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1 Introduction
In RAN #86 meeting, a study item “Support of Reduced Capability NR devices” [1] was approved. The purpose is to identify and study potential UE complexity reduction features targeting lower end devices market in three different use cases (i.e. Industrial Wireless Sensors, Video Surveillance, Wearable). The SID especially notes that the study should not overlap with LPWA (i.e. LTE-M/NB-IOT) use cases and the lowest capability should not less than an LTE Category 1bis modem. 
This contribution provides our views on the coverage recovery study of reduced capability NR devices due to reduced number of Tx/Rx antennas or a smaller size e.g. wearable device.   

2. Discussion
2.1 Scope of Coverage Recovery Study
A number of UE complexity reduction features have been identified and listed in the study item description [1], including reduced number of UE Rx/Tx antennas, bandwidth reduction, half-duplex FDD, relaxed UE processing capability and timeline. The UE complexity reduction techniques (e.g. reducing the number of Rx antenna from four to one) are certainly associated with some coverage degradation.  in order for the reduced capability UE to have the same coverage as other legacy UEs, some additional coverage enhancement is needed by the Rel-17 reduced capabilities UE.
For wearable devices, more severe coverage problem is observed than normal NR devices (e.g. cell phone) in both DL and UL due to lower antenna efficiency caused by the smaller form factor. As widely known, the antenna design requires the antenna size to be approximately half of the wavelength so as to efficiently capture the radiated signal. For NR system with frequencies ranging from 2.5GHz (e.g. n38) to around 5GHz (e.g. n79) in FR1, the requested antenna size varies from 12 cm to 5 cm. For these wearable and low-cost devices with smaller sizes, patch antenna is typically printed on the circuit board with a higher dielectric constant, thus reducing antenna sizes at the cost of additional antenna gain loss. The study of coverage recovery should take this DL and UL common problem of wearable devices into account when evaluating coverage issue and developing solutions. 
Proposal 1: 
· The study on coverage recovery techniques should target to both DL and UL channels, taking into account of various factors, including both reduced antenna number as well as a smaller size. 

2.2 Link Budget Analysis 
As usual, nominal NR coverage should be studied first. Then link budget analysis on DL and UL channels of the new reduced capabilities UEs can be carried out to figure out the required improvement to achieve the targeted Maximum Coupling Loss (MCL) for each physical channel compared to nominal NR system. Of course, evaluation assumptions of link budget analysis should be concluded first, which includes carrier frequency, system bandwidth, channel model, number of Tx/Rx antennas, antenna gains (differentiating between normal device and wearable devices) as well as channel estimation algorithm etc. 
Proposal 2: 
· Nominal NR coverage should be studied first for both DL and UL channels and serves as reference to determine coverage recovery techniques for reduced capability UEs. 
· The lower antenna efficiency of wearable devices should be clearly modeled in the link budget analysis. 

2.3 Coverage Enhancement Techniques
Rel-15 NR already provided extensive supports to address coverage issue for some data channels. For example, NR supports slot-aggregation for PDSCH and PUSCH transmissions since Rel-15, where a same transport block is repeated up to eight slots and provides an effective tool to handle coverage challenges for unicast PDSCH and PUSCH channels in general. However, more studies are still necessary due to the following reasons:
· How to compensate the common DL and UL coverage loss of wearable device due to the lower antenna efficiency so as to reach comparable MCL target compared to normal NR devices.  
· In addition, time-domain repetition or slot aggregation is not supported for broadcast message yet e.g. PRACH, Msg-2/Msg-3 and PUCCH formats prior to dedicated RRC connection completion. How to extend this simple solution to other UL/DL channels should be studied so as to introduce a unified coverage recovery solution for reduced capability UEs and minimize standard efforts. 
If necessary, different solutions should be also investigated for DL and UL channels. As one example, frequency hopping is another possibility to compensate for the reduced frequency diversity resulting from the bandwidth reduction. 
Proposal 3: 
· Strive for a unified coverage recovery solution for both DL and UL channel (e.g. time-domain repetition).  


3. Conclusion 
In this contribution, we have presented our views on the different aspects of coverage recovery for reduced capability UEs. Based on the discussions above, the following was proposed: 
Proposal 1: 
· The study on coverage recovery techniques should target to both DL and UL channels, taking into account of various factors, including both reduced antenna number as well as a smaller size. 
Proposal 2: 
· Nominal NR coverage should be studied first for both DL and UL channels and serves as reference to determine coverage recovery techniques for reduced capability UEs. 
· The lower antenna efficiency of wearable devices should be clearly modeled in the link budget analysis. 
Proposal 3: 
· Strive for a unified coverage recovery solution for both DL and UL channel (e.g. time-domain repetition).  
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