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Introduction
RAN 90e agreed to specify joint channel estimation (also known as DMRS bundling) as a technique to extend PUSCH coverage [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 DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]



This document discusses our views on enabling such enhancement technique. More specifically, we shall discuss applicability of the technique, PUSCH DMRS bundling indication, interaction between PUSCH DMRS bundling and frequency hopping, and phase continuity conditions.
Applicability of Joint Channel Estimation 
In NR, PUSCH can be scheduled by dynamic grant or by configured grant (either Type-1 or Type-2). From our perspective, it is reasonable to support joint channel estimation for PUSCHs scheduled by dynamic grant or by configured grant. However, the joint channel estimation should not be supported for PUSCHs scheduled by different scheduling types. For example, joint channel estimation across PUSCH scheduled by dynamic grant and PUSCH scheduled by Type-1 configured grant should not be supported. In addition, the ability to enable joint channel estimation acrpss PUSCH transmissions should be subject to meeting the phase continuity requirements. Hence, we make the following proposals:
Proposal 1: Joint channel estimation is supported for PUSCHs scheduled by dynamic grant subject to phase continuity requirements.
Proposal 2: Joint channel estimation is supported for PUSCHs scheduled by configured grant subject to phase continuity requirements.
Proposal 3: Joint channel estimation is not supported across PUSCHs of different scheduling types.
For PUSCH transmission, NR supports two types of PUSCH repetitions: 
· Type A (introduced in Rel-15): Same symbol allocation in slots is applied across repeated PUSCH transmissions. Furthermore, it is limited to a single transmission layer.
· Type B (introduced in Rel-16): Different symbol allocation in slots can applied across repeated PUSCH transmissions, and it is not limited to a single transmission layer.
Since Rel-17 coverage enhancement is targeting enhancements for eMBB/VoIP, Type A PUSCH repetition should be the configuration of choice for cell-edge UEs whenever PUSCH repetition is used. On the other hand, Type B PUSCH repetition is targeting for URLLC which is not in the scope of Rel-17 coverage enhancements. In addition, since Type B PUSCH repetition may support multiple transmission layers (i.e., higher modulation order) and the first symbol of Type B PUSCH is DMRS, the phase continuity requirements may be more stringent than requirements for Type-A PUSCH repetition. 
Proposal 4: Joint channel estimation is supported for Type A PUSCH repetitions.
Lastly, the scope of joint channel estimation for PUSCH in the WID is not only restricted to PUSCH repetition, but may also be appliable to PUSCHs carrying different transport blocks. We would like to have further discussion on whether such applicability should be considered in Rel-17.
Proposal 5: Discuss whether joint channel estimation should be considered for PUSCHs scheduled to carry different transport blocks in Rel-17.
Joint Channel Estimation Indication
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[bookmark: _Ref61426220]Figure 1: Bundling window
The UE is required to maintain phase continuity across bundled PUSCH transmissions to enable promising gain of joint channel estimation at gNB. At first glance, it may seem that the the network can assume the UE to maintain the phase continuity across the scheduled PUSCH transmissions subject to the phase continuity conditions. However, from a UE perspective, the UE typically performs some (periodic) events such as uplink tracking loop (e.g., frequency tracking), UE calibration, antenna virtualization etc., at slot boundary. Such events are transparent to the network and expected to impact the phase continuity. If the UE must maintain the phase continuity across scheduled PUSCH transmissions for a very long period, the UE may have to forgo such events leading to possible performance degradation. For example, if the UE forgoes the frequency tracking, the frequency drift would get accumulated, at least impacting UL performance. Therefore, it should be beneficial to define bundling window over which the PUSCH transmissions may be bundled as illustrated in Figure 1, and we make the following proposal:
Proposal 6: Define a bundling window over which the UE may bundle DMRSs of PUSCH transmissions according to phase continuity requirements.
· The UE is not required to bundle DMRS of the PUSCH transmissions scheduled outside of the bundling window.
· FFS: how to indicate the bundling window configuration.
Indication by UE
Having the UE to indicate whether a PUSCH transmission is coherent with respect to the other PUSCH transmission should be useful for cases where some change on the UE side may impact the phase continuity but such change may not be known to the gNB, for example:
· PUSCH transmit power control depends on pathloss measurement. If the pathloss measurement changes, the transmit power should be changed accordingly, but such power change may not be known to the gNB.
· Another example is that the UE may need to perform some (periodic) events as discussed in Section 3.1. Such event(s) are expected to impact phase continuity across PUSCH transmissions, but gNB is not aware of such event(s).
How to enable UE indication can be further discussed. One possible approach is to allow UE to signal indication in the UCI multiplexing with PUSCH transmission. The indication can indicate whether the PUSCH transmission is coherent with respect to the previous PUSCH transmission or whether the PUSCH transmission is coherent with respect to the next PUSCH transmission as illustrated in Figure 2.
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[bookmark: _Ref61428330]Figure 2: Examples of bundling indication by UE via UCI multiplexed with PUSCH
Proposal 7: For each PUSCH transmission, the UE signals a bundling indication in the PUSCH transmission.
Interaction with Frequency Hopping
It was agreed to consider inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation for PUSCH. In general, we can have two cases as follows:
· Non-interleaving case (as illustrated in Figure 3): The bundled PUSCH transmissions in one frequency hop are first transmitted and then another bundled PUSCH transmissions are transmitted in the other frequency hop.
· Interleaving case (as illustrated in Figure 4): PUSCH transmissions are interleaved between the first frequency hop and the second frequency hop.
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[bookmark: _Ref61428521]Figure 3: Non-interleaving case
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[bookmark: _Ref61428558]Figure 4: Interleaving case
As we will be discussing in Section 5 on phase continuity conditions, the PUSCH transmissions to be bundled should have the same frequency resource allocation. Hence, the bundled PUSCH transmissions should be in the same hop and have the same frequency resource allocation. Furthermore, it is very challenging and may be infeasible for the UE to maintain phase continuity for the PUSCH transmissions in the same hop in the interleaving case. Therefore, we are making the following proposal:
Proposal 8: The PUSCH transmissions in the same hop may be bundled. Furthermore, only support non-interleaving case where the bundled PUSCHs are consecutively transmitted. 
[bookmark: _Ref61434333][bookmark: _Hlk61600747]Phase Continuity Conditions for PUSCH Repetitions 
RAN1 sent an LS [2] to RAN4 asking about phase continuity requirements for PUSCH repetitions. From our perspectives, at least the following conditions should be achieved to maintain phase continuity across bundled PUSCH transmissions:
· No time gap between two adjacent repetitions.
· Same frequency resource allocation across repetitions.
· Same spatial domain transmission relation across repetitions.
· Transmit power does not change across repetitions.
Hence, we provide the following observation:
Observation: Phase continuity requirements for enabling joint channel estimation for PUSCH repetitions at least include:
· No time gap between two adjacent repetitions.
· Same frequency resource allocation across repetitions.
· Same spatial domain transmission relation across repetitions.
· Transmit power does not change across repetitions.
Conclusion 
[bookmark: _Hlk23927392]This document discusses our views on joint channel estimation as a technique to extend PUSCH coverage. In particular, we have made the following observations and proposals:
Observation: Phase continuity requirements for enabling joint channel estimation for PUSCH repetitions at least include:
· No time gap between two adjacent repetitions.
· Same frequency resource allocation across repetitions.
· Same spatial domain transmission relation across repetitions.
· Transmit power does not change across repetitions.
Proposal 1: Joint channel estimation is supported for PUSCHs scheduled by dynamic grant subject to phase continuity requirements.
Proposal 2: Joint channel estimation is supported for PUSCHs scheduled by configured grant subject to phase continuity requirements.
Proposal 3: Joint channel estimation is not supported for PUSCHs of different scheduling types.
Proposal 4: Joint channel estimation is only supported for Type A PUSCH repetitions.
Proposal 5: Discuss whether joint channel estimation should be considered for PUSCHs scheduled to carry different transport blocks in Rel-17.
Proposal 6: Define a bundling window over which the UE may bundle DMRSs of PUSCH transmissions according to phase continuity requirements.
· The UE is not required to bundle DMRS of the PUSCH transmissions scheduled outside of the bundling window.
· FFS: how to indicate the bundling window configuration.
Proposal 7: For each PUSCH transmission, the UE signals a bundling indication in a UCI multiplexed with the PUSCH transmission.
Proposal 8: The PUSCH transmissions in the same hop may be bundled. Furthermore, only support non-interleaving case where the bundled PUSCHs are consecutively transmitted. 
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