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Introduction
In RAN1#104b-e meeting, the following agreements were reached in [1].
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 windown (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:
· A new DMRS pattern equally spaced among PUSCH transmissions is not considered for joint channel estimation in Rel-17.

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
Conclusion:
· For optimization of DMRS granularity in time domain with joint channel estimation, the proponents are encouraged to provide more simulation results in next meeting

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
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 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
In this contribution, we discuss the joint channel estimation for PUSCH transmission and give our proposals.
Discussion on joint channel estimation
In last meeting, it was agreed to specify the time domain window for joint channel estimation. One open issue is how the time domain window is defined. For NR TDD, the consecutive UL slots are limited, in this case the time domain window could be implicitly derived by UE. For example, the TDD UL/DL configuration is DDFUU, the time domain window is two slots. If dual UL/DL patterns are configured, then two time domain windows are implicitly derived, such as the UL/DL patterns are DDFUU DFUUU, then time domain window is two slots and three slots respectively. For NR FDD, all the UL slots are available for UL transmission, the time domain window can be explicitly indicated to the UE, thus the UE would keep the phase continuity and transmission power in the window.
Proposal 1: Time domain window is explicitly configured for NR FDD and is implicitly derived for NR TDD. If two TDD UL/DL patterns are configured, two time domain windows are applied for two patterns respectively
Another aspect related to time domain window is the unit of window. For repetition type A, the unit of window can be per repetition or per slot. Considering the back-to-back transmission requirements for joint channel estimation, it would require the whole slot allocated for UE transmission. From this point, there is no difference the unit is slot or repetition, as showing in Figure 1. For repetition type B, there is restriction that the repetition can’t transmit across the slot boundary. Thus, the actual repetition was introduced, and the actual repetition number is larger than the configured nominal repetition number. It makes the time domain window derivation complicated if it is based on the repetition. On the other hand, if the window is based on consecutive slots, whatever the repetition is nominal repetition or actual repetition, if the repetition is within the joint channel estimation window, UE would keep the phase continuity and transmission power, gNB can perform the joint channel estimation.
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Figure 1: Repetition type A and Repetition type B
Proposal 2: The unit of time domain window is slot for both repetition type A and repetition type B.
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 3 : 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
For inter-slot frequency hopping with inter-slot bundling, the size of hopping interval should be the same as the size of time domain window. As the frequency hopping enhancement is only for purpose of DMRS bundling, the DMRS in hopping interval is used for joint channel estimation, otherwise per slot frequency hopping defined in Rel.15 is enough. For NR TDD, there is almost no possibility to have different size for hopping interval and time domain window, due to limited consecutive UL slots. For NR FDD, it’s hard to see any benefits to have different size for hopping interval and time domain window.
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Figure 2: cross-slot channel estimation conjunction with frequency hopping
Proposal 4: For inter-slot frequency hopping with inter-slot bundling, the bundle size (time domain hopping interval) equals to the time domain window size.
Summary
In this contribution, we discuss the  joint channel estimation for PUSCH and have the following proposals:
Proposal 1: Time domain window is explicitly configured for NR FDD and is implicitly derived for NR TDD. If two TDD UL/DL patterns are configured, two time domain windows are applied for two patterns respectively
Proposal 2: The unit of time domain window is slot for both repetition type A and repetition type B.
Proposal 3 : 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 4: For inter-slot frequency hopping with inter-slot bundling, the bundle size (time domain hopping interval) equals to the time domain window size.
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