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1. Introduction
At RAN#88e meeting, revised SID on support of reduced capability NR devices was approved with the objective as follows [1]:
	Identify and study potential UE complexity reduction features, including [RAN1, RAN2]: 
· 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 
Note1: The work defined above should not overlap with LPWA use cases. The lowest data rate and bandwidth capability considered should be no less than an LTE Category 1bis modem.
Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant) [RAN2, RAN1]: 
· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].
· Extended DRX for RRC Inactive and/or Idle [RAN2]
· RRM relaxation for stationary devices [RAN2]
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
Study standardization framework and principles for how to define and constrain such reduced capabilities – considering definition of a limited set of one or more device types and considering how to ensure those device types are only used for the intended use cases [RAN2, RAN1].
Study functionality that will allow devices with reduced capabilities to be explicitly identifiable to networks and network operators, and allow operators to restrict their access, if desired [RAN2, RAN1].
Note2: Potential overlap with coverage enhancements study is discussed and resolved in RAN#87 or later.
[bookmark: _Hlk26857702]Note3: Coexistence with Rel-15 and Rel-16 UE should be ensured
Note4: This SI should focus on SA mode and single connectivity



At the RAN1#102-e meeting, the simulation assumption for the link level simulation, the general parameters for the link budget evaluation were defined [2], and the link budget template was also defined in the post e-mail discussion. In this contribution, we discuss on the coverage recovery for RedCap UEs based on MIL derived with the defined link budget template.

2. Coverage evaluation methodology and result
2.1 Target performance
At RAN1#102-e meeting, following agreements related to the target performance metric were made [2]:
	Agreements: Down-selection on the following options for the target performance requirement for RedCap UEs in RAN1#103-e (aim for early in the e-meeting):
· Option 1: The target performance requirement for each channel is identified by a target MCL or MIL or MPL within a reasonable deployment
· Option 3: The target performance requirement for each channel is identified by the link budget of the bottleneck channel(s) for the reference NR UE within the same deployment scenario
· Note: The “bottleneck channel(s)” are the physical channel(s) that have the lowest MCL or MIL or MPL
· The details for the target performance requirement are FFS



Defining the target performance based on an absolute value, e.g. ISD (Option 1) seems the straightforward approach to define the target performance for the link budget metric. On the other hand, it may not reflect the real environment / deployments that have large difference over scenarios and variability due to e.g. channel conditions, so that it may be very difficult to define a constant and common value to consider the variety of conditions.
We will find the performance difference between physical channels, and the improvement of RedCap UE performance will be realized with enhancing the performance of bottleneck channel(s). Therefore, deriving the target performance based on relative value between physical channels (Option 3) may be applicable for the target performance metric for the coverage recovery for RedCap UE.

Proposal 1: Option 3 (bottleneck channel(s) for the reference NR UE) is used for the target performance definition for the coverage recovery for RedCap UE. 

At RAN1#102-e meeting, three target metrics for the link budget evaluation (MCL, MIL, and MPL) were discussed. Antenna implementation margin for small factor RedCap UE was defined, therefore the BS and UE antenna and beamforming gain need to be considered in the target performance. Other parameters (e.g. cable/body loss) may be defined as a constant values and common for UL/DL, therefore MIL may be sufficient to reduce necessary parameters since the same outcome may be expected if we use relative values (e.g. bottleneck channel(s)) to define the target performance for enhancement.

Proposal 2: MIL is used for the target metric of link budget for coverage recovery for RedCap UE.

2.2 MIL evaluation for RedCap UE
In this section, our MIL evaluation results are introduced. The defined simulation assumptions are used for the link level simulation, and based on the simulation results, MIL are derived using the link budget templates. Figure 1 shows the MIL evaluation results for FR1 (700 MHz, 2.6 GHz, and 4 GHz) and FR2 (28 GHz). Target performance for RedCap UE derived from the worst channel and the 2nd worst channel for each frequency bands for reference UE are also plotted in Fig.1. As shown in Fig.1 we can find followings.

· PDSCH/PDCCH performance of RedCap are degraded due to reduced number of Rx antennas 
· PUSCH/PUCCH performance of RedCap are not degraded in terms of number of Tx antennas, and degradation is due to the antenna implementation margin for small factor RedCap UE for FR1
· Worst channel for reference UE is PUSCH for FR1 and Msg4 for FR2 (due to lower BS Tx power of 23 dBm/100 MHz)
· FR1 : Improvement of PUSCH (3 dB), Msg2 (8.5 dB), and Msg4 (4 dB) should be considered with the first priority for RedCap UE
· FR2 : Improvement of PDSCH (10 dB), Msg2 (5 dB), Msg4 (5 dB), and PDCCH (2 dB) should be considered with the first priority for RedCap UE
· 2nd worst channel for reference UE is Msg3 for 700 MHz and 2.6/4 GHz (33 dBm/MHz for Tx power), Msg 2 for 2.6/4 GHz (24 dBm/MHz for Tx power), and PDSCH for 28 GHz
· FR1 : In addition to PUSCH, Msg2, and Msg4, improvement of Msg3 (3 dB), PDSCH (5 dB), and PDCCH CSS (4 dB) need to be considered with the second priority for RedCap UE

Based on the result, we made following proposal.

Proposal 3: Coverage recovery of PUSCH, PDSCH, Msg2, and Msg4 should be considered with the first priority, and coverage recovery of Msg3 and PDCCH CSS need to be considered with the second priority for RedCap UE.
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Figure 1: MIL evaluation results for FR1 (700 MHz, 2.6 GHz, and 4 GHz) and FR2 (28 GHz).

3. Functionality for coverage recovery
Regarding the potential functionalities to compensate the coverage reduction, as the potential solutions for coverage enhancements will also be studied in Rel.17 coverage enhancement (CE) SI [3], it would be better to have commonality among the functionalities/solutions for RedCap and Rel.17 coverage enhancement as much as possible considering the specification effort. For such kind of solutions, repetition can be considered to improve the SINR. Repetition has been specified for both PUSCH and PDSCH, on the other hand, it’s not specified for Msg2/3/4. Therefore repetition for Msg2/3/4 should be studied. In addition, due to UE BW reduction unlike CE SI, frequency hopping for PUSCH/PUCCH and VRB mapping for PDSCH may not obtain enough frequency diversity gain. Therefore, frequency hopping or other distributed mapping over wider BW should be studied. For PDCCH, high aggregation level such as 16 occupies many CCEs, which leads to less PDCCH capacity. Therefore, DCI dedicated to RedCap UE with less payload should be studied.

Proposal 4: Study following enhancements for coverage recovery:
· Msg2/4
· Repetition for Msg2/4
· Msg3
· Repetition for Msg3
· PUSCH
· Frequency hopping or other distributed mapping over wider BW
· PDSCH
· Frequency hopping or other distributed mapping over wider BW
· PDCCH
· DCI dedicated to RedCap UE with less payload

4. Conclusion
In this contribution, we discussed coverage recovery for RedCap UEs. Based on the discussion, we made following observations and proposals.

Proposal 1: Option 3 (bottleneck channel(s) for the reference NR UE) is used for the target performance definition for the coverage recovery for RedCap UE. 
Proposal 2: MIL is used for the target metric of link budget for coverage recovery for RedCap UE.
[bookmark: _GoBack]Proposal 3: Coverage recovery of PUSCH, PDSCH, Msg2, and Msg4 should be considered with the first priority, and coverage recovery of Msg3 and PDCCH CSS need to be considered with the second priority for RedCap UE.
Proposal 4: Study following enhancements for coverage recovery:
· Msg2/4
· Repetition for Msg2/4
· Msg3
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· PUSCH
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· Frequency hopping or other distributed mapping over wider BW
· PDCCH
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