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Discussion and Decision
1 Introduction

The Rel-17 SI on support of reduced capability NR devices was completed in RAN1 with the findings of the study included in a TR [1]. The need for coverage recovery to compensate for reduction in coverage due to complexity reduction was a study topic in the SI. The revised Rel-17 WI on support of reduced capability (RedCap) NR devices includes the following objective on specification of support for UE complexity reduction [2]:

· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:

· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.

· A means shall be specified by which the gNB can know the number of Rx branches of the UE.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.

· Duplex operation:

· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)
Although there is no objective related to coverage recovery, according to the above objective, for frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches is 1. The following note is also included in the WID.

· Uplink coverage enhancement solutions specified in the NR Coverage Enhancement WI (NR_cov_enh) shall be assumed to be available also to RedCap UEs by default (with small modifications for RedCap UEs if found necessary). 
The potential impact of the above aspects and other UE antenna issues with regard to coverage recovery are discussed in this contribution.
2 Discussion
The TR from the SI includes the following observations on coverage recovery for FR1 [1].
-
For FR1, under the consideration of potential reduced antenna efficiency due to device size limitations, the MIL(s) of PUSCH and/or Msg3 are worse than that of the bottleneck channel for the reference NR UE and coverage recovery is needed. The amount of coverage recovery is up to 3 dB. For other UL channels, coverage recovery may be not needed.

-
For FR1 including both FDD and TDD bands and RedCap UE with 2 Rx and reduced antenna efficiency, the MIL(s) of all the downlink channels are better than that of the bottleneck channel for the reference NR UE and coverage recovery is not needed. 

-
For RedCap UE with 1 Rx and reduced antenna efficiency, dependent on frequency bands and the assumption of DL PSD, the need for coverage recovery can be different

-
For carrier frequency of 4 GHz with DL PSD 24 dBm/MHz, coverage recovery may be needed for the downlink channels of Msg2, Msg4 and PDCCH CSS. A small or moderate compensation can be considered, where the square brackets indicate that the exact amount will depend on the techniques, scenarios, etc.:

-
[1 dB] for PDCCH CSS

-
[2-3 dB] for Msg4

-
[5-6 dB] for Msg2 without TBS scaling. It is noted that coverage loss for Msg2 can be compensated by using the existing TBS scaling technique. 

-
For other carrier frequencies or DL PSD of 33 dBm/MHz, coverage recovery is not needed for the downlink channels if the target for coverage recovery is based on the MIL of the bottleneck channel for the reference NR UE.

Based on these observations, a coverage recovery of up to 3 dB may be required for PUSCH and/or Msg3 for a RedCap UE due to reduced antenna efficiency resulting from device size limitations. Based on the note in the WID, the required coverage recovery will be supported using uplink coverage enhancement solutions specified in the NR Coverage Enhancement WI. In our companion contribution [3], we discuss the benefit of identifying RedCap UEs through Msg1 of initial access to optimize scheduling of subsequent messages that may require coverage recovery. Thus, any coverage recovery required for Msg3 can be applied if a RedCap UE is identified through Msg1 and known to have reduced antenna efficiency. If a RedCap UE requiring coverage recovery for Msg3 is not identified through Msg1, then every Msg3 transmission must always be scheduled assuming the worst-case RedCap UE, resulting in a loss of network efficiency.

The problem, however, is that reduced antenna efficiency is not listed as a reduced complexity feature in the WI objectives and, as such, there is no support expected for a RedCap UE to report that it has reduced antenna efficiency through UE capability reporting or during initial access. Thus, there is no means for the network to determine whether or not a RedCap UE has reduced antenna efficiency.

One approach to address this issue is to assume that all RedCap UEs have reduced antenna efficiency for the purpose of initial access. Alternatively, it can be argued that a RedCap UE with 2 Rx branches is unlikely to have a size limitation that would cause the antenna efficiency to be reduced. Then, only RedCap UEs with 1 Rx branch can be assumed to also have a reduced antenna efficiency for the purpose of initial access. Thus, identification of a RedCap UE with 1 Rx branch (or at least identification of a RedCap UE) based on Msg1 can be utilized for optimization of Msg3 transmission.
It was observed in [1] that although there is performance loss associated with reducing the number of Rx branches relative to the reference NR UE, generally the coverage of the DL channels is better that that of the bottleneck channel for the reference NR UE. As noted earlier, the current WI objective is to specify support for 1 Rx branch for frequency bands where a legacy NR UE is required to be equipped with a minimum of 4 Rx antenna ports. For these bands, no coverage recovery is needed for any downlink channel when a PSD of 33 dBm/MHz is used. When a downlink PSD of 24 dBm/MHz is used, however, a small or moderate coverage recovery may be needed for various downlink channels as noted above based on the observations from [1].
For Msg2, coverage recovery to the extent of 5-6 dB may be required. However, the coverage loss can be compensated by using the existing TBS scaling technique. It should be noted that in many scenarios the amount of coverage recovery needed may be even less. Therefore, even if TBS scaling is not able to provide a compensation of 5-6 dB, the impact may be low and is limited to only those UEs in poor coverage. Furthermore, DL power boosting of Msg2 transmissions can be used to make up for any coverage shortfall. Hence, no additional coverage recovery technique is deemed to be necessary. As discussed in our companion contribution [3], and similar to the discussion above in relation to Msg3, there is a motivation to support early indication of the number of Rx branches by RedCap UEs in Msg1 since there is a cost to network efficiency by transmitting Msg2 with TBS scaling to all UEs, which may be necessary in some scenarios without such indication.
For the PDCCH scheduling initial access messages, the potentially small coverage loss in the range of 1 dB can be recovered through PDCCH power boosting. Even without such compensation, such a small loss in coverage will increase the BLER from 1% to 3%, as shown in Figure 1. This may be acceptable since the impact of coverage loss is experienced by a small fraction of UEs that are in the worst radio conditions.
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Figure 1. PDCCH link performance.
For Msg4, it is noted in [1] that MCS0 was not used by all companies. Therefore, coverage may be further improved by using MCS0. Furthermore, Msg4 supports HARQ retransmission and additional retransmissions can be used for coverage recovery. Based on the above discussion, it can be observed that existing techniques can be used to mitigate potential coverage loss.

The above views are summarized in the following observations.

Observation 1: Identification of RedCap UEs, particularly those with 1 Rx branch, based on Msg1 enables better network efficiency through selective use of coverage recovery for Msg2 and Msg3 only for such UEs.

Observation 2: Potential downlink coverage loss for carrier frequency of 4 GHz with DL PSD 24 dBm/MHz and RedCap UE with 1 Rx and reduced antenna efficiency can be mitigated using existing techniques. 
3 Conclusions

In this contribution, we discuss coverage recovery aspects for RedCap UEs and make the following observations.
Observation 1: Identification of RedCap UEs, particularly those with 1 Rx branch, based on Msg1 enables better network efficiency through selective use of coverage recovery for Msg2 and Msg3 only for such UEs.

Observation 2: Potential downlink coverage loss for carrier frequency of 4 GHz with DL PSD 24 dBm/MHz and RedCap UE with 1 Rx and reduced antenna efficiency can be mitigated using existing techniques. 
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