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1. Introduction
At the RAN#86 meeting, the new SI on NR coverage enhancement was approved [1]. The objectives of the SI are as follows.
	The objective of this study item is to study potential coverage enhancement solutions for specific scenarios for both FR1 and FR2. The detailed objectives are as follows.
· The target scenarios and services include
· Urban (outdoor gNB serving indoor UEs) scenario, and rural scenario (including extreme long distance rural scenario) for FR1
· Indoor scenario (indoor gNB serving indoor UEs), and urban/suburban scenario (including outdoor gNB serving outdoor UEs and outdoor gNB serving indoor UEs) for FR2.
· TDD and FDD for FR1.
· VoIP and eMBB service for FR1.
· eMBB service as first priority and VoIP as second priority for FR2.
· LPWA services and scenarios are not included.
· Identify baseline coverage performance for both DL and UL for the above scenarios and services based on link-level simulation
· UL channels (including PUSCH and PUCCH) are prioritized for FR1.
· Both DL and UL channels for FR2.
· 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 on the potential techniques for coverage enhancements for PUSCH based on our link budget evaluation results introduced in [2-3].

2. Discussion on potential techniques for PUSCH coverage enhancements
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 find that the techniques for coverage enhancements for PUSCH should be considered.

2.1 Time domain enhancement
· PUSCH repetition 
PUSCH repetition is one of key techniques for coverage performance improvement, and PUSCH repetition Type A and Type B are already supported. At the RAN1 #101-e meeting, PUSCH simulation assumptions for link-level simulation were defined as follows [4].

· TDD pattern : DDDSU (S : 10D, 2G, 2U)
· Number of PUSCH symbols : 14 symbols
· Repetition : with repetition for VoIP (Number of repetition (K) is up to companies)

In order to apply PUSCH repetition type A or type B with the simulation assumption where single UL slot exists every five slots, extension for the PUSCH repetition may be necessary since PUSCH repetition can be configured only for the consecutive slots in Rel-15/16 specification. Therefore, PUSCH repetition with the non-consecutive slots (e.g. PUSCH repetition with next UL slots) may be considered for the coverage enhancement as shown in Fig.1.

Proposal 1: Extension of PUSCH repetition to support non-consecutive slots can be one of the potential techniques for PUSCH coverage enhancement.
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Figure 1: Example of PUSCH repetition mapping based on defined simulation assumption

· PUSCH resource mapping 
Based on the defined PUSCH simulation assumption, there are 16 consecutive UL symbols that are available for PUSCH. On the other hand, a resource mapping for single PUSCH on the UL symbols is limited based on the current specification, e.g. PUSCH is configured for 2 OFDM symbols with applying PUSCH repetition type B as shown in Fig.2 in order to fully utilize 16 consecutive UL symbols for coverage enhancement. However, such configuration may not be efficient in terms of too high DMRS overhead in time domain and high coding rate. Therefore, more efficient utilization of partial slot with next full slot for PUSCH (e.g., PUSCH mapping on more than 14 OFDM symbols as shown in Fig.2) can be considered for the coverage enhancement.
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Figure 2: PUSCH configuration for 16 consecutive UL symbols

Proposal 2: More efficient utilization of partial slot with next full slot for PUSCH can be one of the potential techniques for PUSCH coverage enhancement.

2.2 Frequency domain enhancement
· Power spectrum density
Power spectrum density (PSD) is one of the important factors for coverage performance, and following two approaches are considered for data transmission. 

· High PSD (small number of PRBs) with high coding rate
· Low PSD (large number of PRBs) with low coding rate

In order to evaluate which approach is sufficient for coverage performance, PUSCH BLER performance with different number of PRB and coding rate is considered, and simulation result is shown in Fig.3. As shown in Fig.3, approximately 2 dB difference is confirmed for BLER performance, on the other hand, 3 dB link budget gain can be expected with reducing the number of PRBs to half. Therefore, we can expect that high PSD (small number of PRBs) with high coding rate may have advantage for coverage performance, and additional PRB unit with smaller number of subcarriers (e.g., half PRB with 6 subcarriers) may be one of the potential techniques for PUSCH for coverage enhancement.

Proposal 3: High PSD (small number of PRBs) with high coding rate may have advantage for coverage performance, and additional PRB unit with smaller number of subcarriers (e.g., half PRB with 6 subcarriers) can be one of the potential techniques for PUSCH coverage enhancement.
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Figure 3: PUSCH BLER performance with different number of PRB and coding rate

· Frequency hopping
Frequency hopping is introduced for PUSCH repetition type A (inter-slot / intra-slot) and type B (inter repetition / inter slot repetition) as shown in Fig.4, and one frequency offset can be configured for the frequency hopping. On the other hand, the number of RBs for PUSCH may be limited at cell edge (e.g., 4 RBs for VoIP and 30 RBs for eMBB based on the defined simulation assumption). Therefore, frequency hopping with multiple frequency offsets may be one of the potential techniques for PUSCH for coverage enhancement.
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Figure 4: Frequency hopping for PUSCH repetition type A and B.

Proposal 4: Frequency hopping with multiple frequency offsets can be one of the potential techniques for PUSCH coverage enhancement.

2.3 DM-RS enhancement
· Dense DM-RS mapping
Enhancement of DM-RS may be one of the important factors, and dense DM-RS mapping may be a baseline for coverage performance for better channel estimation. In order to analyze the density of DM-RS for PUSCH BLER performance, PUSCH BLER performance with different DM-RS configurations are evaluated, and simulation result is shown in Fig.5. As shown in Fig.5, when denser DM-RS mapping (e.g., 2 for DM-RS symbol duration, and pos3 for additional DM-RS symbol position) is additionally introduced for PUSCH/PDSCH, approximately 1 dB gain may be expected for coverage performance. On the other hand, it’s also considered that dense DM-RS reduces PUSCH/PDSCH resource (i.e., leads higher coding rate). 
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Fig. 5: PUSCH BLER performance with different DM-RS configurations

Proposal 5: Denser DM-RS mapping (e.g. 2 for DM-RS symbol duration, and pos3 for additional DM-RS symbol position) can be expected for enhancement of coverage performance. 


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

Proposal 1: Extension of PUSCH repetition to support non-consecutive slots can be one of the potential techniques for PUSCH coverage enhancement.
Proposal 2: More efficient utilization of partial slot with next full slot for PUSCH can be one of the potential techniques for PUSCH coverage enhancement.
Proposal 3: High PSD (small number of PRBs) with high coding rate may have advantage for coverage performance, and additional PRB unit with smaller number of subcarriers (e.g. half PRB with 6 subcarriers) can be one of the potential techniques for PUSCH coverage enhancement.
Proposal 4: Frequency hopping with multiple frequency offsets can be one of the potential techniques for PUSCH coverage enhancement.
Proposal 5: Denser DM-RS mapping (e.g. 2 for DM-RS symbol duration, and pos3 for additional DM-RS symbol position) can be expected for enhancement of coverage performance. 
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