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1 Introduction
In RAN meeting #86, study for NR coverage enhancement was approved. In the earlier stage of the item WGs will finish the study on potential coverage enhancement solutions for specific scenarios for both FR1 and FR2. The main consideration of the candidate channels includes:
· 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.
· FFS: cross-carrier scheduling
In this contribution, we discuss on potential solutions for NR coverage enhancement.
2 Coverage enhancement solutions
Coverage Enhancement should be taken into account a reference scenario. As we discussed in baseline evaluation, the simulation is basically from the ITM-2020 self-evaluation. For UE side, the configuration should be 2 TX with 20 dBm in each branch.
	Transmitter
	　
	　
	　

	(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)
	2
	2
	2

	(1bis) Number of transmit antenna ports
	2
	2
	2

	(2) Maximal transmit power per antenna (dBm)
	20 
	20 
	20

	(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)
	23
	23
	23


In NR, higher power UE was discussed and introduced for uplink coverage. The coverage can be enhanced with higher power class for NR. Since the coverage enhancement is for general eMBB UE, the enhancement should not be bound to special power class. 
For the coverage enhancement, some existing technologies specified in LTE and NR will be considered, since they have been well studied for feasibility. For LTE MTC and NB-IoT technologies, coverage is also an important matrix. Solutions of repetition and hopping are specified during standardization. For coverage enhancement feature in Rel-12, TTI bundling is introduced targeting VoIP and medium data rate PUSCH. For NR URLLC, the solutions for high reliability can also be beneficial to coverage. Overall, the following aspects can be considered in respect to coverage enhancement.

· Transmission performance in regards of the coverage.
· Compatibility with exist releases.
· UE complexity for supporting a coverage enhancement scheme.

· Performance impact to UE throughput and System capacity 

Downlink and uplink transmission repetition have been standardized in LTE and NR features. It is a useful technology to enhance coverage of the repeated channels. During study item stage, whether to enhance repetition based functionality should be discussed. The further optimization for supporting repetition in NR channels should be based on the evaluation results. The question is which and how the channel/signal should support repetition, under the full evaluation and identification of bottleneck channel in coverage after evaluating the baseline coverage. More enhancements can be considered together with repetition, such as frequency hopping between repetitions. The enhancements can be categorized in several types to be further studied.
2.1 Time domain scheme
The time domain scheme can be repetition for channels. NR already support repetition for some channels. Due to the time limit, NR had not evaluated the repetition for each channel can meet the requirement for it. The parameters of repetition factors are not based on evaluation. Some of channel was not supported with repetition, e.g. PDCCH. This is partially due to the higher complexity for supporting that in PDCCH. However, since the eMTC had support the schemes, the further enhancement should not be excluded.
PDCCH repetition or other type of PDCCH coverage enhancement should be supported as the other channels already support. The coverage gap is expected in case only PDCCH cannot be configured with coverage enhancement.

For other channel supported with repetition, there are restrictions. Repeated symbols in each slot should be same for data, otherwise the slot has to be skipped. Since the TDD configuration may have different available symbols in different slot, the repetition should be more flexible.
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Figure 1. Data repetition for NR

For a channel, the current NR allow semi-static repetition time. If it is configured with a repetition factor, the channel has to be transmitted multiple times even the channel is decoded successfully in the first time. Thus, the resource efficiency is low. It should be considered to determining the channel repetition dynamically. For PUCCH repetition as example, the repetition time can be indicated by gNB based on the channel condition.  
Proposal 1: RAN1 should study PDCCH channel repetition to meet the coverage similar as other channels. Dynamic channel repetition should be studied in the coverage enhancement.

The enhancement should meet the requirements of the coverage evaluation. 
2.2 Frequency domain scheme
Frequency domain scheduling would be enhanced to explore the frequency diversity in case of coverage end. UE would transmit small number of RB in that coverage limited case. Thus, the frequency diversity is small for that case. Always configuring frequency hopping would increase the resource fragmentation. For frequency domain, it can be considered to have non-contiguous transmission in UL link. 
For frequency hopping, further enhancement can be considered to fully enhance all the channels coverage.
Proposal 2: Frequency domain enhancement should be studied in coverage enhancement considering the performance of coverage limited case.

2.3 DMRS enhancement scheme
The DMRS configuration is very flexible and cover diverse case with different UE velocity and Channel environment. However, when it is enable with repetition the DMRS pattern is determining by the transmission in the first slot. In NR, the DMRS configuration was optimized for single slot. Same DMRS pattern in every continuous slot is not efficient. RAN1 should study the enhancement for the scheme.
The enhancement of DMRS should take into consideration of the channel estimation complexity, overhead and frequency diversity factors.

Proposal 3: RAN1 should study the enhancement for DMRS configuration over transmission in multiple slots.
2.4 Others

Since the coverage enhancement case considering mostly about the coverage limited UE. It would be beneficial to study the case of more efficient operation transmission of channel in that case. The PUCCH and PDCCH should be able to transmit fewer bits and should not depend on large payload formats in cell edge.

Proposal 4: The PUCCH and PDCCH should be able to transmit fewer bits and should not depend on large payload formats in cell edge.

3 Conclusion

In this contribution, we discussed the aspects of NR coverage enhancement. To guarantee well balanced overall NR coverage performance, time domain, frequency domain, DMRS and other enhancement should be studied and evaluated. As summary, we propose:
Proposal 1: RAN1 should study PDCCH channel repetition to meet the coverage similar as other channels. Dynamic channel repetition should be studied in the coverage enhancement.

The enhancement should meet the requirements of the coverage evaluation. 

Proposal 2: Frequency domain enhancement should be studied in coverage enhancement considering the performance of coverage limited case.

Proposal 3: RAN1 should study the enhancement for DMRS configuration over transmission in multiple slots.

Proposal 4: The PUCCH and PDCCH should be able to transmit fewer bits and should not depend on large payload formats in cell edge.

4 Reference
[1] RP-193240, New SID on NR coverage enhancement, China Telecom
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