3GPP TSG-RAN WG4 Meeting #92                       	 R4- 1908699
Ljubljana, SI, 26th– 30th Aug, 2019                                                          

Agenda Item:	9.4.4.2
Source:	MediaTek Inc.
Title:	Discussion on NR V2X synchronization requirement
Document for:		Discussion
1 Introduction
In legacy LTE, RAN4 RRM defined the requirement for selection/reselection of V2X synchronization reference source. V2X UE has to drop some SLSS transmission for detecting new synchronization source because sidelink communication is a half-duplex working mode.
In RAN1 #96 meeting, the synchronization reference source priority rules have been agreed on sidelink synchronization mechanism.
	RAN1 #96 Agreements:
· Whether GNSS-based synchronization or gNB/eNB-based synchronization is used is (pre)-configured.  
· The following table is a working assumption
	GNSS-based synchronization
	gNB/eNB-based synchronization

	· P0: GNSS 
· P1: the following UE has the same priority: 
· UE directly synchronized to GNSS 
· P2: the following UE has the same priority: 
· UE indirectly synchronized to GNSS
· P3: the remaining UEs have the lowest priority.
	· P0: gNB/eNB
· P1’: UE directly synchronized to gNB/eNB 
· P2’: UE indirectly synchronized to gNB/eNB 
· P3’: GNSS 
· P4’: UE directly synchronized to GNSS 
· P5’: UE indirectly synchronized to GNSS
· P6’: the remaining UEs have the lowest priority. 






At the same time, RAN1 also had some agreements for the synchronization signals design. RAN4 should start to discuss the evaluation the S-PSS/S-SSS detection time based on RAN1’s new design.
	RAN1 #96bis meeting
Agreements:
· In NR V2X, S-SSB bandwidth is 11RBs. 
· PSBCH spans 11RBs.
· The S-SSB is designed following combination 1.
· Length-127 M-sequences for S-PSS and length-127 Gold sequences for S-SSS
· Two symbols are used for each of S-PSS and S-SSS, respectively.

RAN1 #97 meeting
Working assumption:
· For the NR SLSS, 
· Same sequence is used for both symbols of S-PSS
· Same sequence is used for both symbols of S-SSS
· S-PSS detection search window: 80ms and 160ms.




In this paper, firstly, we initiate the discussion about the RAN4 specification impact of selection/reselection of V2X synchronization reference source based on the newest RAN1’s agreement. Next, we discuss the simulation assumption for S-PSS/S-SSS detection and also give some initial simulation results. Finally, we discuss the impact of sidelink communication in asynchronization network.
2 Selection/Reselection V2X Synchronization Reference Source
Numerology
Supporting different numerology is a big difference between NR V2X with LTE V2X. Some agreements for NR V2X numerology design in RAN1 are captured below.
	RAN1#94bis
Agreements:
· UE assumes a single numerology in using a resource pool.
RAN1#95
Agreements:
· Each resource pool is (pre)configured within a SL BWP.
· Only one SL BWP is configured in a carrier for a NR V2X UE. Numerology is a part of SL BWP configuration.
· S-SSB has the same numerology, which includes SCS and CP length, as that of control and data channels for a given carrier.
RAN1 #AH1901
Agreements:
· Only one SL BWP is configured in a carrier for a NR V2X UE.
· Configuration for SL BWP is separated from Uu BWP configuration signalling.
UE is not expected to use different numerology in the configured SL BWP and active UL BWP in the same carrier at a given time.


From these RAN1’s agreement, there is only one SL BWP and one numerology in each carrier. Thus, mix-numerology is not considered for selection/reselection of V2X synchronization reference source.
[bookmark: _Ref16184838]Observation 1: There is only one SL BWP and one numerology in each carrier. Do not need to consider mix-numerology in selection/reselection of V2X synchronization reference source.
Detectable Condition
The condition for a NR V2X SyncRef UE is considered to be detectable is similar as the condition of detectable intra-frequency cell in NR. NR V2X SyncRef UE shall be considered detectable (and with the same Spatial Rx parameter in FR2) for each relevant SSB when:
· S-RSRP related side condition should be fulfilled for a corresponding band;
· S-SSB_RP and S-SSB Ês/Iot condition should be fulfilled for a corresponding band
The detail side conditions for S-RSRP, S-SSB_RP and S-SSB Ês/Iot should be discussed later and base on S-RSRP measurement accuracy simulation. 
[bookmark: _Ref16184857]Proposal 1: NR V2X SyncRef UE shall be considered detectable (and with the same Spatial Rx parameter in Fr2) for each relevant S-SSB when:
· S-RSRP related side condition should be fulfilled for a corresponding band;
· S-SSB_RP and S-SSB Ês/Iot condition should be fulfilled for a corresponding band.
The detail side condition for S-RSRP, S-SSB_RP and S-SSB Ês/Iot should be discuss later and base on S-RSRP measurement accuracy simulation. In legacy LTE V2X, the SCH Ês/Iot condition for detecting the SyncRef UE is -4dB but the SCH Ês/Iot condition is 0dB when further considering SLSS transmission dropping rate.
[bookmark: _Ref16773715]Observation 2: SCH Ês/Iot condition is 0dB when further considering SLSS transmission dropping rate in legacy LTE V2X.
Sync source reference when GNSS sync. reference source is configured
From RAN1’s agreement, the difference between NR and LTE V2X is that UE don’t need to consider gNB/eNB as synchronization reference when GNSS-based synchronization is configured. Thus, the scenarios need to be discuss should be
· UE is synchronized to GNSS directly
· UE is synchronized to a SyncRef UE that is sync. to GNSS directly or in-directly
[bookmark: _Ref16184840]Observation 3: There are only two scenarios for selection/reselection of V2X synchronization reference source when GNSS-based synchronization is configured.
· UE is synchronized to GNSS directly
· UE is synchronized to a SyncRef UE that is sync. to GNSS directly or in-directly
Dropping Rate
In LTE V2X, UE is required to identify SyncRef UE that is sync. to GNSS directly or in-directly within 1.6 seconds, and the maximum allowed data dropping rate is 30% (480ms). The 30% is derived by assuming that UE monitors 3 full SLSS periods. In these 3 SLSS period, UE needs to detect S-PSS/S-SSS and decode PSBCH which carries the In-Coverage indication. Now RAN1 is discussing whether carry this In-Coverage indication bit in MIB or outside by PSBCH DMRS. If this bit is carried by PSBCH DMRS, UE should only detect PSBCH DMRS similar as SSB time index detection behavior in NR FR1. This could speed up the SLSS search and reduce the drop rate. At the same time, now two symbols of 127 sequence are used for each of S-PSS and S-SSS in RAN1 design which is much better than NR and LTE-V2X. It can foresee the better S-PSS/S-SSS detection performance and lower dropping rate. On the other side, some companies suggest to re-schedule the data transmission once UE is scheduled to transmit the data when UE is searching SLSS, but this solution will make UE’s scheduling much complicate. This behavior should be up to UE’s implementation. 
[bookmark: _Ref16184843]Observation 4: Compared to legacy LTE V2X UE, NR V2X UE could have better S-PSS/S-SSS detection rate and lower dropping rate for selection/reselection of V2X synchronization reference source.
[bookmark: _Ref16184862]Proposal 2: Whether UE decide to adjust their scheduling to minimize dropping rate is up to UE’s implementation.
PBCH Decoding
In LTE V2X, UE has to decode PBCH to obtain the In-Coverage bit to know if the SyncRef UE is directly or indirectly synced to GNSS/eNB. This is used for the priority group selection since SyncRef UEs directly synced to GNSS/eNB has higher priority than SyncRef UEs indirectly synced to them. In NR V2X, another option is to carry this indicator outside the MIB similarly as NR SBI. RAN4 should wait RAN1’s discussion on how to carry this indicator to decide to evaluate PBCH decoding performance or DMRS detection performance.
[bookmark: _Ref16253632]Proposal 3: RAN4 should wait RAN1’s PSBCH design to decide which procedure should be evaluation, PSBCH decoding or PSBCH DMRS detection.
3 Cell Search Simulation Assumption
In legacy LTE V2X, a key indicator is to support high speed moving with max absolute velocity of 250 km/h, relative velocity of 500 km/h. Thus, all LTE V2X simulation should consider these high speed scenario. However, in NR V2X, the max absolute velocity supported is 130km/h[1].
[bookmark: _Ref16184846]Observation 5: NR V2X UE only need to support max absolute velocity as 130km/h, relative velocity of 260km/h.
[bookmark: _Ref16184871]Proposal 4: The max Doppler frequency in the simulation assumption should be 1400Hz in FR1.
[bookmark: _GoBack]The target NR V2X design is to re-use NR design as much as possible, such as numerology, CP-OFDM, PSS, SSS sequence design, …, etc. Thus it’s better to update NR PSS/SSS simulation configuration to evaluate the sidelink S-PSS/S-SSS detection performance.
[bookmark: _Ref16184874]Proposal 5: NR V2X S-PSS/S-SSS detection simulation assumption should re-use NR PSS/SSS simulation assumption as much as possible. 
Table 1: Suggested SyncRef UE Parameters for S-PSS/S-SSS Detection
	Parameter
	Unit
	SyncRef UE 1
	SyncRef UE 2Note 1

	RF Channel number
	-
	Channel 1
	Channel 1

	Carrier frequency 
	
	FR1: 5.9GHz; 
FR2: TBDGHz
	The same frequency as for Cell 1 is used

	Subcarrier spacing
	KHz
	15 kHz, 30 kHz, 60kHz for FR1;
60kHz, 120kHz for FR2
	The same values as for Cell 1 are used

	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 (baseline)

	1(baseline)


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

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0

	Es/Noc for K=1
	dB
	6.4
	1.25; 0.25; -0.75
(SINR: -6dB;
-8dB, -7dB)


	Number of Tx antennas
	-
	1
	1

	PSS Sequence ID
	-
	To be stated by companies together with the results (examples shows in Table 3, 4)
	To be stated by companies together with the results (examples shows in Table 3, 4)

	SSS Sequence ID
	-
	To be stated by companies together with the results (examples shows in Table 3, 4)
	To be stated by companies together with the results (examples shows in Table 3, 4)

	SLSS resource (Note 2)
	-
	Resource ‘A’
	Resource ‘A’

	Propagation Condition
	-
	ETU500, EVA1400,
TDL- C with 30ns, 500Hz

	Ioc Model Note3
	-
	AWGN noise

	Note 1: SyncRef UE 2 has the higher priority than SyncRef UE 1.
Note 2: SLSS resources corresponding to sync-OffsetIndicator1 , sync-OffsetIndicator2 and sync-OffsetIndicator3, respectively. The two resources are labelled here as ‘A’, ‘B’ and ‘C’.



Table 2: UE-specific Parameters for Cell Detection
	Simulation parameters
	Comments/values

	Prior knowledge of Cell 1 by the UE
	Yes

	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” syncRef UE detection of both S-PSS and S-SSS sequence IDs.

	Receive antennas
	2 (uncorrelated)



[bookmark: _Ref182236287]Table 3: Example Cell ID Combinations that can be simulated
	Case #
	Cell 1
 (Interferer Cell)
	Cell 2
(Desired Cell)
	Scenario

	1
	psc1
	ssc1
	psc2
	ssc2
	Synchronous 

	2
	psc1
	ssc1
	psc1
	ssc3
	Synchronous



Table 4: Example PSS, SSS indices that can be simulated simulations
	PSS Indices
	SSS Indices

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

(,)

	psc1
	TBD
	ssc1
	TBD
	TBD
	TBD

	psc2
	TBD
	ssc2
	TBD
	TBD
	TBD

	
	
	ssc3
	TBD
	TBD
	TBD


  
4 Cell Search Simulation Result
The preliminary simulation results for the S-PSS/S-SSS detection performance comparing with NR are shown as follow. Table 1 provides the S-PSS/S-SSS detection results based on different channel model with any 2 S-SSB separated by at least 160ms. According to the simulation results, we can see that NR V2X will always have about 2dB better than NR cell search.
 [image: ][image: ]
[image: ][image: ]
[bookmark: _Ref16184849]Observation 6: NR V2X S-PSS/S-SSS detection performance is about 2dB better than NR PSS/SSS detection.
5 Sidelink communication on asynchronization network
In legacy LTE V2X, a DFN offset with range of [0, 1]ms was introduced to avoid the GNSS sync-ed UEs transmitting sidelink signals which collide with Uu UL signals when V2X-UE is in-coverage with a serving cell on a shared carrier. In NR V2X, both eNB and gNB are available as synchronization sources. NR V2X should consider three different timing options: GNSS, eNB and gNB, and at the same time consider the communication between UEs belonging to the different synchronization sources. 
V2X UEs cannot communicate with other UE in asynchronous scenario. For example, in EN-DC network, gNB and eNB are asynchronous. Sidelink 1 and sidelink 3 synchronized with gNB, but sidelink 2 synchronized with eNB. Actually, sidelink 1 will always send the signals based on its timing. It means sidelink 1 can’t communicate with sidelink 2. Thus, it suggests the network which supports sidelink service should always be synchronized to avoid difficult communication among sidelink UEs.
[image: ]
Figure 1. Multiple sidelink UEs with different SFN in asynchronous network
[bookmark: _Ref16184879]Proposal 6: The network which supports sidelink service should always be synchronized to avoid the difficulty communication between sidelink UE. 
6 Summary
In this paper, we give an overview for RAN4 spec. synchronization impact based on RAN1’s NR V2X design.
Observation 1: There is only one SL BWP and one numerology in each carrier. Do not need to consider mix-numerology in selection/reselection of V2X synchronization reference source.
Observation 2: SCH Ês/Iot condition is 0dB when further considering SLSS transmission dropping rate in legacy LTE V2X.
Observation 3: There are only two scenarios for selection/reselection of V2X synchronization reference source when GNSS-based synchronization is configured.
Observation 4: Compared to legacy LTE V2X UE, NR V2X UE could have better S-PSS/S-SSS detection rate and lower dropping rate for selection/reselection of V2X synchronization reference source.
Observation 5: NR V2X UE only need to support max absolute velocity as 130km/h, relative velocity of 260km/h.
Observation 6: NR V2X S-PSS/S-SSS detection performance is about 2dB better than NR PSS/SSS detection.
Proposal 1: NR V2X SyncRef UE shall be considered detectable (and with the same Spatial Rx parameter in Fr2) for each relevant S-SSB when:
· S-RSRP related side condition should be fulfilled for a corresponding band;
· S-SSB_RP and S-SSB Ês/Iot condition should be fulfilled for a corresponding band.
Proposal 2: Whether UE decide to adjust their scheduling to minimize dropping rate is up to UE’s implementation.
Proposal 3: RAN4 should wait RAN1’s PSBCH design to decide which procedure should be evaluation, PSBCH decoding or PSBCH DMRS detection.
Proposal 4: The max Doppler frequency in the simulation assumption should be 1400Hz in FR1.
Proposal 5: NR V2X S-PSS/S-SSS detection simulation assumption should re-use NR PSS/SSS simulation assumption as much as possible.
Proposal 6: The network which supports sidelink service should always be synchronized to avoid the difficulty communication between sidelink UE.
7 Reference
[1] [bookmark: _Ref7081337]3GPP TS 22.186: " Enhancement of 3GPP support for V2X scenarios ".
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