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Introduction
For the NR V2X work item, the WID includes the following objective for sidelink synchronization [1]:
· Sidelink synchronization mechanism as per the study outcome [RAN1, RAN2]
· Procedures selecting synchronization reference
· S-SSB and procedures to transmit and receive it, including when GNSS and gNB/eNB are unavailable
· Use of RS for sidelink synchronization if specification impact is identified
And in RAN#86 meeting, some remaining issues also have been identified [2]. 
In this contribution, we give our understanding and related proposals to the remaining issues for the further develop the design of sidelink synchronization, taking into account synchronization part. 

Remaining details for sidelink synchronization mechanisms 
Remaining details for sidelink SSB Structure

The the multiplexing relation between S-SSB and other signals should be clarified. To avoid the half-duplex impact when UE transmits or receives S-SSB, TDMed multiplexing as in LTE-V2X should be reused in NR-V2X.
Proposal 1: S-SSB is TDMed with data from system perspective, i.e. in the synchronization slot, only S-SSB is transmitted. 
Following the above logic, since the synchronization slot is physical slot, the configured resource pool should not include the synchronization slots since the synchronization slot should some physical resource.

A proposed text for this correction is provided for Section 16 of TS 38.213.
------------------------------   Start of Text Proposal for TS 38.213----------------------------------------
[bookmark: _Toc29894875][bookmark: _Toc29899174][bookmark: _Toc29899592][bookmark: _Toc29917328]---------------------------------- < Unchanged parts are omitted > -----------------------------------------16	UE procedures for sidelink
A UE is provided by locationAndBandwidth-SL a BWP for SL transmissions (SL BWP) with numerology and resource grid determined as described in [4, TS38.211]. For a resource pool within the SL BWP, the UE is provided by numSubchannel a number of sub-channels where each sub-channel includes a number of contiguous RBs provided by subchannelsize. The first RB of the first sub-channel in the SL BWP is indicated by startRB-Subchannel. Available slots which do not include the slot with S-SS/PSBCH blocks nor the symbols with downlink or flexible transmission for a resource pool are provided by timeresourcepool and occur with a periodicity provided by 'periodResourcePool'. For an available slot without S-SS/PBCH blocks, SL transmissions can start from a first symbol indicated by startSLsymbols and be within a number of consecutive symbols indicated by lengthSLsymbols. For an available slot with S-SS/PSBCH blocks, the first symbol and the number of consecutive symbols is predetermined. 
---------------------------------- < Unchanged parts are omitted > -----------------------------------------
------------------------------------------ End of Text Proposal -----------------------------------------------

Remaining details for S-SSB power control
There is a remaining issue about the details of transmission power of S-SSB. For S-SSB transmission power, RAN1 has no agreement on how to do the power control for S-SSB. Since the S-SSB should occupy a whole slot and TDMed multiplexing with other signals or channel, then the S-SSB should be power controlled separately      
We also noticed, there are some agreements on PSFCH in RAN1#98bis as following:  
Agreements:
· For PSFCH power control, 
· It is supported that the open-loop power control is based on the pathloss between PSFCH TX UE and gNB (if PSFCH TX UE is in-coverage):
· The nominal power and alpha for PSFCH power control are configured separately from the parameters used for PSCCH/PSSCH power control.
·  (working assumption) Sidelink pathloss based PSFCH power control is not supported.

We think S-SSB can reuse the power control mechanism as PSFCH since both of them are TDMed with other sidelink transmission. 
Proposal 2: For the S-SSB power control, the PSFCH power control rules can be reused, i.e. 
· Open-loop power control is based on the pathloss between TX UE and gNB (if S-SSB TX UE is in-coverage)
· Sidelink pathloss based S-SSB power control is not supported.

A proposed text for this correction is provided for Section 16.2.4 of TS 38.213.
------------------------------   Start of Text Proposal for TS 38.213----------------------------------------
---------------------------------- < Unchanged parts are omitted > -----------------------------------------
[bookmark: _Toc29894880][bookmark: _Toc29899179][bookmark: _Toc29899597]16.2.4	S-SS/PBCH
A UE determines a power PS-SSB(i) for a S-SS/PSBCH transmission in slot  as
 [dBm]
where
-	 is defined in [8-1, TS 38.101-1]  
-	 is a value of p0-DL-S-SSB if provided; else,  
-	 is a value of alpha-DL-S-SSB, if provided; else,  
-	 as described in Clause 7.1.1 
16.2.45	Prioritization of transmissions/receptions
16.2.45.1	Simultaneous NR and E-UTRA transmission/reception

---------------------------------- < Unchanged parts are omitted > -----------------------------------------
------------------------------------------ End of Text Proposal -----------------------------------------------

Whether/how to define QCL for S-SSB transmission
We have the following agreements for the supported number of transmitted S-SSB.
Agreements:
The number of S-SSB transmissions within one S-SSB period is (pre)configurable:
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}

The actually transmitted S-SSB can be (pre-)configured from the above values. While whether/how to define QCL for multiple S-SSBs transmission both for FR1 and FR2 has not been decided. For FR1, there will be multiple different antenna directions on the vehicle. If all the S-SSBs transmitted simultaneously from all the antennas, them they can be treated as QCLed, otherwise if they are transmitted by TDM, they are non-QCLed. For FR2, different beams can transmit the S-SSB to different directions both by analogue or digital beams from time to time. If the transmitter does not know which S-SSBs are QCLed, then different UE will transmit S-SSB by different way according to UE implementation. And the S-SSB receiver has no knowledge about how or whether to do S-SSB combination. According to current agreements achieved now, we suggest to indicate a number of R configured neighboring S-SSBs is QCLed. 
Proposal 3: For the (pre-)configured actually transmitted S-SSB, a number of R neighboring S-SSBs are QCLed. 

A proposed text for this correction is provided for Section 16.1 of TS 38.213.
[bookmark: _Toc29894876][bookmark: _Toc29899175][bookmark: _Toc29899593][bookmark: _Toc29917329]------------------------------   Start of Text Proposal for TS 38.213----------------------------------------
---------------------------------- < Unchanged parts are omitted > -----------------------------------------
16.1	Synchronization procedures
---------------------------------- < Unchanged parts are omitted > -----------------------------------------
A UE is provided, by numSSBQCLwithinPeriod-SL, numSSBwithinPeriod-SL, a number  of S-SS/PSBCH blocks in a period of 16 frames. The UE assumes that a transmission of the S-SS/PSBCH blocks in the period is with a periodicity of 16 frames. The UE assumes that numSSBQCLwithinPeriod-SL neighboring S-SS/PSBCH blocks are QCL within numSSBwithinPeriod-SL..  The UE determines indexes of slots that include S-SS/PSBCH block as +, where
-	index 0 corresponds to a first slot in a frame with SFN satisfying 
-	 is a S-SS/PSBCH block index within the number of S-SS/PSBCH blocks in the period, with 
-	 is a slot offset from a start of the period to the first slot including S-SS/PSBCH block, provided by timeOffsetSSB-SL
-	 is a slot interval between S-SS/PSBCH blocks, provided by timeIntervalSSB-SL 
If a UE would transmit or receive an S-SS/PSBCH block or, for E-UTRA radio access, sidelink synchronization signals, and the transmission or reception would overlap in time with other transmissions and/or receptions on the sidelink, the UE transmits or receives the signal/channel with the higher priority.
---------------------------------- < Unchanged parts are omitted > -----------------------------------------
------------------------------------------ End of Text Proposal -----------------------------------------------

Limitation on the S-SSB interval
In the RAN1#99 meeting, we have the following agreements [4]:
Agreements:
· The S-SSBs within the period of 160ms are distributed with the same interval with the following (pre-)configured parameters:
· The offset from the start of the S-SSB period to the first S-SSB
· The interval between neighboring S-SSBs
There is no limitation on the interval between neighboring S-SSBs, this means all the transmitted S-SSB can be transmitted in the whole 160ms period. These will cause two problems: increase the buffer to detect the S-SSB and worsen the S-SSB detection performance since the S-SSB within 160ms cannot be combined directly. Actually, in NR Uu link design, all the candidate SSB are transmitted within 5ms SSB burst window. 
[image: ]
[bookmark: _Ref19643922][bookmark: _Ref19643912]Figure 1: The structure of SSB for NR Uu link
A simple solution can be used to reuse the NR Uu link design, i.e. to limit all the candidates S-SSB within the same radio frame. Assume there are x S-SSBs within one radio frame, then the maximum interval between two neighboring S-SSBs will be (M*10*2μ/x) slots, where μ= 0, 1, 2, 3 for SCS 15, 30, 60 and 120kHz respectively. When the carrier is dedicated carrier, M can equal to one. Otherwise, if the carrier is a shared carrier, M can be larger than one. 
Proposal 4: All the (pre-)configured actually transmitted S-SSBs should be within the same radio frame at least for dedicated carrier, i.e.
· The value of the interval between neighboring S-SSBs is no more than (M*10*2μ/x) slots, where μ= 0, 1, 2, 3 for SCS 15, 30, 60 and 120kHz respectively, x is the number of actually transmitted S-SSB, where M can be (pre-)configured.
DM RS sequence initialization for PSBCH
A remaining issue is the DM-RS sequence initialization for PSBCH. 
For NR Uu link, the initial value of DM-RS of PBCH is generated by SSB index e.g.:
[image: ]
And furthermore , we have the following agreements as:
Email approval in [98b-NR-17]:
Agreements:
· PSBCH DM-RS design uses NR Uu PBCH DM-RS design as the starting point
· DM-RS RE mapping
·  Equal DM-RS density across NR-PBCH with 3 REs/PRB/symbol (i.e., comb-4 type)
· Same DM-RS sequence generation with NR Uu PBCH
· length-31 Gold sequence with QPSK modulation
· FFS DM-RS RE position shift in frequency domain
FFS the number of PSBCH symbols that contain DM-RS
So a simple way is to reuse the NR Uu PBCH DMRS design. Since the total number of SLSS ID is 672, the cell ID is 1008, we made minor change as following when replace the cell ID to SLSS ID.
Proposal 5: the DM-RS sequence initialization for PSBCH by the following way: 

	





-	for  ,   where  is the number of the half-frame in which the PSBCH is transmitted in a frame with  for the first half-frame in the frame and  for the second half-frame in the frame, and  is the two least significant bits of the sidelink SS/PBCH block index.


-	for ,  where  is the three least significant bits of the sidelink SS/PBCH block index.

A proposed text for this correction is provided for Section 8.4.1.4 of TS 38.211.
[bookmark: _Toc29230469]------------------------------   Start of Text Proposal for TS 38.211----------------------------------------
---------------------------------- < Unchanged parts are omitted > -----------------------------------------
8.4.1.4.	Demodulation reference signals for PSBCH
[bookmark: _Toc29230470]8.4.1.4.1	Sequence generation
The reference-signal sequence  for an S-SS/PSBCH block is defined by

where  is given by clause 5.2. The scrambling sequence generator shall be initialized at the start of each S-SS/PSBCH block occasion with 







-	for  ,  where  is the number of the half-frame in which the PSBCH is transmitted in a frame with  for the first half-frame in the frame and  for the second half-frame in the frame, and  is the two least significant bits of the sidelink S-SS/PSBCH block index.

-	for ,  where  is the three least significant bits of the sidelink S-SS/PSBCH block index.
---------------------------------- < Unchanged parts are omitted > -----------------------------------------
------------------------------------------ End of Text Proposal -----------------------------------------------

Scrambling of PSBCH
Another issue is whether or how to do the scrambling for SL-MIB. For NR Uu link both the information bits for MIB and the encoded bits for MIB are scrambled. While for LTE-V2X design, the SL-MIB information bits are not scrambled. The encoded bits of SL-MIB are scrambled as: the scrambling sequence generator shall be initialized at the start of every PSBCH subframe with   . We think LTE-V2X design can be considered to NR-V2X since no strong motivation to scramble the SL-MIB by S-SSB index. 
Proposal 6: For PSBCH scrambling, the LTE design is reused, i.e.:
· No scrambling of PSBCH information bits
· The scrambling for the encoded bits of SL-MIB, shall be initialized at the start of every PSBCH slot with   

------------------------------   Start of Text Proposal for TS 38.211----------------------------------------
---------------------------------- < Unchanged parts are omitted > -----------------------------------------
[bookmark: _Toc11324553][bookmark: _Toc29230450]8.3.3.1	Scrambling
The block of bits, where  is the number of bits transmitted on the physical sidelink broadcast channel, shall be scrambled prior to modulation, resulting in a block of scrambled bits  according to

Where the scrambling sequence generator shall be initialized at the start of every PSBCH slot with   .
---------------------------------- < Unchanged parts are omitted > -----------------------------------------
------------------------------------------ End of Text Proposal -----------------------------------------------

Content of PSBCH
In RAN1#99 meeting, we have the following agreements: 
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
	2
	

	CRC
	24
	

	Total bits
	56
	



The undecided part is the sidelink BWP. Considering the sidelink BWP will be (per-)configured static, a simple way to address this issue is aligned the sidelink BWP configuration between in-coverage and out of coverage scenarios. Under this consideration, it is not necessary to indicate the sidelink BWP information by PSBCH.
Observation 1: The sidelink BWP information should be aligned between in-coverage and out of coverage scenarios, i.e. no necessity to indicate the sidelink BWP information by PSBCH.
Another issue is the details and clarification of PSBCH contents including TDD configuration and slot number in PSBCH.
The TDD configuration within the PSBCH helps the partial coverage V2X UE operating in shared carrier scenarios. The in-coverage UE forwards the TDD configuration to the out-of-coverage UE to ensure the latter not using the DL spectrum of nearby cell for SL transmission to avoid severe interference to nearby receiving UEs. However, the TDD configuration in NR Uu is of high flexibility and costs numbers of bits. It is impossible to give a complete indication with only 12 bits. As such, it is needed to simplify the TDD configuration and reduce the signaling overhead.
An intuitive approach is that the PSBCH provides only the slot-level TDD configuration. More specifically, only the slot configuration in cell-specific RRC IE TDD-UL-DL-ConfigCommon is indicated. Furthermore, recall that SL transmission is restricted to use UL resource for shared carrier cases, it is practical to indicate only the UL slots. The slots with DL symbols or flexible symbols are not considered.

TDD-UL-DL-ConfigCommon ::=          SEQUENCE {
    referenceSubcarrierSpacing          SubcarrierSpacing,
    pattern1                            TDD-UL-DL-Pattern,
    pattern2                            TDD-UL-DL-Pattern                                                       OPTIONAL, -- Need R
    ...
}

TDD-UL-DL-Pattern ::=               SEQUENCE {
    dl-UL-TransmissionPeriodicity       ENUMERATED {ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms5, ms10},
    nrofDownlinkSlots                   INTEGER (0..maxNrofSlots),
    nrofDownlinkSymbols                 INTEGER (0..maxNrofSymbols-1),
    nrofUplinkSlots                     INTEGER (0..maxNrofSlots),
    nrofUplinkSymbols                   INTEGER (0..maxNrofSymbols-1),
    ...,
    [[
    dl-UL-TransmissionPeriodicity-v1530     ENUMERATED {ms3, ms4}                                               OPTIONAL -- Need R
    ]]
}

The parameters contained in TDD-UL-DL-ConfigCommon IE are listed above. Here are some important observations:
- 	NR Uu indicates the slot configuration based on the reference SCS ;
-	Besides pattern1, pattern2 can be optionally configured;
-	The periodicity of one pattern has the value range {0.5ms, 0.625ms, 1ms, 1.25ms, 2ms, 2.5ms, 3ms, 4ms, 5ms, 10ms}.
To reduce the signaling overhead, the reference SCS should not be included in the PSBCH content. Instead, the SCS  configured by SL BWP for SL transmission/reception can be utilized. In this setting, the number of UL slots indicated by the TDD configuration needs to be transformed based on . Notably,   can be 0, 1, 2 for FR1. When , the SCS configured by SL BWP is 60kHz and there are at most 40 slots within one period. In this regard, 6 bits are enough to indicate the number of UL slots in a period. If two patterns are configured, the PSBCH may only indicate the number of UL slots in one pattern.
Besides the number of UL slots, it is also needed to indicate the periodicity. Among the 12 bits, 1 bit can be used to indicate the number of patterns in NR Uu. When only pattern1 is configured, 4 bits are enough to denote a period in {0.5ms, 0.625ms, 1ms, 1.25ms, 2ms, 2.5ms, 3ms, 4ms, 5ms, 10ms}. When pattern2 is additionally configured besides pattern1, 4 bits are also enough. This is because the spec requires the overall period divides 20 msec, and therefore only 16 combinations are supported, as shown in Table x-2.
Therefore, we confirm the working assumption that that TDD configuration is indicated by 12 bits. Among the 12 bits, the first 5 bits are used to indicate the number of patterns and the corresponding periodicity information, and the other 7 bits provides the number of UL slots. Let the length-12 bit sequence be , then the values of  can be obtained as follows:
-	 indicates the number of patterns in NR Uu,  indicate the periodicity information
-	If only pattern1 is configured,
-	
-	 are the binary representation of a row index  in Table x-1, where  is provided by dl-UL-TransmissionPeriodicity(-v1530).
-	If pattern2 is additionally configured besides pattern1,
-	
-	 are the binary representation of a row index  in Table x-2, where  and  are provided by the dl-UL-TransmissionPeriodicity(-v1530).
-	 indicate the number of UL slots
-	If ,
-	
-	 are the binary representation of , where  denotes the number of UL slots based on ,  is provided by nrofUplinkSlots,  is provided by referenceSubcarrierSpacing.
-	If ,
-	If the PSBCH content is used to indicate the number of UL slots in pattern1,
-	
-	 are the binary representation of , where  denotes the number of UL slots based on  in pattern1,  is provided by nrofUplinkSlots,  is provided by referenceSubcarrierSpacing.
-	If the PSBCH content is used to indicate the number of UL slots in pattern2,
-	
-	 are the binary representation of , where  denotes the number of UL slots based on  in pattern2,  is provided by nrofUplinkSlots,  is provided by referenceSubcarrierSpacing.

Table x-1: Slot configuration period when one pattern is configured
	Index

	Slot configuration period of pattern1
 (msec)

	0
	0.5

	1
	0.625

	2
	1

	3
	1.25

	4
	2

	5
	2.5

	6
	3

	7
	4

	8
	5

	9
	10

	10 – 15
	Reserved



Table x-2: Slot configuration period when two patterns are configured
	Index

	Slot configuration period
 (msec)
	Slot configuration period of pattern1
 (msec)
	Slot configuration period of pattern1
 (msec)

	0
	1
	0.5
	0.5

	1
	1.25
	0.625
	0.625

	2
	2
	1
	1

	3
	2.5
	0.5
	2

	4
	2.5
	1.25
	1.25

	5
	2.5
	2
	0.5

	6
	4
	1
	3

	7
	4
	2
	2

	8
	4
	3
	1

	9
	5
	1
	4

	10
	5
	2
	3

	11
	5
	2.5
	2.5

	12
	5
	3
	2

	13
	5
	4
	1

	14
	10
	5
	5

	15
	20
	10
	10



Proposal 7: Confirm the working assumption that TDD configuration is indicated by 12 bits.
Proposal 8: Among the 12 bits for indication of TDD configuration:
· 5 bits indicate the number of patterns and periodicity information
· 7 bits indicate the number of UL slots based on SL SCS

A proposed text for this correction is provided for Section 16.1 of TS 38.213.

------------------------------   Start of Text Proposal for TS 38.213----------------------------------------
---------------------------------- < Unchanged parts are omitted > -----------------------------------------
16.1	Synchronization procedures
A UE receives the following SL synchronization signals in order to perform synchronization procedures based on S-SS/PSBCH blocks: SL primary synchronization signals (S-PSS) and SL secondary synchronization signals (S-SSS) [4, TS 38.211]. 
A UE assumes that reception occasions of a physical sidelink broadcast channel (PSBCH), S-PSS, and S-SSS are in consecutive symbols [4, TS 38.211] and form a S-SS/PSBCH block. 
For reception of a S-SS/PSBCH block, a UE assumes a frequency location corresponding to the subcarrier with index 66 in the S-SS/PSBCH block [4, TS 38.211], is provided by absoluteFrequencySSB-SL. The UE assumes that S-PSS, S-SSS, PSBCH DM-RS, and PSBCH data have same EPRE. The UE assumes a same numerology of the S-SS/PSBCH as for a SL BWP of the S-SS/PSBCH block reception, and that a bandwidth of the S-SS/PSBCH is within a bandwidth of the SL BWP. The UE assumes the subcarrier with index 0 in the S-SS/PSBCH block is aligned with a subcarrier with index 0 in the SL BWP.
For reception of a S-SS/PSBCH block, a UE assumes the following information is transmitted by means of the PSBCH payload:
-	sl-TDD-Config – 12 bits as defined in [12, TS 38.331].
-	inCoverage – 1 bit as defined in [12, TS 38.331].
-	directFrameNumber – 10 bits as defined in [12, TS 38.331].
-	slotIndex – 7 bits as defined in [12, TS 38.331].
-	reservedBits – 2 bits as defined in [12, TS 38.331].
A bit sequence  indicated by sl-TDD-Config. provides the slot format over a number of slots:
-	a number of patterns indicated by TDD-UL-DL-ConfigCommon as described in Subclause 11.1 by 
	-	if , a pattern1 is provided
	-	if , a pattern1 and a pattern2 are provided
-	a period or two periods indicated by dl-UL-TransmissionPeriodicity by 
	-	 denotes an index in Table 16.1-1 if  or Table 16.1-2 if 
-	a number of slots with only uplink symbols by 
-	if , a last  slots in pattern1 include only uplink symbols, where ,  and  are defined in Subclause 11.1,  is indicated by SubcarrierSpacing in SL-BWP-Config,  equal the binary representation of  according to 
-	if , a last  slots in pattern2 include only uplink symbols, where ,  and  are defined in Subclause 11.1,  is indicated by SubcarrierSpacing in SL-BWP-Config,  equal the binary representation of  according to 

Table 16.1-1: Slot configuration period when one pattern is indicated
	Index

	Slot configuration period of pattern1
 (msec)

	0
	0.5

	1
	0.625

	2
	1

	3
	1.25

	4
	2

	5
	2.5

	6
	3

	7
	4

	8
	5

	9
	10

	10 – 15
	Reserved



Table 16.1-2: Slot configuration period when two patterns are indicated
	Index

	Slot configuration period
 (msec)
	Slot configuration period of pattern1
 (msec)
	Slot configuration period of pattern1
 (msec)

	0
	1
	0.5
	0.5

	1
	1.25
	0.625
	0.625

	2
	2
	1
	1

	3
	2.5
	0.5
	2

	4
	2.5
	1.25
	1.25

	5
	2.5
	2
	0.5

	6
	4
	1
	3

	7
	4
	2
	2

	8
	4
	3
	1

	9
	5
	1
	4

	10
	5
	2
	3

	11
	5
	2.5
	2.5

	12
	5
	3
	2

	13
	5
	4
	1

	14
	10
	5
	5

	15
	20
	10
	10



---------------------------------- < Unchanged parts are omitted > -----------------------------------------
------------------------------------------ End of Text Proposal -----------------------------------------------

Without such correction, the UE does not know how to transmit or receive the TDD configuration through the PSBCH payload. As such, it is necessary to modify TS 38.213.

Since each S-SSB will occupy one slot then the slot index will be enough to indicate the S-SSB timing. Hence we think the 7 bits of S-SSB will be enough. From the discussion, all the necessary information have been indicated by the SL-MIB, hence the 56 of total bits of SL-MIB should be confirmed. 
Proposal 9: The 56 of total bits of SL-MIB should be confirmed. 

Remaining details for synchronization procedures
eNB type synchronization as UE capability
In RAN1#94bis meeting [8], we have the following agreement as:

Agreements on sidelink synchronization references
· At least GNSS, gNB, NR UE, and eNB are supported as the synchronization source for NR V2X.
· eNB as a synchronization source for NR V2X UEs supporting LTE Uu/PC5 or Uu only (no change to the eNB behaviour) 
· Whether a source is supported is for further NR V2X UE capability consideration

Whether SA or NSA network will be deployed depends on different countries or operators. And it can be expected that more and more SA network will be deployed. From this point, making the eNB as a mandatory synchronization of NR-V2X is not suitable. The reason is that: if there is only gNB deployed, and in order to get the timing to require the UE always has the LTE Uu modem to support the eNB type synchronization source will increase the chipset cost permanently. So we suggest set the eNB synchronization source as a UE capability.
Proposal 10: eNB as a synchronization source for NR V2X UEs should be an optional UE capability. 

Slot number of GNSS based synchronization source
When both eNB and gNB are available as synchronization sources (i.e. UE can detect both of them), the UE should select based on received signal strength, e.g. based on RSRP/RSRQ. However, the timing difference between eNB and gNB should be also considered since NR Uu link supports different timing between eNB and gNB. A single sidelink timing should be achieved when the timing between eNB and gNB is different. The potentially different numerologies between Uu link and sidelink should be also considered in order to derive the slot number in the sidelink. 
According to RAN4 specifications, the eNB and the gNB can be synchronous or asynchronous, with a maximum receive timing difference of up to 500 μs for inter-band asynchronous EN-DC, and up to 33 μs for inter-band synchronous EN-DC [6]. Irrespective of whether the synchronization source is eNB or gNB, a common DFN must be obtained for the sidelink. Therefore, a timing difference between eNB and gNB should be configured to allow the sidelink UE to derive a unified sidelink timing. 

Proposal 11: For NR-V2X, both synchronous and asynchronous deployment scenarios between gNB and eNB should be supported.  
In LTE-V2X, the DFN is defined as follows: 
DFN= Floor (0.1*(Tcurrent –Tref–offsetDFN)) mod 1024
SubframeNumber= Floor (Tcurrent –Tref–offsetDFN) mod 10
OffsetDFN is the value offsetDFN if configured, otherwise it is zero. This value is expressed in milliseconds.
The offsetDFN is used to align the timing between DFN and SFN. 
So the same mechanism in LTE-V2X should be reused to NR-V2X, a timing offset will be configured when UE’s serving cell is gNB.
Furthermore, since the SCS of the sidelink can be (pre-)configured, the slot number also need to be derived. Hence, for the serving cell being eNB or gNB, and if the synchronization source is GNSS, then 
DFN= Floor (0.1*(Tcurrent –Tref–offsetDFN)) mod 1024
SlotN= Floor (0.1*(Tcurrent –Tref–offsetDFN)/2μ) mod (10*2μ)
Where μ is the SCS of the sidelink, for 15kHz, μ=0, for 30/60120kHz, μ= 1, 2, 3, respectively.
Proposal 12: If GNSS type synchronization source is (pre-)configured, the slot number of sidelink should be defined as:
SlotN = Floor (0.1*(Tcurrent –Tref–offsetDFN)*2μ) mod (10*2μ)
Where the value μ depends on  the SCS of the sidelink. 
Timing offset between eNB and gNB synchronization source
Since the timing offset between the eNB and gNB cannot be aligned always, and the UE will use eNB or gNB as its synchronization source according to the signal quality, then a timing offset offetDFN should be indicated to sidelink UE to align the DFN. This time offset between eNB and gNB is also needed for UEs synchronized to one of these sourced indirectly, so that they can derive the same timing. If the offsetDFN is not configured, it can be treated as 0.
Proposal 13: If a network type synchronization source (eNB or gNB) is (pre-)configured, a timing offset offsetDFN’ between eNB and gNB should be indicated to the sidelink UE such that a unified DFN timing can be derived by sidelink UE.

Conclusion
In this contribution, we discussed the various aspects for the NR-V2X synchronization. The proposals are listed in the following:
Proposal 1: S-SSB is TDMed with data from system perspective, i.e. in the synchronization slot, only S-SSB is transmitted. 
Proposal 2: For the S-SSB power control, the PSFCH power control rules can be reused, i.e. 
· Open-loop power control is based on the pathloss between TX UE and gNB (if S-SSB TX UE is in-coverage)
· Sidelink pathloss based S-SSB power control is not supported.

Proposal 3: For the (pre-)configured actually transmitted S-SSB, a number of R neighboring S-SSBs are QCLed. 
Proposal 4: All the (pre-)configured actually transmitted S-SSBs should be within the same radio frame at least for dedicated carrier, i.e.
· The value of the interval between neighboring S-SSBs is no more than (M*10*2μ/x) slots, where μ= 0, 1, 2, 3 for SCS 15, 30, 60 and 120kHz respectively, x is the number of actually transmitted S-SSB, where M can be (pre-)configured.
Proposal 5: the DM-RS sequence initialization for PSBCH by the following way: 

	





-	for  ,   where  is the number of the half-frame in which the PSBCH is transmitted in a frame with  for the first half-frame in the frame and  for the second half-frame in the frame, and  is the two least significant bits of the sidelink SS/PBCH block index.


-	for ,  where  is the three least significant bits of the sidelink SS/PBCH block index.
Proposal 6: For PSBCH scrambling, the LTE design is reused, i.e.:
· No scrambling of PSBCH information bits
· The scrambling for the encoded bits of SL-MIB, shall be initialized at the start of every PSBCH slot with   

Observation 1: The sidelink BWP information should be aligned between in-coverage and out of coverage scenarios, i.e. no necessity to indicate the sidelink BWP information by PSBCH.
Proposal 7: Confirm the working assumption that TDD configuration is indicated by 12 bits.
Proposal 8: Among the 12 bits for indication of TDD configuration:
· 5 bits indicate the number of patterns and periodicity information
· 7 bits indicate the number of UL slots based on SL SCS

Proposal 9: The 56 of total bits of SL-MIB should be confirmed. 
Proposal 10: eNB as a synchronization source for NR V2X UEs should be an optional UE capability. 
Proposal 11: For NR-V2X, both synchronous and asynchronous deployment scenarios between gNB and eNB should be supported.  
Proposal 12: If GNSS type synchronization source is (pre-)configured, the slot number of sidelink should be defined as:
SlotN = Floor (0.1*(Tcurrent –Tref–offsetDFN)*2μ) mod (10*2μ)
Where the value μ depends on  the SCS of the sidelink. 
Proposal 13: If a network type synchronization source (eNB or gNB) is (pre-)configured, a timing offset offsetDFN’ between eNB and gNB should be indicated to the sidelink UE such that a unified DFN timing can be derived by sidelink UE.
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