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Introduction
In the RAN1 #105e meeting, joint channel estimation for PUSCH was discussed, especially on the use case, time domain window, optimization of DMRS and etc. Several 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, further 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 13 symbols or less, in which the UE can maintain phase continuity. And during the less than 1ms duration, the existing OFF power requirements cannot be satisfied. 
According to the replies from RAN4 in [2][3][4], 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 in the antenna port, occupied PRBs and UL power as the repeated transmission signals/channels.
· Others are the same as back-to-back transmission with zero gap

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 in the antenna port, occupied PRBs and UL power as the repeated transmission signals/channels.
· 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. 

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. And the issue of existing OFF power requirements cannot be satisfied for less 1ms duration. Whether new requirements for UE during the gap are still under the discussion of RAN4. In addition, the phase discontinuity tolerance is still ongoing in RAN4 study. The performance of maintaining long term phase continuity and its impact to the demodulation are still not clear.

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.
· Existing OFF power requirements cannot be satisfied. Additional specification efforts should be put on the RAN4.
· The impact to the performance of maintaining long term phase continuity is still not clear. 

2.2 Use cases 
During the previous meetings, the use cases are discussed and some of them are agreed or as working assumptions. The five use cases and their current states are 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.
· Working assumption for
· Repetition type A
· 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, the gap of 13 unscheduled symbols at most could be supported to maintain the phase continuity by the UE. And the transmission in the gaps in-between the PUSCH repetitions should have the same transmit power, same PRBs, same antenna ports and etc. to maintain the phase and power continuity. It put a stringent restriction to the transmission and the feasibility could be suspectable. Then the use case 5, with the PUSCH transmission across non-consecutive slots, should be deprioritized if no typical using scenarios are justified.

Proposal 1: 
The use case 5, with the PUSCH transmission across non-consecutive slots, should be deprioritized if no typical using scenarios are justified.

For the use case 4, the un-scheduled symbols could happen since the repetition type A has to use the same scheduled symbols in different slots. But the using scenario of repetition type B need more illustrations. 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.

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 or DMRS optimizations 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: _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]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.

2.2 Time domain window
It was agreed in the 104bis meeting that a time domain window is specified during which the UE is expected to maintain power consistency and phase continuity.

	Agreements:
· For joint channel estimation, specify a time domain window during which a UE is expected to maintain power consistency and phase continuity among PUSCH transmissions subject to power consistency and phase continuity requirements.
· FFS how the time domain window is determined (e.g., via explicit configuration and/or implicitly derived) and whether or not to have the possibility of enabling/disabling the time domain window
· FFS the units the time domain window (e.g. repetitions, slots, and/or symbols)
· FFS : association between the potential use case(s) and units of the time window
· FFS: single or multiple time domain windows
· FFS: relation with UE capability
· FFS: whether the term "time domain window" is used in the specification or replaced by other technical terms
· FFS whether or not to further consider impacting of timing advance

Agreements:
· For the time domain window for joint channel estimation, down select on the following two options:
· Option 1: The unit of the time domain window is defined separately for the following PUSCH transmissions:
· PUSCH repetition type A
· PUSCH repetition type B, if agreed
· TBoMS, if agreed
· Different TB, if agreed
· Option 2: The unit of the time domain window is the same for the following PUSCH transmission:
· PUSCH repetition type A
· PUSCH repetition type B, if agreed
· TBoMS, if agreed
· Different TB, if agreed



According to the feedback from RAN4, the phase continuity and power consistency could be maintained once back-to-back transmissions happens with zero gaps between the adjacent transmissions, without frequency hopping and without any power changes. But if a downlink transmission happens between the uplink transmissions, the phase continuity could not maintain. Under current typical TDD configurations, the consecutive uplink slots are very limited and the downlink transmissions would happen between the bundles of uplink transmissions. The joint channel estimation could only be used on those consecutive uplink slots. Under this situation, there is no need to explicitly indicate the time domain window to the UE. 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 during the scheduled slots or symbols. 
Proposal 7: 
From the perspective of scheduling, there is no need to specify explicit indication of time domain window. Additional indication of joint channel estimation combined with scheduling signaling is enough to enable the function.

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. 
Proposal 8:
The impact of phase drifting to the performance of joint channel estimation under a large number of consecutive slots should be studied.

Related to this maximum time domain widow, a maximum duration was defined in the last meeting. 
	[bookmark: _Hlk79099017]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



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 9:
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.

When the time domain window is a UE capability, the unit of the window should be slots and/or symbols but not repetitions. Since a single repetition of PUSCH transmission could be very flexible from multiple symbols to a single slot, it is not proper to use ‘repetition’ as the unit of the time domain window. If the joint channel estimation would be used in the repetition transmissions, the duration of repetitions or the length of repetition bundles should not exceed the UE capability. 
For the two options in the 2nd agreement, if the time domain window is only an UE capability, the units of the time domain window should be the same regardless the PUSCH transmissions are based on repetitions, TBoMS or multiple TBs. The option 2 is preferred. The option 1 only works when the time domain window is used within the indication of scheduling, which seems not necessary.

[bookmark: _Hlk79136172]Proposal 10:
The units of the time domain window should be slots and/or symbols.

2.4 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 11:
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 12:
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 new 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 in the antenna port, occupied PRBs and UL power as the repeated transmission signals/channels.
· 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.
· Existing OFF power requirements cannot be satisfied. Additional specification efforts should be put on the RAN4.
· 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 case 5, with the PUSCH transmission across non-consecutive slots, should be deprioritized if no typical using scenarios are justified.

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: 
From the perspective of scheduling, there is no need to specify explicit indication of time domain window. Additional indication of joint channel estimation combined with scheduling signaling is enough to enable the function.

Proposal 8:
The impact of phase drifting to the performance of joint channel estimation under a large number of consecutive slots should be studied.

Proposal 9:
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 10:
The units of the time domain window should be slots and/or symbols.

Proposal 11:
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 12:
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.

Working assumption: (#105e)
· 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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