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[bookmark: _Ref30590][bookmark: _Toc5602]Introduction
At RAN1 #99 meeting, the following working assumption and agreements were reached [1].
Agreements:
· Note: “green” already earlier; “blue” new agreements, “brown” working assumption, “change marks” for updates
	PSBCH contents
	Number of bits
	Notes

	DFN
	10
	

	Indication of TDD configuration
	12 
	System-wide information, e.g. TDD-UL-DL common configuration and/or potential SL slots

	Slot index
	7
	Note: Up to 3 bits can be carried in DM-RS or in PBCH payload.

	In-coverage indicator
	1
	

	Reserve bits
	
	

	CRC
	24
	

	Total bits
	56
	


At RAN #86 meeting, the following issues for synchronization RAN1 needs to focus on in RAN1#100 for 5G V2X were made [2]. 
	Category
	Remaining issue in RAN1
	RAN2 impact

	Synchronization
	E1
	 Details of transmission power of S-SSB
	Depends on the outcome of RAN1 discussion

	
	E2
	Details and clarification of PSBCH contents including TDD configuration and slot number in PSBCH
	YES

	
	E3
	DM RS sequence initialization for PSBCH
	No

	
	E4
	Whether/how to define QCL for S-SSB transmission
	No


[bookmark: OLE_LINK5]In this contribution, we mainly further discuss some remaining issues of NR V2X synchronization.
[bookmark: _Toc10347]Discussions 
[bookmark: _Toc23345]PSBCH content  
· TDD configuration
By indicating TDD configuration in PSBCH, the SL slot information in network coverage can be known by the UEs out of network coverage. System-wide information and/or potential SL slots would be indicated. For UEs in network coverage, both system-wide information and SL slot information would originate from cell-specific TDD configuration information (TDD-UL-DL-ConfigCommon) partially or fully. It should be noted that the combination of two patterns (pattern1 and pattern2) are supported in configuration of TDD-UL-DL-ConfigCommon. So, the combination of two patterns should be also considered for indication in PSBCH. 
[bookmark: _Toc741][bookmark: _Toc14963][bookmark: _Toc29444][bookmark: _Toc2983]To keep accordance with TDD-UL-DL-ConfigCommon configuration in NR Uu, the combination of two patterns (pattern1 and pattern2) should be considered for TDD configuration indicated by PSBCH.
System-wide information, e.g., TDD-UL-DL-ConfigCommon can be indicated directly in PSBCH, e.g., only UL slots are indicated. With the largest period of 10ms and two-period configuration, the payload size of this field could be very large. For example, in TDD-UL-DL-ConfigCommon, the field dl-UL-TransmissionPeriodicity (configuration period) needs 3 bits to indicate 8 values. For the indications of uplink slots (nrofUplinkSlots) and uplink symbols (nrofUplinkSymbols), considering the largest configuration period (i.e., 10 ms) and maximum SCS which is supported for sidelink (i.e., 120 kHz), 7 bits and 4 bits are needed respectively. So 28 bits are needed totally to indicate TDD configuration information if the combination of two patterns are considered and only UL slots/symbols are necessarily indicated. This number of bits is much larger than 12 bits which is agreed as working assumption in RAN1 #99 meeting. 
If only indicate potential SL slots in PSBCH field, a simple method is to indicate the number of potential slots in one configuration period. 3 bits and 7 bits are needed to indicate the number of slots in one configuration period. Considering two periods, 20 bits would be needed totally. And it is also much larger than 12 bits which is agreed as working assumption in RAN1 #99 meeting. 
[bookmark: _Toc2542][bookmark: _Toc274][bookmark: _Toc20769][bookmark: _Toc24657]More than 12 bits are needed to indicate TDD configuration information directly.
The TDD configuration information can consume fewer number of bits if it is indicated by means of index. For example, all TDD configurations supported for sidelink are included in a table. Some parameters, such as configuration periods (including two periods) and UL slots or sidelink slots, are included in the contents of configuration. Each configuration is mapped to one table index. The detecting UE can determine the values of TDD configuration corresponding to the synchronization reference UE according to the indicated index. The number of TDD configurations supported for NR V2X is based on the length of indication bits. For example, 12 bits can support 4096 kinds of TDD configurations totally. 
[bookmark: _Toc23812][bookmark: _Toc17642][bookmark: _Toc1597][bookmark: _Toc23062]In order to reduce payload size of PSBCH, TDD configuration is indicated by index of TDD configuration table.
· Slot index within a frame
Since DFN is agreed to be indicated in PSBCH. It is natural to indicate slot index within a frame. The largest SCS supported for S-SSB transmission in Rel-16 5G V2X is 120 kHz, and at most 80 slots are included within a frame. So 7 bits are enough to indicate slot index within a frame.  
[bookmark: _Toc16438][bookmark: _Toc14509][bookmark: _Toc3810][bookmark: _Toc17051]Confirm the working assumption that slot index within a frame is indicated by 7 bits.
In summary, the proposed contents of PSBCH are listed in the Table 1.
Table 1 Proposed contents of PSBCH
	PSBCH contents
	Number of bits
	Notes

	DFN
	10
	

	Indication of TDD configuration
	12 
	System-wide information, e.g. TDD-UL-DL common configuration and/or potential SL slots, indicated as index of a (pre)configured TDD configuration table. 

	Slot index
	7
	Note: Up to 3 bits can be carried in DM-RS or in PBCH payload. Indicate slot index within a frame

	In-coverage indicator
	1
	

	Reserve bits
	2
	

	CRC
	24
	

	Total bits
	56
	



Others
DM RS sequence initialization for PSBCH
In email discussion [98b-NR-17], it is agreed that same DM RS sequence generation with NR Uu PBCH is used for PSBCH. For sequence initialization of PSBCH DM RS, the simple method is to reuse the sequence initialization of PBCH DM RS. 
For PBCH DM RS sequence, the scrambling sequence generator shall be initialized with
[image: ]


Where,  is related with the number of the half-frame in which the PBCH is transmitted in a frame and the two or three least significant bits of the SS/PBCH block index.  is physical layer cell ID. 
In NR V2X, DFN is indicated in PSBCH. And slot index within DFN is likely to be included in PSBCH. UE can determine the location of S-SSB in time domain via PSBCH contents. PSBCH DM RS need not to carry the information of S-SSB index and the half-frame in which the PSBCH is transmitted within a frame. 
So the scrambling sequence generator of PSBCH DM RS shall not be initialized with the information of S-SSB index or the half-frame in which the PSBCH is transmitted within a frame. A desirable method is to initialize the scrambling sequence generator for PSBCH DM RS with



[bookmark: _Toc19931][bookmark: _Toc7710][bookmark: _Toc23068][bookmark: _Toc13788][bookmark: _Toc28518]For PSBCH DM RS, the scrambling sequence generator shall be initialized at the start of every PSBCH subframe with .
Transmission power of S-SSB
For NR V2X, the similar mechanism in LTE V2X can be used for transmission power of S-SSB. One point should be noted is that power difference may exist between S-PSS and S-SSS/PSBCH symbols. The UE may assume that the transmission power of S-SSS is aligned to that of PSBCH. 


So, in NR V2X the UE transmit power of primary sidelink synchronization signal  and the UE transmit power of secondary synchronization signal  are given by

-	 [dBm] ,

-	 [dBm] ,







where  and  are defined in [3GPP TS 38.101].  is the number of PRBs of the bandwidth for S-SSB transmission and  where is defined in Subclause 7.1.1 in 3GPP TS 38.213.  and  are provided by higher layer parameters.


[bookmark: _Toc368][bookmark: _Toc15235][bookmark: _Toc29649][bookmark: _Toc31835]In NR V2X the UE transmit power of primary sidelink synchronization signal  and the UE transmit power of secondary synchronization signal  are given by

-	 [dBm] ,

-	 [dBm] ,
QCL for S-SSB
In NR V2X, S-SSB is transmitted by UE. A UE which transmits S-SSB is usually moving. It is hard to share parameters such as Doppler spread, Doppler shift, average gain, average delay, delay spread and so on. 
Furthermore, in some cases, multiple UEs (with same synchronization priority order) in different locations may transmit S-SSB in the same S-SSB transmission resource. And in different S-SSB transmission resources the S-SSB may be transmitted from different UEs because of UE moving. As a result, a receiving UE can not identify which UE is the transmitter of the S-SSB detected. From this point of view, it is not sensible to define QCL for other sidelink signals/channels based on S-SSB transmission. 
[bookmark: _Toc20691][bookmark: _Toc30691][bookmark: _Toc12784][bookmark: _Toc24088]A receiving UE can not identify which UE is the transmitter of the S-SSB detected because multiple UEs in different locations may transmit S-SSB in the same S-SSB transmission resource. 
[bookmark: _Toc26071][bookmark: _Toc6839][bookmark: _Toc19440]The receiving UE shall not assume other sidelink signals/channels and S-SSB to be quasi co-located.
[bookmark: _Toc27598]Conclusion
This contribution focuses on synchronization mechanism for NR V2X. It provides the following proposals and observations:
Observation 1: To keep accordance with TDD-UL-DL-ConfigCommon configuration in NR Uu, the combination of two patterns (pattern1 and pattern2) should be considered for TDD configuration indicated by PSBCH.
Observation 2: More than 12 bits are needed to indicate TDD configuration information directly.
Observation 3: A receiving UE can not identify which UE is the transmitter of the S-SSB detected because multiple UEs in different locations may transmit S-SSB in the same S-SSB transmission resource.

Proposal 1: In order to reduce payload size of PSBCH, TDD configuration is indicated by index of TDD configuration table.
Proposal 2: Confirm the working assumption that slot index within a frame is indicated by 7 bits.

Proposal 3: For PSBCH DM RS, the scrambling sequence generator shall be initialized at the start of every PSBCH subframe with .


Proposal 4: In NR V2X the UE transmit power of primary sidelink synchronization signal  and the UE transmit power of secondary synchronization signal  are given by

-	 [dBm] ,

-	 [dBm] ,
Proposal 5: The receiving UE shall not assume other sidelink signals/channels and S-SSB to be quasi co-located.

[bookmark: _Toc24935]References
[bookmark: _Ref17466]RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #99, Reno, USA, November 18th – 22nd, 2019.
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