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1 	Introduction
At the RAN4 NR-AH#3 meeting, it was clarified that RAN4 is to specify two sets of cell identification requirements for SS block based measurement as follows [1].
	· RAN4 is to specify two sets of cell identification requirements for SSB based measurement:
· Cell identification without SSB index reading:
           Tidentify_w/o_index = TPSS/SSS_sync + T SSB_measurement_period
· Cell identification with SSB index reading:
           Tidentify_w_index = TPSS/SSS_sync + T SSB_measurement_period + TSSB_time_index
	
where TSSB_time_index is the delay allowed for UE to acquire the index of the SSB being measured:
for sub 6GHz: TSSB_time_index is total time for PBCH_DMRS detection
for above 24GHz: TSSB_time_index is total time for PBCH decoding



In this contribution, we update our simulation results and provide our views on PSS/SSS detection delay requirement (TPSS/SSS_sync). 
2 Simulation Results
All the simulation assumptions are attached in the appendix and with the following particular parameters:
· Synchronous deployment 
· 1 TX antenna and 2 RX antennas without Tx/Rx beamforming gain
· Prior knowledge of serving cell – cell ID = 337 (NID1, NID2 = {112,1});
· Single transmitted SS block per SS burst set (K=1)
· UE velocity of 3km/h for TDL channels
Table 1 shows the 90%-ile PSS/SSS acquisition time under different subcarrier spacing. The number of acquisition attempts calculation is based on independent PSS/SSS detection trials.
Table 1: The 90%-iles PSS/SSS acquisition time with SNR = -6dB in FR1
	Channel
	Scenario
	Case
	Number of required SSBs

	EPA5
	15KHz
	#1
	2

	
	
	#2
	2

	
	30KHz
	#1
	2

	
	
	#2
	2

	ETU30Note1
	15KHz
	#1
	3

	
	
	#2
	3

	
	30KHz
	#1
	4

	
	
	#2
	4

	TDL-C
	15KHz
	#1
	2

	
	
	#2
	2

	
	30KHz
	#1
	2

	
	
	#2
	2


[bookmark: _GoBack]Note 1: In ETU channel with large RMS delay spread, the CP will be not enough for larger subcarrier spacing. SCS = 30 kHz simulation results will be not suitable for performance evaluation.

Based on simulation results regarding PSS/SSS detection in FR1 shown in Table 1, we can make following observations.
· There is no big difference between evaluation results for 15 kHz SCS case and for 30 kHz SCS case.
· Required number of NR-PSS/SSS samples for cell detection, i.e., 90%-ile CDF of PSS/SSS detection time at the condition of SINR = -6 dB is up to 4 in simulation results.
3 Intra-frequency PSS/SSS detection requirement without measurement gaps
In LTE, 600ms is allowed for PSS/SSS detection. A complete set of sequences of PSS and SSS are transmitted with a fix periodicity, which is a radio frame (10ms). If we takes the assumption one L1 sample every 40ms, there are 15 samples that can be used for PSS/SSS detection. The period of L1 sample (40ms) implies
· UE is not required to perform cell search as frequently as the transmission of PSS and SSS. Actually, this is reasonable. The wireless channels between two time samples are strongly correlated in a short period of time. Detecting PSS/SSS for every 10ms does not guarantee performance gain in return, but consumes additional UE power.
· The same cell search engine can be used in other CCs. Considering a 5CC case, 40ms allows UE to perform cell search once in each CC, even with measurement gap configured. 
[bookmark: _Ref498551603]Observation 1: In LTE, PSS and SSS are transmitted with a fix periodicity.
[bookmark: _Ref498551604]Observation 2: In LTE, the delay requirement allows 15 samples for PSS/SSS detection.
[bookmark: _Ref498551605]Observation 3: In LTE, the L1 sampling period 40ms is important for reducing UE power consumption and allows UE to concurrently perform cell search on 5CCs with a single cell search engine.

Different to LTE, NR SMTC periodicities is not fix, it could be {5ms, 10ms, 20ms, 40ms, 80ms, 160ms}. With longer periodicity than LTE, it is expected that the delay requirement will be extended accordingly. For example, assuming the PSS/SSS is transmitted with 80ms periodicity, the delay requirement should reasonably be doubled, if we do not considered other factors.
[bookmark: _Ref498551607]Observation 4: In NR, longer delay requirement for TPSS/SSS_sync is expected if SS burst set periodicity is longer than 40ms.

Similar to LTE, UE is not required to perform cell search every SMTC, if the SMTC periodicity is small. To trade-off the cell search delay performance and power consumption, it’s better to add a lower bound on SMTC periodicity in the requirement. It will also provide UE flexibility to allocate baseband resources for other tasks. In our opinion, 40ms is a reasonable value to be chosen as a lower bound on SMTC periodicity in the delay requirement. 
Proposal 1: In the delay requirements of intra-frequency PSS/SSS detection without measurement gaps, a lower bound 40 ms should be applied to SMTC periodicity. 

In LTE, PSS and SSS comes in every 5ms. Therefore a single cell search engine is able to handle 5 CCs serially. However, NR cell search in CA case is different to LTE. In NR, the SMTCs for different CCs can be independent configured. Therefore, a worst case happens when the SMTC occasions of all CCs collide with one another, as illustrated by the red circle in Figure 1. In fact, we think this could be the typical deployment of SMTC because SMTC occasions need to align with gap and/or DRX on duration. In this case, it is impossible to only use one single engine to perform parallel cell search for multiple CCs. Adding more search engines is one solution, but the cost will be significantly increased. Actually, compared to LTE, a single cell search engine in NR is already far complicated, because of the need to support more PCI hypotheses, more new features, such as multiple beams per cell and different numerologies such as 240KHz etc. Therefore, it is suggested to add a parameter of configured NR CCs (NNR_CC) to further scale the delay requirements to ease UE’s implementation cost of cell search engine. Regarding the long delay in a multi-CC scenario, we think it should be fine because CA is typically used for low mobility UEs. For high-mobility UEs, network can configure single CC or less number of CCs to UE in order to obtain acceptable mobility performance. 
Regarding DRX, which is used for UE with low data rate demand, we believe that CA is usually not configured for DRX UEs. Therefore, the delay requirements can still be scaled by NNR_CC, although NNR_CC is typically 1 for DRX UEs. 
[image: ]
Figure 1. SMTC occasions of different CC collided with one another

In the following, we provide the potential performance requirements. When the UE can perform intra-frequency PSS/SSS detection without measurement gaps, the UE shall be able to identify a new cell within TPSS/SSS_sync for frequency range FR1 as shown in Table 1.
Table 1. PSS/SSS detection requirement without measurement gaps for frequency range FR1
	DRX cycle
	TPSS/SSS_sync

	No DRX, or DRX cycle < SMTC periodicity
	15 x max{ SMTC periodicityNote 1, 40 ms} x NNR_CC

	DRX1 < DRX cycle≤ DRX2
	15 x DRX period x NNR_CC

	…
	…

	…
	…

	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



Proposal 2: In frequency range FR1, TPSS/SSS_sync without measurement gap requirement is defined based on TPSS/SSS_sync = 15*max{ SMTC periodicity, 40 ms } x NNR_CC when no DRX or DRX cycle < SMTC periodicity, where NNR_CC is the number of configured NR CCs to the UE.
4 Summary
In this paper, we provided simulation results for PSS/SSS detection in NR, for a number of parameter combinations according to the simulation assumptions agreed in [1]. At the same time, we also propose the intra-frequency PSS/SSS detection requirement without measurement gap.
Observation 1: In LTE, PSS and SSS are transmitted with a fix periodicity.
Observation 2: In LTE, the delay requirement allows 15 samples for PSS/SSS detection.
Observation 3: In LTE, the L1 sampling period 40ms is important for reducing UE power consumption and allows UE to concurrently perform cell search on 5CCs with a single cell search engine.
Observation 4: In NR, longer delay requirement for TPSS/SSS_sync is expected if SS burst set periodicity is longer than 40ms.
Proposal 1: In the delay requirements of intra-frequency PSS/SSS detection without measurement gaps, a lower bound 40 ms should be applied to SMTC periodicity. 
Proposal 2: In frequency range FR1, TPSS/SSS_sync without measurement gap requirement is defined based on TPSS/SSS_sync = 15*max{ SMTC periodicity, 40 ms } x NNR_CC when no DRX or DRX cycle < SMTC periodicity, where NNR_CC is the number of configured NR CCs to the UE.
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6 Annex A: Simulation Assumptions
Table A1: Cell-specific Parameters for PSS/SSS Detection
	Parameter
	Unit
	Cell 1
	Cell 2

	RF Channel number
	-
	Channel 1
	Channel 1

	RB Utilization
	%
	100
	100

	Power boosting for PSS and SSS
	dB
	0
	0

	Power boosting for Data and Control
	dB
	0
	0

	Data Modulation
	-
	QPSK
	QPSK

	CP Length
	-
	Normal
	Normal

	Number of transmitted SS block within a SS burst set period (K)
	-
	1
	1

	SS burst set periodicity
	ms
	40
	40

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

	Relative Delay of 1st Path (asynchronous)
	ms
	0
	1.5

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0

	Es/Noc for K=1
	dB
	6.4
	1.25
(SINR: -6dB)

	Number of Tx antennas
	-
	1
	1

	PSS Sequence ID
	-
	Shows in Table 3, 4
	Shows in Table 3, 4

	SSS Sequence ID
	-
	Shows in Table 3, 4
	Shows in Table 3, 4

	Propagation Condition
	-
	AWGN, EPA5, ETU30
TDL-A/B/C/D Note1

	Noc Model Note3
	-
	AWGN noise

	NOTE 1:	The channel models of TDL/A/B/C/D are used for simplified link level evaluations, which are defined in TR 38.900. The delay spread is assumed as 100ns.
NOTE 2:	Noc value doesn’t include the simulated BS signals’ power.



Table A2: UE-specific Parameters for Cell Detection
	Simulation parameters
	Comments/values

	Prior knowledge of Cell 1 and Cell 2 by the UE
	No

	False detect threshold 
	Required as in a real UE implementation

	UE having apriority knowledge of system being synchronous or asynchronous
	No

	Performance criterion for comparison
	90th percentile acquisition time for “correct” cell detection of both PSS and SSS sequence IDs.

	CP length detection
	Not simulated

	Receive antennas
	2, 4 (uncorrelated. Without receiver beamforming)



[bookmark: _Ref182236287]Table A3: Cell ID Combinations to be simulated
	Case #
	Cell 1
 (Interferer Cell)
	Cell 2
(Desired Cell)
	Scenario

	1
	psc1
	ssc1
	psc2
	ssc2
	Synchronous 

	2
	psc1
	ssc1
	psc1
	ssc3
	Synchronous

	3
	psc1
	ssc1
	psc2
	ssc2
	Asynchronous

	4
	psc1
	ssc1
	psc1
	ssc3
	Asynchronous



Table A4: PSS, SSS indices for simulations
	PSS Indices
	SSS Indices

	Label
	Code index
	Label
	Code index
(m0, m1)
	Cell ID
	

(,)

	psc1
	43
	ssc1
	(20, 0)
	337
	(112, 1)

	psc2
	86
	ssc2
	(40, 0)
	674
	(224, 2)

	
	
	ssc3
	(35,.0)
	673
	(224, 1)
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