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1      Introduction
In RAN #90 e-meeting, a new Rel-17 work item on NR coverage enhancements was approved [1] and was revised in [2]. The objective of this work item is to specify enhancements for PUSCH, PUCCH and Msg3 PUSCH for both FR1 and FR2 as well as TDD and FDD. The objectives include mechanism(s) to enable joint channel estimation.

· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]

· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4 [RAN1, RAN4]

· Potential optimization of DMRS location/granularity in time domain is not precluded

· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]
At RAN1#104e, following agreements have been achieved:

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.

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)

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.

Agreements:

· Companies are encouraged to study optimization of DMRS granularity in time domain with joint channel estimation, including:

· Use cases

· Simulations results

· Enhanced schemes, e.g.,

· Different DMRS density for different PUSCH transmissions

· No DMRS for some PUSCH transmissions

· If applicable, impact of dynamic changes, e.g., cancellation of a repetition and companies report the evaluation method.

· Companies are encouraged to study optimization of DMRS location in time domain with joint channel estimation, including:

· Use cases

· Simulations results

· Enhanced schemes, e.g.,

· DMRS equally spaced among PUSCH transmissions

· DMRS located in special slots

· Orphan symbol used for DMRS

· If applicable, impact of dynamic changes, e.g., cancellation of a repetition and companies report the evaluation method.

· Note: the simulation assumptions for DM-RS in TR 38.830 are used as baseline for performance evaluation on optimization of DMRS location/granularity in time domain.

· Take into account impairments such as frequency offset, and report corresponding parametrization together with the results. Further discuss impairment details.

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
Agreements:
· For joint channel estimation.

· Take into account the residual frequency error, e.g., +/- 0.1 ppm as upper bound. 

· Companies can report other values and frequency error model.
This contribution present our views on the relevant issues on joint channel estimation for PUSCH.
2      Discussion
Power consistency and phase continuity among PUSCH transmissions are the premises of joint channel estimation. In Rel-16, UE is not required to keep power consistency and phase continuity among PUSCH transmissions so that gNB may not be able to do joint channel estimation over multiple PUSCH transmissions in time domain. An LS [3] was sent to RAN4 asking the conditions for UE to keep power consistency and phase continuity among PUSCH transmissions. The reply LS was send by RAN4 [4]. Based on the reply LS, if the conditions for phase continuity among PUSCH transmissions are fulfilled, the same power level can also be achieved. In order to maintain phase continuity, the following conditions should be met:
· Modulation order does not change.

· RB allocation in terms of length and frequency position should not be changed, and intra-slot and inter-slot frequency hopping is not enabled within a repetition bundle.

· No change on transmission power level of its own CC, i.e., no change on the power control parameters specified in TS 38.213, and also when own CC is not impacted by other concurrent CC(s) that are configured for inter-band CA or DC for same UE with dynamic power sharing and no change in any configured CC s that are part of configured intra-band uplink CA or DC. 
· No UL beam switching for FR2 UE occurs

If the above conditions are met, joint channel estimation can be applied to back-to-back PUSCH transmissions with zero gap in-between adjacent PUSCH transmissions. RAN4 is also discussing non-back-to-back transmission with non-zero gap in-between adjacent transmissions and ask RAN1 the following questions:
· For analysis for the amount of tolerable phase change between repetitions, RAN4 respectably asks RAN1 if RAN1 has specific scenario what RAN4 should focus in their study? (e.g contiguous/non-contiguous transmission, within one time slot or multiple time slots, TDD band or FDD band etc)

As RAN1 has identified the potential use cases for joint channel estimation for PUSCH. In addition, RAN4 has replied that joint channel estimation can be applied to back-to-back PUSCH transmissions with zero gap in-between adjacent PUSCH transmissions if the conditions are met. For non-back-to-back transmission with non-zero gap in-between adjacent transmissions, to facilitate the discussion as requested by RAN4, RAN1 should provide the more information. In our understanding, for non-back-to-back PUSCH transmissions within one slot, there can be non-zero gap in-between adjacent PUSCH transmissions due to invalid symbol(s) for PUSCH repetition type B; or non-zero gap in-between adjacent PUSCH transmissions for different TBs scheduled by network. For non-back-to-back PUSCH transmissions across slots, there can be non-zero gap in-between adjacent PUSCH transmissions due to SRS or PUCCH transmission from other UE(s) in-between adjacent PUSCH transmissions; or non-zero gap in-between adjacent PUSCH transmissions due to invalid symbol(s)/orphan symbol for PUSCH repetition type B; or non-zero gap in-between adjacent PUSCH transmissions for different TBs scheduled by network. We suggest the following reply to RAN4.
Proposal 1: Reply to RAN4:
· Following potential use cases are considered for joint channel estimation for PUSCH for both paired spectrum and unpaired spectrum in RAN1:

· 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.
· For non-back-to-back PUSCH transmissions within one slot, RAN1 is considering the following case:
· Non-zero gap in-between adjacent PUSCH transmissions due to invalid symbol(s) for PUSCH repetition type B
· Non-zero gap in-between adjacent PUSCH transmissions for different TBs scheduled by network.
· For non-back-to-back PUSCH transmissions across slots, RAN1 is considering the following case:
· Non-zero gap in-between adjacent PUSCH transmissions due to SRS or PUCCH transmission from other UE(s) in-between adjacent PUSCH transmissions
· Non-zero gap in-between adjacent PUSCH transmissions due to invalid symbol(s)/orphan symbol for PUSCH repetition type B
· Non-zero gap in-between adjacent PUSCH transmissions for different TBs scheduled by network.
Based on the reply LS from RAN4, joint channel estimation can be applied to use case 1 and use case 3. In last RAN1 meeting, some companies have concerns on whether PUSCH repetition type B is relevant to coverage enhancement and whether PUSCH repetition type B is within the scope of this WID. In our understanding, PUSCH repetition type B can make full use of UL resources, e.g., UL symbols in special slots for TDD, and can achieve better performance than PUSCH repetition type A in some cases in terms of coverage. Joint channel estimation over back-to-back PUSCH transmissions for repetition type B is an enhancement. So PUSCH repetition type B is relevant to coverage enhancement. Regarding the scope, we indeed studied enhancements on PUSCH repetition type B during the study item phase, including actual PUSCH transmission across the slot boundary/invalid symbols, the length of actual repetition larger than 14 symbols, RV enhancement, and enhanced frequency hopping for PUSCH repetition type B. These enhancements were not included in the WID. But it does not mean WID precludes joint channel estimation for PUSCH repetition type B. Thus, considering the above two aspects, we have following proposal.
Proposal 2:
· For back-to-back PUSCH transmissions within one slot, if power consistency and phase continuity can be maintained.

· Joint channel estimation over back-to-back PUSCH transmissions for repetition type B scheduled by dynamic grant or configured grant is supported.

· For back-to-back PUSCH transmissions across consecutive slots, if power consistency and phase continuity can be maintained.

· Joint channel estimation over back-to-back PUSCH transmissions for repetition type B scheduled by dynamic grant or configured grant is supported.

In last meeting, it was agreed to introduce a time domain window during which UE is expected to maintain power consistency and phase continuity among PUSCH transmissions, while whether the window should be specified still needs to be discussed. In our understanding, for back-to-back PUSCH transmissions, UE can report whether UE can main power consistency and phase continuity among PUSCH transmissions. In addition, RAN4 may further define the length of duration UE can main power consistency and phase continuity among PUSCH transmissions. The duration of maintaining power consistency and phase continuity among PUSCH transmissions can be semi-statically determined by UE or dynamically triggered by network. For non-back-to-back PUSCH transmissions, it depends on RAN4 and UE may report the maximum number of un-scheduled OFDM symbols in-between the PUSCH transmissions to maintain power consistency and phase continuity. With this understanding, if the duration is defined by RAN4 and UE can report all the relevant information to network and network triggers the UL transmission with indication to maintain power consistency and phase continuity and UE follows the instruction, the time domain window is identical to the duration of maintaining power consistency and phase continuity. In this case, the time domain window may not be specified. However, if the duration is not defined, it seems necessary to specify a time domain window since UE cannot be assumed to be always to main power consistency and phase continuity all the time. Furthermore, even if the duration is defined, network may not make the scheduling exactly the same as the duration. For instance, UE can maintain power consistency and phase continuity for maximum 20ms. If network schedules the UE for UL transmission for 10ms, it only requires UE to maintain power consistency and phase continuity for 10ms. Therefore, it is beneficial to specify a time domain window in order to keep alignment between network and UE as well as ease the burden of UE. 
Proposal 3: 
· Specify a time domain window during which UE is expected to maintain power consistency and phase continuity among PUSCH transmissions subject to power consistency and phase continuity requirements.
If time domain window is specified, the length of the time domain window, e.g., a set of repetitions/slots/symbols should be determined. There are different use cases, back-to-back or non-back-to-back PUSCH transmissions, within one slots or across slots, PUSCH repetition type A, PUSCH repetition type B, TB processing over multiple slots and PUSCH transmissions with different TBs. Before discussing whether the length is defined as a set of repetitions/slots/symbols, we need to decide whether the length of the time domain window should be defined independently for each use case. It may depend on whether the duration of maintaining power consistency and phase continuity is defined. Therefore, we propose to send an LS to RAN4 asking whether the duration of maintaining power consistency and phase continuity among PUSCH transmissions will be defined based on UE capability and the length of duration if defined.

Proposal 4: 

· Send an LS to RAN4 asking whether the duration of maintaining power consistency and phase continuity among PUSCH transmissions will be defined based on UE capability and the length of duration if defined.
In Rel-16, for inter-slot frequency hopping, frequency position is changed for each hop in every slot so that joint channel estimation over multiple PUSCH across slots is not possible. Inter-slot frequency hopping with inter-slot bundling can enable joint channel estimation over multiple PUSCH across slots. The bundle size or time domain hopping interval should be determined. The implementation of joint channel estimation requires power consistency and phase continuity among PUSCH transmissions and the duration of maintaining power consistency and phase continuity. In our understanding, the bundle size or time domain hopping interval may not be tightly related to the length of the duration based on UE capability. Even if the bundle size is larger than the length of duration, as long as network and UE keep the alignment, network does joint channel estimation over multiple PUSCH transmissions across the slots which UE can maintain power consistency and phase continuity. If the time domain window is specified, the bundle size may not be tightly related to the size of the time domain window either. However, from performance perspective, it does not make much sense if the bundle size is larger than the length of duration based on UE capability or the size of the time domain window. Hence, we propose the bundle size can be independently configured, but cannot be larger than the length of duration based on UE capability or the size of the time domain window.
Proposal 5: 

· For inter-slot frequency hopping with inter-slot bundling, the bundle size can be independently configured, but cannot be larger than the length of duration based on UE capability or the size of the time domain window.
3      Conclusions
In this contribution, we discussed joint channel estimation for PUSCH and have following proposals:
Proposal 1: Reply to RAN4:

· Following potential use cases are considered for joint channel estimation for PUSCH for both paired spectrum and unpaired spectrum in RAN1:

· 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.
· For non-back-to-back PUSCH transmissions within one slot, RAN1 is considering the following case:
· Non-zero gap in-between adjacent PUSCH transmissions due to invalid symbol(s) for PUSCH repetition type B
· Non-zero gap in-between adjacent PUSCH transmissions for different TBs scheduled by network.
· For non-back-to-back PUSCH transmissions across slots, RAN1 is considering the following case:
· Non-zero gap in-between adjacent PUSCH transmissions due to SRS or PUCCH transmission from other UE(s) in-between adjacent PUSCH transmissions
· Non-zero gap in-between adjacent PUSCH transmissions due to invalid symbol(s)/orphan symbol for PUSCH repetition type B
· Non-zero gap in-between adjacent PUSCH transmissions for different TBs scheduled by network.
Proposal 2:
· For back-to-back PUSCH transmissions within one slot, if power consistency and phase continuity can be maintained.

· Joint channel estimation over back-to-back PUSCH transmissions for repetition type B scheduled by dynamic grant or configured grant is supported.

· For back-to-back PUSCH transmissions across consecutive slots, if power consistency and phase continuity can be maintained.

· Joint channel estimation over back-to-back PUSCH transmissions for repetition type B scheduled by dynamic grant or configured grant is supported.
Proposal 3: 

· Specify a time domain window during which UE is expected to maintain power consistency and phase continuity among PUSCH transmissions subject to power consistency and phase continuity requirements.

Proposal 4: 

· Send an LS to RAN4 asking whether the duration of maintaining power consistency and phase continuity among PUSCH transmissions will be defined based on UE capability and the length of duration if defined.
Proposal 5: 

· For inter-slot frequency hopping with inter-slot bundling, the bundle size can be independently configured, but cannot be larger than the length of duration based on UE capability or the size of the time domain window.
4      References

[1] 3GPP RP-202928, “New WID on NR coverage enhancements”, China Telecom, RAN#90e, December 7th – 11th, 2020.
[2] 3GPP RP-210855, “Revised WID on NR coverage enhancements”, China Telecom, RAN#91e, March 16th – 26th, 2021.

[3] 3GPP R1-2009784, “LS on PUCCH and PUSCH repetition”, Qualcomm, RAN1#103-e, October 26th – November 13th, 2020.

[4] 3GPP R4-2103393, “Reply on LS on PUCCH and PUSCH repetition”, Qualcomm, RAN4#98-e, January 25th – February 5th, 2021.[image: image1.png]



6

