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[bookmark: _Ref497831218]Introduction
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]In RAN#86, a study item was approved as a new Rel-17 SI on support of reduced capability NR devices [1]. The SID was updated in [2] in RAN#88e. One of the objectives is to study 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. 
· 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
At last meeting, we have the following agreements related to the coverage recovery.
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
Furthermore, according to the updated SID [2], the lowest bandwidth capability considered should be no less than an LTE Category 1bis modem thus maximum UE bandwidth smaller than 20MHz for FR1 was precluded. 

Agreements:
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]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.

Agreements: 
  If/when link-level coverage evaluations outside the CE SI are needed,
   The CE SI link-level simulation assumptions can be used as a starting point.
   For calibration purposes, the following settings can be used:
	Parameters
	FR1 values
	FR2 values

	Scenario and frequency
	Urban:
2.6 GHz (TDD) (primary choice)
4 GHz (TDD) (secondary choice)

Rural:
700 MHz (FDD)
	Indoor: 28 GHz (TDD)

	Frame structure for TDD
	For 2.6 GHz:
DDDDDDDSUU 
(S: 6D:4G:4U)
For 4 GHz:
DDDSUDDSUU
(S: 10D:2G:2U)
	DDDSU
(S: 10D:2G:2U)

	Channel model
	TDL-C
	TDL-A

	UE velocity
	3 km/h
	3 km/h



In this contribution, we provide some evaluations to show the performance degradation of UE complexity reduction, and provide preliminary thoughts on coverage recovery for reduced capability NR devices.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Discussion
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The following potential UE complexity reduction features are identified [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 
Some of the UE complexity reduction techniques may negatively impact coverage. To be more specific, reduced number of UE RX antennas may degrade the DL coverage and UE bandwidth reduction may degrade DL/UL coverage. Depending on the UE complexity reduction technique(s) to be adopted, the required coverage recovery can be different.
The performance of SSB, PDCCH and PDSCH are evaluated to quantify the impact on coverage due to reduced number of UE Rx antennas and UE bandwidth. More detailed assumptions can be found in Appendix.
The link-level simulation results for SSB and PDCCH at 2.6G Hz carrier frequency is provided in Table 1. 
Table 1: LLS results for SSB and PDCCH
	
	SSB @BLER=1%
	PDCCH @BLER=1%

	
	Req. SNR [dB]
	Loss [dB]
	AL1
	AL2
	AL4
	AL8
	AL16

	
	
	
	Req. SNR [dB]
	Loss [dB]
	Req. SNR [dB]
	Loss [dB]
	Req. SNR [dB]
	Loss [dB]
	Req. SNR [dB]
	Loss [dB]
	Req. SNR [dB]
	Loss [dB]

	4Rx
	-11.01
	-
	2.2
	-
	-1.65
	-
	-5.82
	-
	-8.30
	-
	-10.15
	-

	2Rx
	-8.57
	2.44
	8.68
	6.48
	3.87
	5.52
	-0.50
	5.32
	-4.83
	3.47
	-7.56
	2.59

	1Rx
	-5.50
	5.51
	16.03
	13.83
	10.47
	12.12
	3.76
	9.58
	-1.02
	7.28
	-4.06
	6.09


Observation 1: For SSB, there is 2.44dB performance loss from 4Rx to 2Rx and 5.51dB performance loss from 4Rx to 1Rx. 
Observation 2: For PDCCH, there is 2.59dB performance loss from 4Rx to 2Rx and 6.09dB performance loss from 4Rx to 1Rx.
Observation 3: For a given number of UE Rx antennas, the performance loss for PDCCH is larger for smaller AL.
For PDSCH, we assume BWP size of 100MHz for legacy UE and 20MHz for RedCap UE and the target data rate is 10Mbps. The LLS results for PDSCH are shown in Table 2.
Table 2: LLS results for PDSCH
	PDSCH @BLER=10%
	100MHz BW
	20MHz BW
	Loss from 100MHz to 20MHz [dB]

	
	Req. SNR [dB]
	Loss compared with 4Rx [dB]
	Req. SNR [dB]
	Loss [dB]
	

	4Rx
	-7.93
	-
	-1.17
	-
	6.76

	2Rx
	-4.90
	3.03
	2.68
	3.85
	7.58

	1Rx
	-1.30
	6.63
	8.66
	9.83
	9.96


Observation 4: For PDSCH, the bandwidth reduction would increase MCS for a given target data rate leading to degraded performance. The performance loss is larger for a smaller number of UE Rx antennas.
The criteria to determine target of coverage recovery needs to be discussed. 
· Alt 1: To compensate the coverage loss for each channel with coverage loss due to UE complexity reduction technique(s)
· Alt 2: To compensate the coverage loss for the bottleneck channel(s) to achieve the same overall MCL of the cell without UE complexity reduction technique(s )
Proposal: clarify the coverage recovery target for RedCap UEs.
Conclusion
This contribution provides our LLS results for SSB, PDCCH and PDSCH considering reduced number of UE Rx antennas and reduced bandwidth with the following observations and proposal:
Observation 1: For SSB, there is 2.44dB performance loss from 4Rx to 2Rx and 5.51dB performance loss from 4Rx to 1Rx. 
Observation 2: For PDCCH, there is 2.59dB performance loss from 4Rx to 2Rx and 6.09dB performance loss from 4Rx to 1Rx.
Observation 3: For a given number of UE Rx antennas, the performance loss for PDCCH is larger for smaller AL.
Observation 4: For PDSCH, the bandwidth reduction would increase MCS for a given target data rate leading to degraded performance. The performance loss is larger for a smaller number of UE Rx antennas.
Proposal: clarify the coverage recovery target for RedCap UEs.
References
[1]. [bookmark: _Ref39749538][bookmark: _Ref40110185]RP-193238, New SID on support of reduced capability NR devices, Ericsson, RAN#86
[2]. [bookmark: _Ref46731934][bookmark: _Ref40185418][bookmark: _Ref40185519]RP-201386, Revised SID on Study on support of reduced capability NR devices, Ericsson, RAN#88e
Appendix
Table 3: simulation assumptions for PDCCH
	Parameters
	Values

	Scenario and frequency
	2.6G Hz

	Subcarrier Space
	30KHz

	UE velocity
	3km/h

	System bandwidth 
	100M, 20M

	PDSCH duration
	12 OS

	PDCCH duration 
	2 OS

	PDCCH AL
	1，2，4，8，16

	Tx-Rx configuration
	1Tx - 1Rx/2Rx/4Rx

	Channel Model
	TDL-C, 300ns

	Channel estimation
	RCE



Table 4: simulation assumptions for PDSCH
	Parameters
	Values

	Scenario and frequency
	2.6G Hz

	Subcarrier Space
	30KHz

	UE velocity
	3km/h

	System bandwidth 
	100M, 20M

	Data rate
	10Mbps

	Code rate
	CR=602/1024 for 20M BW
CR=120/1024 for 100M BW

	DMRS duration 
	1OS for 3kmph

	PDSCH duration
	12 OS

	PDCCH duration 
	2 OS

	Tx-Rx configuration
	1Tx-1Rx/2Rx/4Rx

	Channel Model
	TDL-C, 300ns

	Channel estimation
	RCE



Table 5: simulation assumptions for SSB
	Parameters
	Values

	Scenario and frequency
	2.6G Hz

	Subcarrier Space
	30KHz

	UE velocity
	3km/h

	Periodicity
	20ms

	Number of SSBs
	4

	Performance metric
	Combination of 4 SSBs in 80ms.

	Tx-Rx configuration
	1Tx – 1Rx/2Rx/4Rx

	Channel Model
	TDL-C, 300ns

	Channel estimation
	RCE



