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Introduction
In RAN1#104-e meeting, the following agreements were reached in [1].
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, define 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 or specified.
· 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 TB processing 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.

In this contribution, we discuss the joint channel estimation for PUSCH transmission and give our proposals.
Discussion on joint channel estimation
In last meeting, five potential use cases were considered for joint channel estimation for PUSCH. It was agreed that joint channel estimation can be applied to use case 3 for  repetition type A. whether joint channel estimation can apply to other four use cases is still open. In this meeting, an RAN4 LS response was received in [2]. RAN4 provides the answers on feasibility of joint channel estimation, for back-to-back transmissions with zero gap in-between adjacent transmissions, phase continuity could be maintained. For non-back-to-back transmission with non-zero gap in-between adjacent transmissions, to keep the phase continuity, no downlink reception in-between the PUSCH reception is assumed for TDD case. According to the LS feedback, the use case 2, use case 4 and use case 5 don’t fulfill the conditions to keep the phase continuity across the repetitions, thus joint channel estimation can’t apply to these three use cases. 
For use case 1, the phase continuity could be maintained according to RAN4 LS feedback. This use case is mainly used for the repetition type B. Basically, the repetition type B is designed for latency reduction, not for coverage enhancements. For example, to avoid the transmission across the slot boundary or invalid symbols, the nominal transmission could segment into several actual repetitions, which may result in high code rate of each actual repetition, and is not favourable to the coverage. Comparing with repetition type A, there is no additional benefits from coverage enhancement perspective. Therefore, it’s not necessary to support joint channel estimation for repetition B.
Proposal 1: Joint channel estimation for back-to-back PUSCH transmissions within one slot is not supported.
For the working assumption on TBoMS, whatever the TBoMB resource determination is based on Type-A like or Type-B like, as long as it’s back-to-back transmission without gap, the phase continuity can be maintained according to [2]. Then, the cross-slot channel estimation could be applied to TBoMS. The working assumption can be confirmed.
Proposal 2 : Confirm the following 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
According to the LS response from RAN4 in [2], it is possible to perform the joint channel estimation over the consecutive UL slots with the back-to-back transmission, the time domain window could be determined according to the TDD UL/DL configuration. The DMRSs in the time domain window are used for cross-slot channel estimation.
Another aspect related to the cross-slot channel estimation is joint operation with the inter-slot frequency hopping. This joint operation could get the channel estimation gain, repetition gain, and the frequency hopping gain. Cross-slot channel estimation is performed across the slots in the time domain window as showing in Figure1.
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Figure1: cross-slot channel estimation conjunction with frequency hopping
Proposal 3: Specify the inter-slot frequency hopping pattern to enable the conjunction operation of repetition, frequency hopping and cross-slot channel estimation.
Summary
In this contribution, we discuss the  joint channel estimation for PUSCH and have the following proposals:
Proposal 1: Joint channel estimation for back-to-back PUSCH transmissions within one slot is not supported.
Proposal 2 : Confirm the following 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
Proposal 3: Specify the inter-slot frequency hopping pattern to enable the conjunction operation of repetition, frequency hopping and cross-slot channel estimation.
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