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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 PDCCH and PDSCH coverage enhancement 
In general, the coverage limitation is from UL channel, e.g., PUCCH, PUSCH. For DL, the high power gNB and multiple antenna techniques will provide enough coverage for DL channel. In case the evaluation results show coverage enhancement is necessary for PDSCH, the PUSCH coverage enhancement techniques could be re-used. 
· Time domain repetition
PDSCH repetition was already supported since Rel.15, The maximum repetition number is  8.  If necessary, The PDSCH repetition number can be further extended.
· 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 PDSCH coverage enhancement.

During the coverage enhancement SID discussion, some companies consider the PDCCH coverage need to be enhanced in several cases 
· To support the extreme larger cell, e.g., 12km ISD, even 30km ISD
· The coverage loss due to DSS in the case of  NR-LTE co-existence in the same carrier
· Initial access coverage hole in specific direction, i.e., type0-PDCCH
· The coverage loss for reduced complexity terminal 
The Figure 1 shows the PDCCH performance impacted by antenna configuration. it can be seen that reducing Rx antenna number from 4 to 2 and from 2 to 1 may cause ~3 dB coverage loss for PDCCH. In general, the coverage loss due to reduced number of Rx antenna is expected for all DL channels. To compensate the PDCCH coverage loss, the possible technique including
· Increasing the PDCCH aggregation level 
Increasing the aggregation level from 16 to 32 can improve the PDSCH reception performance. The reduced complexity UE may not get the benefits of higher AL due to bandwidth limitation.
· Time domain repetition
PDCCH repetition was already supported by NB-IoT and eMTC. If necessary this technique can be re-used by NR. UE blindly decodes the PDCCH according to the gNB configured repetition number for each AL and the maximum number repetition of PDCCH. 
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Figure 1: PDCCH performance with different number of Rx antenna
Summary
In this contribution, we discuss the potential coverage enhancement techniques for PDSCH and PDCCH m, and have the following proposals:
Proposal 1: Time domain repetition, frequency hopping and DMRS enhancement can be considered for PDSCH coverage enhancement.
[bookmark: _Ref523487962][bookmark: _Ref523653838]References
1. RP-193240, “New SID on NR coverage enhancement”, China Telecom




9/9
image1.png
BLER

10

107

102

PDCCH [20MHz,TDL300 DS 11, 3KMPH @4000MHz][48PRBs, 30kHz, FDD]IAL16][40bits payload)
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