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[bookmark: _Ref506539118]Introduction
In RAN#90-e, the following descriptions were agreed in WID of NR coverage enhancement [1][2].
	Agreements: Capture the following observation into the TR.
· Enhancements on PUSCH repetition type A is beneficial for PUSCH coverage enhancements for TDD. It is recommended to support enhancements on PUSCH repetition type A in Rel-17, including the following two options (potential down-selection during the WI phase):
· Option 1: Increasing the maximum number of repetitions, e.g., up to 32.
· Option 2: The number of repetitions counted on the basis of available UL slots.

Agreements: Capture the following observation into the TR.
· TB processing over multi-slot PUSCH is beneficial for PUSCH coverage enhancements. It is recommended to support TB processing over multi-slot PUSCH in Rel-17, including:
· TBS determined based on multiple slots and transmitted over multiple integer slots.

Agreements: Capture the following observation into the TR.
· Joint channel estimation is beneficial for PUSCH coverage enhancements. It is recommended to support Joint channel estimation or DM-RS bundling for PUSCH in Rel-17, including:
· Joint channel estimation over consecutive PUSCH transmissions
· Inter-slot frequency hopping with inter-slot bundling


Joint channel estimation is beneficial for PUSCH coverage enhancements. The potential solutions to enable joint channel estimation for PUSCH coverage enhancement were discussed in RAN1#103-e [3]. Thus, in this contribution, we focus on potential solutions to support joint channel estimation for PUSCH in Rel-17.
Joint Channel Estimation for PUSCH
More Inter-slot Frequency Hopping Positions
In case of inter-slot frequency hopping in Rel-15, frequency hopping occurs between every two slot-based transmissions. In both Rel-15 and Rel-16, the hopping locations in frequency is at most 2, which may be not sufficient for power limited UEs with a small number of RBs. When relatively large number of repetitions is applied for PUSCH transmission, the number of inter-slot frequency hop positions should be increased to improve the performance by exploiting the benefit of frequency diversity, and to improve PUSCH coverage.
[bookmark: _Hlk47088732]Proposal 1: Enhancement of inter-slot frequency hopping should be supported for NR coverage enhancement, and the number of inter-slot frequency hop positions should be increased to improve PUSCH coverage.
Inter-slot Frequency Hopping With Inter-slot Bundling Hopping
In principle, one repetition should have at least one column DMRS for demodulation. When one nominal repetition is split into multiple actual repetitions, there can be some unavailable DMRS location leading to original DMRS losing, and sharing DMRS with adjacent actual repetitions need to be considered. DMRS sharing across different repetitions/slots could improve the channel estimation performance by enabling joint cross-slot channel estimation.
Inter-repetition frequency hopping bundling is a prerequisite. If there is inter-repetition frequency hopping between adjacent repetitions, it cannot share DMRS because of the low frequency coherence. Actual repetitions segmented from the same nominal repetition in the same or continuous slots should share DMRS, because the same nominal repetitions usually are segmented by slot-boundary symbols or blank symbols, probably within the coherence time and bandwidth.
Proposal 2: Inter-repetition frequency hopping bundling should be supported to enable DMRS sharing.
Proposal 3: Actual repetitions segmented from the same nominal repetition in the same or continuous slots should share DMRS.
[bookmark: OLE_LINK4]For inter-slot frequency hopping with inter-slot bundling, the fixed window and the fixed bundling size hopping pattern need to be further evaluated and discussed. Dynamic configuration and indication window size and inter-slot bundling size may be more suitable for cross-slot channel estimation and can obtain more substantial gain.
Proposal 4: Dynamic indication window size and inter-slot bundling size may be more suitable for cross-slot channel estimation.
Cross-slot Channel Estimation
For uplink transmission, cross-slot channel estimation is up to gNB implementation in principle. The important premises include: (1) The power is consistent across the slots, and (2) The phase is continuous between the slots.
Power consistency and phase continuity between PUSCH transmissions are the premises of performance of joint channel estimation. Thus, how to guarantee the power and phase continuity across slot boundary should be further studied.
· Power Consistency
In current mechanism, UE can adjust the transmission power per transmission occasion. If output power is changing across PUSCH transmission, the performance cannot be guaranteed. Hence, UE should keep the same output power across PUSCH transmission, which would lead to new UE behaviors in power control.
· Phase Continuity
Once the unknown random phase rotation between different slots or transmission is included in DMRS, it is hard to remove from the fading channel estimations, which would lead to an inaccurate channel state information and degrade the uplink transmission performance.
In order to avoid the random phase rotation among different uplink transmissions and enable joint channel estimation at gNB, the uplink transmissions by UEs have to meet following requirement such as consecutive uplink transmissions with an unified power control to ensure the same transmission power, an unified precoding to ensure the same precoding matrix and the same DMRS transmission port for multiple transmissions, etc.
Proposal 5: For joint channel estimation, whether the power and phase continuity can be kept across slot boundary should be further studied.
Conclusions
In this contribution, we discuss on potential techniques for PUSCH coverage enhancement. Based on the discussions, proposals are given as follows.
Proposal 1: Enhancement of inter-slot frequency hopping should be supported for NR coverage enhancement, and the number of inter-slot frequency hop positions should be increased to improve PUSCH coverage.
Proposal 2: Inter-repetition frequency hopping bundling should be supported to enable DMRS sharing.
Proposal 3: Actual repetitions segmented from the same nominal repetition in the same or continuous slots should share DMRS.
Proposal 4: Dynamic indication window size and inter-slot bundling size may be more suitable for cross-slot channel estimation.
Proposal 5: For joint channel estimation, whether the power and phase continuity can be kept across slot boundary should be further studied.
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