Page 1
[bookmark: _Hlk495298459]3GPP TSG-RAN WG1 #110bis-e	R1-2209988
e-Meeting, October 10th – 19th, 2022	

Agenda item:	9.4.3
Source: 	Qualcomm Incorporated
Title: 	Enhanced sidelink operation on FR2 licensed spectrum
Document for:	Discussion/Decision
Introduction
In RAN #97-e, the scope of sidelink enhancement for FR2 has been confirmed as follows [1]:
3. [bookmark: _Hlk89917254]Study and specify enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2, RAN4] (Determine in RAN#98-e whether to continue the study or study + specification work for FR2 until the end of R18)
· [bookmark: _Hlk89917271]Focus only on updating the evaluation methodology for commercial deployment scenario in 4Q 2022. [RAN1]
· [bookmark: _Hlk89917283]Work is limited to the support of sidelink beam management (including initial beam-pairing, beam maintenance, and beam failure recovery, etc) by reusing existing sidelink CSI framework and reusing Uu beam management concepts wherever possible.
· [bookmark: _Hlk89917309]Beam management in FR2 licensed spectrum considers sidelink unicast communication only.
During Rel-16 sidelink discussion, the evaluation methodology, both for FR1 and FR2, has already been agreed. However, the evaluation and design in Rel-16 was mainly focused on V2X use cases. In Rel-17, the evaluation methodology for public safety and commercial use cases were further discussed. In both Rel-16 and Rel-17, the evaluation for FR2 sidelink was somewhat overlooked and the evaluation methodology remained incomplete. In this contribution, based on our former experience in FR1 sidelink evaluation, we discuss potential updates for the evaluation methodology for FR2 sidelink.
Discussion 
[bookmark: _Ref115208690][bookmark: _Ref92297796]FR2 SL commercial use cases
Among the three main categories of SL use cases, i.e., commercial, critical communication (public safety), and V2X, the commercial use cases are the least explored in the previous releases. Some SL commercial use cases identified in SA WGs are as follows:
· Network Controlled Interactive Service (NCIS, SP-190303)
· Enhanced Relays for Energy eFficiency and Extensive Coverage (REFEC, SP-190307)
· Audio-Visual Service Production (AVPROD, SP-190304)
· Gap Analysis for Railways (MONASTERYEND, SP-190312) 
Some of the use cases above are particularly well-suited to the FR2 licensed band operation, due to the availability of wide bandwidth and low interference by directional (beamformed) communication. More specifically, the potential applications of FR2 SL may include the following cases:
· Network densification, e.g., SL relaying to complement or as alternative to denser Uu deployment
· Coverage enhancement, e.g., SL relaying to enhance cell edge UE’s experience
· Robustness enhancement against beam blockage, e.g., using SL relay when Uu link is blocked
· UE aggregation, e.g., cooperation via UE-to-UE direct link for throughput enhancement
· Traffic offloading, i.e., replacing UE→gNB→UE flow with more efficient direct UE→UE flow
Although the design commonality should be maintained across different applications wherever possible, different configurations and requirements should be assumed for the evaluation.

[bookmark: _Ref115285993]System-level evaluation for FR2 SL
Throughout the previous releases of the NR standard, system-level performance evaluation has been performed in many different study/work items, and there are abundant references that we can leverage for the FR2 SL evaluation. For example, in TR 37.885 [2], system-level simulation assumptions for NR and LTE V2X use cases are provided. Likewise, in TR 36.843 [3], system simulation assumptions for LTE SL public safety and commercial use cases are provided. In TR 38.802 [4], general evaluation assumptions for different deployment scenarios, including eMBB, mMTC, and URLLC, are broadly covered. Additionally, during Rel-16 V2X and Rel-17 SL enhancement discussion, some evaluation assumptions for NR SL have been updated.
In this section, based on the aforementioned references, we suggest sets of system simulation assumptions, which we believe plausible for various FR2 SL commercial use cases discussed in Section 2.1.

Deployment scenarios
In Rel-16, deployment scenarios for V2X use cases, such as “Urban grid” and “Highway”, were considered. However, for commercial use cases, those scenarios are not quite relevant and more typical deployment scenarios should be discussed. Related to the deployment scenario, in Rel-17, the following are agreed:
	Agreements: (Rel-17, RAN1 #103)
For the public safety and commercial use cases, reuse the parameters of “Reference system deployments” specified in Section A.2.1.1 of TR 36.843 with following modification:
· Carrier frequency: 
· Include 3.5 GHz for commercial use case (optional)
· System bandwidth: 
· Include 40 MHz for commercial use case (optional) and 20 MHz dedicated spectrum for out-of-coverage scenarios (optional)
· “eNB” is replaced by “gNB”
· FFS any refinement/variation is necessary, e.g., 19 vs. 7 sites, etc.

Agreements: (Rel-17, RAN1 #103)
0. For the layout for public safety and commercial use cases, support “7 macro sites with 3 cells per site in the layout”


Similarly, for FR2 SL commercial use cases, at least one candidate scenario with an urban hexagonal grid layout may be considered. In addition, it would be desirable to cover at least one indoor scenario, which would be regarded as another typical scenario for commercial use cases. Fortunately, 3GPP has already worked on such reference deployment scenarios and provided them in [4] and [5]. The scenarios in [4] and [5] have been widely used for system-level evaluation and proven useful in many other agendas. For example, Rel-17 XR (TR 38.838 [6]) and Rel-18 NR duplex evolution studies adopted indoor office (InH), dense urban macro (UMa), and dense urban micro (UMi) scenarios in [4] and [5] for FR2 evaluation. Thus, to minimize unnecessary efforts, we can rely on the existing scenarios in [4] and [5].
Other models associated with the scenarios, such as antenna, pathloss/LOS/penetration, fast fading channel, etc., may also follow the procedures in [5]. For other detailed parameters not specified in [5], the assumptions in Rel-17 XR study and Rel-18 NR duplex evolution studies, which are repeated in Table 1, can be largely leveraged. 
[bookmark: P1]Proposal 1: For the system-level evaluation of FR2 SL commercial use cases, the dense urban (UMa/UMi-street canyon) and indoor hotspot (InH) scenarios in Section 7.2 of TR 38.901 are used as baseline. For other detailed parameters, the values in the following table can be considered as baseline.
[bookmark: _Ref115197557]Table 1: System-level simulation parameters
	Parameters
	Values

	Antenna element gain
	8 dBi for UMa/UMi,
5 dBi for both UE and InH BS

	Antenna power pattern
	UE: Table A.2.1-8 of TR 38.802
BS: Table 7.3-1 of TR 38.901 for UMa/UMi (same as Table A.2.1-6 in TR 38.802), Table A.2.1-7 of TR 38.802 for InH

	Antenna config
	UE
	 with ,
UE utilizes only one panel at a time

	
	BS
	UMa/
UMi
	 with 

	
	
	InH
	 with 

	Tx power
	UE
	23 dBm, EIRP should not exceed 43 dBm (Table A.2.1-1 in TR 38.802)

	
	BS
	UMa
	40 dBm for 80 MHz, EIRP should not exceed 73 dBm 
(Table A.1-2 in TR 38.838)

	
	
	UMi
	33 dBm for 200 MHz, EIRP should not exceed 68 dBm
(Table A.2.1-1 in TR 38.802 and Table 5.2.2.4-1 in TR 38.828)

	
	
	InH
	23 dBm for 200 MHz, EIRP should not exceed 58 dBm
(Table A.2.1-1 in TR 38.802 and Table 5.2.2.4-1 in TR 38.828)

	Noise figure
	UE: 13 dB (baseline), 10 dB (optional) (Table A.2.1-1 in TR 38.802)
BS: 7 dB (if UL is modeled) (Table A.2.1-1 in TR 38.802)

	UE distribution
	Average 10 UEs per BS

	Pathloss model
	UMi
	BS-to-UE: PL model in Section 7.4.1 of TR 38.901
UE-to-UE: PL model in Section in Section A.2.1.2 of TR 36.843

	
	InH
	BS-to-UE and UE-to-UE: PL model in Section 7.4.1 of TR 38.901

	CSI feedback
	Realistic

	Channel estimation
	Ideal or realistic

	UE receiver
	MMSE-IRC

	Max. modulation order
	64 QAM (Table 5.1.3.1-1 in TS 38.214)



Traffic models
In Rel-17 and Rel-18, the following was agreed on the traffic model for SL commercial use cases.
	[bookmark: _Hlk115193893]Agreements: (Rel-17, RAN1 #103)
· For commercial use case, at least following option is supported for traffic model:
· Option 7: Periodic traffic model 3 specified in TR 37.885

Agreements: (Rel-18, RAN1 #110)
The following evaluation scenario can be used for evaluating performance of SL-U designs, resource allocation schemes, and coexistence study with another RAT in a shared channel.
…
· Traffic model 
· Option 1: R17 sidelink commercial traffic model with periodic model 3 with packet size reduced by a factor of (high: 1; mid: 5; low: 10)
· FFS whether/how the PDB requirement can be captured
· Option 2: FTP model 3 with arrival rate satisfying one of the followings:
· BO Low load: 10%~25%
· BO Mid load: 35%~50%
· BO High load: above 55%
· Option 3: XR cloud gaming model in TR38.838
· FFS whether/how the PDB requirement can be captured
· It is up to each company to use either Option 1 or 2 or Option 3 or mixed of them
…


For FR2 SL evaluation, the above agreement can still apply. That is, one, more, or mixtures of three different traffic types, i.e., periodic, FTP, and XR, may be assumed. 
[bookmark: P2]Proposal 2: For the system-level evaluation of FR2 SL commercial use cases, periodic, aperiodic, and/or XR traffic models are considered.
[bookmark: _Ref115201403]Table 2: Traffic models
	Type
	Values

	Periodic
	Model 3 in TR 37.885 with packet size reduced by a factor:
high 1; mid 5; low 10

	FTP
	FTP model 3 in TR 36.889 with arrival rate:
BO low load 10% ~ 25%;
BO mid load 35% ~ 50%;
BO high load above 55%

	XR
	XR cloud gaming model in TR 38.838



Performance metrics
In Rel-17, related to the performance metrics, the following were agreed:
	Agreements: (Rel-17, RAN1 #102)
· For evaluation metric, the followings are considered
· PRR
· PIR
· Power consumption reduction ratio = (power consumption for baseline scheme with Rel-16 Mode 2 resource allocation (i.e. full sensing) - power consumption for proposed scheme)/power consumption for baseline scheme with Rel-16 Mode 2 resource allocation (i.e. full sensing)
· Note that power consumption for baseline scheme with Rel-16 Mode 2 resource allocation (i.e. full sensing) and the power consumption for the proposed scheme are evaluated under the same evaluation assumptions.

Agreements: (Rel-17, RAN1 #103)
For public safety and commercial use cases, at least performance metrics for communication specified in A2.1.4.2 of TR 36.843 are reused with following modification:
· “FTP2 traffic model” is replaced with “FTP traffic model or periodic traffic model”
· Power consumption model agreed in R-17 NR sidelink enhancement WI is used
· the metrics for latency and WAN are not needed


The agreements are valid for FR2 SL evaluation. However, it should be noted that evaluating all the metrics for each of the different use cases in Section 2.1 is neither necessary nor useful. On the other hand, it would be desirable to pick proper metrics for a specific use case. For example, for network densification and traffic offloading, the average per-cell throughput would be a reasonable choice. On the other hand, for coverage enhancement, the cell-edge throughput would be a suitable metric.
[bookmark: P3]Proposal 3: FR2 For the system-level evaluation of FR2 SL commercial use cases, application-specific performance metrics are selected among the following candidates:
· User throughput or UPT/latency
· Per-cell (e.g., for SL relaying use case)
· Per-UE (or UE-group)
· PRR (if applicable)

Others
For SL use cases, where UE devices directly communicate with each other, the blockage of links would be more prominent. In particular, for some specific use cases, such as SL relaying and robustness enhancement, proper blockage modeling is important to assess the true gain of the FR2 SL through evaluation. In Rel-17, at least for the blockage model for V2P/P2V use cases, the “additional vehicle blockage loss” in TR 37.885 was agreed to be reused. Note that, according to TR 37.885, the additional vehicle blockage loss is accounted in the pathloss when the link is in the NLOSv state and, thus, all the paths involved in the link are attenuated by the same amount. However, for the evaluation of beam-based communication in FR2, a path/angle-specific blockage model is necessary. In TR 38.901, such elaborate blockage models (i.e., Model A and Model B) are provided, which can be used as the starting point for the FR2 SL evaluation.
[bookmark: P4]Proposal 4: For the system-level evaluation of FR2 SL commercial use cases, path/angle-specific blockage models in Section 7.6.4 of TR 38.901 are used as baseline.

Link-level evaluation for FR2 SL
As in the system-level evaluation in Section 2.2, the same set of references [2]-[5] also provides link-level evaluation assumptions that we can largely leverage for FR2 SL evaluation. In this section, based on the references, we suggest sets of link simulation assumptions, which we believe plausible for FR2 SL commercial use cases.

[bookmark: _Ref115287271]Link-level evaluation parameters
In Rel-16, some updates on the link-level evaluation assumptions were agreed:
	Working assumption: (Rel-16, RAN1 #94bis)
· For the purpose of evaluation, the initial frequency error should be within ±[5] ppm with the assumption of uniform distribution [-5, 5] for NR V2X sidelink synchronization.
· Note: This is the error of the local oscillator for the Tx and Rx with respect to the absolute carrier frequency.

Agreements: (Rel-16, RAN1 #95)
· Confirm the working assumption that initial frequency error before synchronized to any synchronization source should be within ±5 ppm for the purpose of evaluation.  

Agreements: (Rel-16, RAN1 #95)
· Using the below table as a starting point for evaluation assumptions for sidelink synchronization LLS.
· Detection probability of S-PSS/S-SSS
· Decoding BLER of PSBCH
· Check further offline regarding UE speeds (absolute vs. relative, including current channel model assumptions in the TR)  on Friday, confirmed to be relative speed and thus, the speeds in the table below need to be doubled
· Discuss further offline payload size of PSBCH  to revisit in the next RAN1 meeting. Companies to report the assumed payload size of PSBCH in their evaluations
	 
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	6 GHz
	30 GHz

	Channel Model
	CDL channel models 

	Subcarrier Spacing(s)
	15, 30, 60 kHz
	60, 120 kHz

	SNR Range
	> -6 dB
	> -6 dB

	UE Speed
	3 km/h, 120 km/h  (mandatory)
30km/h, 250 km/h (optional)
	3 km/hr, 120 km/h (mandatory)

	Interference model
	Scenario 1: no interference
Scenario 2: effect of interference includes in the model
	Scenario 1: no interference


	Initial Frequency Offset

	TX: Uniform distribution within [-5, 5] ppm of nominal carrier frequency
RX: Uniform distribution within [-5, 5] ppm of nominal carrier frequency





Although the above agreements are for V2X use cases, the same assumptions can be applied for the synchronization simulation for SL commercial use cases. It is noted that the same assumption on the initial frequency error, i.e., ±5 ppm, has often been used in other scenarios [4]. For other simulation assumptions than the synchronization, we can consider the values in Table 3 as the starting point, where some of the parameters in the table are derived from Section A.1 in TR 38.802 [4]. Note that, for the link-level evaluation, we can focus on the SL; although some applications in Section 2.1 involve both Uu and PC5 links, it would not be necessary to redo Uu link evaluation since it has already been done in other study/work items in previous NR releases.
[bookmark: P5]Proposal 5: For the link-level evaluation of FR2 SL commercial use cases, the simulation assumptions in the following table can be considered as baseline.
[bookmark: _Ref47394695][bookmark: _Ref115287614]Table 3: Link-level simulation parameters
	Parameters
	Values

	Carrier frequency
	30 GHz

	Carrier bandwidth
	100 MHz or 400 MHz

	UE antenna config (CDL)
	 with ,
UE utilizes only one panel at a time

	Doppler
	83.3 Hz (3 km/h at 30 GHz)

	Channel Model and pre-beamforming delay spread
	TDL-A with 5 ns/10 ns delay spread
CDL-B with 20 ns/50 ns delay spread
CDL-D with 20 ns/30 ns delay spread, K-factor = 10 dB

	Phase noise mask
	3GPP TR 38.803, example 2 (UE phase noise PSD, Figure 6.1.11.2-1)

	Numerology
	120 KHz, NCP

	Sub-channel size
	25 RBs (2 sub-channels for 100 MHz, 13 sub-channels for 400 MHz)

	PSCCH (SCI-1)
	Symbols/RBs
	2 symbols/15 RBs

	
	Payload size
	21 bits + CRC = 47 bits for 100 MHz, 52 bits for 400 MHz

	SCI-2
	Payload size
	35 bits + CRC = 59 bits

	
	Beta offset
	1.75 or 2.25

	PSSCH
	Symbols
	 for slot w/o PSFCH
 for slot w/o PSFCH

	
	MCS
	MCS7/MCS16/MCS22 in MCS Table 1 (TS 38.214)

	
	Rank
	1 and 2

	
	DMRS
	2 and 3 symbol patterns

	PTRS
	

	Frequency offset
	±5ppm (for S-PSS/S-SSS/PSBCH only)
±0.1ppm (for PSCCH/PSSCH/PSFCH)

	SSB periodicity
	160ms



Performance metrics
As in the former practices of Uu link-level evaluation, SL link-level performance evaluation should involve separate evaluation of many different channels, such as PSCCH, PSSCH, and S-SSB, and different performance metrics and requirements should be applied for them. Fortunately, the performance metrics and requirements for Uu channels can be easily translated to the SL channels and some examples are shown in Table 4. 
[bookmark: P6]Proposal 6: For the link-level evaluation of FR2 SL commercial use cases, the performance metrics in the following table can be used for alignment and calibration across companies.
[bookmark: _Ref115290572]Table 4: Link-level performance metrics
	PHY channel/signal
	Performance metrics

	PSCCH (SCI-1)
	SNR in dB achieving PSCCH BLER of 1%

	
	Note: 
	the sub-channel for PSCCH transmission is assumed to be known (no blind decoding)

	SCI-2
	SNR in dB achieving SCI-2 BLER of 1%

	
	Note: 
	single or two-layer transmissions are considered

	PSSCH
	SNR in dB achieving PSSCH BLER of 10%

	
	Note: 
	· Evaluation of initial BLER is prioritized
· Performance can be evaluated with and without PTRS

	PSFCH
	SNR in dB achieving PSFCH BLER of 1%

	
	Note:
	DTX to ACK rate: less than 0.1%

	S-PSS/S-SSS
	SNR in dB achieving S-PSS/S-SSS detection probability of 90%

	
	Note:
	· One-shot detection with a single S-PSS/S-SSS is assumed
· Frequency search granularity:  where  is a subcarrier spacing
· False alarm rate: less than 1%
· Criterion for S-PSS detection success: a residual timing error within a range of  and a residual frequency error within a range of 

	PSBCH
	SNR in dB achieving PSBCH BLER of 10%



Conclusions
Proposal 1: For the system-level evaluation of FR2 SL commercial use cases, the dense urban (UMa/UMi-street canyon) and indoor hotspot (InH) scenarios in Section 7.2 of TR 38.901 are used as baseline. For other detailed parameters, the values in the following table can be considered as baseline.
Table 1: System-level simulation parameters
	Parameters
	Values

	Antenna element gain
	8 dBi for UMa/UMi,
5 dBi for both UE and InH BS

	Antenna power pattern
	UE: Table A.2.1-8 of TR 38.802
BS: Table 7.3-1 of TR 38.901 for UMa/UMi (same as Table A.2.1-6 in TR 38.802), Table A.2.1-7 of TR 38.802 for InH

	Antenna config
	UE
	 with ,
UE utilizes only one panel at a time

	
	BS
	UMa/
UMi
	 with 

	
	
	InH
	 with 

	Tx power
	UE
	23 dBm, EIRP should not exceed 43 dBm (Table A.2.1-1 in TR 38.802)

	
	BS
	UMa
	40 dBm for 80 MHz, EIRP should not exceed 73 dBm 
(Table A.1-2 in TR 38.838)

	
	
	UMi
	33 dBm for 200 MHz, EIRP should not exceed 68 dBm
(Table A.2.1-1 in TR 38.802 and Table 5.2.2.4-1 in TR 38.828)

	
	
	InH
	23 dBm for 200 MHz, EIRP should not exceed 58 dBm
(Table A.2.1-1 in TR 38.802 and Table 5.2.2.4-1 in TR 38.828)

	Noise figure
	UE: 13 dB (baseline), 10 dB (optional) (Table A.2.1-1 in TR 38.802)
BS: 7 dB (if UL is modeled) (Table A.2.1-1 in TR 38.802)

	UE distribution
	Average 10 UEs per BS

	Pathloss model
	UMi
	BS-to-UE: PL model in Section 7.4.1 of TR 38.901
UE-to-UE: PL model in Section in Section A.2.1.2 of TR 36.843

	
	InH
	BS-to-UE and UE-to-UE: PL model in Section 7.4.1 of TR 38.901

	CSI feedback
	Realistic

	Channel estimation
	Ideal or realistic

	UE receiver
	MMSE-IRC

	Max. modulation order
	64 QAM (Table 5.1.3.1-1 in TS 38.214)



Proposal 2: For the system-level evaluation of FR2 SL commercial use cases, periodic, aperiodic, and/or XR traffic models are considered.
Table 2: Traffic models
	Type
	Values

	Periodic
	Model 3 in TR 37.885 with packet size reduced by a factor:
high 1; mid 5; low 10

	FTP
	FTP model 3 in TR 36.889 with arrival rate:
BO low load 10% ~ 25%;
BO mid load 35% ~ 50%;
BO high load above 55%

	XR
	XR cloud gaming model in TR 38.838



Proposal 3: FR2 For the system-level evaluation of FR2 SL commercial use cases, application-specific performance metrics are selected among the following candidates:
· User throughput or UPT/latency
· Per-cell (e.g., for SL relaying use case)
· Per-UE (or UE-group)
· PRR (if applicable)

Proposal 4: For the system-level evaluation of FR2 SL commercial use cases, path/angle-specific blockage models in Section 7.6.4 of TR 38.901 are used as baseline.

Proposal 5: For the link-level evaluation of FR2 SL commercial use cases, the simulation assumptions in the following table can be considered as baseline.
Table 3: Link-level simulation parameters
	Parameters
	Values

	Carrier frequency
	30 GHz

	Carrier bandwidth
	100 MHz or 400 MHz

	UE antenna config (CDL)
	 with ,
UE utilizes only one panel at a time

	Doppler
	83.3 Hz (3 km/h at 30 GHz)

	Channel Model and pre-beamforming delay spread
	TDL-A with 5 ns/10 ns delay spread
CDL-B with 20 ns/50 ns delay spread
CDL-D with 20 ns/30 ns delay spread, K-factor = 10 dB

	Phase noise mask
	3GPP TR 38.803, example 2 (UE phase noise PSD, Figure 6.1.11.2-1)

	Numerology
	120 KHz, NCP

	Sub-channel size
	25 RBs (2 sub-channels for 100 MHz, 13 sub-channels for 400 MHz)

	PSCCH (SCI-1)
	Symbols/RBs
	2 symbols/15 RBs

	
	Payload size
	21 bits + CRC = 47 bits for 100 MHz, 52 bits for 400 MHz

	SCI-2
	Payload size
	35 bits + CRC = 59 bits

	
	Beta offset
	1.75 or 2.25

	PSSCH
	Symbols
	 for slot w/o PSFCH
 for slot w/o PSFCH

	
	MCS
	MCS7/MCS16/MCS22 in MCS Table 1 (TS 38.214)

	
	Rank
	1 and 2

	
	DMRS
	2 and 3 symbol patterns

	PTRS
	

	Frequency offset
	±5ppm (for S-PSS/S-SSS/PSBCH only)
±0.1ppm (for PSCCH/PSSCH/PSFCH)

	SSB periodicity
	160ms



Proposal 6: For the link-level evaluation of FR2 SL commercial use cases, the performance metrics in the following table can be used for alignment and calibration across companies.
Table 4: Link-level performance metrics
	PHY channel/signal
	Performance metrics

	PSCCH (SCI-1)
	SNR in dB achieving PSCCH BLER of 1%

	
	Note: 
	the sub-channel for PSCCH transmission is assumed to be known (no blind decoding)

	SCI-2
	SNR in dB achieving SCI-2 BLER of 1%

	
	Note: 
	single or two-layer transmissions are considered

	PSSCH
	SNR in dB achieving PSSCH BLER of 10%

	
	Note: 
	· Evaluation of initial BLER is prioritized
· Performance can be evaluated with and without PTRS

	PSFCH
	SNR in dB achieving PSFCH BLER of 1%

	
	Note:
	DTX to ACK rate: less than 0.1%

	S-PSS/S-SSS
	SNR in dB achieving S-PSS/S-SSS detection probability of 90%

	
	Note:
	· One-shot detection with a single S-PSS/S-SSS is assumed
· Frequency search granularity:  where  is a subcarrier spacing
· False alarm rate: less than 1%
· Criterion for S-PSS detection success: a residual timing error within a range of  and a residual frequency error within a range of 

	PSBCH
	SNR in dB achieving PSBCH BLER of 10%
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