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Introduction
The revised WID on support of reduced capability (RedCap) NR devices has been approved in [1]. RAN4 has started work on the support of RedCap NR devices, where the related study item has been concluded in TR 38.875. The WID has the following objectives on UE complexity reduction: 
	· 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.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]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.)



It is concluded in RAN#100e meeting that there is no RRM impact due to Maximum number of DL MIMO layers and Relaxed maximum modulation order [2]. This contribution further provides analysis on the signaling characteristics due to reduced UE BW, reduced RX branch.
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BFD
There are good progress on BFD in last meeting. There is only one left open issue [3],
	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.



The legacy evaluation period for SSB based BFD are specified as below. The sample numbers are in yellow highlight.
Table 8.5.2.2-1: Evaluation period TEvaluate_BFD_SSB for FR1
	Configuration
	TEvaluate_BFD_SSB (ms) 

	no DRX
	Max(50, Ceil(5  P)  TSSB)

	DRX cycle ≤ 320ms
	Max(50, Ceil(7.5  P)  Max(TDRX,TSSB))

	DRX cycle > 320ms
	Ceil(5  P)  TDRX

	Note:	TSSB is the periodicity of SSB in the set [image: ]. TDRX is the DRX cycle length.



Table 8.5.2.2-2: Evaluation period TEvaluate_BFD_SSB for FR2
	Configuration
	TEvaluate_BFD_SSB (ms) 

	no DRX
	Max(50, Ceil(5  P  N)  TSSB)

	DRX cycle ≤ 320ms
	Max(50, Ceil(7.5  P  N)  Max(TDRX,TSSB))

	DRX cycle > 320ms
	Ceil(5  P  N)  TDRX

	Note:	TSSB is the periodicity of SSB in the set [image: ]. TDRX is the DRX cycle length.



Regarding BFD, during defining out-of-sync evaluation period for BFD in R15 (considering 2RX), Qout is observed around side condition -6dB (note: Qout for RLM is observed @-10dB). From the simulation results in [4], there are some observations:
· for SSB based BFD evaluation 
· It is up to 0.5 dB delta-SINR difference between 2RX@ -6dB and 1RX@ -6dB with 5 sample numbers;
· The delta-SINR accuracy for 1RX@ -6dB can already satisfy the L1-SINR accuracy.
Therefore the BFD evaluation sample number for both SSB can be kept unchanged.
Proposal 1: Legacy SSB based BFD evaluation period can be reused for 1 RX Redcap, in other words, no need to extend the evaluation period for BFD compared to legacy evaluation period.
CBD including L1-RSRP measurement
It is agreed in last meeting [3],
	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.



Based on the SSB based and CSI-RS based L1-RSRP simulation results shown in [4], the following observations were identified:
· when side condition is -3dB and L1 physical sample is 1 (without measurement restriction), 
· the absolute measurement accuracy with 1RX is about 3dB worse than that of 2 Rx for both FR1 and FR2;
· the relative measurement accuracy with 1RX is about 3dB worse than that of 2 Rx for both FR1 and FR2;
· when side condition is -3dB and L1 physical sample is 3, the measurement accuracy with 1RX is 1dB worse than that of 2 Rx for both FR1 and FR2;
· the absolute measurement accuracy with 1RX is about 3dB worse than that of 2 Rx for both FR1 and FR2;
· the relative measurement accuracy with 1RX is about 3dB worse than that of 2 Rx for both FR1 and FR2;
Observation 1: For SSB and CSI-RS based L1-RSRP,
· when side condition is -3dB and L1 physical sample is 1 (without measurement restriction), 
· the absolute measurement accuracy with 1RX is about 3dB worse than that of 2 Rx for both FR1 and FR2;
· the relative measurement accuracy with 1RX is about 3dB worse than that of 2 Rx for both FR1 and FR2.
· when side condition is -3dB and L1 physical sample is 3, the measurement accuracy with 1RX is 1dB worse than that of 2 Rx for both FR1 and FR2;
· the absolute measurement accuracy with 1RX is about 3dB worse than that of 2 Rx for both FR1 and FR2;
· the relative measurement accuracy with 1RX is about 3dB worse than that of 2 Rx for both FR1 and FR2.

As the legacy accuracy requirement for L1-RSRP are based on one sample, the measurement accuracy of L1-RSRP for RedCap UE with 1RX can follow the same principle.
Proposal 2: For RedCap UE with 1RX, the measurement accuracy shall be based on one sample.
· The absolute accuracy for both SSB based L1-RSRP can be relaxed by 3dB;
· The relative accuracy for both SSB based L1-RSRP can be relaxed by 3dB.

Conclusions
This contribution provides analysis on the signaling characteristics due to complexity reduction for RedCap UE. The following proposals are provided:
Proposal 1: Legacy SSB based BFD evaluation period can be reused for 1 RX Redcap, in other words, no need to extend the evaluation period for BFD compared to legacy evaluation period.
Proposal 2: For RedCap UE with 1RX, the measurement accuracy shall be based on one sample.
· The absolute accuracy for both SSB based L1-RSRP can be relaxed by 3dB;
· The relative accuracy for both SSB based L1-RSRP can be relaxed by 3dB.
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