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At RAN1#98, good progress was made on the V2X synchronization designs and procedure. The agreement made are copied below: 
Agreements:
· For S-SSB pattern design, the first symbol is PSBCH
· Note: no specific symbol(s) reserved for AGC tuning
Agreements:
· The number of NR V2X SSID is 672 with the combination of {2 S-PSS candidates * 336 S-SSS candidates}.
Agreements:
· NR S-SSB structure for NCP is as follows:
[image: ]
· For the case of ECP, the structure is the same as the above except that the number of PSBCH symbols after S-SSS is only 6
[…]
Agreements:
· 160ms is supported as the S-SSB periodicity for all SCS.
· The number of S-SSB transmissions within one S-SSB period is (pre)configurable
· For 15kHz SCS, {1, [2]}
· For 30kHz SCS, {1, 2}
· For 60kHz SCS, {???}
· For 120kHz SCS, {???}
· FFS details for the multiple S-SSB transmissions within one S-SSB period (the set of slots, repetition?, etc.)
Update on Friday:
Agreements:
The following values with change marks are further agreed:
· Note: the values in bracket are subject to further discussion regarding potential removal all-together
For FR1:
· For 15kHz SCS, {1, [2]}
· For 30kHz SCS, {1, 2, [4]}
· For 60kHz SCS, {1, 2, 4, [8]}
For FR2:
· For 60kHz SCS, {1, 2, 4, 8, 16, 32}
· For 120kHz SCS, {1, 2, 4, 8, 16, 32, 64}
Agreements:
· RS based synchronization can be supported by UE implementation without RAN1 specification impact.

Working assumption:
1. For the NR SLSS, 
0. Same sequence is used for both symbols of S-PSS
0. Same sequence is used for both symbols of S-SSS

Combined with the agreements from previous meeting, RAN1 has now completed the key design aspects essential for the operation of sidelink synchronization. Briefly, we highlight the following existing agreements:
· A Sidelink SSB (S-SSB) of 11 RBs with structure defined for both ECP and NCP. 
· Two symbols are used for each of S-PSS and S-SSS, respectively with length-127 M-sequences for S-PSS and length-127 Gold sequences for S-SSS.
· A working assumption that the same sequences is used in both symbols for both S-PSS and S-SSS.
· The number of NR V2X SSID is 672 derived from 2 S-PSS candidates * 336 S-SSS candidates.
· Support of pre-configured multiple S-SSB transmissions covering a range for each of the supported SCSs with a periodicity of 160ms.
While there are still some working assumptions that need to be confirmed, some remaining designs still need to be finalized. In this contribution, we provide our views on the following remaining issues:
· Selection criteria on the Sync procedures
· Sync Source Priority
· PSBCH contents (RAN2 interaction needed)

Remaining Issues  
Synchronization Procedures
For the synchronization procedures for SLSS, the working assumption has been confirmed with additional changes given in the Table below. It should be noted that the use of LTE UE as sync source has been excluded and thus not considered here. Also, the agreement below assumed that the UE is pre-configured to either having GNSS or gNB/eNB as synchronization sources.   

	GNSS-based synchronization
	gNB/eNB-based synchronization

	P0: GNSS
	P0: gNB/eNB

	P1: UE directly synchronized to GNSS 
	P1’: UE directly synchronized to gNB/eNB

	P2: UE indirectly synchronized to GNSS
	P2’: UE indirectly synchronized to gNB/eNB

	P3: gNB/eNB 
	P3’: GNSS

	P4: UE directly synchronized to gNB/eNB 
	P4’: UE directly synchronized to GNSS

	P5: UE indirectly synchronized to gNB/eNB
	P5’: UE indirectly synchronized to GNSS

	P6: the remaining UEs have the lowest priority.
	P6’: the remaining UEs have the lowest priority.


Table 1: Agreed Synchronization Sources Prioritization

In the agreed table above, P3 and P0 for GNSS-based and g/NB/eNB-based synchronization approaches, respectively, requires a selection between gNB and eNB. Hence, when both eNB and gNB are available as synchronization sources (i.e. UE can detect both of them), the priority between them should depend on received signal strength, e.g. based on RSRP/RSRQ. 
Proposal 1: When eNB or gNB are the two synchronization sources, each with the same priority, the UE selects synchronization source based on a defined threshold. This can be left up to RAN4 decision e.g. received signal strength or S-RSRP.

S-SSB Repetition/Beam Sweeping 
From the agreements in RAN1#98, multiple S-SSB transmissions up to [8] and 64 S-SSB blocks are supported for FR1 and FR2, respectively. In addition, it is noted in the agreement that:
· FFS details for the multiple S-SSB transmissions within one S-SSB period (the set of slots, repetition?, etc.)

In NR Uu, both combining across SSB periods and beam forming within an SSB period are supported. To support beam forming or sweeping, the SSB within a period can be unique identified. The specification does not describe the mapping of the beam to the S-SSB either for beam repetition or beam sweeping/forming since that is a matter of network implementation.
However, an S-SSB can also be assigned different priority (additional description in the next section) or in the case when selective combining of the repeated S-SSB blocks need to be supported. The baseline operation as provided in NR Uu SSB should be supported i.e. combining across SSB periods and beam forming within an SSB period. RAN1 should further discuss the specification support needed for the combining within an S-SSB period.
Observation 1: NR Uu operation of combining across S-SSB periods and beam sweeping within an S-SSB period should be the baseline supported operation for NR S-SSB. RAN1 should further identify the specification support needed for combining/repetition with an S-SSB period.  

Sync Sources Priority  
The SLSS/S-SSB of a specific UE can have a higher priority or different from other UEs that are also transmitting SLSS/S-SSB. For example, an applicable situation is such as when the UE is the platoon head and thus its SLSS/S-SSB should be of higher priority. Another scenario is UEs that are out-of-coverage and having the GNSS as the main sync source. A UE can be of direct connection with the GNSS or through multiple hops from other UE as sync source. How this UE is synchronized can be assigned different priorities to convey a possible different level of sync performance.
Some mechanism to assist the UE receiving the sync signals may need to be considered. The question that needs to be answered and decision made is how and where such indication of priority should be signaled, if supported.  
In NR Uu, the SSB time index is indicated using a combination of PBCH payload and DMRS/scrambling. However, the PBCH payload already carries timing information in SFN and half frame. For sidelink, such unnecessary complex scheme should be avoided. In other words, if the PSBCH already carries timing information which would require PSBCH to be decoded, then other additional information should be carried as well in the PSBCH payload.
Observation 2: Fragmenting signaling and/or indications across sequences, PSBCH payload, etc. should be avoided. 

PSBCH content
With the design of the S-SSB in completion stage, an important task that is shared with RAN2 is the listing of the necessary fields that should be carried in the “SL-MIB” of the PSBCH, in addition to the RAN1 parameters introduced into the PSBCH. The finalization of the RAN1 parameters can be considered separately together with the rest of other RAN1 decisions such as the coding scheme and payload size. 
In this section, we considered the part of the payload that is relatively separate from other RAN1 parameters. Only the MIB is considered here. Final agreement of the information elements in the MIB would be in RAN2 with RAN1 input. 
The PSBCH needs to contain the minimum required information by a sidelink UE to operate. For Rel-16 NR V2X PSBCH, both the payload of LTE PSBCH and NR PBCH need to be taken into consideration to ensure backward compatibility. 
The LTE V2X PBSCH content is given in MasterInformationBlock-SL-V2X in [1]:
MasterInformationBlock-SL-V2X
-- ASN1START

MasterInformationBlock-SL-V2X-r14 ::=		SEQUENCE {
	sl-Bandwidth-r14					ENUMERATED {
											n6, n15, n25, n50, n75, n100},
	tdd-ConfigSL-r14					TDD-ConfigSL-r12,
	directFrameNumber-r14				BIT STRING (SIZE (10)),
	directSubframeNumber-r14			INTEGER (0..9),
	inCoverage-r14						BOOLEAN,
	reserved-r14						BIT STRING (SIZE (27))
}


-- ASN1STOP

The NR PBCH content is given in [2]:

MIB for NR
-- ASN1START
-- TAG-MIB-START

MIB ::=                             SEQUENCE {
    systemFrameNumber                   BIT STRING (SIZE (6)),
    subCarrierSpacingCommon             ENUMERATED {scs15or60, scs30or120},
    ssb-SubcarrierOffset                INTEGER (0..15),
    dmrs-TypeA-Position                 ENUMERATED {pos2, pos3},
    pdcch-ConfigSIB1                    PDCCH-ConfigSIB1,
    cellBarred                          ENUMERATED {barred, notBarred},
    intraFreqReselection                ENUMERATED {allowed, notAllowed},
    spare                               BIT STRING (SIZE (1))
}

-- TAG-MIB-STOP
-- ASN1STOP

Combining, where applicable, the above two sets of information elements, we have the following:

Table 1: Proposed PSBCH SL-MIB Payload
	MIB Content
	Notes

	sl_Bandwidth
	Needed since the sidelink bandwidth could be configured by the network and different to what is used for out-of-coverage UEs.

	tdd_ConfigSL
	Indicates the TDD configuration

	directFrameNumber
	To obtain Frame Number for synchronization

	directSlotNumber
	To obtain Slot Number for synchronization. Similar field to directSubframeNumber 

	inCoverage
	Indicates if the UE is synchronized with an in-network source or not

	systemFrameNumber
	Not needed since frame synchronization for sidelink is already achieved using the fields directFrameNumber and directSlotNumber

	subCarrierSpacingCommon
	Not needed. After detecting the SLSS, the UE has information about the SCS and the CP length.

	ssb-SubcarrierOffset
	Not needed. if a fixed location is selected for the synchronization signals on the sidelink, this parameter is not used.

	Dmrs-TypeA-Position
	Not needed. 

	Pdcch-ConfigSIB1
	Not needed. Already available at the UE from Uu synchronization procedure.

	cellBarred
	For NR Uu, this parameter controls whether the UE is allowed to camp on a cell. For NR SL, similarly in preventing/allowing V2X operation e.g. consideration of system interference from V2X. 

	Reserved
	



Proposal 2: RAN1 endorses the SL-MIB as given in Table 1. Send a LS to RAN2.

Conclusion
This contribution discussed the PBCH content.  The PSBCH fields are given in Table 1. 
More specifically, our proposals are as follows:
Proposal 1: When eNB or gNB are the two synchronization sources, each with the same priority, the UE selects synchronization source based on a defined threshold. This can be left up to RAN4 decision e.g. received signal strength or S-RSRP.
Observation 1: NR Uu operation of combining across S-SSB periods and beam sweeping within an S-SSB period should be the baseline supported operation for NR S-SSB. RAN1 should further identify the specification support needed for combining/repetition with an S-SSB period.  
Observation 2: Fragmenting signaling and/or indications across sequences, PSBCH payload, etc. should be avoided. 
Proposal 2: RAN1 endorses the SL-MIB as given in Table 1. Send a LS to RAN2.
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