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Introduction
In the RAN1 #104e 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 reply of LS on PUCCH and PUSCH has reached to RAN1[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
RAN4’s reply on the conditions of keeping power consistency and phase continuity was received before #104bis meeting [2]. According to the reply, the conditions of 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
· 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
· In the case of X un-scheduled OFDM symbols or other physical signals/channels transmitted in-between the repetition, RAN4 is still discussing.

Observations 1:
· Currently only back-to-back with zero gap in-between adjacent transmissions could keep the power consistency and phase continuity. 
· No frequency hopping is allowed if joint channel is implemented.
· No power change between the transmissions
· No downlink receptions between the adjacent transmissions are allowed if joint channel estimation is implemented.
· Non-back-to-back transmission with non-zero gap in-between adjacent transmissions, there is no conclusion

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 2:
Besides the power consistency and phase continuity, a same transmission precoding and channel coherence should be maintained during the multiple slot transmission under the joint channel estimation. 

2.2 Use cases 
In the last meeting, several use cases were listed and agreed.
	Agreements:
· 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.



According the information from RAN4, the non-back-to-back PUSCH transmission should be suspended until RAN4 have a conclusion on how many symbols could be inserted between the transmissions. The use case 1 and 3 could be prioritized for further discussions.

[bookmark: _Hlk68042350]Proposal 1:
Non-back-to-back PUSCH transmissions should be suspended until RAN4 gets a conclusion. Back-to-back PUSCH transmission should be prioritized for further discussion.

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. 

Observation 3:
In the typical TDD UL-DL configurations, special slot bundled with one or two uplink slots could work under joint channel estimation. And the DMRS optimization could be further studied under this condition. 

[bookmark: _Hlk68042357]Proposal 2:
The optimization of DMRS granularity and locations are encouraged to be studied under the typical configurations with consecutive slots of one special slot and one/two uplink slots.

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.

In the last meeting, PUSCH repetition type A was agreed to work under joint channel estimation. But the TB processing over multiple slots is still under working assumption. 
	Agreements:
· For back-to-back PUSCH transmissions across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation at least for the following case:
· Over back-to-back PUSCH transmissions (of the same TB) for repetition type A scheduled by dynamic grant or configured grant
· FFS details (including possible other cases)

Working assumption:
· For back-to-back PUSCH transmissions across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following case:
· Over back-to-back PUSCH transmissions for one TB processed over multiple slots
· It’s subject to UE capability



Under the current working assumptions, the TB processing over multiple slots is under the consecutive slots. And the modulation order, transmit power and the precoding of the TB could be the same. It is straightforward to support the joint channel estimation under the TB processing under consecutive slots. 

[bookmark: _Hlk68042365]Proposal 4:
Confirm the working assumption that joint channel estimation could be enabled for the back-to-back transmission for one TB processed over multiple slots.

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. last two uplink slots and last three slots (one special slot and two uplink slots), should be considered and supported in the joint channel estimation.

2.2 Time domain window
It was agreed in the last meeting that a time domain window is introduced to facilitate further discussion of joint channel estimations.
	Agreements:
· For joint channel estimation, a time domain window is introduced to facilitate further discussion, during which UE is expected to maintain power consistency and phase continuity among PUSCH transmissions subject to power consistency and phase continuity requirements.
· FFS: whether the window should be specified
· FFS: the length of the time domain window is defined by a set of repetitions/slots/symbols
· FFS: single or multiple time domain windows
· FFS: relation with UE capability
· FFS: the time domain window may or may not be configured
· FFS: whether the term "time domain window" is used in the specification or replaced by other technical terms
· FFS: Whether the window is determined by the power consistency and phase continuity requirements and/or by other factors is to be decided.




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. And the condition to maintain phase continuity and power consistency under the case of non-zero gaps between the adjacent transmissions is still under the discussion of RAN4 without any conclusion. Based on current information, only consecutive slots could work for joint channel estimation. If no other conditions expect power consistency and phase continuity should be maintained, only the number of consecutive slots/symbols used for joint channel estimation should be indicated to the UE. 

[bookmark: _Hlk68042375]Proposal 6:
If no other conditions except power consistency and phase continuity should be maintained, only the consecutive slots/symbols intended for joint channel estimation should be indicated. The time domain window for joint channel estimation should not be defined.

But, as the phase continuity could be maintained according to the conditions provided from RAN4, the phase could also drift with times. Currently the most TDD configurations have very limited consecutive uplink slots which could be used for the joint channel estimations. But in FDD system, the uplink slots are always consecutive and the interruption from the other physical signals and channels could be avoided. If a very long transmission or 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 also considered for the performance of joint channel estimation. If the impact of phase drifting is verified, the maximum consecutive slot number should be defined as the upper bound.

[bookmark: _Hlk68042378]Proposal 7:
The impact of phase drifting to the performance of joint channel estimation under a large number of consecutive slots should be studied.

Proposal 8:
If the impact of phase drifting is verified, the maximum consecutive slot number should be defined as the upper bound for the joint channel estimation.

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. 
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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]
Proposal 9:
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.

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:
· Currently only back-to-back with zero gap in-between adjacent transmissions could keep the power consistency and phase continuity. 
· No frequency hopping is allowed if joint channel is implemented.
· No power change between the transmissions
· No downlink receptions between the adjacent transmissions are allowed if joint channel estimation is implemented.
· Non-back-to-back transmission with non-zero gap in-between adjacent transmissions, there is no conclusion

Observation 2:
Besides the power consistency and phase continuity, a same transmission precoding and channel coherence should be maintained during the multiple slot transmission under the joint channel estimation. 

Observation 3:
In the typical TDD UL-DL configurations, special slot bundled with one or two uplink slots could work under joint channel estimation. And the DMRS optimization could be further studied under this condition. 

Proposal 1:
Non-back-to-back PUSCH transmissions should be suspended until RAN4 gets a conclusion. Back-to-back PUSCH transmission should be prioritized for further discussion.

Proposal 2:
The optimization of DMRS granularity and locations are encouraged to be studied under the typical configurations with consecutive slots of one special slot and one/two uplink slots.

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:
Confirm the working assumption that joint channel estimation could be enabled for the back-to-back transmission for one TB processed over multiple slots.

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

Proposal 6:
If no other conditions except power consistency and phase continuity should be maintained, only the consecutive slots/symbols intended for joint channel estimation should be indicated. The time domain window for joint channel estimation should not be defined.

Proposal 7:
The impact of phase drifting to the performance of joint channel estimation under a large number of consecutive slots should be studied.

Proposal 8:
If the impact of phase drifting is verified, the maximum consecutive slot number should be defined as the upper bound for the joint channel estimation.

Proposal 9:
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.
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