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Introduction
The RedCap WID [1] defines among its objectives the specification of support for UEs with reduced maximum UE bandwidth and reduced minimum number of Rx branches, which impacts on the UE performance. Since these assumptions are different from the ones used on the definition of the RRM requirements for NR UEs, RAN4 is currently working on defining requirements for RedCap UEs with 1Rx.
In RAN4 #100e, the simulation assumptions for cell detection were agreed in [2]. RAN4 is discussing the determination of the time to identify target NR cell for a RedCap UE with 1Rx. This time is required for intra/inter-frequency measurements, handover, RRC re-establishment and RRC connection release with redirection.  
In RAN4 #101e, companies brought simulation results based on the agreed assumptions, and the following was listed in the way forward [3]: 

	Agreements:
Whether to extend number of attempts (samples) for PSS/SSS detection for FR1
The number of attempts (samples) for PSS/SSS detection for FR1 is extended. 

Open issues:
Sub-topic 5-2 PSS/SSS detection with 1 Rx
If number of attempts are increased, how much to increase for FR1
· Option 1 (vivo): Increase by 1 or 2 samples
· Option 1b (Apple): 2 samples
· Option 2 (HW, MTK, E///, vivo, CMCC): increase by 1 sample
· Option 3 (QC): increase by 5 - 6  samples 
 
Whether to extend number of attempts (samples) for PSS/SSS detection for FR2
· Option 1 (vivo, Apple, E///, HW): Yes
· Option 2 (E///): No
Companies are encouraged to provide simulations results and analysis for next meeting. 
 
If number of attempts are increased, how much to increase for FR2
· Option 1 (vivo, HW): Increase by 1 or 2 samples
· Option 1b (Apple, vivo, HW, E///): 1 sample



This document presents cell detection simulation results with the agreed assumptions and discusses the cell identification requirements in RedCap.
Discussion
The NR cell detection requirements were defined based on the assumption that 2 samples are needed at the UE. Time period for intra-frequency PSS/SSS detection for UEs with 2 RX in TS 38.133 is defined as, with a margin of 3 samples:
Table 9.2.5.1-1: Time period for PSS/SSS detection, (Frequency range FR1)
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max( 600ms, ceil( 5 x Kp) x SMTC period )Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max( 600ms, ceil(M2 Note 2x 5 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil(5 x Kp) x DRX cycle x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
NOTE 2:	When highSpeedMeasFlag-r16 is not configured, M2 = 1.5; When highSpeedMeasFlag-r16 is configured, M2 = 1.5 if SMTC periodicity > 40 ms; otherwise M2=1.
NOTE 3:	When highSpeedMeasFlag-r16 is configured, the requirements apply only to UE supporting either measurementEnhancement-r16 or [intraRAT-MeasurementEnhancement-r16] on measurements of the primary component carrier and do not apply to measurements of a secondary component carrier with active SCell.



Table 9.2.5.1-2: Time period for PSS/SSS detection, (Frequency range FR2)
	DRX cycle
	[bookmark: _Hlk91488050]TPSS/SSS_sync_intra

	No DRX
	max(600ms, ceil(Mpss/sss_sync_w/o_gaps  x Kp x Klayer1_measurement)  x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(600ms, ceil(1.5 x Mpss/sss_sync_w/o_gaps  x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil(Mpss/sss_sync_w/o_gaps  x Kp x Klayer1_measurement)  x DRX cycle x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified



According to the simulation assumptions, the NR-PSS/SSS acquisition is claimed to be successful when both the PSS and SSS are correctly detected, and the timing offset is within half CP length. The performance criterion for comparison is 90th percentile acquisition time for correct cell detection of both PSS and SSS sequence IDs.
In the results presented in this contribution, it was assumed that the false alarm rate used to achieve the detection probability was equal to 1%. Table 1 shows the results for the cell detection in different scenarios specified in [2]. The interferer cell ID (Cell 1), as specified in the simulation assumptions is 337, while the desired cell ID (Cell 2) is 673 or 674.
Table 1 – NR PSS-SSS acquisition time, in number of samples, required for a RedCap UE with 1Rx successfully detecting PSS and SSS in different scenarios in FR1 and FR2
	
	Cell Id: 674
	Cell Id: 673

	
	Sync
	Async
	Sync
	Async

	FR1,15kHz,AWGN
	1
	1
	1
	1

	FR1,30kHz,AWGN
	1
	1
	1
	1

	FR1,15kHz,TDLA 30 ns
	1
	1
	1
	2

	FR1,30kHz,TDLA 30 ns
	1
	2
	1
	1

	FR1,15kHz,TDLB 100 ns
	1
	1
	1
	1

	FR1,30kHz,TDLB 100 ns
	1
	2
	1
	1

	FR1,15kHz,TDLC 300 ns
	1
	1
	1
	1

	FR1,30kHz,TDLC 300 ns
	1
	2
	1
	1

	FR2,120kHz,AWGN 
	1
	1
	1
	1

	FR2,240kHz,AWGN 
	1
	1
	1
	1

	FR2,120kHz,TDLA 30 ns
	1
	2
	1
	1

	FR2,240kHz,TDLA 30 ns
	1
	1
	1
	1



The results show that the worst cell detection performance cases, require at most 2 samples for successfully detecting PSS / SSS. This is the same as what was assumed with 2 RXs during the development of RRM requirements for NR Rel-15.
According to our simulation results, the successful acquisition of NR PSS/SSS for a RedCap UE with 1 Rx requires at most: 2 samples in FR1 and FR2, which is the same as in Rel-15.
However, it was already agreed that the time period for PSS/SSS detection is extended. Therefore, we propose that this extension is limited to 1 sample. 
Time period for PSS/SSS detection, TPSS/SSS_sync_intra and TPSS/SSS_sync_inter, for RedCap UEs with 1 RX is extended by 1 sample in FR1.
Time period for PSS/SSS detection, TPSS/SSS_sync_intra and TPSS/SSS_sync_inter, for RedCap UEs with 1 RX in FR2 is reused from Rel-15 requirements.
Conclusion
1. According to our simulation results, the successful acquisition of NR PSS/SSS for a RedCap UE with 1 Rx requires at most: 2 samples in FR1 and FR2, which is the same as in Rel-15.
1. Time period for PSS/SSS detection, TPSS/SSS_sync_intra and TPSS/SSS_sync_inter, for RedCap UEs with 1 RX is extended by 1 sample in FR1.
Time period for PSS/SSS detection, TPSS/SSS_sync_intra and TPSS/SSS_sync_inter, for RedCap UEs with 1 RX in FR2 is reused from Rel-15 requirements.
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