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1 Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In the last meeting [1], following is agreed.
	Agreements:
· Prioritize the study on the performance and specification impacts on time domain based solutions for PUSCH enhancements, including
· Increase the number of repetitions for PUSCH repetition  type A 
· PUSCH repetition with non-consecutive slots/on the basis of available slots for TDD
· Note: whether increasing the number of PUSCH repetition for FDD depends on the outcome of AI 8.8.1.1.
· Enhancement on PUSCH repetition Type B
· E.g., actual repetition across the slot boundary, or the length of actual repetition larger than 14 symbols, etc.
· TB processing at least over multi-slot PUSCH
· e.g., single TB, sized for a single slot, but transmitted in parts over multiple slots; or single TB, sized for multiple slots, transmitted over multiple slots, and in conjunction with repetition, etc.
· FFS
· OCC spreading based repetition
· Symbol-level repetition
· TB interleaving
· RV repetition
· Early termination of PUSCH repetitions
Agreements:
· Prioritize the study on the performance and specification impacts on DM-RS enhancements for PUSCH, including 
· Cross-slot channel estimation
· With a lower priority compared with cross-slot channel estimation (i.e., companies are encouraged to study it)
· Lower density
· E.g., DM-RS sharing among multiple PUSCH transmissions or lower DMRS density in the frequency domain.
· Higher density 
· E.g., in time or frequency domain, e.g., 1-comb pattern
· Adaptive configuration
· DM-RS balancing among frequency hops
Agreements:
· Study the performance and specification impacts on frequency domain based solutions for PUSCH, including
· Inter-slot frequency hopping 
· with more frequency offsets
· with more frequency hopping positions.
· Inter-slot frequency hopping with inter-slot bundling to enable cross-slot channel estimation
· Enhancements on frequency hopping for PUSCH repetition type B
· Note that the above inter-slot frequency hopping enhancement can apply for PUSCH repetition type B
· [Sub-PRB transmission for VoIP]
· FFS: details, e.g., number of tones, multi-slot aggregation
· FFS
· Intra-slot frequency hopping 
· with more frequency offsets
· with more frequency hopping positions.
[Note: Appropriate simulation assumptions are expected.]


In this contribution, we provide our view on the PUSCH coverage enhancement and potential solution.
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2.1 Cross channel estimation
Channel estimation accuracy has large impact on demodulation performance especially for scenario where the SNR at receiver is very low. Increasing the channel estimation accuracy will reduce the required demodulation SNR working point at receiver that lead to increase MCL of coverage. On the other hand, the power and resources for channel estimation and data transmission should be balanced. We can give more power and resources to DMRS to increase the performance of channel estimation, but we have less power and resources for data which may also increase the required demodulation SNR for a given data rate. To increase the channel estimation accuracy but not to increase the power and resources for channel estimation is one of potential solutions to increase the coverage of PUSCH.
In NR, the channel is assumed to be inferred within one slot for PUSCH. The physical channel between slots should be time continuous and a physical channel in one slot may infer the channel in another slot nearby the current slot. The equivalent channel is physical channel plus implemental channel. In NR transmitter and receiver, the RF and/or baseband implemental channel is not required to maintain between slots. It should only be maintained within a slot/hopping. It has benefits on implementation flexibility and may provide some equivalent channel diversity due to the implemental channel diversity. However, it precludes the cross channel estimation between slots that could improve the channel estimation accuracy. For some specific scenario, e.g. coverage limit case, the cross channel estimate could have some benefits. So a channel in slot could infer a channel in another which will help for the cross channel estimation is beneficial. In Rel-17 coverage enhancement, it should allow to indicate this inferable state to UE. 
Proposal 1: It’s beneficial to support cross channel. Based on legacy NR, channel across different slot are not inferable. Inferable state could be indicated to UE to support cross channel estimation.
When cross channel estimation is used, the OFDM symbol which carries DMRS for channel estimation should be designed unitedly across multiple slots. We could reuse existing DMRS symbol pattern. However, the granularity of symbol number within one slot may not be suitable for cross channel estimation among multiple slots. To overcome this issue, different number of DMRS symbol in different slot could be studied. For example, two DMRS symbols in even slot and one DMRS symbol in odd slot makes up the DMRS symbol pattern over multiple slots.
Proposal 2: To study different number of DMRS symbol in each slot to make up DMRS symbol pattern over multiple slots when cross slot channel estimation adopted.
2.2 Inter-slot frequency hopping 
For coverage limit scenario, on one hand, channel state estimation by detecting SRS may not be accuracy due to the low SNR at receiver side, on the other hand, the SRS may not be configured to UE, e.g. during the connection initial phase. In such case, gNB may not provide scheduling gain to UE on the better RB. Frequency hopping is used in such case to provide frequency diversity gain to UE. In Rel-15 NR, only two RB position is supported by UE in frequency hopping. As more frequency hopping RB position may provide more frequency diversity gain. It's beneficial to study providing more frequency hopping RB position to increase the coverage.
When combining cross channel estimation and frequency hopping, it may not be allowed to cross estimate channel when the channel has large frequency gap between two slots. So the frequency hopping should support hop by each slot combination, i.e. the cross channel estimation is done within each slot combination and frequency hopping is done between different slot combination.
Inter-slot frequency hopping with inter-slot bundling to enable cross-slot channel estimation
Proposal 3: It's beneficial to study providing more frequency hopping RB position to increase the coverage. Inter-slot frequency hopping with inter-slot bundling to enable cross-slot channel estimation should be supported.
3 Conclusion
In this contribution, we provide our view on the PUSCH coverage enhancement and we propose that,
Proposal 1: It’s beneficial to support cross channel. Based on legacy NR, channel across different slot are not inferable. Inferable state could be indicated to UE to support cross channel estimation.
Proposal 2: To study different number of DMRS symbol in each slot to make up DMRS symbol pattern over multiple slots when cross slot channel estimation adopted.
Proposal 3: It's beneficial to study providing more frequency hopping RB position to increase the coverage. Inter-slot frequency hopping with inter-slot bundling to enable cross-slot channel estimation should be supported.
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