JCE operation, only repetitions of PUCCH and PUSCH are allowed. No opportunity is provided for gNB to indicate a updated transmission parameters during the repetition transmissions. The TPC and TA adjustments are still under the discussion of other issues. If it is not allowed to tune the transmit power and TA during the actual TDW, then the two parameters are not the events. The actual TDW reaching the maximum during happens only when the L or the repetition durations exceeds the maximum duration. This issue could be solved later when the configuration TDW have a clear conclusion. The frequency hopping is under a same situation, which depends on the conclusion of the other agenda. But if the operation of frequency hopping under JCE is clear defined, the frequency hopping is not an event. Precoder cycling is based on UE implementation and transparent to the gNB. Then whether the precoding cycling is allowed should be guaranteed through implementation. 

Proposal 11:
At least the TPC, TA adjustment, transmission parameter change, frequency hopping should not be considered as an event when the related behaviors are clearly defined.

Proposal 12:
The precoding cycling is transparent to gNB. And precoding cycling should not be considered as an event.

The UE capability to resume the DMRS bundling

	
Agreement
Down-select one of the following options:
   Option 1: If DM-RS bundling is supported, UE is mandatory to support restarting DM-RS bundling due to semi-static events. UE capability of restarting DMRS bundling is applied only to dynamic events.
   Option 2: UE capability of restarting DMRS bundling is applied to both semi-static events and dynamic events.




As when can UE resume DMRS bundling is a UE capability, it is un-related to the semi-static event or dynamic event. There is no need to mandate UE behavior depending on the types of events. Then the option 2 is more proper. But there could be different behavior after different events happened.

Proposal 13:
The UE capability of restarting DMRS bundling applies to both semi-static events and dynamic events.

[bookmark: _Hlk83759337]Others

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 14:
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 15:
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.
Two FL’s proposals were raised for TPC command and TA adjustment in the last meeting.

	Proposal 10-a:
· The action of TPC commands does not constitute an event that violates power consistency and phase continuity.
· If UE is configured to accumulate TPC commands, down select one of the following options.
· Option 1: If UE receives TPC commands that would take into effect during an actual TDW, UE accumulates TPC commands without taking effect during the current actual TDW. TPC commands take effect after the current actual TDW.
· Option 2: If UE receives TPC commands that would take into effect during a configured TDW, UE accumulates TPC commands without taking effect during the current configured TDW.

Proposal 10-b:
· If UE is not configured to accumulate TPC commands, down select one of the following alternatives.
· Alt 1: the last TPC command that would take effect within a configured TDW supersedes all previous TPC commands that take effect within that configured TDW and only the last TPC command is applied by the UE. 
· Alt 2: no more than 1 TPC command is expected to take effect during a configured TDW.
· Alt 3: the last TPC command that would take effect within an actual TDW supersedes all previous TPC commands that take effect within that actual TDW and only the last TPC command is applied by the UE. 
· Alt 4: no more than 1 TPC command is expected to take effect during an actual TDW.

Proposal 11:
· The action of TA commands does not constitute an event that violates power consistency and phase continuity, down select one of the following options.
· Option 1: UE performs TA adjustment after the actual TDW if it receives any TA command indicating TA adjustment during the actual TDW.
· Option 2: UE performs TA adjustment after the configured TDW if it receives any TA command indicating TA adjustment during the configured TDW.




The only reason to prevent a TPC command taking effect, is to keep the power consistency and phase continuity for joint channel estimation. Then the duration for which the TPC does not take effect should be as small as possible to reduce the impact to the uplink performance. On the other hand, holding the TPC commands until the configured TDW finished does not bring additional benefits. 

Proposal 16:
The TPC commands should take effect after the current actual TDW in which it was received, not the configured TDW. Then the option 1 is preferred for the proposal 10-a.

Similar reason as for accumulated TPC command, the absolute TPC command should also take effect after the actual TDW, not the configured TDW. And as the absolute TPC command take effect shortly after receiving the indications, gNBs could adjust the transmit power according to the latest channel conditions. Then the last absolute TPC will take effect after the actual TDW is reasonable. 

Proposal 17:
If UE is not configured to accumulate TPC commands, only the last TPC command that would take effect within a actual TDW will take effect after the current actual TDW. 

As proposed above, the Alt 3 in the FL’s proposal 10-b is preferred. But for the possible agreements, there is no need to express “supersedes all previous TPC commands” which is covered by the “last” TPC command clearly.

It was discussed that the TA adjustments is critical for uplink performance and cannot be ignored. Then the TA adjustments should take effect after the actual TDW, which is obvious shorter than the configured TDW and with less latencies.

Proposal 18:
The option 1 is preferred as the latency could be much less.
· UE performs TA adjustment after the actual TDW if it receives any TA command indicating TA adjustment during the actual 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 19:
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 20:
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, we provide our views on the joint channel estimation for PUSCH. The observations and proposals are as below.

Observation 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. 

Proposal 1:
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 2:
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 3:
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 4: 
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 5: 
Support the over back-to-back PUSCH transmissions with different TBs.

Proposal 6: 
The maximum value of L should be below the maximum duration.

Proposal 7:
An indication of multiple (N) configured TDWs could be an alternative solution for configured window length larger than maximum duration. 

Proposal 8:
The option 1’ is preferred.

Proposal 9:
Confirm the working assumption of actual TDW option 2b’ as an agreement.

Proposal 10:
The 2nd FFS should be improved as below and confirmed as an event.
‐   FFS: Other UL transmission in between PUSCH/PUCCH transmissions with different configurations.

Proposal 11:
At least the TPC, TA adjustment, transmission parameter change, frequency hopping should not be considered as an event when the related behaviors are clearly defined.

Proposal 12:
The precoding cycling is transparent to gNB. And precoding cycling should not be considered as an event.


Proposal 13:
The UE capability of restarting DMRS bundling applies to both semi-static events and dynamic events.

Proposal 14:
The impact of phase drifting to the performance of joint channel estimation under a large number of consecutive slots should be studied.

Proposal 15:
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 16:
The TPC commands should take effect after the current actual TDW in which it was received, not the configured TDW. Then the option 1 is preferred for the proposal 10-a.

Proposal 17:
If UE is not configured to accumulate TPC commands, only the last TPC command that would take effect within a actual TDW will take effect after the current actual TDW. 

Proposal 18:
The option 1 is preferred as the latency could be much less.
· UE performs TA adjustment after the actual TDW if it receives any TA command indicating TA adjustment during the actual TDW.

Proposal 19:
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 20:
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. 





References
[1] Draft Report of 3GPP TSG RAN WG1 #106bis-e, e-Meeting, May 10th – 27th, 2021
[2] R4-2114991, Reply LS on PUCCH and PUSCH transmissions, RAN4, TSG RAN WG4 #100-e, e-Meeting, August, 2021
[2] R1-2106423, Reply LS on PUCCH and PUSCH repetition, RAN4, 3GPP TSG RAN WG1 #106-e, e-Meeting, August 16th – 27th, 2021
[3] R1-2104168, Reply LS on PUCCH and PUSCH repetition, RAN4, 3GPP TSG RAN WG1 #105-e, e-Meeting, May 10th – 27th, 2021
[4] R1-2102298, Reply on LS on PUCCH and PUSCH repetition, RAN4, 3GPP TSG RAN WG1 #104bis-e, e-Meeting, April 12th – 20th, 2021



image1.png
Frequency domain

Frequency hopping
Joint channe] estimation

e

— /) Time domain

~
Joint channel estimation




