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[bookmark: _Ref521334010]Introduction
During the Rel-17 study item “Study on NR coverage enhancements”, PUSCH has been identified as the bottleneck channel. The enhancement for PUSCH was approved to be specified in Rel-17 coverage enhancements WI [1] including joint channel estimation. Following agreements have been achieved in RAN1#104 e-meeting [2]:
	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


In this contribution, FFS in the above agreements and some other issues about joint channel estimation are discussed.
Discussion
Potential use cases for joint channel estimation 
For uplink transmission, cross-slot channel estimation can be applied to PUSCHs in consecutive slots satisfying the requirement of power consistence and phase continuity at least for same TB. For TB processing over multiple slots, a.k.a. TBoMS, it was already agreed that the same number of PRBs per symbol is allocated across slots [2].In our opinion, if there is no gap between two consecutive slots as shown in Figure 1, PUSCH transmission with (TBoMS) can also meet the aforementioned conditions. Joint channel estimation can be easily applied to the case wherein single TB is processed on multi-slot PUSCH. Hence, we suggest to confirm the following working assumption:
	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




[bookmark: _Ref68100289]Figure 1: PUSCH over two slots scheduled by one DCI.
Proposal 1: Cross-slot channel estimation can be applied to the back-to-back PUSCH transmissions for one TB processed over multiple slots.
The key point for joint channel estimation is to meet the requirement from RAN4, e.g. power consistence and phase continuity among PUSCH transmissions, same frequency domain allocation, no hopping, etc. [RAN4 LS]. From technical point of view, it does matter whether the same or different TBs are carried on the multiple PUSCHs. Cross-slot channel estimation can be applied to PUSCH with different TBs at least in the case of back-to-back PUSCH transmissions.
Proposal 2: Cross-slot channel estimation can be applied to the back-to-back PUSCH transmissions with different TBs.
For the use case of non-back-to-back PUSCH transmissions, wherein X un-scheduled OFDM symbols exist in-between the PUSCH transmissions, RAN4 is still discussing the exact value of X. Hence, at least the use case of non-back-to-back PUSCH transmissions across consecutive slots in Figure 2 should not be excluded from the application of joint channel estimation until we receive the complete feedback from RAN4.


[bookmark: _Ref68248798]Figure 2: Non-back-to-back PUSCH transmissions across consecutive slots.
Observation 1: The use case of non-back-to-back PUSCH transmissions across consecutive slots need to be discussed after receiving the reply from RAN4.
RAN 4 also pointed out that no DL reception is allowed in-between PUSCH transmissions for TDD case [3] in order to keep phase continuity. Then, for non-consecutive uplink slots caused by uplink-downlink switching in TDD spectrum, joint channel estimation cannot be applied to theses slots due to the DL symbols. On the other hand, there is no need for PUSCH repetitions to be scheduled in non-consecutive slots on the paired spectrum. Hence, joint channel estimation should not be applied to the use case of PUSCH transmissions across non-consecutive slots.
Observation 2: The use case of PUSCH transmissions across non-consecutive slots should not be supported in joint channel estimation.
The time window of joint channel estimation
In our view, a time domain window should be introduced for joint channel estimation, at least due to the following reasons:
· The UE is not expected/able to maintain phase continuity in infinite long time. Specifying time domain window provides good reference for the UE to consider the implementation.
· Time domain window facilitates the optimization of DMRS for joint channel estimation. The DMRS location/granularity in different slots within one time domain window can be jointly designed.
· Time domain window well aligns the development of the inter-slot frequency hopping. It was agreed that common design for PUSCH/PUCCH with DMRS bundling is expected in inter-slot frequency hopping pattern enhancement [2]. To some extent, the bundling size of the hopping pattern can be derived from the time domain window, or vice versa.
With the above understanding, we have the following proposal.
Proposal 3: A time domain window should be introduced in which the enhanced FH pattern and the optimization of DMRS location/granularity in time domain can be further studied.
It is improper to define the length of the time domain window by a set of repetitions, since TBoMS is one of potential application scenario of joint channel estimation. Besides, PUSCH repetition Type B is not supported in the use case so that joint channel estimation would not be applied to PUSCH transmissions within one slot. It is too small to use symbol as the granularity of time window. For these reasons, ‘slot’ seems to be a good choice as the granularity of the time domain window. Hence, we propose that a set of slots can be used to define the length of the time window.
Proposal 4: The length of the time domain window should be defined by a set of slots.
[bookmark: _Hlk68511923]Theoretically, the more PUSCHs in different slots are used for joint channel estimation, the more accurate results of channel estimation will be achieved, at least for the low-mobility or static case. On the other hand, it may be over-optimized if the length of time window is too long when the channel condition is good, which will introduce unnecessary complexity and waste of UL resource. In many cases, the actually required number of slots for joint channel estimation may be smaller than the length of the unique time domain window. In addition, if only one time domain window is configured, the single size of the time domain window is conservative to meet diverse scenarios. Hence, it is better to define multiple time domain windows to adapt to the various channel condition. Furthermore, one of the defined windows can be configured/indicated by gNB.
Proposal 5: Multiple time domain windows can be defined to adapt to different channel conditions.
· One of the defined windows can be configured/indicated by gNB.
Potential optimization of DMRS location/granularity
In order to achieve the optimal transmission performance, it is necessary to design corresponding DMRS transmission patterns over multiple consecutive slots. More DMRS in adjacent slots can be used to improve the accuracy of channel estimation. On the other hand, a DMRS pattern with lower DMRS density in multiple slots can be considered to achieve more coding gain. It is straightforward that there is a trade-off between channel estimation accuracy and channel coding rate. 
Therefore, the DMRS bundling window with the multi-slot-based DMRS pattern should be determined. For example, it is simple to reduce the number of DMRS in each slot based on the existing DMRS pattern and ensure the same density in multiple slots as shown in Figure 3(a). On the other hand, different DMRS densities with DMRS-less in some slots within a time domain window can also be considered to obtain more coding rate as shown in Figure 3(b).


[bookmark: _Ref68100350]Figure 3: Potential optimization of DMRS granularity.
Proposal 6: New DMRS patterns on consecutive slots with lower DMRS density should be further studied.
Inter-slot frequency hopping with inter-slot bundling
Frequency hopping will result in a random phase rotation between the two consecutive slots in time domain [3], which does not meet the requirement of phase continuity. Hence, new frequency hopping pattern is necessary to support the mechanism, such as more than one PUSCH/slot in a hop. From the perspective of unified indication in joint channel estimation, PUSCHs within a bundling window can be assigned with the same frequency resources. Furthermore, the FDRA can be different between adjacent bundling windows in order to realize frequency hopping with inter-slot bundling, as shown in Figure 4. Lower DMRS density involved in the previous analysis can be further studied whether it is needed in the frequency hopping pattern.


[bookmark: _Ref68100766]Figure 4 : Inter-slot frequency hopping pattern with bundling window size equal to 2.
Proposal 7: Frequency hopping pattern with inter-slot bundling can be determined according to the bundling window size.
Conclusion
In this contribution, we share our views on PUSCH coverage enhancement on joint channel estimation. The observations and proposals are summarized as follows:
Observation 1: The use case of non-back-to-back PUSCH transmissions across consecutive slots need to be discussed after receiving the reply from RAN4.
Observation 2: The use case of PUSCH transmissions across non-consecutive slots should not be supported in joint channel estimation.
Proposal 1: Cross-slot channel estimation can be applied to the back-to-back PUSCH transmissions for one TB processed over multiple slots.
Proposal 2: Cross-slot channel estimation can be applied to the back-to-back PUSCH transmissions with different TBs.
Proposal 3: A time domain window should be introduced in which the enhanced FH pattern and the optimization of DMRS location/granularity in time domain can be further studied.
Proposal 4: The length of the time domain window should be defined by a set of slots.
Proposal 5: Multiple time domain windows can be defined to adapt to different channel conditions.
· One of the defined windows can be configured/indicated by gNB.
Proposal 6: New DMRS patterns on continuous slots with lower DMRS density should be further studied.
Proposal 7: Frequency hopping pattern with inter-slot bundling can be determined according to the bundling window size.
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