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1. Introduction
At RAN 92 meeting the revised WI “Support of reduced capability NR devices” [1] was approved. The RAN4 related objectives are copied below:

· 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.)
The impact of various complexity reduction techniques on the RRM requirements was discussed at  several RAN4 meetings. In this contribution we provide our considerations on the remaining issues for signalling characteristics of Redcap.

2. Discussion
The following agreements were achieved at RAN4 102 meeting [2]. 
RLM

How much to extend the lower bound for SSB-based and CSI-RS based RLM Qout evaluation period for FR1 and FR2

The lower bound for SSB-based and CSI-RS based RLM Qout evaluation period for FR1 is extended by factor 2. 
How much to extend the lower bound for SSB-based and CSI-RS based RLM Qin evaluation period for FR1 and FR2

The lower bound for SSB-based and CSI-RS based RLM Qin evaluation period for FR1 is not extended. 

BFD

CSI-RS-based BFD: evaluation period for FR1 and FR2

Follow the corresponding agreement from SSB based BFD evaluation period.

CBD including L1-RSRP measurements

SSB-based L1-RSRP in CSI reporting for FR1 without measurement restriction

For RedCap UE with 1Rx, SSB-based L1-RSRP measurement period can be unchanged compared to legacy Release 15 NR UE requirements.
CSI-based L1-RSRP in CSI reporting for FR1 without measurement restriction
For RedCap UE with 1Rx, CSI-RS-based L1-RSRP measurement period can be unchanged compared to legacy Release 15 NR UE requirements

BWP switching

Whether to introduce new UE capability to indicate support of new BWP switching delay when only center-frequency is changed

No consensus to introduce new UE capability to indicate the support of new BWP switching delay when only center-frequency is changed. 
Whether to define BWP switching delay when only center-frequency is changed in Rel-17
No consensus to define BWP switching delay when only center-frequency is changed in Rel-17 for RedCap. 

In this contribution we focus on the following open issues:
BFD

SSB-based based BFD: evaluation period for FR1 and FR2

· Option 1 (HW, E///, OPPO, Nokia, vivo): No need to extend the evaluation period for BFD compared to legacy evaluation period.
· Option 2 (Apple, MTK, QC): Set SSB based BFD evaluation period to be extended by a factor of 2 (10 samples) for 1Rx UE.
For this issue, our simulation results were provided at [3],[4]. In [3], we observe that the required SINR is about is -7dB for BFD when 2Rx is used. We understand that based on agreements on CCE increasing, the required SINR for 1Rx can also be kept at the same value as 2Rx. According the simulation results from [4], the measurement accuracy of SS-SINR can be guaranteed within 2dB for BFD if the sample number is 5 which is same as the legacy sample number. This is due to that the target SINR is high enough and only a small number of samples are needed to meet measurement accuracy, even in the case of a single antenna.

Observation 1: The measurement accuracy of SS-SINR can be guaranteed within ±2dB for BFD if the sample number is 5 when 1 Rx is used.
In addition, according to the simulation results from [4], it can be seen CSI-SINR measurement accuracy can be guaranteed within 2dB for BFD if reusing the legacy sample number (i.e., 10 samples for BFD). 

Observation 2: The measurement accuracy of CSI-SINR can be guaranteed within ±2dB for BFD if reusing the legacy sample number when 1 Rx is used. 
Proposal 1: Regarding remaining issues for BFD evaluation period, the measurement period of SS-SINR for legacy UE can be reused for BFD when 1 Rx is used, i.e., Option 1. And the measurement period of CSI-SINR for legacy UE can be reused for BFD when 1 Rx is used. 
CBD including L1-RSRP measurements

Whether relaxed L1-RSRP requirements applies to both intra- and inter-frequency

FFS: The relaxed L1-RSRP requirements (absolute and relative accuracy) apply to both intra- and inter-frequency measurements.
SSB-based L1-RSRP measurements: absolute accuracy with measurement restriction in FR1

· Option 1 (Apple, vivo, HW, E///, MTK, Nokia):

· Relax the current absolute L1-RSRP accuracy by 3 dB when 1Rx is used compared with the legacy UE.  
SSB-based L1-RSRP measurements: relative accuracy with measurement restriction in FR1

· Option 1 (Apple, HW, E///, MTK, Nokia, vivo):

· Relax the relative L1-RSRP accuracy by 3dB

CSI-RS based L1-RSRP measurements: absolute accuracy with measurement restriction in FR1

· Option 1 (Apple, vivo, HW, E///, MTK, Nokia):

· By 3 dB when 1Rx is used compared with the legacy UE.
We performed the simulation for SSB and CSI-RS based on L1-RSRP, the results are shown as below:

· Table 1: SSB based on L1-RSRP for FR1

	Channel
	Samples
	Delta RSRP [dB]

	
	
	SCS =15kHz
	SCS =30kHz

	
	
	1Rx
	2Rx
	1Rx
	2Rx

	
	
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	1
	-1.86
	-0.01
	1.34
	-0.78
	0.46
	1.58
	-1.89
	-0.02
	1.34
	-0.80
	0.46
	1.60

	
	3
	-1.00
	0.00
	0.84
	-0.45
	0.28
	0.96
	-1.00
	-0.01
	0.83
	-0.47
	0.27
	0.97

	TDL-A
	1
	-4.23
	0.04
	3.30
	-1.75
	0.05
	1.71
	-4.19
	-0.02
	2.56
	-1.78
	0.05
	1.64

	
	3
	-1.40
	0.00
	1.04
	-0.87
	0.03
	0.82
	-1.40
	-0.04
	1.03
	-0.88
	0.03
	0.80

	TDL-B
	1
	-4.15
	-0.01
	2.38
	-1.66
	0.05
	1.59
	-3.71
	-0.03
	2.09
	-1.61
	0.06
	1.50

	
	3
	-1.31
	0.00
	1.02
	-0.88
	0.03
	0.79
	-1.29
	-0.02
	0.93
	-0.83
	0.03
	0.80

	TDL-C
	1
	-3.28
	-0.02
	2.00
	-1.54
	0.07
	1.47
	-2.90
	-0.03
	1.80
	-1.50
	0.05
	1.45

	
	3
	-1.21
	-0.02
	0.93
	-0.80
	0.05
	0.84
	-1.12
	-0.01
	0.91
	-0.76
	0.03
	0.81


· Table 2: SSB based on L1-RSRP for FR2
	Channel
	Samples
	Delta RSRP [dB]

	
	
	SCS =120kHz

	
	
	1Rx
	2Rx

	
	
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	1
	-1.83
	-0.02
	1.37
	-0.81
	0.47
	1.60

	
	3
	-0.95
	-0.01
	0.83
	-0.44
	0.28
	0.97

	TDL-A
	1
	-3.27
	-0.02
	1.91
	-1.56
	0.03
	1.43

	
	3
	-1.25
	-0.01
	0.94
	-0.80
	0.03
	0.80


· Table 3: CSI-RS based on L1-RSRP for FR1

	Channel
	Samples
	Delta RSRP [dB]

	
	
	SCS =15kHz
	SCS =30kHz

	
	
	1Rx
	2Rx
	1Rx
	2Rx

	
	
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	1
	-1.77 
	-0.04 
	1.28 
	-0.75
	0.44
	1.51
	-1.78 
	-0.04 
	1.29 
	-0.75
	0.44
	1.51

	
	3
	-0.97 
	-0.02 
	0.77 
	-0.40
	0.27
	0.92
	-0.93 
	-0.02 
	0.77 
	-0.41
	0.26
	0.92

	TDL-A
	1
	-3.64 
	0.00 
	2.22 
	-1.55
	0.04
	1.44
	-3.01 
	-0.01 
	1.84 
	-1.45
	0.06
	1.39

	
	3
	-1.21 
	-0.03 
	0.94 
	-0.79
	0.02
	0.78
	-1.13 
	-0.01 
	0.90 
	-0.75
	0.02
	0.78

	TDL-B
	1
	-2.56 
	-0.02 
	1.63 
	-1.37
	0.05
	1.33
	-2.40 
	-0.03 
	1.58 
	-1.30
	0.06
	1.30

	
	3
	-0.99 
	-0.01 
	0.84 
	-0.78
	0.03
	0.76
	-1.07 
	-0.01 
	0.84 
	-0.75
	0.03
	0.77

	TDL-C
	1
	-2.29 
	-0.02 
	1.56 
	-1.30
	0.06
	1.32
	-2.24 
	-0.03 
	1.58 
	-1.31
	0.07
	1.34

	
	3
	-0.98 
	-0.01 
	0.87 
	-0.76
	0.03
	0.74
	-0.97 
	-0.01 
	0.85 
	-0.72
	0.07
	0.77


· Table 4: CSI-RS based on L1-RSRP for FR2
	Channel
	Samples
	Delta RSRP [dB]

	
	
	SCS =120kHz

	
	
	1Rx
	2Rx

	
	
	5%
	50%
	95%
	5%
	50%
	95%

	AWGN
	1
	-1.75 
	-0.02 
	1.28 
	-0.74
	0.45
	1.51

	
	3
	-0.92 
	-0.01 
	0.82 
	-0.41
	0.26
	0.90

	TDL-A
	1
	-2.59 
	-0.02 
	1.65 
	-1.37
	0.07
	1.37

	
	3
	-1.09 
	-0.01 
	0.84 
	-0.75
	0.05
	0.76


According the simulation results, it is feasible to relax 3dB for absolute accuracy and relative accuracy for SSB-based L1-RSRP and CSI-RS based L1-RSRP when 1Rx is used compared with the legacy UE.
Proposal 2: For absolute accuracy and relative accuracy in FR1 for SSB-based L1-RSRP and CSI-RS based L1-RSRP, we support to relax 3dB when 1Rx is used compared with the legacy UE.
BWP switching

Whether to introduce L1 measurement gaps for performing receiving SSB outside active BWP in Rel-17
FFS: RAN4 agrees to not introduce L1 measurement gaps for acquiring SSB outside active BWP for RedCap UE in Release 17.

To our understanding this issue was almost agreed during the RAN4 102 meeting and we support the tentative agreement during the meeting that L1 measurement gaps will not be introduced.
Proposal 3: Agree that L1 measurement gap will not be introduced.
3. Conclusion
In this contribution, we provide our considerations on signalling characteristics for Redcap and have the following proposal:
Observation 1: The measurement accuracy of SS-SINR can be guaranteed within ±2dB for BFD if the sample number is 5 when 1 Rx is used.
Observation 2: The measurement accuracy of CSI-SINR can be guaranteed within ±2dB for BFD if reusing the legacy sample number when 1 Rx is used. 
Proposal 1: Regarding remaining issues for BFD evaluation period, the measurement period of SS-SINR for legacy UE can be reused for BFD when 1 Rx is used, i.e., Option 1. And the measurement period of CSI-SINR for legacy UE can be reused for BFD when 1 Rx is used. 
Proposal 2: For absolute accuracy and relative accuracy in FR1 for SSB-based L1-RSRP and CSI-RS based L1-RSRP, we support to relax 3dB when 1Rx is used compared with the legacy UE. 
Proposal 3: Agree that L1 measurement gap will not be introduced.
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