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1 Introduction
This contribution is a part of Rel.16 maintenance work, where we continue discussion on remaining open aspects of sidelink synchronization based on feature lead summary and provide our recommendations to resolve high and medium priority issues. Our views on other NR V2X design aspects are summarized in our companion contributions [1]-[5].
2 NR V2X Sidelink Synchronization – Remaining Opens
Issues with High Priority
PSBCH Content
The PSBCH content shown in table below is foreseen by RAN1 with a WA on number of bits for slot index within a frame and for indication of TDD configuration. Below we discuss remaining open details for PSBCH content:

	PSBCH contents
	Number of bits

	DFN
	10

	Indication of TDD configuration
	12 
X bits to indicate patterns + Y bits to indicate periodicity + Z bits to indicate UL slots

	Slot index
	7

	In-coverage indicator
	1

	Reserved bits
	[Configurable number of bits and bit values]

	CRC
	24

	Total bits
	56



TDD configuration
The main open issue is how and which configurations to encode into 12 bits used for indication of patterns, periodicity and UL slots. In our view, the following signalling can be used: up to 8bits for indication of UL slots and one bit to indicate number of patterns and remaining 3 bits for indication of periodicity. Joint encoding can be also use to maximize number of configurations.
Sidelink Resource Configuration ID (Resource Configuration Profile ID)
In LTE-V2X there is no any information on sidelink resource configuration carried by SCI although it is clear that this information is essential for sidelink communication. At the same time number of bits to carry this information in PSBCH is prohibitively large. Instead of transferring configuration settings it is proposed to define ID for sidelink resource configuration profile. The main principle behind is that UE may be (pre)-configured with multiple profiles of sidelink resource configuration. Once UE decodes PSBCH, it extracts information on ID and thus associated sidelink resource configuration profile, so it can trigger sidelink communication right away.
. Profile of sidelink resource configuration may include at least the following configuration
1. Sidelink Carrier Bandwidth and BWP parameters
1. PSCCH/PSSCH/PSFCH resource pool configurations
1. S-SSB / PSBCH resource configurations 
1. SLSS/PSBCH offset with respect to Point A for a given sidelink carrier
Reserved bits
The number of bits and set of bit values should be a pre-configurable parameter to ensure forward compatibility.
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PSBCH content defines the following additional parameters
Sidelink Resource Configuration ID
Reserved bits with pre-configurable number of bits and bit values

DMRS Sequence Initialization for PSBCH
The following two alternatives were discussed for PSBCH DMRS sequence initialization:
	The DM-RS sequence initialization for PSBCH is to be down-selected from the following alternatives:
. Alt 1: , where  is 3 LSBs of S-SSB index.
. Alt 2: 


In our understanding the potential benefit of Alt.1. is the additional DMRS randomization depending on S-SSB index transmission when UEs with different SLSS IDs occupy the same resources. In our view, it may give additional benefits for channel estimation and thus can be considered. However, we believe that  should be represented by LSBs of S-SSB index. The SSB index value varies depending on SCS of FR1 and FR2 bands:
· For FR1:
· For 15kHz SCS, {1}
· For 30kHz SCS, {1, 2}
· For 60kHz SCS, {1, 2, 4}
· For FR2:
· For 60kHz SCS, {1, 2, 4, 8, 16, 32}
· For 120kHz SCS, {1, 2, 4, 8, 16, 32, 64}
Given that the maximum number of S-SSBs is 64, we have following proposal:


For PSBCH DMRS generation the Alt.1 is adopted with the following changes
· The  is represented by 6 LSBs of S-SSB index, where max S-SSB index depends on SCS and FR settings.

PSBCH Rate Matching for Extended CP
In current specification TS 38.212 the subclause 8.1 should be updated. 
-	In subclause 7.1.5, the rate matching output sequence length E = 1188 when higher layer parameter cyclicPrefix-SL is configured, otherwise, E = 1782.
The rate matching sequence length for Extended CP is captured incorrectly. Following the same principle as for Normal CP, it should be updated from E = 1188 to E = 1386 = (7symb*11PRBs*12REs*(3/4 DMRS)*2 QPSK).


In TS 38.212 subclause 8.1, update the range-matching sequence length E from 1188 to 1386 for the case of extended CP

Issues with Medium Priority
QCL for S-SSB Transmission
The following aspects need to be discussed:
Scenario 1. QCL of S-SSB with other sidelink physical channels/signals
Scenario 2. QCL assumptions between S-SSB transmission over different periods 
Scenario 3. QCL assumptions within S-SSB signals/channels 
Scenario 4. QCL assumptions for S-SSB transmission within S-SSB burst
In our view, Scenario 1 is not applicable and out of NR-V2X sidelink scope due to SFN type of SSB transmission. Scenario 2 is also not applicable due to UE mobility and possibility that some of the UEs can cease SSB transmission or change spatial filter between transmission periods. The QCL may be assumed between S-PSS/S-SSS and PSBCH however it is already stated in specification that: “For an S-SS/PSBCH block, the UE shall use antenna port 4000 for transmission of S-PSS, S-SSS, PSBCH and DM-RS for PSBCH”. The benefits of QCL indication for scenario 4 are not obvious especially considering pre-configured interval between SSB transmission within a burst and therefore we do not see motivation to define QCL signaling for S-SSB transmissions within S-SSB burst.
Motivation to introduce QCL framework for S-SSB transmission seems not sufficiently justified for sidelink NR-V2X operation. 


Do not define QCL signalling for S-SSB transmissions

Resource / Resource Sets for S-SSB Transmission
RAN1 WG agreed that up to N = 64 S-SSB can be pre-configured within a synchronization period (160ms). In LTE-V2X, up to 2 or 3 synchronization resources can be configured. For example, if 2 resources are configured, then UE may receive S-SSB in one of the 2 synchronization resources and transmits S-SSB in another synchronization resource. Extending this procedure to NR-V2X means that each synchronization resource can be pre-configured from multiple S-SSBs within 160ms period.


Clarify that UE can be configured with two or three synchronization resources, where each NR V2X synchronization resource is (pre)-configured from multiple S-SSBs within S-SSB period in accordance with SCS and FR settings
Use of NR-V2X synchronization resource follows the same mechanism as in LTE-V2X

Lower SLSS ID with Higher Priority for P6/P6’ UE
It was proposed to discuss enhancement to LTE-V2X synchronization procedure for independent synchronization sources. For sync sources with the lowest priority (P6/P6’) it was suggested that UEs select sync source with the lowest SLSS ID, if the RSRP is above threshold.
We would like to point out that in any distributed system with hierarchical design the formation of sync clusters is unavoidable. The only solution to that problem is the use of global synchronization source like GNSS or network timing. Therefore, instead of optimization of sidelink sync procedure (that in any case will not be perfect) it is better to utilize infrastructure-based solutions and either deploy gNBs or sync sources that will relay timing from network or GNSS.

Timing Determination of S-SSB
PSBCH carries information on DFN and slot index. Therefore, the full timing information will be available for each S-SSB transmission and thus no additional solutions are needed.

Multiplexing between S-SSB and Data
One of the opens is whether FDM multiplexing between S-SSB and data should be supported. In our view, FDM can be dangerous due to half-duplex (UE transmitting SLSS will not be able to receive sidelink) and in-band emission issues. Considering that FDM of S-SSB and data also has impact on resource allocation, we prefer to preclude this functionality in R16. At the same time FDM b/w S-SSB transmissions having different priorities can be considered to avoid transmission on the same resource.


Do not support frequency multiplexing of S-SSB and data transmission in the same slot in a given BWP.

3 Conclusion
In this contribution, we have discussed remaining open aspects of NR V2X sidelink synchronization and provided our recommendations to resolve them. In summary, we have following proposals:

Proposal 1: 
PSBCH content defines the following additional parameters
Sidelink Resource Configuration ID
Reserved bits with pre-configurable number of bits and bit values
Proposal 2: 
For PSBCH DMRS generation the Alt.1 is adopted with the following changes
· The  is represented by 6 LSBs of S-SSB index, where max S-SSB index depends on SCS and FR settings.
Proposal 3: 
In TS 38.212 subclause 8.1, update the range-matching sequence length E from 1188 to 1386 for the case of extended CP
Proposal 4: 
Do not define QCL signalling for S-SSB transmissions
Proposal 5: 
Clarify that UE can be configured with two or three synchronization resources, where each NR V2X synchronization resource is (pre)-configured from multiple S-SSBs within S-SSB period in accordance with SCS and FR settings
Use of NR-V2X synchronization resource follows the same mechanism as in LTE-V2X
Proposal 6: 
Do not support frequency multiplexing of S-SSB and data transmission in the same slot in a given BWP.
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