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1. Introduction
During RAN4#92 meeting, RRM requirement scope and simulation for SLSS detection time are discussed and a WF was agreed [1]. In this contribution, we discuss the synchronization and other RRM requirement.
2. Discussion
SLSS detection time and probability requirement

SLSS detection time requirement

In LTE V2X, UE is required to detect and correctly reselect the SyncRef UE after receiving SLSS signal in 3 SLSS period, with successful rate of at least 90%. Since the detection procedure in NR V2X is mostly follow LTE V2X, except the difference in SLSS physical layer structure and possible difference in reselection rules, the detection time requirement can follow LTE V2X, with appropriate adjustment of side conditions, e.g., Ês/Iot.
Proposal 1: UE is required to detect SLSS from new SyncRef UE and correctly reselect the SyncRef UE after receiving SLSS signal in 3 SLSS period with successful rate of at least 90%, under appropriate side conditions. 
Simulation assumptions 

We propose the simulation assumptions for derivation of side conditions in the following. The SL UE to be tested first synchronized to SyncRef UE 1, then the SL UE is required to find SyncRef UE 2 and reselect it as synchronization source. 
	Parameter
	Unit
	SyncRef UE 1
	SyncRef UE 2

	Carrier Frequency
	-
	5.9GHz
	5.9GHz

	System bandwidth
	RB
	50
	50

	SLSS transmission bandwidth
	RB
	11
	11

	Utilization of non-SLSS subframes for Data/SA transmission
	%
	100
	100

	Relative PSD on non-SLSS subframes relative to SLSS subframes
	dB
	0
	0

	Data Modulation
	-
	QPSK
	QPSK

	CP Length
	-
	Normal
	Normal

	Frequency Offset relative to UE frequency reference
	Hz
	0 
	0.1ppm

	Relative Delay of 1st Path 
	
	0
	CP/2

	Number of Tx antennas
	-
	1
	1

	SLSS ID (pending RAN1 reselection rule)
	-
	TBD
	TBD

	Propagation Condition
	-
	Urban scenario: 100ns delay spread, 15Hz Doppler, NLOS
Highway scenario: 10ns delay spread, 650Hz Doppler, LOS

	Ioc Model
	-
	AWGN


Table 2‑1 SLSS detection time simulation assumptions
Two propagation condition can be considered in the simulation: urban heavy traffic and highway scenario:
· Urban heavy traffic: since a lot of cars and buildings are around the UE, LOS path is not expected, and UE may receive signal from more paths with various delay. Car speed is expected to be slow. Therefore, the propagation channel in this case is with low Doppler, NLOS path and large delay spread.

· Highway: car can run faster hence high Doppler is expected. When high speed is considered, light traffic is also expected and UE is likely to have dominant LOS path reception and fewer reflectors (car on the road), thus low delay spread with fewer paths is also expected.

Low traffic urban scenario is possible either, and the propagation condition is ideal in this case: low Doppler and delay spread with dominant LOS path. 
Observation 1: In urban heavy traffic scenario, propagation condition is low Doppler with NLOS paths and large delay spread. In highway scenario, propagation condition is high Doppler with dominant LOS path and small delay spread.

Proposal 2: Options for propagation conditions can be derived from practical application scenarios including urban heavy or light traffic and highway. 

Tx/Rx interruption requirement with simultaneous SLSS search
In LTE V2X, SLSS search test, the following requirements have been specified:

· SLSS detection time: UE is required to find the new synchronization source within Tdetect,SyncRef, Tdetect,SyncRef value depends on synchronization relationship being considered
· Tx interruption: the interruption on transmission due to SLSS search also depends on synchronization relationship being considered
Observation 2: Simultaneous search and Rx interruption requirement is not specified in LTE V2X RAN4 specification.
In addition to these requirements specified in LTE V2X, we propose to further study the Rx interruption requirement during SLSS search procedure, which is not defined in LTE. While simultaneous receiving and search is possible, potential interruption also exists, two examples listed below:
· Interruption due to AGC gain state change: if receive power from new synchronization source is much different from the simultaneously received data, gain state adjustment for S-SSS and PSBCH decoding might be needed, which can introduce interruption to SL data reception.

· Decoding capability: when UE is required to simultaneous detect/decode SLSS while decoding data on SL, the number of SL decoding that UE can support might be reduced.

Observation 3: AGC gain state change in search can interrupt reception, and SL decoding capability can be affected when running search simultaneously. 
Proposal 2: RAN4 should study how to specify the interruption requirement for SL reception with simultaneous search. 
Interruption of synchronization source change

In LTE V2X, 1ms of interruption on SL Tx/Rx is allowed during synchronization source change. This interruption requirement applies to any switch between eNB, GNSS and SynRef UE. The interruption of synchronization source change is mainly from the software processing time needed to program new synchronization source and apply new slot boundary. Therefore, the physical layer design of synchronization signal and SCS have little impact on this interruption, and 1ms is applicable to NR V2X across different numerology and switch between different synchronization sources.

Proposal 3: Interruption of 1ms on SL Tx and Rx is allowed during synchronization source change for all SCS in NR V2X. 
Interruption of Uu RRC configuration and active BWP switch on SL
Since the RF path and baseband processing separation is similar for cross carriers in inter-band CA and Uu to SL in V2X, interruption of SL Tx/Rx by Uu RRC configuration and BWP switch is expected to be similar as the NR CA cases. Therefore, we can reuse NR RRC configuration and BWP switch interruption requirements, as shown in the tables below.
· Uu RRC reconfiguration

	µ
	NR SL Slot length (ms)
	Interruption length on SL

	0
	1
	1

	1
	0.5
	2

	2
	0.25
	4

	3
	0.125
	8


Table 2‑2 Interruption on SL from Uu RRC reconfiguration

· Uu active BWP switch
	µ
	NR SL Slot length (ms)
	Interruption length X (slotsnote 1) on SL

	
	
	

	0
	1
	1

	1
	0.5
	1

	2
	0.25
	3

	3
	0.125
	5

	Note1:    If the BWP switch involves changing of SCS, the interruption due to BWP switch is determined by the larger one between the SCS before BWP switch and the SCS after the BWP switch. 


Table 2‑3 Interruption on SL from Uu active BWP switch
Proposal 4: The interruption requirements of Uu RRC configuration and active BWP switch on SL are given by Table 2‑2 and Table 2‑3.

Initiation/cease SLSS Tx with gNB as synchronization source

Since the measurement is done on Uu, the requirement should be designed based on the measurement requirement specified in NR. NR intra cell measurement requirement under connected mode is shown in the following table []:
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(200ms, ceil( 5 x Kp) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(200ms, ceil(1.5x 5 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil( 5 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


Table 2‑4 NR intra-frequency connected mode measurement requirement
We can derive the evaluation time requirement for initiation/cease of SLSS transmission when gNB is synchronization source based on the above table. Following the methodology used in LTE D2D and V2X [2], the total evaluation time is derived by 

Total evaluation time = measurement time + time for evaluation of measurement results

	By comparing LTE intra cell measurement requirement in connected mode and LTE V2X evaluation time requirement (Table 2‑3 and Table 2‑4), we can find that the time for evaluation is one DRX cycle when DRX cycle >40ms, otherwise (DRX cycle <=40ms or no DRX) it is 200ms.
DRX cycle length (s)
	Tmeasure_intra (s) (DRX cycles)

	≤0.04, or no DRX
	0.2 (Note1)

	0.04<DRX-cycle≤2.56
	Note2 (5)

	Note1:       Number of DRX cycle depends upon the DRX cycle in use.

Note2:       Time depends upon the DRX cycle in use.


Table 2‑5 LTE intra-frequency connected mode measurement requirement
	DRX cycle length [s]
	Tevaluate,SLSS

[s] (number of DRX cycles)

	≤0.04, or no DRX
	0.4 (Note 1)

	0.04<DRX-cycle≤2.56
	Note 2 (6)

	Note1:       Number of DRX cycles depends upon the DRX cycle in use

Note2:       Time depends upon the DRX cycles in use


Table 2‑6 LTE V2X initiation/cease of SLSS Tx evaluation time requirement
Observation 4: In LTE V2X requirement, time for evaluation is one DRX cycle when DRX cycle >40ms, otherwise (DRX cycle <=40ms or no DRX) it is 200ms.
Following this methodology and time for evaluation, NR V2X evaluation time of initiation/cease of SLSS transmission can be derived in the following.
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(400ms, ceil( 6 x Kp) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(400ms, ceil(1.5x 6 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil( 6 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


Table 2‑7 NR V2X initiation/cease of SLSS Tx evaluation time requirement
Proposal 5: NR V2X initiation/cease of SLSS Tx evaluation time requirement when gNB is the synchronization source is given in Table 2‑5.
Initiation/cease SLSS Tx with SyncRefUE as synchronization source
When UE is synchronized to another SyncRefUE, LTE V2X requirement can be reused. Therefore, we propose to set the evaluation time in this case as 4 SLSS period, i.e., 640ms. 
Proposal 6: NR V2X initiation/cease of SLSS Tx evaluation time requirement when SyncRef UE is the synchronization source is 4 SLSS period.
3. Conclusions
Proposal 1: UE is required to detect SLSS from new SyncRef UE and correctly reselect the SyncRef UE after receiving SLSS signal in 3 SLSS period with successful rate of at least 90%, under appropriate side conditions. 
Observation 1: In urban heavy traffic scenario, propagation condition is low Doppler with NLOS paths and large delay spread. In highway scenario, propagation condition is high Doppler with dominant LOS path and small delay spread.

Proposal 2: Options for propagation conditions can be derived from practical application scenarios including urban heavy or light traffic and highway. 
Observation 2: Simultaneous search and Rx interruption requirement is not specified in LTE V2X RAN4 specification.
Observation 3: AGC gain state change in search can interrupt reception, and SL decoding capability can be affected when running search simultaneously. 
Proposal 2: RAN4 should study how to specify the interruption requirement for SL reception with simultaneous search. 
Proposal 3: Interruption of 1ms on SL Tx and Rx is allowed during synchronization source change for all SCS in NR V2X. 

Proposal 4: The interruption requirements of Uu RRC configuration and active BWP switch on SL are given by Table 2‑2 and Table 2‑3.

Observation 4: In LTE V2X requirement, time for evaluation is one DRX cycle when DRX cycle >40ms, otherwise (DRX cycle <=40ms or no DRX) it is 200ms.
Proposal 5: NR V2X initiation/cease of SLSS Tx evaluation time requirement when gNB is the synchronization source is given in Table 2‑5.
Proposal 6: NR V2X initiation/cease of SLSS Tx evaluation time requirement when SyncRef UE is the synchronization source is 4 SLSS period.
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