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1. [bookmark: _Toc120549591]Introduction
In the SID [1] for support of reduced capability NR devices, one of the objectives is as the following,
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, considerations on the coverage recovery for reduced capability NR devices will be discussed.
This contribution is modified from R1-2003968.
2. Discussion on coverage recovery for reduced capability NR devices
When considering the coverage recovery, the recovery target needs to be firstly discussed. There are two alternatives to make comparable coverage as R15/16 eMBB/URLLC design.
· Alt.1: the coverage of all the channels that have been affected by complexity reduction will be recovered.
As stated by the SID [1], the potential UE complexity reduction features including:
· 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 
Among the above features, reduced number of RX/TX antennas will reduce the downlink and uplink coverage directly. As the studied TX number is the same as reference antenna configuration, the uplink coverage of RedCap UEs will be comparable with reference UE devices. While for downlink, reducing the number of RX antennas from 4Rx to 2Rx or even 1Rx will bring coverage loss for both the physical control channels and physical shared channel, including PBCH，PDCCH, PDSCH. LLS evaluation is made for PDCCH comparing different RX numbers in [2], it can be seen that if 1Rx is used for RedCap devices, the coverage loss will be 6.56dB for AL=16, and 8.52dB for AL=4 comparing to 4Rx. Therefore, enhancement is needed to compensate for the coverage reduction of such channels.
One direct way to improve the coverage of physical channels is to introduce more repetitions. For MIB and SIB1 transmission, repetitions have already been introduced within the periodicity of 80ms and 160ms. For initial access procedure, the repetition transmission period is 20ms for both MIB and SIB1. More repetitions can be introduced by using a smaller repetition transmission period, such 10ms or 5ms. As shown in Figure.1, BWP2 is for normal eMBB/URLLC UEs, the SSB and type0-PDCCH is transmitted with 20ms repetition period, if the RedCap devices are offloaded to a separate BWP1 with a 10ms repetition period, then the initial access coverage of PBCH and PDCCH can be improve with about 3dB. Of course, if the RedCap devices are coexisted with normal R15/16 eMBB/URLLC devices on BWP2, SSB and type0-PDCCH are transmitted with a shorter interval such as 10ms, 5ms, but for normal devices, they only see the transmission with 20ms intervals.
[image: ]
Figure.1 BWPs with different SSB repetition periods 
The other way to improve the coverage of physical channels is to allow combination of PBCH, PDCCH and PDSCH transmission associated with different SSB indexes. For example, SSBs with different indexes can be quasi co-located, and indicated to UE by additional signalling, then UE can perform combination of transmissions that are associated with different SSB indexes. 
Proposal 1: If the coverage of all physical channels that has been affected by complexity reduction will be recovered, there are two kinds of ways to compensate for potential coverage reduction
· Introduce more repetitions;
· Allow combination of transmission associated with different SSB indexes.

· Alt 2: the bottleneck channel of NR eMBB/URLLC coverage is taken as the target of coverage recovery.
For this alternative, the bottleneck channel of NR R15/16 needs to be decided. Link budget is a simple and effective way to find such channel. Here link budget result for dense urban O2I scenario for SID of Study on NR coverage enhancements is listed here, and detail parameters can refer to [3], where the MPLs for different channels are compared.
It can be seen that the PUSCH with 1Mbps data rate is the coverage bottleneck. However, PUSCH with VoIP service has a better coverage, since it only carries a TBS of 320bits, which means the margin between bottleneck channel and the other channels can be different depending on the uplink data requirements. Therefore, to determine the coverage gaps between channels of NR RedCap devices and coverage bottleneck of eMBB/URLLC devices, the cell edge requirement of RedCap use cases needs to be decided first. If RedCap devices have a low cell edge requirement, the coverage of its physical shared channels will be better. For example, if a TBS size similar to VoIP is required for RedCap, the MPL of PUSCH can be around 120dB, as shown in Figure.2. Then, even the coverage of downlink channels has been reduced by several dBs due to reduced number of RX antennas or smaller UE bandwidth, they are still no worse than PUSCH channel. The coverage of all channels will be re-evaluated according to the required cell edge data rate.

Figure.2 MAPL margin between PUSCH (128kbps) and other channels
Proposal 2. If the bottleneck channel of NR eMBB/URLLC coverage is taken as the target of coverage recovery, the cell edge data rate requirement should be determined firstly, and then the coverage gap will be evaluated based on the reduced capability.
It is proposed that down selection of the two alternatives is done before make solutions for the coverage recovery.
Proposal 3. Down selection from the two alternatives before making any detail solutions for the coverage recovery. 
· Alt1: the coverage of all the channels that have been affected by complexity reduction will be recovered;
· Alt2: the bottleneck channel of NR eMBB/URLLC coverage is taken as the target of coverage recovery.
3. Conclusions
In this contribution, considerations on coverage recovery for reduced capability NR devices are discussed, and the following proposals are made.
Proposal 1: If the coverage of all physical channels that has been affected by complexity reduction will be recovered, there are two kinds of ways to compensate for potential coverage reduction
· Introduce more repetitions;
· Allow combination of transmission associated with different SSB indexes.
Proposal 2. If the bottleneck channel of NR eMBB/URLLC coverage is taken as the target of coverage recovery, the cell edge data rate requirement should be determined firstly, and then the coverage gap will be evaluated based on the reduced capability.
Proposal 3. Down selection from the two alternatives before making any detail solutions for the coverage recovery. 
· Alt1: the coverage of all the channels that have been affected by complexity reduction will be recovered;
· Alt2: the bottleneck channel of NR eMBB/URLLC coverage is taken as the target of coverage recovery.
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