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1. Introduction
At RAN1 #101-e meeting [1], the following agreements were made:

[bookmark: _Hlk40345057]Agreements: 
· For FR1, study at least 20MHz maximum UE bandwidth at least for initial access
· Other bandwidths FFS
· For FR2, study 50MHz and 100 MHz maximum UE bandwidth at least for initial access 
· Other bandwidths FFS
Agreements:
· Cost/complexity breakdowns can be separate for FR1 and FR2 if found beneficial.
· For FR1, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.
· For FR2, study two antenna configurations for RedCap UEs, namely 1Rx/1Tx and 2Rx/1Tx.
· Study HD-FDD operation Type A and Type B (as defined in LTE) in RAN1, where study of Type A is prioritized.

Agreements:
Ÿ   If/when coverage evaluations outside the CE SI are needed,
Ÿ   The basic evaluation methodology is based on link-level simulation for FR1.
       Step 1: Obtain the required SINR for the physical channels under target scenarios and service/reliability requirements.
       Step 2: Obtain the baseline performance based on required SINR and link budget template.
       Note: aspects related to identifying target performance and coverage bottlenecks based on target performance metric is to be handled separately
Ÿ  The evaluation methodology for FR2 is the same as FR1.


In this contribution, we provide our views on the coverage recovery to compensate the coverage degradation due to the complexity reduction of the reduced capability NR devices.
2. Coverage Enhancement 
In the last meeting, it was agreed to study antenna configurations with smaller number of Rx antennas for reduced capability NR devices than NR legacy UEs which would result in less complex devices as well as low implementation cost. However, such benefits come at the cost of coverage reduction for downlink. On the other hand, for UL, it was agreed to study one Tx antenna as the same as in legacy UE. However, the coverage of UL may still need to be enhanced due to the reduced capability for RedCap UEs, such as more restricted power constraints, especially for some use cases such as industrial wireless sensors and wearables. Therefore, RAN1 should study different enhancements to compensate for such coverage degradation of both DL and UL. 

In NR Rel-15, there are two procedures for coverage enhancement for PDSCH and PUSCH when a UE is in RRC-connected state.

In NR Rel-15, PDSCH coverage enhancement can be realized by the transmission of multiple PDSCH repetitions in consecutive slots. The number of repetitions is configured by RRC parameter pdsch-AggregationFactor in PDSCH-config IE which can take values of {2, 4, 8} as stated in [2]. When the field pdsch-AggregationFactor is absent, the UE assumes that the value is one which implies no repetition for PDSCH. 

The same symbol allocation is applied across the pdsch-AggregationFactor consecutive slots. In other words, the PDSCH repetitions occupy the same symbols indicated by SLIV across the pdsch-AggregationFactor consecutive slots for PDSCH repetition [3]. 

Moreover, in NR Rel-16, multiple PDSCH repetition procedures were developed to enhance the reliability of PDSCH by transmitting its repetitions from multiple TRPs. Though these procedures were intended to enhance reliability, they may be used for coverage enhancement as well.

On the other hand, for PUSCH, there are two main types of repetitions procedures. They are called PUSCH repetition Type A, which was introduced in NR Rel-15, and PUSCH repetition Type B, which has been introduced in NR Rel-16. The former procedure is similar to the repetition type for PDSCH repetition when PUSCH-AggregationFactor is configured. The latter procedure was developed for PUSCH to support URLLC and it enables back-to-back repetitions of PUSCH.

Though there exists coverage enhancement procedures in NR, they are not efficient or good enough to compensate for the coverage reduction for this category of UEs with stringent requirements on power consumption and complexity. Specifically, the transmission/reception of PUSCH/PDSCH, respectively, in consecutive slots may not be feasible. That is because the potential relaxation of the processing capability and time for this category of UEs. In other words, reduced capability NR devices may need longer processing time for transmitting/receiving PUSCH/PDSCG compared with legacy Rel-15/16 NR UEs which could make the repetitions in consecutive slots infeasible. 

Observation 1: Due to the potential relaxed requirements on the processing capability and time for reduced capability NR devices, it might not be feasible to directly use coverage enhancement procedures in NR Rel-15 or Rel-16 that are based on repetitions in consecutive slots. 
    
Therefore, RAN1 needs to study possible enhancements for the existing coverage enhancement techniques in NR Rel-15 and Rel-16 to be suitable for reduced capability NR devices.

Proposal 1: The coverage enhancement procedures in NR can be used as baseline for the reduced capability NR devices.

Proposal 2: Study procedures to enhance the coverage of PDSCH and PUSCH for reduced capability NR devices when they are in RRC-connected state.

Moreover, in the last meeting, it was agreed that study 20 MHz as the maximum UE bandwidth in FR1 and 50 MHz and 100 MHz in FR2. Though BW reduction brings many benefits such as less power consumption, it also reduces the potential attained gain from frequency hopping. Specifically, when the channel is highly correlated in the frequency domain in a small BW, the attained frequency diversity gain is dramatically reduced. This problem is more evident in FR2. The usage of narrow beams results in fewer detectable multipaths, i.e., smaller delay spread, which in turn increases the channel coherence bandwidth. Therefore, improvement on frequency hopping is needed. 

Proposal 3: Study enhancement for frequency hopping procedures to cope with the challenges imposed by narrower operating BW.

Currently, in NR, frequency hopping procedures are supported in the uplink only. However, in LTE-MTC, the frequency hopping is supported in both uplink and downlink. Therefore, it may be worth studying the potential gains of supporting frequency hopping in downlink, if any. It may alleviate or relax the requirements on the coverage compensation due to the reduction in the number of Rx antennas at RedCap UEs. 
Proposal 4: RAN1 should study the potential gains of supporting frequency hopping in downlink. 

Reduced capability UEs in RRC-idle/inactive state could also suffer from coverage degradation. Hence, RAN1 should also study how to enhance the coverage of signals and channels used in RRC-idle/inactive state such as SSB and RMSI. Also, the coverage recovery for the initial access procedure should be studied. For any identified coverage enhancing procedures for reduced capability NR devices, RAN1 should study their impact on the legacy Rel-15 or Rel-16 NR UEs and aim to minimize it.

Proposal 5:  Study procedures to enhance the coverage for reduced capability NR devices in RRC-idle/inactive state.
Proposal 6:  Impact on legacy Rel-15 or Rel-16 UEs should be avoided.

3. Conclusion
In this contribution, we have the following observation and proposals
Observation 1: Due to the potential relaxed requirements on the processing capability and time for reduced capability NR devices, it might not be feasible to directly use coverage enhancement procedures in NR Rel-15 or Rel-16 that are based on repetitions in consecutive slots. 
Proposal 1: The coverage enhancement procedures in NR can be used as baseline for the reduced capability NR devices.
Proposal 2: Study procedures to enhance the coverage of PDSCH and PUSCH for reduced capability NR devices when they are in RRC-connected state.
Proposal 3: Study enhancement for frequency hopping procedures to cope with the challenges imposed by narrower operating BW.
Proposal 4: RAN1 should study the potential gains of supporting frequency hopping in downlink. 
Proposal 5:  Study procedures to enhance the coverage for reduced capability NR devices in RRC-idle/inactive state.
Proposal 6:  Impact on legacy Rel-15 or Rel-16 UEs should be avoided.
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