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1. Introduction
In the RAN#86 meeting, a new SID on support of Reduced Capability NR Devices was approved. In this study item, complexity reduction features will be studied that may be useful to support potential use cases in the SID. Also, as described in the SID [1], functionality that can recover coverage loss due to the complexity reduction features shall be studied. 
	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
· The study includes evaluations of the impact to network capacity and spectral efficiency


In this contribution, we discuss and provide our view on the coverage recovery features for Reduced Capability NR devices.

2. NR devices with reduced capability 
According to the SID, following features can be discussed for the reduced capability NR devices.
· Reduced number of UE RX/TX antennas
· UE Bandwidth reduction 
Note: Rel-15 SSB bandwidth should be reused and L1 changes minimized 
· Half-Duplex-FDD 
· Relaxed UE processing time 
· Relaxed UE processing capability 
The reduced requirement for number of UE antenna degrades receiving performance of an UE. Thus it can be expected that there would be an associated coverage loss in DL due to the antenna number reduction. Also, coverage can be affected by the UE bandwidth reduction. Due to the loss in frequency diversity, reduction of maximum bandwidth result in coverage degradation for both UL and DL. In this point of view, NR devices with reduced capability may require some techniques to compensate coverage loss due to the complexity reduction features. 
According to the SID, following three use cases shall be considered 
Industrial wireless sensors
For the industrial wireless sensor network (IWSN) and Time-Sensitive Networking (TSN), URLLC features can be used to support use cases with high requirement. Meanwhile, low-end services with low complexity, low cost and/or low power consumption requirement can be supported by the LPWA features in LTE (e.g. MTC and NB-IoT). Other than the URLLC and the LPWA, some medium requirements in regards of latency, reliability, massive connection and capacity would be required to support various type of vertical industry. In coverage recovery perspective, at least following factors should be considered for the use case of the industrial wireless sensor.
· Low or medium latency 
· Low power consumption
· Compact form factor
Video Surveillance
Recently, demand for the surveillance camera has been increased for safety and city management use cases. Compare to the URLLC feature, the video surveillance use case may require relatively lower latency and reliability. In general, stationary or low-mobility device can be assumed in this scenario. Among the three use cases, it is expected that the video surveillance may require the highest data rate especially for UL. 
· Relaxed latency requirement
· Low mobility 
· Relatively high data rate (especially in UL)
Wearables
Wearable use cases that require small data rates can be supported by low-end devices with LTE MTC/NB-IoT features. However, required data rate of the wearable device getting higher; not only the small size of sensing data but also the video stream service would be expected. In coverage recovery perspective, a device design with compact form factor and the requirement of low power consumption shall be consider carefully. Also, medium or high mobility support would be required.
· Compact form factor
· Low power consumption 
· Medium or high mobility

As discussed above, the characteristics and the requirements of the reduced capability NR device vary depending on the use case. Thus appropriate coverage recovery scheme would be different dependent for the use case. Thus the factor of coverage loss due to the complexity reduction could be varied with use case, and appropriate coverage recovery scheme shall be selected carefully based on the discussion of various use cases.

3. Features for coverage recovery 
3.1. Coverage improvement schemes in LTE
In LTE MTC and NB-IoT, several coverage enhancement schemes are used to support a low complexity UE in normal/extended coverage level. In Rel-12, concepts on coverage improvement techniques listed below were studied for MTC [2]. 
· TTI bundling/ HARQ retransmission/ Repetition/ Code spreading/ RLC segmentation/ Low rate coding/ Low modulation order/ New Decoding Techniques
· Power boosting / PSD boosting
· Relaxed requirement
· Design new channels or signals
· Small cells for coverage improvements
These techniques can be a good starting point of the discussion on the coverage recovery features for the reduced capability NR devices. However, it should be noted that objective of the study item is not a LPWA feature. Therefore, appropriate scheme for coverage recovery for the reduced capability NR devices may differ from the LTE MTC/NB-IoT features.

3.2. Potential schemes for coverage recovery 
In this section we discuss some potential schemes to compensate coverage loss caused by the complexity reduction. Since the major objective of the study item is to support use cases that require low cost/complexity devices, it is desired to discuss potential coverage recovery scheme with low cost/complexity. 

As in MTC/NB-IoT, repeating control/data channel in time domain can be considered. Repetition is a low cost and low complexity scheme. Moreover, additional SNR gain can be achieved by repeating same RV multiple times when stationary or low mobility can be assumed during the multiple slots. In current NR spec, repetition of PUCCH, PUSCH and PDSCH is already supported. So it would be worth to use existing feature to recover coverage loss caused by the complexity reduction of the NR devices. It should be noted that repetition in time domain degrades latency performance. Therefore, in some use cases, coverage recovery scheme other than repetition method should also be considered. 
As the reduction in the number of antennas would only apply to DL, how to compensate coverage loss for DL, especially for the PDCCH, should be considered with high priority. Thus how to compensate coverage loss for DL, especially for the PDCCH, should be considered with high priority. One of the candidate that should be considered is a repetition feature for the PDCCH transmission which have not yet been defined. Also, introducing CORESET of longer size (e.g. 4 ~ 6 symbols) can be considered which might be useful to support larger AL. In Rel-16, DCI format of configurable size (i.e. DCI format X_2) were introduced which can be applied for PDCCH reliability enhancement. Since the reduced size DCI would be useful also for the purpose of the coverage enhancement, same DCI principle can be considered as well. 
Decoding performance of the channel highly depends on the channel estimation accuracy. In case of low cost and low complexity devices, lower channel estimation performance can be expected compared to the normal NR devices. For the use cases with stationary or low mobility, cross-slot/symbol channel estimation can be considered. According to the evaluation result in [2], cross-subframe channel estimation requires less number of repetition times than single-subframe channel estimation.
To compensate coverage loss due to the antenna gain reduction, more power can be used by the gNB on the DL transmission, or concentrating transmit power into a reduced bandwidth can be considered as well. From UE perspective, coverage loss can be mitigated without increasing complexity. In case of UL transmission, the application of power/PSD boosting shall be considered carefully especially in use cases with short battery life requirement. 

It should be noted that the study item for coverage enhancement that has similar purpose with the coverage recovery item has also been approved in Rel-17. To reduce the complexity and to avoid unnecessary standardization work, it is desired to avoid introducing multiple functionalities supporting similar purposes.

Proposal 1: Consider low cost and low complexity schemes for the discussion on compensating coverage loss. For example, repetition, cross slot channel estimation, and power/PSD boosting can be considered. 
Proposal 2: For potential coverage recovery schemes compensating coverage loss due to the NR device capability reduction, overlapping/interaction with other Rel-17 items should be considered to reduce duplicate standardization efforts and to avoid introducing multiple functionalities supporting similar purposes in Rel-17. (e.g. SI on Coverage enhancement)

4. Conclusions
In this contribution, we discuss and provide our view on the coverage recovery features for Reduced Capability NR devices. Proposals in this contribution are summarized as follows.
Proposal 1: Consider low cost and low complexity schemes for the discussion on compensating coverage loss. For example, repetition, cross slot channel estimation, and power/PSD boosting can be considered. 
Proposal 2: For potential coverage recovery schemes compensating coverage loss due to the NR device capability reduction, overlapping/interaction with other Rel-17 items should be considered to reduce duplicate standardization efforts and to avoid introducing multiple functionalities supporting similar purposes in Rel-17. (e.g. SI on Coverage enhancement)
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