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1 [bookmark: _Ref521334010]Introduction
At RAN#86 meeting, a new Rel-17 SI on NR coverage enhancement was approved [1]. One of the objective of this study item is to identify the performance target for coverage enhancement, and study the potential solutions for coverage enhancements:
· 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 initial considerations on method for NR coverage enhancement.
2 Discussions
2.1 PUCCH coverage enhancement
According to the simulation results shown in [1], it seems the coverage compensation for PUCCH is only needed in limited scenarios, e.g. rural scenario with ISD=6km and frequency carrier=2GHz. In this section, we provide some potential solutions to enhance the PUCCH coverage.
Time domain enhancement 
Repetition is an effective way for transmission reliability and coverage enhancement. For PUCCH format 1/3/4, multiple slots can be configured for a PUCCH transmission by higher layer parameter nrofSlots. However, it should be considered whether it is necessary to increase the repetition number as it may result in more overhead and higher possibility of collision among uplink channels.
Spatial domain enhancement
Currently, only one antenna port can be used for PUCCH transmission. One possible way is to increase the number of antenna port in order to obtain diversity gain, which can further improve the coverage. Furthermore, different transmit diversity schemes can be considered for different PUCCH formats if necessary.
DMRS enhancement
Coverage can be enhanced by improving the accuracy of channel estimation.
DMRS bundling can be used for multi/cross-slot channel estimation when transmitting a long PUCCH in consecutive slots, e.g. PUCCH repetition is enabled. As shown in figure 1, long PUCCH with 8 OFDM symbols is repeated and each 2 PUCCHs are bundled for joint channel estimation. The PUCCH bundle size can be FFS which needs to achieve a trade-off between accuracy and latency.


Figure 1: DMRS bundling with 2 slots
Observation 1: Transmission repetition, transmit diversity and DMRS bundling can be considered to improve the coverage of PUCCH.
2.2 PUSCH coverage enhancement
As shown in [1], PUSCH coverage is the bottleneck in most simulated scenarios. PUSCH coverage enhancement schemes needs to be studied. In this section, we provide some potential solutions to improve the PUSCH coverage.
Number of PUSCH repetitions
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Number of repetitions for PUSCH transmission is up to 16 if it is indicated by the UL grant. Otherwise, number of repetitions given by pusch-AggregationFactor in pusch-Config or repK in ConfiguredGrantConfig is up to 8. The value range of pusch-AggregationFactor in pusch-Config or repK in ConfiguredGrantConfig can be expanded to 16 to improve PUSCH reliability in the cases where TDRA table with number of repetitions is not configured. However, it should also be noticed the large number of repetitions may jeopardize the throughput at cell edge. 
Msg 3 PUSCH repetition
Currently, Msg 3 PUSCH can only be transmitted without repetition. The reliability of Msg 3 PUSCH can be improved if repetition is supported.
Enhanced frequency hopping
Frequency hopping is one way to improve PUSCH reliability by introducing frequency domain diversity. Enhanced frequency hopping scheme can be studied, e.g. lager number of hopping locations, enhanced frequency hopping mode, etc.
Cross-slot/repetition channel estimation
[bookmark: _GoBack]Cross-slot/repetition channel estimation can improve channel estimation performance and thus improve PUSCH reliability. It can be studied as one possible method for PUSCH coverage enhancement.
Observation 2: Enhanced transmission repetition, enhanced frequency hopping, and cross-slot/repetition channel estimation can be considered to improve the coverage of PUSCH.
3 Conclusion
In this contribution, we provided our view on method for coverage enhancement with the following proposals.
Observation 1: Transmission repetition, transmit diversity and DMRS bundling can be considered to improve the coverage of PUCCH.
Observation 2: Enhanced transmission repetition, enhanced frequency hopping, and cross-slot/repetition channel estimation can be considered to improve the coverage of PUSCH.
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