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At RAN1#97, V2X synchronization was discussed. The discussion mostly focused on SLSS design. Another important aspect of synchronization is the PSBCH content. The PSBCH needs to contain the minimum required information by a sidelink UE to operate. In this contribution we review the contents of the LTE PSBCH for V2X and of the NR PBCH. We then recommend which information to include in the NR PSBCH. We also discuss the other remaining issues of synchronization. In general, on the remaining NR sidelink design decisions, the RAN Plenary guidance as agreed in [1] should be followed.
· In order to expedite the V2X sidelink work, RAN1 is advised to reuse NR Uu design and/or LTE sidelink design to the greatest extent appropriate, unless there are strong reasons to deviate from these

PSBCH content
We first start by reviewing the LTE V2X PSBCH content.
LTE PSBCH content
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
We now look at each of these individual fields:
· sl_Bandwidth: this field is 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 so that the sidelink UE does not interfere with the DL UEs. Such a field is needed. Note that this field cannot be directly copied from LTE since the TDD NR configuration is different from LTE. Several possibilities can be used:
· An indication of which slots are barred for sidelink operation: in such a case, a similar signalling as for LTE can be used. Instead of indicating the TDD configuration, the field now indicates an SL configuration that can be a bitmap, an index (similar to the LTE TDD configuration, etc.)
· The TDD information transmitted in SIB1 for eMBB. The NR SIB1 includes information about a semi-static TDD configuration. This information can be put in the PSBCH. Note that the overall amount of information is quite large. This may require a significantly larger bit size than the TDD configuration of LTE, or even the use of a pointer to other resources, as explained later.
· directFrameNumber: this field is needed to obtain frame synchronization. This information is likely to be needed for NR as well since frame synchronization is needed.
· directSubframeNumber: a similar field is needed for NR. Note however that NR is described using slots instead of subframes. Thus, a similar parameter, directSlotNumber, is needed.
· inCoverage: this field indicates if the UE is synchronized with an in-network source or not. Such an indication indicates whether a UE is in E-UTRAN coverage, thus has access to a good network synchronization source. A similar field is needed for the NR PSBCH. 
· reserved: these fields were considered in LTE for forward compatibility. It seems prudent to use the same approach for NR, and to keep a few bits as ‘reserved’ for future releases, if needed.
Proposal 1: The NR PSBCH contains the following fields (analogous to the LTE PSBCH):
· sl_Bandwidth
· tdd_ConfigSL
· directFrameNumber
· directSlotNumber
· inCoverage

NR PBCH content
Since the PSBCH is conceptually equivalent to the PBCH, but for the sidelink, it is also useful to look at the NR PBCH fields. The NR PBCH content is listed below from [2]:
MIB
-- 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

We now look at each of these fields and see if it is needed:
· systemFrameNumber: this field is not needed since frame synchronization for sidelink is already achieved using the fields directFrameNumber and directSlotNumber of proposal 1.
· subCarrierSpacingCommon: after detecting the SLSS, the UE has information about the SCS and the CP length. It seems to be all that is needed: unlike MBB, the sidelink operation is simpler, and a single numerology is used on the carrier. Thus, this parameter is not needed.
· ssb-SubcarrierOffset: if a fixed location is selected for the synchronization signals on the sidelink, this parameter is not used.
· Dmrs-TypeA-Position: this parameter indicates where to locate the first DMRS in the slot. While the subframe design has not been formalized yet, the sidelink design is simpler than the Uu design. It should therefore be feasible to have a sidelink design without needing to convey information about the DMRS in the PSBCH. Depending on the overall sidelink design, RAN1 can revisit the need for DMRS information in the PSBCH
· Pdcch-ConfigSIB1: this parameter indicates where to find the PDCCH for SIB1 so that the UE can obtain information in the SIB1 in a second stage. There could be some advantages of having sidelink control information transmitted in a SIB equivalent: for instance, it can be beneficial for a UE to obtain the resource pool information. This information is probably too large to be transmitted in the PSBCH. However, the PSBCH could contain a pointer towards more control information. Note that another solution would be to simply use reserved bits, as explained in Section 2.1. However, there might be cases where the amount of needed information would not fit within the reserved bits without significant redesign of the PSBCH: for instance, indicating resource pool configurations can require a significant amount of signalling that may not fit within the reserved bits. While it is too early for RAN1 to make a definitive decision on whether such a field is needed, it is an option that should be kept for consideration at this stage, with future decision depending on the total overhead needed for accessing the sidelink.
· cellBarred. A somewhat similar parameter to prevent/allow V2X operation would be beneficial to protect the cellular system of interference from V2X. In particular, when the out-of-coverage/in-coverage UEs use different synchronization sources, the interference problem can be significant. In essence, when two different synchronization sources as used (e.g., gNB timing in-coverage, and GNSS out-of-coverage), there is a potential for high interference. The interference problem is twofold, as shown in Figure 1:
· V2V interference on the UL: Because of half duplex limitation, the vehicle cannot transmit UL data and receive V2V data at the same time in the same carrier frequency. 
· V2V interference on the DL (TDD case): The V2V service will interfere with DL data if they are transmitted in the same carrier, especially when the V2V transmitter from out-of-coverage is closer to the receiver than the gNB, as illustrated in Figure 1.
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Figure 1. Interference problem at the edge of a cell.
Note also that barring sidelink operation can be useful for other sidelink use cases, for instance if public safety is considered on the sidelink.
Proposal 2: The NR PSBCH additionally contains the following fields (analogous to the NR PBSCH):
· 
· V2XBarred to indicate if V2X operation is enabled on the carrier
· FFS if a pointer towards more control information is included

Summary
The PSBCH fields are summarized in Table 1.

Table 1. PSBCH fields
	Field name
	Description

	V2XBarred
	Indicates if V2X operation is enabled on the carrier

	sl_Bandwidth
	Sidelink bandwidth

	directFrameNumber
	Frame number

	directSlotNumber
	Slot number

	Tdd_ConfigSL
	TDD configuration on the carrier

	inCoverage
	Indicates if the UE is within NR/LTE coverage

	FFS: additionalControlInformation
	Pointer towards additional control information (e.g., resource pool configuration)

	
	



Other synchronization issues
Synchronization Signals
Presently, there is a working assumption on using the same sequence of both symbols of S-PSS and S-SSS. In addition to this, the design of whether the S-PSS and S-SSS are adjacent or not is pending further evaluation of the detection probability performance taking into the performance studies the transient duration and various MPR values.
Justification on the design choice between the two options (same/different sequences, adjacent/non-adjacent sequences) should be the detection performance without increased complexities to the UE. If the same sequence is used (as per working assumption), then that is already an implicit acknowledgement that further sequence detection complexities would not be acceptable at this stage. Similar reasoning would mean that adjacent S-PSS symbols and S-SSS symbols would be supported based on reduced complexity if significant detection performance is not observed for using non-adjacent S-PSS/S-SSS symbols..  
Proposal 3:
· S-PSS symbols are sent in consecutive symbols.
· S-SSS symbols are sent in consecutive symbols.

Multiple S-SSB Support 
The support of multiple SSBs for sidelink follows a very similar path as in during the standardization of Rel-15 NR. There is a need to support more than one S-SSB within a certain periodicity for two critical reasons. First, to facilitate efficient operation of multiple beams and its beam sweeping. Second is to ensure that the coverage in NR with the need to support different SCSs is comparable to LTE. Both of these reasons are also applicable for NR sidelink design.
In RAN1#97, three different alternatives have also been listed: 
· In NR V2X, from transmitter perspective, the period (P1 in unit of ms) of S-SSB(s) transmission is the same for all SCS, for further down-selection:
· Alt 1: the number of S-SSB(s) transmitted within P1is (pre-)configurable.
· Alt 2: the number of S-SSB(s) transmitted is fixed within P1 per SCS.
· Alt 3: only one S-SSB for all SCS is transmitted within P1.

There is no evaluation evidence that the coverage performance will not degrade when different SCS is used for sidelink synchronization signals. In fact, studies performed and shown in some contributions have shown that there is coverage degradation without combining from multiple SSBs. In addition, it won’t be forward compatible also if a design decision of one S-SSB is taken now and multiple beams operation requires to be supported and optimized for Sidelink in future releases especially for FR2. 
Proposal 4: A pre-configurable number of S-SSB(s) that can be transmitted within a transmission period should be supported, i.e. sidelink specification supports the designs and operation of multiple S-SSB(s).  For Rel-16, fixed set of pre-configurable values should be agreed.  
Synchronization Procedures
For the synchronization procedures for SLSS, a good baseline is already available with the following agreement 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: the following UE has the same priority: 
•	UE directly synchronized to GNSS 
	P1’: UE directly synchronized to gNB/eNB

	P2: the following UE has the same priority: 
•	UE indirectly synchronized to GNSS
	P2’: UE indirectly synchronized to gNB/eNB

	P3: the remaining UEs have the lowest priority
	P3’: GNSS

	
	P4’: UE directly synchronized to GNSS

	
	P5’: UE indirectly synchronized to GNSS

	
	P6’: the remaining UEs have the lowest priority.


Table 1: Agreed Synchronization Sources Prioritization

There are however still some minor remaining aspects that need to be defined to further complete the agreement above. Notably, there are:
· The prioritization of gNB vs. eNB when both sources are available
· For GNSS-based method, the gNB/eNB as sync sources should be added for completeness
· Sync source UE prioritization 
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 5: When there are two or more references of a same priority to be selected as the highest priority, the UE should select reference based on defined threshold. This can be left up to RAN4 decision e.g. received signal strength or S-RSRP.
For synchronization source UEs, several issues have been raised by companies:  
· The SLSS of a specific UE can have a higher priority. The applicable situation can arise such as when the UE is the platoon head. Another scenario is UEs that are out-of-coverage and having the GNSS as the main sync source. These UEs can be of direct connection with the GNSS or through multiple hops from other UE as sync source. 
· In partial coverage situation, the out-of-coverage-UEs may cause severe interferences to the in-coverage UEs because of different synchronization reference. This issue needs further study for interference reduction. 
Some mechanism to assist the UE receiving the sync signals may need to be considered. Proposals of indicating the coverage status and/or sync sources hop information should be discussed further.

Conclusion
This contribution discussed the PBCH content.  The PSBCH fields are given in Table 1. 
More specifically, our proposals are as follows:
Proposal 1: The NR PSBCH additionally contains the following fields (analogous to the LTE PSBCH):
· sl_Bandwidth
· tdd_ConfigSL
· directFrameNumber
· directSlotNumber
· inCoverage
Proposal 2: The NR PSBCH contains the following fields (analogous to the NR PBSCH):
· V2XBarred to indicate if V2X operation is enabled on the carrier
· FFS if a pointer towards more control information is included
Proposal 3:
· S-PSS symbols are sent in consecutive symbols.
· S-SSS symbols are sent in consecutive symbols.

Proposal 4: A pre-configurable number of S-SSB(s) that can be transmitted within a transmission period should be supported, i.e. sidelink specification supports the designs and operation of multiple S-SSB(s).  For Rel-16, fixed set of pre-configurable values should be agreed.  
Proposal 5: When there are two or more references of a same priority to be selected as the highest priority, the UE should select reference based on defined threshold. This can be left up to RAN4 decision e.g. received signal strength or S-RSRP.

References
[1] TS36.331
[2] TS38.331


image1.png
o2

v Cellular service
based on eNB timing

V2V service based
on GNSS timing

> Cellular service ~ <——® V2V service ——~® Syncsource




