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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 1 Rx UEs. 
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 samples are needed in the synchronous mode, while 3 samples are needed in the asynchronous mode.
 Observation 2: 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 for measurements. Considering a duty cycle of 50%, we prefer to extend the cell detection period for a total of 10 samples. Consequently, the lower bound should also be increased from 600ms, preferably to 1200ms. Since many companies are not much comfortable with increasing the cell detection delay by a large number, we can compromise to a total of 8 samples.
Observation 3: Considering the low complexity of RedCap UEs, certain duty cycle (e.g., 50%) may be employed during the cell detection process.
Proposal 1a: For FR1, considering a duty cycle of 50%, prefer to extend the PSS/SSS detection period to a total of 8 samples (2 for AGC and 6 samples for detection) implying an extension of 3 samples from 2Rx requirements
Proposal 1b: For FR1, extend the lower bound for PSS/SSS detection period from 600ms to 960ms.
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



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.
Proposal 2: For FR1, specify SSB time index identification requirements based on 6 SMTC periods for 1 Rx UEs
SSB based measurements for 1Rx
During last RAN4 meetings, it was agreed to keep SSB based measurement period for 1Rx UEs the same as that for 2Rx UEs and relax the measurement accuracies. We presented our simulation results for SS-RSRP during the last meeting based on the simulation assumptions in [6], and the same are reproduced below for reference (CDF plots can be found in the appendix).
Absolute SS-RSRP (30KHz SCS)
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Relative SS-RSRP (30KHz SCS)
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Absolute SS-RSRP (15KHz SCS)
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Relative SS-RSRP (15KHz SCS)
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Based on the above results, a relaxation of about +-1.5db is needed for both absolute and relative RSRP accuracies to handle the worst-case scenario. But RAN4 measurement performance requirements (accuracies and test cases) are defined for AWGN channel. So we think measurement relaxations for 1Rx UEs should also be defined with AWGN channel.
Observation 4: A relaxation of about +-1.5db is needed for both absolute and relative RSRP accuracies to handle the worst-case scenario (fading channel).
Observation 5: RAN4 defines the RRM measurement performance requirements (accuracy and test cases) with AWGN channel
Observation 6: A relaxation of about +-0.5db is needed for both absolute and relative RSRP accuracies to handle AWGN channels.
[bookmark: _Hlk101762320]Proposal 3: For FR1, define the relaxations to measurement performance requirements (accuracy and test cases) for SSB based L3 measurements based on AWGN channel.
· Specify a relaxation of +-0.5db for both absolute and relative RSRP accuracies.

Use of NCD-SSB for CONNECTED mode measurements
RAN4 has been discussing the properties and usage of NCD-SSB in the RRC configured active BWP for past few meetings. Various issues on usage of NCD-SSB for RRC_CONNECTED mode measurements were discussed in the last meeting and agreements/open items were captured in [7].
One of the most important issues discussed during the last meeting was related to how to define the intra-frequency and inter-frequency measurements, i.e., whether to use the serving cell CD-SSB or NCD-SSB as a reference SSB to define the intra/inter frequency measurements. The following options were identified during the last meeting:
1. Option 1: NW indicates the reference SSB (CD-SSB or NCD-SSB)
a. Option 1a: The SSB indicated in serving cell MO is used as reference SSB (CD-SSB or NCD-SSB)
2. Option 2: SSB in the active BWP is used (CD-SSB or NCD-SSB)
3. Option 3: CD-SSB of the serving cell

We think defining the reference SSB to be the SSB within the active BWP is beneficial for the UE, as the intra-frequency measurements can then be done without gaps. Defining an SSB outside the active BWP as the reference SSB would mean that the neighbour cell’s SSB that falls within the UE active BWP would be considered as inter-frequency, which doesn’t make any sense. So we support Option 2. However, we are also open to explore Option 1a, if the serving cell MO can be associated with the active BWP, but that’s up-to RAN2 to decide. 
Proposal 4: The SSB in the RRC configured active BWP is used as reference SSB (CD-SSB or NCD-SSB) to define intra/inter frequency measurements.
With that, a measurement can be defined as an SSB-based intra-frequency measurement when the centre frequency of the SSB of the serving cell, configured for measurements, that lies within the RRC configured active BWP and the centre frequency of the target SSB of the neighbour cell indicated for measurement are the same and the subcarrier spacing of the two SSBs are also the same.
Proposal 5: A measurement can be defined as an SSB-based intra-frequency measurement when the centre frequency of the SSB of the serving cell, configured for measurements, that lies within the RRC configured active BWP and the centre frequency of the target SSB of the neighbour cell indicated for measurement are the same and the subcarrier spacing of the two SSBs are also the same

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: Our simulation results show that the number of attempts needed for 90% PSS/SSS detection rate are
· Synchronous mode – 2 
· Asynchronous mode – 3 

Observation 3: Considering the low complexity of RedCap UEs, certain duty cycle (e.g., 50%) may be employed during the cell detection process.
Proposal 1a: For FR1, considering a duty cycle of 50%, prefer to extend the PSS/SSS detection period to a total of 8 samples (2 for AGC and 6 samples for detection) implying an extension of 3 samples from 2Rx requirements
Proposal 1b: For FR1, extend the lower bound for PSS/SSS detection period from 600ms to 960ms.
Proposal 2: For FR1, specify SSB time index identification requirements based on 6 SMTC periods for 1 Rx UEs
Observation 4: A relaxation of about +-1.5db is needed for both absolute and relative RSRP accuracies to handle the worst-case scenario (fading channel).
Observation 5: RAN4 defines the RRM measurement performance requirements (accuracy and test cases) with AWGN channel
Observation 6: A relaxation of about +-0.5db is needed for both absolute and relative RSRP accuracies to handle AWGN channels.
Proposal 3: For FR1, define the relaxations to measurement performance requirements (accuracy and test cases) for SSB based L3 measurements based on AWGN channel.
· Specify a relaxation of +-0.5db for both absolute and relative RSRP accuracies.

Proposal 4: The SSB in the RRC configured active BWP is used as reference SSB (CD-SSB or NCD-SSB) to define intra/inter frequency measurements.
Proposal 5: A measurement can be defined as an SSB-based intra-frequency measurement when the centre frequency of the SSB of the serving cell, configured for measurements, that lies within the RRC configured active BWP and the centre frequency of the target SSB of the neighbour cell indicated for measurement are the same and the subcarrier spacing of the two SSBs are also the same
Appendix
CDF plots for SS-RSRP measurement accuracy
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