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Introduction
In RAN#86 meeting, new study item on NR coverage enhancement [1] was agreed. Some of objectives of this study item are showing below,
· 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 discuss the various potential techniques for NR coverage enhancement.
Potential techniques for PUSCH coverage enhancement
Some of the techniques for coverage enhancement were already captured in Rel.15 NR spec, these techniques include the transmission/reception repetition in time domain and frequency hopping.
· Time domain repetition
Time domain repetition technique can increase the received signal power density via the energy accumulation and improve probability of successful channel decoding. It is extensively applied to various NR channels, i.e., PDSCH, PUSCH, PUCCH, CG PUSCH. The maximum repetition number defined in Rel.15 is  8. The PUSCH repetition number is extended to 16 in Rel.16.
Repetition is effective and simple solution to enhance the coverage for specific channel with the cost of spectral efficiency degradation, if the evaluation identifies the coverage bottleneck, the repetition number can be extended further to improve the coverage.
· Frequency hopping 
Frequency hopping was proved to be an effective way to improve the coverage, it is already applied to NR PUSCH and PUCCH. To extend the frequency hopping application, it can extend the hopping between two frequency locations to multiple frequency locations if the system bandwidth is larger enough. Thus, the additional frequency diversity gain can be explored.
· Time domain repetition plus frequency domain hopping
If it is identified the required repetition number is larger to fulfill the coverage requirement, then repetition plus the frequency hopping is the better choice, the channel is repeated several times in each hop,  the gain of repetition and frequency diversity can be achieved in this way, this technique was already standardized in LTE eMTC and NB-IoT. 
· DMRS enhancements
Channel estimation plays an important role for data decoding. The repetition gain would be reduced with the non-ideal channel estimation in low SNR range, which results in larger repetition number. To improve the channel estimation performance in coverage limited scenario, the following techniques can be considered, cross-slot channel estimation, increasing the DMRS density, etc.
Proposal 1: Time domain repetition, frequency hopping and DMRS enhancement can be considered for PUSCH coverage enhancement.
To support the larger cell radius in rural area, the msg3 performance could be the UL coverage bottleneck, if the msg3 reception is failure, it would impact the whole PRACH process, it will trigger the UE restart the random access procedure, which cause the access delay and lower the resource usage efficiency. In this sense, msg3 coverage enhancement can be considered. In addition, time domain repetition was already support by PUCCH and PUSCH, if the user is in the cell edge, the msg3 is the bottleneck comparing with PUSCH/PUCCH with the repetition.
The Figure 1 outline the performance of msg3 with hopping and repetition in 2.6GHz Urban scenario. The intra-slot frequency hopping provides about 0.5dB gain. The inter-slot frequency with the repetition can provide 2dB performance gain. This gain is worthwhile to study further the techniques to enhance msg3 coverage.
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Figure 1: Msg3 performance with repetition and frequency hopping
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 2: msg3 PUSCH coverage enhancement can be considered.
Summary
In this contribution, we discuss the potential PUSCH coverage enhancement techniques, and have the following proposals:
Proposal 1: time domain repetition, frequency hopping and DMRS enhancement can be considered for PUSCH coverage enhancement.
Proposal 2: msg3 PUSCH coverage enhancement can be considered.
[bookmark: _Ref523487962][bookmark: _Ref523653838]References
1. RP-193240, “New SID on NR coverage enhancement”, China Telecom



9/9
image1.png
TBs=56bits, 2PRB, MCS 157/1024, 3km/h
T T T

10

Msg3 BLER
_D‘v
T

wo Rep., w FH, 2DMRS per hop
wo Rep., wo FH, 3DMRS per slot
w1 Rep., interslot FH, w 3DMRS per slot

102

-8 -6
SNR(dB)





