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1. Introduction
At the RAN1#102-e meeting, Potential techniques for channels other than PUSCH and PUCCH were discussed and following agreements were made [1].

	Agreements:
· Study Msg3 PUSCH enhancement in NR coverage enhancement SI
· Study at least Msg3 PUSCH repetition
· FFS the aspects to be enhanced, e.g., signaling indication, repetition pattern, interplay between Msg1 and Msg3, DM-RS enhancements related to repetition etc.
· FFS multiple-antenna techniques.
Agreements:
· Study whether or how to enhance MsgA PUSCH in NR coverage enhancement SI 
Agreements:
If PRACH enhancement is needed, study it in NR coverage enhancement SI, e.g. multiple PRACH transmissions.
Agreements:
Study whether/how to enable potential techniques for early CSI and/or beam refinement for physical channels during initial/random access procedure.
Agreements:
· If PDCCH enhancement is needed based on evaluation, study PDCCH enhancement for NR coverage enhancement 
· Study at least for broadcast PDCCH
· For broadcast PDCCH, it includes a PDCCH monitored in a Type0/0A/1/2-PDCCH CSS set.
· FFS unicast PDCCH
· Study the aspects to be enhanced, e.g., PDCCH repetition.
Agreements:
Further discuss the evaluation of PDSCH and discuss whether/how to enhance PDSCH in NR coverage enhancement SI. 
Agreements:
Enhancement to PUSCH scheduled by RAR UL grant will not consider the optimization specific for CFRA case in NR coverage SI.



In this contribution, we discuss on the potential techniques for coverage enhancements for Msg3 PUSCH, PDCCH, and PDSCH based on our link budget evaluation results introduced in [2-3].

2. Discussion on potential techniques for coverage enhancements
2.1 Msg3 PUSCH
In [2-3], we introduce our link budget evaluation results for FR1 and FR2 as a baseline coverage performance in order to identify the performance target for coverage enhancement. Based on the link budget evaluation results, we found that the PUSCH needs coverage performance enhancements for FR1 and FR2 eMBB scenarios, because of Tx power difference between UE and BS. For this reason, studying msg3 PUSCH enhancement in NR coverage enhancement was agreed at RAN1#102-e meeting. To cope with this bottleneck, a following technique for coverage enhancements is considered.

· Msg3 repetition
At RAN1#102-e meeting, it was agreed that msg3 repetition should be studied. Although Msg3 retransmission is already supported in Rel-15, the retransmission incurs latency since an additional resource for msg3 retransmission needs to be scheduled by PDCCH. On the other hand, if msg3 repetition is specified, such latency can be avoided. Whereas msg3 retransmission can provide HARQ gain, msg3 repetition can provide coverage gain by a combining reception for multiple msg3 PUSCHs if the channel is coherent. This combining gain can be larger than HARQ gain by msg3 retransmission. Fig.1 shows the random access procedure with msg3 repetition. As can be seen from Fig.1, repetition can enhance msg3 by the energy accumulation at BS where signaling such as RAR in msg2 PDSCH can indicate applicability of msg3 repetition and the repetition pattern.
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Figure 1: Random access procedure with msg3 repetition.

Proposal 1: Improvement of msg3 PUSCH should be considered, and msg3 repetition can be considered for enhancement of msg3 PUSCH coverage performance.

2.2 PDCCH
In [2-3], we introduce our link budget evaluation results for FR1 and FR2 as a baseline coverage performance in order to identify the performance target for coverage enhancement. Based on the link budget evaluation results, we found that the PDCCH needs coverage performance enhancements for FR1 and FR2 VoIP scenario, because of limited amount of time domain resources, and higher coding rate compared to other channels based on defined simulation assumption [4] as shown in Fig.2. Thus, techniques for coverage enhancements for PDCCH should be considered.
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Figure 2: Resource mapping and payload size based on defined simulation assumption.

· DCI format for coverage enhancement
One of the potential techniques for PDCCH coverage performance enhancement may be a reduction of DCI payload size to realize lower coding rate. DCI formats 0_2/1_2 are newly introduced in Rel-16 for URLLC and payload size of the DCI formats is compact compared to DCI formats specified in Rel-15. Therefore, DCI formats 0_2/1_2 would be beneficial for coverage performance, and further smaller DCI payload size can be considered. Based on our MCL evaluation, the enhancement of PDCCH performance is necessary for lower data rate transmission (e.g. VoIP). For PUSCH/PDSCH, lower coding rate (e.g. MCS 0, 1) and smaller number of PRBs (1 PRB) can be utilized to serve VoIP data. Therefore, the number of MCS bits and/or FDRA bits for PDCCH scheduling VoIP data can be reduced with installing a new DCI format.

Proposal 2: Smaller DCI payload size can be considered for enhancement of PDCCH performance for VoIP, e.g., the number of MCS bits and/or FDRA bits for PDCCH scheduling VoIP data can be reduced since the target scenarios of the PDCCH coverage enhancement are for lower data rate transmission.

· Extension of time domain resource for PDCCH
Another potential technique for PDCCH enhancement is an extension of time domain resource for PDCCH, as shown in Fig.3. Although aggregation level and interleaving for frequency domain are available for PDCCH, a number of OFDM symbols for PDCCH is limited to 1, 2, or 3 symbols. Therefore, the extension of time domain resource, e.g., introducing a repetition, an aggregation for time domain resource for inter-/intra-slots, or more than three OFDM symbols for PDCCH, may be considered.

Proposal 3: Extension of time domain resource for PDCCH, e.g., introducing a repetition, an aggregation for time domain resource, or more than three OFDM symbols for PDCCH, can be considered.
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Figure 3: Resource mapping for CCE with extension of time domain resource.

2.3 PDSCH
Based on the link budget evaluation results shown in [2-3], we found that the PDSCH needs coverage performance enhancements for FR1 and FR2, because of lower BS Tx power since small number of RBs are allocated according to the evaluation assumptions. Therefore, we need to consider the applicability of power boosting for BS Tx with small number of RBs, and if it’s common and standard functionality for gNB, enhancements of PDSCH coverage performance may not be necessary. On the other hand, if the power boosting can’t be considered for the gNB operation, coverage performance enhancements of PDSCH should be considered. Potential techniques for PUSCH coverage enhancements can be also applied for the PDSCH. Since small number of RBs is configured for the scenarios, PDSCH repetition for frequency domain can be considered to achieve frequency diversity gain with increasing total Tx power for the PDSCH. 

Proposal 4: Improvement of PDSCH may be considered, and potential techniques for PUSCH coverage enhancements can be also applied to PDSCH. In addition, PDSCH repetition for frequency domain can be one of the potential techniques.

3. Conclusion
In this contribution, we discussed on the potential techniques for Msg3 PUSCH, PDCCH, and PDSCH for coverage enactments based on our link budget evaluation results introduced in [2-3]. Based on the discussion we made following proposals.

Proposal 1: Improvement of msg3 PUSCH should be considered, and msg3 repetition can be considered for enhancement of msg3 PUSCH coverage performance.

Proposal 2: Smaller DCI payload size can be considered for enhancement of PDCCH performance for VoIP, e.g., the number of MCS bits and/or FDRA bits for PDCCH scheduling VoIP data can be reduced since the target scenarios of the PDCCH coverage enhancement are for lower data rate transmission.

Proposal 3: Extension of time domain resource for PDCCH, e.g., introducing a repetition, an aggregation for time domain resource, or more than three OFDM symbols for PDCCH, can be considered.

Proposal 4: Improvement of PDSCH may be considered, and potential techniques for PUSCH coverage enhancements can be also applied to PDSCH. In addition, PDSCH repetition for frequency domain can be one of the potential techniques.
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