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Introduction
In RAN#90e meeting, a Rel-17 work item for support of reduced capability NR devices was approved and the WID was further updated in RAN#92e [1]. One of the key objectives of the work-item is to provide support for UE complexity reduction features. In the previous RAN4 meetings, it was agreed that reduced minimum number of Rx branches is one such UE complexity reduction feature which is likely to impact RRM requirements such as RLM/BFD evaluation periods, cell search and measurement delays and accuracies etc. · 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.


Simulation assumptions to evaluate cell detection and PBCH detection performance for RedCap UEs with 1 Rx were agreed in RAN4#100e [2, 3]. We provided the simulation results for cell detection and SSB index identification in [4] and presented our views on the impact of 1Rx on cell detection and PBCH detection periods. In this contribution, we further provide our views on these topics.
PSS/SSS detection for 1 Rx
During RAN4#101e, companies presented the simulation results for PSS/SSS detection period for 1Rx and it was decided to extend the number of attempts (SSB samples) for FR1[5]. However, the number of samples to be increased is yet to be decided. Current PSS/SSS requirements for 2Rx are based on 5 SSB samples under the assumption that 3 samples are needed for AGC and 2 samples for PSS/SSS detection.
Observation 1: PSS/SSS requirements for 2Rx are based on 5 SSB samples under the assumption that 3 samples are needed for AGC and 2 samples for PSS/SSS detection.
Most companies submitted simulation results indicating 2-3 additional samples are needed for 1 Rx UEs. Our simulation results [4] also show that 2 additional samples are needed in the synchronous mode, while 3 additional samples are needed in the asynchronous mode.
 Observation 2: During RAN4#101e, companies indicated that 2 additional samples are needed for 1 Rx UEs 
Observation 3: Our simulation results show that the number of attempts needed for 90% PSS/SSS detection rate are
· Synchronous mode – 2 
· Asynchronous mode – 3 

We would like to add that it’s important for RedCap UE to save power during cell detection process, hence the UE may employ certain duty cycle. Considering a duty cycle of 50%, we prefer to extend the cell detection period for a total of 10 samples (2-3 for AGC and 8 samples for detection). Consequently, the lower bound should also be increased from 600ms, preferably to 1200ms.
Observation 4: Considering the low complexity of RedCap UEs, certain duty cycle (e.g., 50%) may be employed during the cell detection process.
Proposal 1a: At least for FR1, considering a duty cycle of 50%, prefer to extend the PSS/SSS detection period to a total of 10 samples (2-3 for AGC and 8 samples for detection)
Proposal 1b: At least for FR1, extend the lower bound for PSS/SSS detection period by a factor of X
· FFS: X=2, i.e., increase the lower bound from 600ms to 1200ms.

Table 9.2.5.1-1: Time period for PSS/SSS detection for 1Rx RedCap UEs, (Frequency range FR1)
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max(1200ms, ceil(10 x Kp) x SMTC period )Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(1200ms, ceil(M2 Note 2x 10 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil(10 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 measurements of the primary component carrier and do not apply to measurements of a secondary component carrier with active SCell.



Time index detection for 1 Rx
In this section, we present the simulation results for PBCH acquisition time as per the simulation assumptions agreed in [3]. 
Simulation settings
· SCS – 15kHz, Carrier Frequency – 4 GHz

Table 1: Number of attempts needed for 99% PBCH DMRS detection for 1 Rx
	SINR
	SSB samples needed AWGN
	SSB samples needed TDL A 30ns
	SSB samples needed TDL B 100ns
	SSB samples needed TDL C 300ns

	
	FO 0Hz
	FO 1200Hz
	FO 0Hz
	FO 1200Hz
	FO 0Hz
	FO 1200Hz
	FO 0Hz
	FO 1200Hz

	-8dB
	 3
	 3
	 6
	 7
	6 
	 7
	6 
	 7

	-6dB
	 1
	 2
	5
	5
	 4
	 5
	 4
	 5

	-4dB
	 1
	 1
	4
	4
	 3
	 4
	 3
	 4

	-2dB
	 1
	 1
	3
	4
	 3
	 3
	 2
	 3





Table 2: Number of attempts needed for 99% PBCH decoding rate for 1 Rx
	SINR
	SSB samples needed AWGN
	SSB samples needed TDL A 30ns
	SSB samples needed TDL B 100ns
	SSB samples needed TDL C 300ns

	
	FO 0Hz
	FO 1200Hz
	FO 0Hz
	FO 1200Hz
	FO 0Hz
	FO 1200Hz
	FO 0Hz
	FO 1200Hz

	-8dB
	 5
	>=10 
	 8
	 >=10
	 8
	 >=10
	>=10 
	 >=10

	-6dB
	 1
	 3
	7
	7
	 6
	 7
	5 
	7 

	-4dB
	 1
	 1
	4 
	6 
	 3
	5 
	3 
	4 

	-2dB
	 1
	 1
	3
	4
	 3
	3 
	2
	3 



Since RAN4 for SSB time index detection are specified with SINR side condition of -6db, we need around 5 attempts to achieve 99% PBCH DMRS detection and around 7 attempts to achieve 99% PBCH decoding.
Observation 5: For FR1, at -6db SNR, 1 Rx UE needs around 5 attempts to achieve 99% PBCH DMRS detection.
Observation 6: For FR1, at -6db SNR, 1 Rx UE needs around 7 attempts to achieve 99% PBCH decoding rate. 
Proposal 2: For FR1, specify SSB time index identification requirements based on 99% PBCH decoding rate, i.e., use 7 attempts to specify period for time index identification for 1 Rx UE
Conclusion
Observation 1: PSS/SSS requirements for 2Rx are based on 5 SSB samples under the assumption that 3 samples are needed for AGC and 2 samples for PSS/SSS detection.
Observation 2: During RAN4#101e, companies indicated that 2 additional samples are needed for 1 Rx UEs 
Observation 3: Our simulation results show that the number of attempts needed for 90% PSS/SSS detection rate are
· Synchronous mode – 2 
· Asynchronous mode – 3 

Observation 4: Considering the low complexity of RedCap UEs, certain duty cycle (e.g., 50%) may be employed during the cell detection process.
Proposal 1a: At least for FR1, considering a duty cycle of 50%, prefer to extend the PSS/SSS detection period to a total of 10 samples (2-3 for AGC and 8 samples for detection)
Proposal 1b: At least for FR1, extend the lower bound for PSS/SSS detection period by a factor of X
· FFS: X=2, i.e., increase the lower bound from 600ms to 1200ms.

Table 9.2.5.1-1: Time period for PSS/SSS detection for 1Rx RedCap UEs, (Frequency range FR1)
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max(1200ms, ceil(10 x Kp) x SMTC period )Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(1200ms, ceil(M2 Note 2x 10 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil(10 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 measurements of the primary component carrier and do not apply to measurements of a secondary component carrier with active SCell.



Observation 5: For FR1, at -6db SNR, 1 Rx UE needs around 5 attempts to achieve 99% PBCH DMRS detection.
Observation 6: For FR1, at -6db SNR, 1 Rx UE needs around 7 attempts to achieve 99% PBCH decoding rate. 
Proposal 2: For FR1, specify SSB time index identification requirements based on 99% PBCH decoding rate, i.e., use 7 attempts to specify period for time index identification for 1 Rx UE
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