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1 Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]One of the objective in the SID [1] of coverage enhancement is, 
	· Identify the performance target for coverage enhancement, and study the potential solutions for coverage enhancements for the above scenarios and services
· The target channels include at least PUSCH/PUCCH 
· Study enhanced solutions, e.g., time domain/frequency domain/DM-RS enhancement (including DM-RS-less transmissions)
· Study the additional enhanced solutions for FR2 if any
· Evaluate the performance of the potential solutions based on link level simulation.


In this contribution, we provide our view on the PUSCH coverage enhancement and potential solution.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
2.1 Cross channel estimation
Channel estimation accuracy has large impact on demodulation performance especially for coverage limit 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: Cross channel estimation can improve the channel estimation accuracy which may increase the coverage. It’s beneficial to indicate the inferable state to UE to make cross channel estimation possible.
2.2 Enhanced 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.
Cross channel estimation can give better channel estimation accuracy. However, 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.
Proposal 2: It's beneficial to study providing more frequency hopping RB position to increase the coverage. Enhanced frequency hopping should also support cross channel estimation.
2.3 Msg3 repetition
Coverage enhancement should also be considered before RRC Reconfiguration. Transmission before RRC configuration on enhanced state may also become the bottle neck of uplink coverage and uplink coverage may also be limited without coverage enhancement before RRC Reconfiguration. 
PUSCH msg3 is one of typical PUSCH before RRC Reconfiguration. Even though msg3 can be indicated to retransmission by uplink grant DCI scrambled by TC-RNTI, it still has benefit to allow autonomous retransmission without DCI which will reduce the latency of msg3 transmission. DCI trigger retransmission needs long signaling RTT between gNB and UE and also faces up with missed DCI detection risk. If the UE estimates that one PUSCH transmission may not be demodulated rightly by gNB, e.g. by transmitting power control, it’s beneficial to support autonomous repetition transmission of msg3 PUSCH by UE. RAN1 could study the benefit of autonomous repetition and the mechanism to support it.
Proposal 3: It's beneficial to support autonomous repetition transmission of msg3 PUSCH by UE.
3 Conclusion
In this contribution, we provide our view on the PUSCH coverage enhancement and we propose that,
Proposal 1: Cross channel estimation can improve the channel estimation accuracy which may increase the coverage. It’s beneficial to indicate the inferable state to UE to make cross channel estimation possible.
Proposal 2: It's beneficial to study providing more frequency hopping RB position to increase the coverage. Enhanced frequency hopping should also support cross channel estimation.
Proposal 3: It's beneficial to support autonomous repetition transmission of msg3 PUSCH by UE.
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