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Discussion and Decision
1 Introduction

The new Rel-17 SI on support of reduced capability NR (RedCap) devices includes an objective is to identify and study potential UE complexity reduction features, including [1]:
· 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  

Implementation of some of these complexity reduction features could result in a performance degradation for the device. Therefore, the SI also includes the objective to study the functionality that will enable the performance degradation of such complexity reduction to be mitigated or limited, including:

· Coverage recovery to compensate for potential coverage reduction due to the device complexity reduction. 
In this contribution, we discuss aspects related to coverage recovery in RedCap devices.
2 Evaluation Methodology
The RedCap devices being studied in the new Rel-17 SI are targeted to serve three uses cases, namely industrial wireless sensors, video surveillance, and wearables. Each of these use cases has specific requirements for one or more of the following: service availability, reliability, latency, and bit rate. The RedCap devices are, however, required to meet the following generic requirements as a baseline:
· Device complexity: Main motivation for the new device type is to lower the device cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/Rel-16. This is especially the case for industrial sensors. 
· Device size: Requirement for most use cases is that the standard enables a device design with compact form factor. 

· Deployment scenarios: System should support all FR1/FR2 bands for FDD and TDD.

Among these, the device complexity reduction is a primary objective defined for the SI. Several potential complexity reduction features are suggested. Our companion contribution discusses the various features in detail [2]. As a precursor to studying in detail what coverage recovery and other methods may be applied to mitigate the impact of performance degradation due to complexity reduction, it is necessary to first evaluate the performance of the NR device due to each complexity reduction feature. Therefore, the assumptions for evaluation of coverage recovery techniques must be aligned with that for evaluating performance with complexity reduction. 
Proposals for the methodology for evaluating the performance impact of complexity reduction are discussed in [2]. To determine the baseline performance that RedCap devices are required to meet after compensation for any loss of coverage, it is first necessary to establish a reference NR UE to be used for performance comparison. Assumptions on baseline NR UE capability that impact performance include the following:

· UE bandwidth

· Number of Tx antennas at the UE

· Number of Rx antennas at the UE

Proposal 1: Agree on a reference NR UE capability set for evaluation of baseline coverage performance.

Further details on the potential reference UE capabilities are discussed in [2]. A reference link budget would be needed to determine potential coverage reduction resulting from complexity reduction. An illustration of the NR link budget is provided in Figure 1, which shows the maximum coupling loss (MCL) for different NR channels. 
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Figure 1. Maximum Coupling Loss for different NR channels. 
Derivation of a link bugdet requires assumptions on several parameters including:

· SINR
· Transmit power for gNB
· Transmit power for UE

· Receiver noise figure for gNB 
· Receiver noise figure UE

In addition to the assumptions related to UE capabilities noted above, the evaluation of required SINR for the different channels at the specified performance target further depends on the assumptions for the following:

· Number of Tx and Rx antennas at the gNB

· Radio channel model

The specific performance requirements for different channels and other relevant assumptions for performance evaluation are discussed below.
PDSCH and PUSCH:

The SINR requirement is evaluated for a certain minimum data rate at cell edge, which must be specified. Other assumptions, including HARQ parameters and resource allocation parameters (determining occupied channel bandwidth) may be up to implementation but must be noted.
PDCCH

The performance target (BLER) for a given format must be specified. Other assumptions, including aggregation level and occupied channel bandwidth, must be noted.

PBCH

The performance target (BLER) must be specified. 
PSS/SSS
The performance target (miss probability and/or synchronization time) must be specified.
PUCCH
The performance target (miss probability and false alarm probability) for a given format must be specified.

PRACH:

The performance target (miss probability and false alarm probability) for a given format must be specified.

With an agreement on the parameters and assumptions, it will be possible to obtain reference values for calculating the link budget and hence the reference NR link budget can also be calculated. The reference link budget used in the new study item on NR coverage enhancement [3] can also be used if the baseline assumptions match between the two studies.
Proposal 2: Agree on a reference link budget for NR for evaluation purpose.

3 Recovery of coverage loss
The objective in the current SI is to only compensate for potential coverage degradation resulting from reduction in complexity of the NR UE. Thus, there is no need to uniformly enhance coverage of all channels or achieve a fixed coverage target for all channels. To achieve the desired objective, therefore, it is necessary to identify how coverage degradation in specific channels impacts overall system coverage.

Consider, for example, the reference NR link budget in Figure 1. In this case, the coverage is limited by the PUSCH and the MCL is 134.5 dB. Therefore, if the the downlink performance is degraded by about 5 dB due to complexity reduction, PDSCH would require little or no coverage compensation, while the other downlink channels – PBCH and PDCCH – would not require any coverage compensation since the corresponding MCLs would still easily exceed that of PUSCH even with complexity reduction. Thus, once the reference link budget is agreed, margins available for coverage loss can be determined.
As discussed in [2], the following UE complexity reduction features can result in loss of coverage for downlink channels.

· Reducing the number of Rx antennas: Performance loss would be experienced by all downlink channels. Since the minimum number of Rx antennas that the UE shall support is dependent on the RF operating band, the degree of impact of reducing the number of Rx antennas depends on the number of antennas assumed for the reference case.

· Reducing the number of Tx antennas from 2 to 1: Performance loss is experienced by PUSCH due to absence of transmit diversity. This is applicable only if the number of antennas for the reference case is assumed to be 2.
· Reducing UE bandwidth: Performance loss can result if existing broadcast signals cannot be transmitted within the reduced bandwidth. It should be noted that reduction of the UE RF bandwidth is subject to the specification in the SI that Rel-15 SSB bandwidth should be reused and L1 changes minimized. Reducing the bandwidth of CORESET0 and SIB1, however, can reduce SIB1 coverage. Limiting the UE bandwidth can also have a small impact on the performance of PDSCH.
Other complexity reduction features listed in the SI objectives, such as support of half-duplex FDD, relaxed UE processing time, and relaxed UE processing capability, are not expected to impact coverage.

In eMTC, there was a target to support a 15-dB coverage enhancement relative to LTE. This large coverage enhancement was enabled primarily through the support of repetition of channels. In the case of RedCap UEs, however, the objective is only to compensate for the coverage loss due to UE complexity reduction features. Therefore, it is necessary to analyze the impact of UE complexity reduction on each channel and determine the degree of coverage loss, which must then be compensated. Based on the finally agreed complexity reduction features, the extent of compensation required for many of the channels may be small or nothing. Therefore, before a deep discussion on coverage recovery techniques for each channel, it is necessary to understand the degree of compensation that may be needed.
Observation 1: Understanding the impact of complexity reduction on coverage of each channel is necessary before studying various candidate techniques for coverage recovery since some channels may not require any coverage recovery.
Various coverage enhancement techniques were investigated for eMTC channels. These techniques can be used as a starting point for discussion of techniques to be used for RedCap devices as well. Below we consider a few candidate techniques for each channel if coverage recovery is necessary.

PDSCH and PUSCH

Based on the preliminary link budget analysis above, PUSCH may be the limiting channel. Furthermore, if there is no reduction in complexity relative to the baseline for uplink channels, the performance of these channels is not degraded. Therefore, coverage recovery for these channels may not need to be considered.
In eMTC, repetition is supported for coverage extension of PUSCH and PDSCH. In the case of RedCap UEs, coverage degradation for PDSCH due to a smaller number of Rx antennas implies that the data rate is degraded. While repetition helps with improving SINR, it cannot improve the data rate for the UE. Thus, as long as the UE can still be supported at a lower data rate, no coverage recover is necessary.

It may be noted that repetition of PDSCH and PUSCH transmission is already supported for NR devices via RRC configuration. With this approach, the same symbol allocation is applied over up to 8 consecutive slots based on the repetition factor value configured in RRC. If necessary, this approach for configuration of repetitions can be extended to support larger numbers of repetitions. While dynamic indication of the number of repetitions is supported in eMTC to avoid wasteful repetitions when channel conditions improve, this does not offer a significant benefit for small repetition numbers.
Observation 2: Extension of RRC configuration of the number of repetitions can be considered for coverage recovery of PDSCH and PUSCH.
PDCCH

The repetition approach has also been used in eMTC for the control channel. While RRC configuration indicates the maximum number of repetitions of the control channel, which determines the various candidate repetition numbers that the UE tries when performing blind decoding, the DCI itself indicates the actual number of repetitions transmitted. This approach is again useful for dynamically changing channel conditions. A straightforward application of this approach to reduced complexity NR devices involves repetition of the CORESET in multiple slots with the number of repetitions configured in RRC.
An alternate approach is to repeat the CORESET contiguously in time or frequency, effectively creating an extended CORESET. The repeated PDCCH itself may be discontinuous in time if it occupies fewer symbols than the CORESET duration.
A second alternate approach that may be used if the required coverage recovery is small is to support higher aggregation levels. Currently, the maximum aggregation level is 16 and higher aggregation levels can be considered for RedCap UEs. The higher aggregation levels can also be considered in conjunction with an extended CORESET for RedCap UEs. Unlike the previous two approaches, where simple combining of repetitions can be done, this approach impacts codeword generation and mapping to CCEs and may have an overall high specification impact.
A third alternate approach that is also applicable if the required coverage recovery is small is to define a new DCI format with fewer bits that can be supported with the current aggregation levels. Like the previous approach, this approach is also likely to have a relatively high specification impact. 

A fourth alternate approach is to repeat the transmission across multiple CORESETs that the RedCap UE is configured with. Depending on the CORESET and associated search space configurations, the codeword mapping may be different in each CORESET and combining the repetitions involves higher complexity. The specification impact of this approach is also expected to be high.
Observation 3: Multiple candidate techniques can be considered for coverage recovery of PDCCH, with some techniques being useful when the required coverage recovery is small.
PBCH

Various techniques were considered for coverage extension in eMTC. Since the same information is carried in multiple transmissions of PBCH, improvement in decoding performance can be achieved through multiple decoding attempts by the UE at the expense of increased latency. Unlike in eMTC, the PBCH is beam based and therefore the UE can take advantage of only those PBCH transmissions that are transmitted on the same beam. The SSB burst set period is configurable and, for larger periods, there is a bigger impact on latency with this approach of multiple decoding attempts.

Repetition of PBCH is supported in eMTC and can also be considered for supporting RedCap UEs if necessary. This approach involves repeating the PBCH in other symbols. Due to the SSB burst structure in NR, there is less flexibility to repeat the PBCH in adjacent symbols or slots. Therefore, repetition of the entire SSB burst set may need to be considered. Furthermore, the design must consider the large number of cases corresponding to different sub-carrier spacings and different RF frequency ranges. It should be noted, however, that coverage recovery can be achieved by combining the repetition approach with the approach of multiple decoding attempts.
Observation 4: PBCH repetition design for coverage recovery must consider SSB structure for different sub-carrier spacings and different RF frequency ranges.
PUCCH

The reference performance for PUCCH is specified assuming a single Tx antenna. Therefore, no impact on PUCCH coverage is anticipated due to UE complexity reduction.
Observation 5: No impact on PUCCH coverage is anticipated due to complexity reduction.
PRACH

The reference performance for PRACH is specified assuming a single Tx antenna. Therefore, no impact on PRACH coverage is anticipated due to UE complexity reduction.

Observation 6: No impact on PRACH coverage is anticipated due to complexity reduction.

4 Conclusions

In this contribution, we discuss functionality for coverage recovery in NR reduced complexity devices. The following observations and proposals are made.
Proposal 1: Agree on a reference NR UE capability set for evaluation of baseline coverage performance.

Proposal 2: Agree on a reference link budget for NR for evaluation purpose.

Observation 1: Understanding the impact of complexity reduction on coverage of each channel is necessary before studying various candidate techniques for coverage recovery since some channels may not require any coverage recovery.
Observation 2: Extension of RRC configuration of the number of repetitions can be considered for coverage recovery of PDSCH and PUSCH.
Observation 3: Multiple candidate techniques can be considered for coverage recovery of PDCCH, with some techniques being useful when the required coverage recovery is small.

Observation 4: PBCH repetition design for coverage recovery must consider SSB structure for different sub-carrier spacings and different RF frequency ranges.

Observation 5: No impact on PUCCH coverage is anticipated due to complexity reduction.

Observation 6: No impact on PRACH coverage is anticipated due to complexity reduction.
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