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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.
In RAN4 #100e, the simulation assumptions for SSB-based RRM measurements were agreed in [2] and the simulation assumptions for L1-RSRP measurements were agreed in [3]. In RAN4 #101e and #101-bis-e, companies brought simulation results based on the simulation assumptions. 
In this contribution, we discuss the issues related to measurement procedures for RedCap UEs.
Discussion
Cell detection
In the last meeting, the following was agreed regarding PSS/SSS detection:
	Whether to extend number of attempts (samples) for PSS/SSS detection for FR1
Number of attempts for PSS/SSS detection for FR1 is extended for RedCap UE with 1 Rx.
 
 Whether to extend number of attempts (samples) for PSS/SSS detection for FR2
Number of attempts for PSS/SSS detection for FR2 is extended for RedCap UE with 1 Rx.
If number of attempts are increased, how much to increase for FR2
Extend the PSS/SSS detection delay by 1*8 SMTC without changing the lower boundary ‘600ms’ (8 is the beam sweeping factor) for a UE supporting power class 3, Mpss/sss_sync_w/o_gaps_RedCap = 32.
· NOTE: FR2 power classes may need to be reconsidered depending on the conclusion of RF session




And the following still remains as open issues:
	1. PSS/SSS detection with 1 Rx
If number of attempts are increased, how much to increase for FR1
· Option 1 (Apple, HW): 2 samples 
· Option 2 (vivo, MTK, Nokia, HW, E///): 1 sample
· Option 3 (QC): Double the number of attempts
Whether to extend the lower bound in PSS/SSS detection delay
· Option 1 (Apple, HW, E///, vivo, Nokia, MTK): No in FR1 and FR2
· Option 2 (QC, OPPO): Yes for FR1
· Extend lower bound by factor X, e.g. X=2
· Option 2 (MTK): Extend the lower bound if detection delay is extended




Our simulation results are given in Table 1:
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.
According to the Rel-15 requirements, the lower bound of the PSS/SSS detection delay is 600 ms, which, for most SMTC periodicities is already enough to account for the extension of the number of required samples, according to our proposal in FR1. Therefore, we do not see reason to extend the lower bound.
Do not extend the lower bound for PSS/SSS detection delay in FR1 and FR2 



Time index detection with 1 RX
In the last RAN4 meeting, the following was agreed regarding 
	Time index detection with 1 Rx
Whether to extend time index delay in FR2 (MIB decoding)
· Time index delay in FR2 (MIB decoding) is extended.
Updates to time index detection performance metric
· No consensus to change or update the already agreed simulation assumptions for time index detection performance metric. RAN4 to use the agreed simulation assumption as the baseline.
Whether to extend time index delay in FR1 (PBCH-DMRS detection)
· RAN4 to extend time index delay in FR1 (PBCH-DMRS detection)
Whether to extend the lower boundary of time index detection delay 
· RAN4 to extend the lower boundary of time index detection delay, how much to extend is TBD.  



The following is still listed as open issues:
	1. Time index detection with 1 Rx
If extended, how much to extend time index delay in FR1
In section 6.1.2, it is agreed that RAN4 to extend time index delay in FR1 (PBCH-DMRS detection).
· Option 1 (Apple, E///, MTK): by 1 SMTC
· Option 2 (HW): Doubled, i.e. 6 samples needed in total
· Option 3 (QC, HW): 7 attempts
 
If extended, how much to extend time index delay in FR2
In section 6.1.2, it is agreed that time index delay in FR2 (MIB decoding) is extended.
· Option 1 (vivo): 8 samples needed in total.
· Option 2 (HW,MTK): 11 samples needed in total
· Option 3 (E///):  4 samples needed in total 




The simulation parameters are shown in Appendix A. In this section, the results are presented in terms of the number of acquisition attempts required to successfully reading the DMRS time index to achieve a target detection rate of 99% given a false alarm rate of 1%.
FR1 results
Table 2 – PBCH-DMRS time index reading for 1 Rx and 2 Rx for AWGN 
	
	15kHz
	30kHz

	SNR (dB)
	1Rx
	2Rx
	1Rx
	2Rx

	-8
	1
	1
	1
	1

	-7
	1
	1
	1
	1

	-6
	1
	1
	1
	1

	-5
	1
	1
	1
	1

	-4
	1
	1
	1
	1

	-3
	1
	1
	1
	1



Table 3 – PBCH-DMRS time index reading for 1 Rx and 2 Rx for TDL-A-30 
	
	15kHz
	30kHz

	SNR (dB)
	1Rx
	2Rx
	1Rx
	2Rx

	-8
	4
	3
	5
	3

	-7
	4
	2
	4
	2

	-6
	4
	2
	3
	2

	-5
	3
	2
	3
	2

	-4
	3
	2
	3
	2

	-3
	2
	1
	2
	1



Table 4 – PBCH-DMRS time index reading for 1 Rx and 2 Rx for TDL-C-300 
	
	15kHz
	30kHz

	SNR (dB)
	1Rx
	2Rx
	1Rx
	2Rx

	-8
	6
	3
	7
	3

	-7
	5
	2
	6
	3

	-6
	4
	2
	4
	2

	-5
	3
	2
	4
	2

	-4
	3
	1
	3
	2

	-3
	2
	1
	2
	1



When comparing the number of acquisition attempts required for RedCap UEs with 1 Rx to legacy UEs with 2 Rx, we observe the following: 
The simulations show that 4 samples are required for time index detection delay in RedCap with 1 Rx for FR1 at -6dB.
The simulations show that the time index detection delay should be extended by 2 samples in RedCap with 1 Rx for FR1 at -6dB compared to legacy UE with 2 Rx.
The simulations show that 7 samples are required for time index detection delay in RedCap with 1 Rx for FR1 at -8dB.
The simulations show that the time index detection delay should be extended by 4 samples in RedCap with 1 Rx for FR1 at -8dB compared to legacy UE with 2 Rx.
In the last RAN4 meeting, the moderator suggested to check the simulation condition (specially SNR and channel model) aiming to analyse the large span in the results within different companies. In this contribution, we propose to focus the analysis on the worst-case scenario within the channel profiles evaluated for a side condition of SNR=-6dB. 
Define the time index detection delay in FR1 for RedCap UEs based on the side condition of -6dB 
Define the time index detection delay in FR1 for RedCap UEs for the worst-case scenario (within the proposed channel profiles)
Extend the time index detection delay in FR1 by 2 samples at for RedCap UE with 1 RX


SSB based L3 measurements
In the last RAN4 meeting, the following issues were discussed without a conclusion:
	Method for defining 1 Rx requirements for SSB based measurement, FR1 and FR2
· Option 1 (vivo, ZTE, Nokia, HW, E///, MTK): Keep measurement period same as Rel-15
· Relax the accuracy based on 3 samples
· Option 2 (Apple, Oppo, QC): Only lower bound is extended while keeping the same number of samples.

How much to relax? FR1 and FR2
· Option 2 (Nokia, E///, Apple, HW): 1 dB
· Option 3 (MTK): 1.5 dB – 2 dB

If measurement period is extended, how much to extend? FR1 and FR2
· Option 1 (Apple): Lower bound extended to 400 ms and 800 ms for FR1 and FR2 resp as follows:
· Delay is max(400ms, ceil( 5 x Kp) x SMTC period) x CSSFintra for FR1
· Delay is max(800ms, ceil(Mmeas_period_w/o_gaps x Kp x Klayer1_measurement) x SMTC period) x CSSFintra for FR2
Whether legacy RF margin can be considered for RedCap for FR1
· Option 2 (vivo, CMCC, E///, Nokia): Use same RF margin as in Rel-15 NR for RSRP accuracy requirements.




Method for defining 1 Rx requirements for SSB based measurement, FR1 and FR2
In the last RAN4 meeting, both of the remaining options listed in this open issue proposed to keep the same number of samples for SSB based measurements as Rel-15. It is up for discussion whether the lower bound of the delay is to be extended and whether to relax the accuracy based on 3 samples. In this section, the results of the SS-RSRP estimation and accuracy degradation are shown, and some of the results are taken from our previous contribution in [7].
For the requirements of SSB based measurements for RedCap UEs with 1 RX, keep the same measurement period as in Rel-15. 
Since our proposal is to keep the same number of samples as in Rel-15, we see no reason to extend the lower bound of this measurement.
 For the requirements of SSB based measurements for RedCap UEs with 1 RX, do not extend the lower bound.
The results presented in our contribution for RAN4 101-bis [7] show the RSRP degradation between RedCap UEs with 2 Rx branches and RedCap UEs with 1 Rx branch. The degradation is defined as follows:
· DeltaRSRP = measurement RSRP – ideal RSRP
· Accuracy = max( abs( DeltaRSRP(95th percentile),1Rx, NSamples), abs(DeltaRSRP(5th percentile, NSamples) ,1Rx, NSamples)
· DeltaRSRP = estimated RSRP – ideal RSRP 
· Degradation(5th percentile) := (DeltaRSRP(5th percentile), 1Rx, N samples) - (DeltaRSRP(5th percentile), 2Rx, 5 samples) 
· Degradation(95th percentile) := (DeltaRSRP(95th percentile), 1Rx, N samples) - (DeltaRSRP(95th percentile), 2Rx, 5 samples) 
· Degradation = max(abs(degradation(95th percentile) ), abs(degradation(5th percentile)) 
 
Table 5 - Comparison of the RSRP degradation for 1 RX UEs and 2 RX UEs, from [7]
	 
	 
	Degradation [dB] 

	15 kHz 
	AWGN 
	0.41 

	
	TDLA-30ns 
	0.74 

	
	TDLB-100ns 
	0.53 

	
	TDLC-300ns 
	0.59 

	30 kHz 
	AWGN 
	0.41 

	
	TDLA-30ns 
	0.73 

	
	TDLB-100ns 
	0.53 

	
	TDLC-300ns 
	0.50 

	120 kHz 
	AWGN 
	0.42 

	
	TDLA-30ns 
	0.70 

	240 kHz 
	AWGN 
	0.41 

	
	TDLA-30ns 
	0.61 



According to our simulation results, the accuracy degradation due to reducing the number of RX branches is up to 0.74 dB in FR1 and 0.70 dB in FR2.
For SSB-based RRM measurements, relax the accuracy level by 1 dB in both FR1 and FR2 for RedCap UEs with 1 RX.

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. The simulations show that 4 samples are required for time index detection delay in RedCap with 1 Rx for FR1 at -6dB.
1. The simulations show that the time index detection delay should be extended by 2 samples in RedCap with 1 Rx for FR1 at -6dB compared to legacy UE with 2 Rx.
1. The simulations show that 7 samples are required for time index detection delay in RedCap with 1 Rx for FR1 at -8dB.
1. The simulations show that the time index detection delay should be extended by 4 samples in RedCap with 1 Rx for FR1 at -8dB compared to legacy UE with 2 Rx.
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.
1. Do not extend the lower bound for PSS/SSS detection delay in FR1 and FR2 
1. Define the time index detection delay in FR1 for RedCap UEs based on the side condition of -6dB 
1. Define the time index detection delay in FR1 for RedCap UEs for the worst-case scenario (within the proposed channel profiles)
1. Extend the time index detection delay in FR1 by 2 samples at for RedCap UE with 1 RX
1. For the requirements of SSB based measurements for RedCap UEs with 1 RX, keep the same measurement period as in Rel-15. 
1. For the requirements of SSB based measurements for RedCap UEs with 1 RX, do not extend the lower bound.
1. According to our simulation results, the accuracy degradation due to reducing the number of RX branches is up to 0.74 dB in FR1 and 0.70 dB in FR2.
1. For SSB-based RRM measurements, relax the accuracy level by 1 dB in both FR1 and FR2 for RedCap UEs with 1 RX.
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Appendix A
Table A1: General parameters for the L3 measurements simulations
	Simulation parameters
	Comments/values

	Carrier frequency for Cell 1 and Cell 2
	4 GHz
	30 GHz

	System bandwidth
	5 MHz; 10 MHz
	50 MHz; 100 MHz

	Prior knowledge of Cell 1 / Cell 2 by the UE
	No / Yes
	No / Yes

	DRX
	No
	No

	BS transmit antennas for SS blocks
	1 tx or single layer transmissions
	1 tx or single layer transmissions

	UE receive antennas
	1RX
	1RX

	Data and control channel subcarrier spacing
	The same as SS block subcarrier spacing
	The same as SS block subcarrier spacing

	Measurement period (in number of measurement samples)
	5, 6, 7, 8
	5, 6, 7, 8

	SS burst set configuration in Cell 1 and Cell 2:

	· Subcarrier spacing
	15 kHz; 30 kHz
	120 kHz; 240 kHz

	· Number of SS blocks per SS burst set
	1 
	1 

	· SS burst periodicity
	5 ms
	5 ms

	· Number of transmit antenna ports
	1 (the same port for NR-SSS, NR-PSS, NR-PBCH)
	1 (the same port for NR-SSS, NR-PSS, NR-PBCH)

	· SS block BW
	20 PRBs
	20 PRBs

	· Actual SS block transmissions
	always transmitted
	always transmitted

	



Table A2: Cell-specific parameters for the L3 measurements simulations
	Parameter
	Unit
	Cell 1
	Cell 2

	E-UTRA RF Channel number
	-
	Channel 1
	Channel 1

	NR-PSS and NR-SSS sequences
	-
	To be indicated by companies
	To be indicated by companies

	PBCH and DMRS power offset with respect to NR-PSS and NR-SSS
	dB
	0
	0

	Data and control PSD relative to NR-PSS and NR-SSS
	dB
	0
	0

	RB Utilization
	%
	100
	100

	Data Modulation
	-
	QPSK
	QPSK

	Slot length
	-
	14 symbols
	14 symbols

	CP Length
	-
	Normal
	Normal

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0

	1)Relative Delay of 1st Path (synchronous)
	µs
	0
	CP/2

	2) Relative Delay of 1st Path (asynchronous): Fixed delay
	Ms
	0
	3 ms

	SNR 
	dB
	6 dB
	1 dB

	Es/IoT (calculated from SNR)
	dB
	N/A
	-5.97 dB

	Propagation conditions
	-
	FR1:
AWGN
TDL-A 30ns
TDL-B 100ns
TDL-C 300ns

FR2:
AWGN
TDL-A 30ns

	UE speed
	
	FR1: 30 km/h
FR2: 3 km/h

	NOTE: the companies are encouraged to state channel model parameters together with the results, the parameters are to be further discussed and aligned




PBCH-DMRS time index detection
Table A5: Parameters for PBCH-DMRS time index detection
	Parameters
	Value

	
	FR1

	Carrier frequency
	4GHz

	Subcarrier Spacing for SSB
	15kHz, 30kHz

	SSB Periodicity
	20ms

	Transmit antennas
	1

	Receive antennas
	1

	Propagation conditions
	AWGN
TDL-A 30ns
TDL-C 300ns

	UE speed
	30 km/h

	CP type
	Normal CP

	PBCH-DMRS power offset
	0 dB

	PBCH SNR
	[-8 -7 -6 -5 -4 -3] dB

	Detection method
	One shot detection (without combining) 

	Performance metrics
	Detection rate = 99%
False alarm rate = 1%



