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Introduction
[bookmark: _Hlk510705081]The following can be noted from the work item description (WID) for Rel-17 coverage enhancement [1]:
· “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 DM-RS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]”
This new feature targets improving the channel estimation quality for the demodulation of PUSCH at the receiver by using jointly the DM-RS symbols among the PUSCHs that satisfy the requirements in power consistency and phase continuity, which will be identified by RAN4. In this document, we discuss potential issues and the associated specification works for specifying the new feature in Rel-17.

Discussion
Mechanism to enable cross-slot joint channel estimation
From a practical perspective, cross-slot joint channel estimation is applied at the receiver and it is up to the receiver’s implementation. However, some signalling procedures still need to be specified to keep the assumptions at the gNB and the UE being aligned, as discussed in this section. 

Triggering method
A triggering method, or a rule, is needed so that the gNB can know whether the power consistency and phase continuity requirements among a certain group of PUSCHs are guaranteed by the UE or not. 
An ideal solution, from joint channel estimation perspective, would be to assume that the UE always keeps these requirements among any PUSCHs, if cross-slot joint channel estimation capability is reported by the UE. This approach however could be challenging to be applied in practice not only because it may bring more complexity to the UE but also because always assuming these requirements may reduce the flexibility of PUSCH scheduling, e.g. URLLC and eMBB services would require different transmission powers and precoders. In this regard, joint channel estimation should only be applied across PUSCHs that are associated with the same service type, i.e. same PHY priority.
Another direction, which seems to be more reasonable, is to allow the gNB to enable and disable these requirements for the UE. This indication from the gNB can be dynamic, i.e., directly enable and disable using a field in the scheduling DCI and all scheduled PUSCHs, within the period when the requirements are enabled until they are disabled, should satisfy the power consistency and phase continuity requirements. This of course can also be done by using other indirect approaches such as MAC CE indication or RRC reconfiguration. The aforementioned impact on scheduling of URLLC and eMBB services is minimized in this case since the gNB can trigger joint channel estimation functionality only when the UE experiences coverage shortage, wherein both URLLC and eMBB PUSCH may need to be operated at the same (maximum) power already.
[bookmark: _Toc61887413]Proposal 1. RAN1 to specify an indication method letting the gNB enable/disable the power consistency and phase continuity requirements for the UE.
· FFS: Details of the indication methodology, e.g., dynamic/semi-static etc.
· FFS: Whether any restriction should be applied, e.g., joint channel estimation is only applied across PUSCH with the same PHY priority, or joint channel estimation is only applied across repetitions of the same PUSCH transmission.

Window size definition and indication
Assuming power consistency and phase continuity are guaranteed for all PUSCH transmissions whenever joint channel estimation feature is enabled may entail a significant implementation burden at the UE side, especially for the case when these conditions should be guaranteed across PUSCH segments that are not back-to-back. This may end up reducing the number of UEs which would report the support of such feature, for implementation simplicity. Therefore, a limitation on the window size within which power consistency and phase continuity can be guaranteed across PUSCHs should be defined. 
In case the joint channel estimation feature is dynamically enabled/disabled by a field in the DCI, the gNB can ideally enable and disable this feature within a period that matches the maximum window size supported by the UE. However, from UE perspective, there is no guarantee that the gNB will always do that, e.g., in case there is no dynamic PUSCH scheduling. This issue is even more critical when the joint channel estimation feature is enabled/disabled by MAC CE indication or RRC reconfiguration, since it takes time to toggle the indication. From the above discussion, we propose the following:
[bookmark: _Toc61887414]Proposal 2. A time-domain window, within which power consistency and phase continuity are guaranteed across PUSCHs for joint channel estimation, should be configured by gNB.
· FFS: Definition of the details of time-domain window configuration and indication.

Potential optimization of DM-RS allocation in time-domain
According to the WID, potential optimization of DM-RS location/granularity in time domain is not precluded in this feature. Indeed, potential issues may occur if suitable countermeasures are not taken. Figure 2 shows several examples of DM-RS symbol allocation scenarios in Rel-16, considering the uplink symbols in both S and U slots in a TDD frame structure. The PUSCH segments allocated for S and U slots are denoted by PUSCH A and PUSCH B, respectively, for simplicity. Different combinations of mapping types for PUSCH A and PUSCH B are illustrated in Figure 2, where additional DM-RS symbols are considered in some of the combinations.
Assume that PUSCH A and PUSCH B satisfy the conditions regarding power consistency and phase continuity such that DM-RS symbols in the two PUSCH segments can be jointly used for channel estimation in both segments, i.e., the DM-RS symbols in PUSCH A and PUSCH B can be used for channel estimation at the receiver as if they were allocated for a single PUSCH. In this context, reusing the Rel-16 DM-RS symbol allocation per PUSCH segment per slot does not always yield a reasonable DM-RS distribution. Indeed, looking at the overall resource for both PUSCH A and PUSCH B in Figure 2, it can be observed that the distance between neighboring DM-RS symbols is either too small or too large which is not the most reasonable setting if we consider the fact that those are used for joint channel estimation. Therefore, a simple rule/procedure for distributing reasonably DM-RS symbols on the concatenated resource of PUSCHs that satisfy the power and phase conditions should be introduced for the Rel-17 joint channel estimation feature.
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[bookmark: _Ref60847120]Figure 2. Examples of Rel-16 DM-RS symbols allocation.

[bookmark: _Hlk61886887]Several option could be considered to achieve equally distributed DM-RS symbols on the concatenated resource of the PUSCHs in time-domain that satisfy the power and phase conditions. A straightforward, and easy to support way, is to place DM-RS symbols between the first and the last one in the considered resource at a constant spacing one from another. Let us call this spacing X, for simplicity. Figure 3 shows an example of constant spacing between DM-RS symbols in case of absence or presence of an additional DM-RS symbol.  
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[bookmark: _Ref60864498]Figure 3. Illustration of proper DM-RS allocation for joint channel estimation.

In case RAN4 replies that it is feasible to keep power consistency and phase continuity across non-contiguous PUSCHs, one can apply the constant spacing on each bundle of consecutive PUSCHs or apply across also non-contiguous PUSCH as if there is no gap. The latter case is illustrated in Figure 4.
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[bookmark: _Ref60867605]Figure 4. An example of DM-RS allocation in case joint channel estimation is allowed for non-contiguous PUSCH bundle.

The method of indicating the spacing, as well as the method of configuring starting DM-RS symbol location does not impact the technical relevance of the solution and thus can be further studied. 
From the above discussion, we have the following proposal:
[bookmark: _Toc61887415]Proposal 3. For the Rel-17 joint channel estimation feature, RAN1 to specify a procedure for equally distributing DM-RS symbols on the concatenated resource of the PUSCHs in time-domain that satisfy the power and phase conditions.
· FFS: Details of the procedure for equally distributing DM-RS symbols, including introducing a spacing parameter such DM-RS symbols between the first and the last one in the considered resource at a constant spacing one from another.
· FFS: Method for indicating the spacing parameter.

Inter-slot frequency hopping bundling for cross-slot joint channel estimation
According to the WID, inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation should also be specified. Once the window is defined as discussed in Section 2.1.2, one can simply bundle PUSCH within one window into one frequency hop to enable cross-slot channel estimation, i.e. inter-window frequency hopping. Figure 5 illustrates the inter-window frequency hopping for PUSCH repetition type A and PUSCH repetition type B, since both PUSCH repetition types allow inter-slot frequency hopping.
From the discussion above, the following proposal is formulated:
[bookmark: _Toc61887416]Proposal 4. For inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation, a concept of inter-window frequency hopping should be specified, where each window is a time-domain window, within which power consistency and phase continuity are both guaranteed across PUSCHs for joint channel estimation.
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[bookmark: _Ref60868732]Figure 5. Illustration of inter-window frequency hopping for cross-slot joint channel estimation.

Conclusion
In this contribution, we discussed aspects related to the normative work necessary to provide support to multi-slot TB processing and transmission in Rel-17. The following proposals have been made:
Proposal 1. RAN1 to specify an indication method letting the gNB enable/disable the power consistency and phase continuity requirements for the UE.
· FFS: Details of the indication methodology, e.g., dynamic/semi-static etc.
· FFS: Whether any restriction should be applied, e.g., joint channel estimation is only applied across PUSCH with the same PHY priority, or joint channel estimation is only applied across repetitions of the same PUSCH transmission.
Proposal 2. A time-domain window, within which power consistency and phase continuity are guaranteed across PUSCHs for joint channel estimation, should be configured by gNB.
· FFS: Definition of the details of time-domain window configuration and indication.
Proposal 3. For the Rel-17 joint channel estimation feature, RAN1 to specify a procedure for equally distributing DM-RS symbols on the concatenated resource of the PUSCHs in time-domain that satisfy the power and phase conditions.
· FFS: Details of the procedure for equally distributing DM-RS symbols, including introducing a spacing parameter such DM-RS symbols between the first and the last one in the considered resource at a constant spacing one from another.
· FFS: Method for indicating the spacing parameter
Proposal 4. For inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation, a concept of inter-window frequency hopping should be specified, where each window is a time-domain window, within which power consistency and phase continuity are both guaranteed across PUSCHs for joint channel estimation.
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