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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 focus on potential coverage enhancement solutions for specific scenarios for both FR1 and FR2. 
The scope is to consider the full aspects of covrage:

· 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
The SI of study on support of reduced capability NR devices was also approved. The scope is also includes coverage recovery to compensate for potential coverage reduction due to the device complexity reduction.
When we introduce the 2 study items, the motivations are quite different. However, there were few potential overlapped parts has been identified. In this contribution, we discuss on how to work with the potential overlapped issues in regards to coverage enhancement for some channels.
2 The coverage evaluation
In RAN1 #102e meeting, simulation assumptions and methodologies was discussed and some agreements are reached for coverage enhancement SI. The simulation assumption was also largely reused by SI of reduced UE capability. Although it left some more open issues for further discussion, we would expect similar methodologies could be shared between 2 items. 
The evaluation methodology justify that the 2 SI may share some common solution when targets in both items can be meet by it.

3 Coverage enhancement solutions
When the items are introduced, it is foreseen that there may not be much common solutions.

3.1 Initial consideration for Reduced UE capability

The most relevant works that may have coverage impact in reduced UE capability is RX/TX antenna. In the beginning the reduce capability UE consider the reduced number of RX/TX antennas. But for TX, the NR basic UE configuration is already 1 TX. There is no further reduction spaces in number of TX and then coverage to UL should not be compensated. The lower TX power class is not in the scope and not beneficial for UE with reduced capability.
The UE bandwidth should not have much limit to coverage and we have 20 MHz as starting point, which should be sufficient in terms of coverage.

Most of coverage recovery should be in DL as the number of RX for mandated UE capability will be reduced from 2 to 1 or even from 4 to 1. 

3.2 Initial consideration for Coverage Enhancement

For Coverage Enhancement SI, evaluation methodology should consider thoroughly for all channels in UL and DL. However, the previous experience shows UL is generally the bottleneck for a newly deployed RAT. The SI scope also put PUSCH and PUCCH in first priority. In our earlier stage evaluation, larger gap of UL coverage is also shown.
3.3 Potential solutions to be shared
During the early stage of discussion in RAN1, it is commonly accepted that the UE form factor would reduce antenna gain comparing to normal smart phone. The recommended value of impairment is 5 dBi. In RAN#88e meeting, an update in scope of reduced UE capability is introduced.
Study functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited, including [RAN1]:

· Coverage recovery to compensate for potential coverage reduction due to the device complexity reduction. 
· Note: For FR1, coverage analysis for wearables can include consideration of potential reduced antenna efficiency due to device size limitations as part of the antenna gains. The extent of additional recovery of coverage loss due to reduced antenna efficiency is to be limited to 3 dB

It is a compromised value. The value should be taken into account in evaluation. In addition, the antenna gain loss is applicable for UL and DL. 

In Coverage Enhancement, we can also looking for some solution can compensate that antenna loss, as now the requirement for UL coverage compensation is emerging.
Proposal 1: The coverage enhancement schemes can be introduced for reduced UE capability when the coverage compensation ranges are in same level. 
For specific coverage enhancement techniques, main solutions includes:

Enhancement on Repetition/TTI bundling
Channel structural enhancement
Payload optimization for channels
In terms of UE complexity, there would be no significant increase by those candidate solutions. Thus, for UE capability point of view, they should be supportable for low UE capability.

Proposal 2: Considering the framework that allow coverage enhancement solutions in CE SI to be supported by reduced UE capability.
4 Conclusion

In this contribution, we discussed the aspects related to functionality of Coverage Enhancement and other SI/WI. As summary, we propose:

Proposal 1: The coverage enhancement schemes can be introduced for reduced UE capability when the coverage compensation ranges are in same level. 
Proposal 2: Considering the framework that allow coverage enhancement solutions in CE SI to be supported by reduced UE capability.
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