[bookmark: _Ref124589705][bookmark: _Ref129681862]3GPP TSG RAN WG1 Meeting #100bis-e	R1-2001553
E-meeting, April 20 - April 30, 2020

Agenda Item:	7.2.4.3
Source:	Huawei, HiSilicon
Title:	Remaining details of sidelink synchronization mechanisms
Document for:	Discussion and Decision

Introduction
In this contribution, we give our understanding and related proposals, based on the feature lead summary in RAN1#100e meeting, to the remaining issues for the further design of sidelink synchronization. 

Remaining details for sidelink synchronization mechanisms
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-SSBs 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 should be limited to a certain time duration, i.e. 10 ms, to achieve QCLed S-SSB transmission. For FR2, different beams can transmit the S-SSBs 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 combine S-SSBs. According to current agreements achieved now, we suggest to indicate a number of R configured neighboring S-SSBs are QCLed. 
Proposal 1: 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 /M groups of S-SS/PBCH are QCLed within numSSBwithinPeriod-SL, where M is the value of numSSBQCLwithinPeriod-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 -----------------------------------------------

For PDSCH, the antenna ports quasi co-location is defined as following in TS 38.214:
	[bookmark: _Toc11352096][bookmark: _Toc20317986][bookmark: _Toc27299884][bookmark: _Toc29673149][bookmark: _Toc29673290][bookmark: _Toc29674283]5.1.5	Antenna ports quasi co-location
The UE can be configured with a list of up to M TCI-State configurations within the higher layer parameter PDSCH-Config to decode PDSCH according to a detected PDCCH with DCI intended for the UE and the given serving cell, where M depends on the UE capability maxNumberConfiguredTCIstatesPerCC. Each TCI-State contains parameters for configuring a quasi co-location relationship between one or two downlink reference signals and the DM-RS ports of the PDSCH, the DM-RS port of PDCCH or the CSI-RS port(s) of a CSI-RS resource. The quasi co-location relationship is configured by the higher layer parameter qcl-Type1 for the first DL RS, and qcl-Type2 for the second DL RS (if configured). For the case of two DL RSs, the QCL types shall not be the same, regardless of whether the references are to the same DL RS or different DL RSs. The quasi co-location types corresponding to each DL RS are given by the higher layer parameter qcl-Type in QCL-Info and may take one of the following values: 
[bookmark: _Hlk500800106][bookmark: _Hlk500784100]-	'QCL-TypeA': {Doppler shift, Doppler spread, average delay, delay spread}
-	'QCL-TypeB': {Doppler shift, Doppler spread}
-	'QCL-TypeC': {Doppler shift, average delay}
-	'QCL-TypeD': {Spatial Rx parameter}



From our perspective, sidelink could reuse the QCL types in PDSCH. QCL for sidelink transmission types could be classified following one or several parameters from the quasi co-location types set={Doppler shift, Doppler spread, average delay, delay spread, Spatial Rx parameter , Average gain, Average path loss}. For both FR1 and FR2, at least in Rel-16, the R neighboring S-SSBs from the same transmitter should be QCLed within the same Doppler shift, Doppler spread, average delay, delay spread. So type A QCL should be applied for sidelink transmission. In several situations, the neighboring R S-SSBs from the same transmitter may have the same channel parameters and the always same Rx beam under the design assumption of R16 sidelink. Thus, it is better to define only one QCL type for Rel-16 in sidelink. 

Proposal 2: For sidelink transmission, R neighboring S-SSBs are QCLed with each other by QCL-TypeA for FR1 and FR2.
Limitation on the S-SSB interval
In the RAN1#99 meeting, we have the following agreements [3]:
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, which means all the transmitted S-SSB can be transmitted in the whole 160ms period. Thus, it will cause two problems: increasing the UE buffer to detect the S-SSB and reducing 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 is to reuse the NR Uu link design, i.e. to limit all the candidates S-SSB within the same radio frame, at least for dedicated carrier. Additionally, for shared carriers, there are uplink and downlink transmission besides sidelink transmission, so we could set S-SSBs over M radio frames. That is to say, M equals to one for dedicated carrier cases, and M can be larger than one for shared carrier cases. Assuming that there are x S-SSBs within M radio frames, then the maximum interval between two neighbouring S-SSBs will be  slots, where μ= 0, 1, 2, 3 for SCS 15, 30, 60, and 120 kHz, respectively. Considering the periodicity in Uu link is 20ms, M=1 (associated with 10 ms) is more reasonable followed by M =2 (associated with 20 ms). Other values of M, with the maximum of M=16, can also be considered for shared carrier. However, it is shown that larger value of M would impact the complexity of PSBCH reception, and then would affect the performance of S-SSB combination. Hence, since M = 1 or 2 could provide enough flexibility, we propose as follow.
Proposal 3: All the (pre-)configured actually transmitted S-SSBs should be within M radio frames 
· The value of the interval between neighboring S-SSBs is no more than  slots, where μ= 0, 1, 2, 3 for SCS 15, 30, 60, and 120kHz respectively, x is the number of actually transmitted S-SSBs,
· M=1 for dedicated carrier, and M=1 or 2 up to network (pre-)configuration for shared carrier.

Content of PSBCH
In RAN1#99 meeting, we have the following agreements[3]: 
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
	



RAN1#100e meeting further achieved the following agreement [4]:
Agreements:
· Slot-level indication is supported in TDD configuration indication.
Agreements:
· The TDD configuration indication is done as follows:
· X bits to indicate patterns + Y bits to indicate periodicity + Z bits to indicate UL slots.
· FFS the values of X, Y and Z.
· Total Z bits to indicate UL slots in pattern 1 and pattern 2 respectively if two patterns are configured.
In NR Uu, the TDD configuration is of high flexibility and costs many of bits. If one pattern is configured, at least  bits are used to indicate the reference SCS, the periodicity, the DL/UL slots and the DL/UL symbols. If two patterns are configured, then  bits are needed. Detailed TDD configuration might be further indicated by dedicated RRC and DCI, which requires even more bits. It is impossible to give a complete indication with only 12 bits in WA. As such, it is needed to simplify the TDD configuration.
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 cell-specific RRC IE TDD-UL-DL-ConfigCommon are listed above. Here are some important observations:
- 	NR Uu indicates the slot configuration based on the reference SCS ;
-	Besides pattern1, also 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};
-	Slot-level and symbol-level information for DL and UL are both indicated.

To reduce the signaling overhead, RAN1 has agreed for V2X to only provide slot-level TDD configuration. More specifically, among the PSBCH payload,
-	X bits indicate patterns;
-	Y bits indicate periodicity;
-	Z bits indicate UL slots.
Considering the “pattern1-only” case and the “pattern1+pattern2” case, we propose X=1. This bit is used to indicate the number of patterns, i.e., whether pattern2 is configured. As for periodicity indication, Y=4 bits are enough. If the first X=1 bit indicates that only pattern1 is configured, Y=4 bits are the binary representation of a row index  in Table 1-1, otherwise, Y=4 bits are the binary representation of a row index  in Table 1-2, where joint indication is utilized.
Table 1-1: 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
	4

	7
	5

	8
	10

	9 – 15
	Reserved



Table 1-2: Slot configuration period when two patterns are configured
	Index

	Slot configuration period
 (msec)
	Slot configuration period of pattern1
 (msec)
	Slot configuration period of pattern2
 (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 4: Among the 12 bits for indication of TDD configuration:
· X=1 bit indicates the number of patterns.
· Y=4 bits indicate the periodicity information.
· If a single pattern is configured, Y=4 bits are the binary representation of a row index in Table 1-1,
· Otherwise, Y=4 bits are the binary representation of a row index in Table 1-2, which jointly indicate the periodicities of pattern1 and pattern2.

The reference SCS as in NR Uu can be considered to reduce the overhead, yet this information cannot be included in the PSBCH payload. If the first X=1 bit indicates that only pattern1 is configured, it is practical that  is considered as the SL reference SCS. Considering the maximum period 10ms for one pattern, there can be up to  slots. Thus, Z=7 bits can be used to indicate the number of UL slots. By contrast, if pattern2 is additionally configured besides pattern1, we propose a mapping relation between the index  in Table 1-2 and the SL reference SCS . If Z=7 bits are also used to indicate the two numbers of UL slots, the mapping relation is described in Table 2. This mapping relation ensures the total number of states  for each row index  in Table 1-2, see Table 3. Therefore, Z=7 bits are enough to jointly indicate the UL slots in pattern1 and pattern2.
Table 2: The SL reference SCS when two patterns are configured
	Index

	SL Reference SCS configuration


	0 – 5
	3

	6 – 13
	2

	14
	1

	15
	0



Table 3: The total number of states to be indicated by Z bits
	Index

	Number of States to be indicated in pattern1, 
	Number of States to be indicated in pattern2, 
	Total number of states


	0
	5
	5
	25

	1
	6
	6
	36

	2
	9
	9
	81

	3
	5
	17
	85

	4
	11
	11
	121

	5
	17
	5
	85

	6
	5
	13
	65

	7
	9
	9
	81

	8
	13
	5
	65

	9
	5
	17
	85

	10
	9
	13
	117

	11
	11
	11
	121

	12
	13
	9
	117

	13
	17
	5
	85

	14
	11
	11
	121

	15
	11
	11
	121



Next, the UE needs to calculate the number of UL slots. Invoking the SL reference SCS, the number of UL slots in pattern1 can be obtained by: 

where  and  are indicated by the cell-specific RRC. If pattern2 is additionally configured, the number of UL slots in pattern2 is:

where  is indicated by the cell-specific RRC.
With the results above, if the first X=1 bit indicates that only pattern1 is configured, then the remaining Z bits can directly represent . Since the maximum value of  is 80, Z=7 makes sense. And, if the first X=1 bit indicates that pattern2 is additionally configured, then a specific state can be used to indicate the values of  and , respectively. Recall that the state value is always smaller than 127, Z=7 is enough. What is left is to derive the state based on  and . Invoking such design, the “pattern1-only” case and the “pattern1+pattern2” case share the same Z.
Proposal 5: The SL reference SCS configuration  is derived by:
· If a single pattern is configured, ,
· Otherwise, the mapping relation between each row index in Table 1-2 and the SL reference SCS is as follows:
	Index

	SL Reference SCS configuration


	0 – 5
	3

	6 – 13
	2

	14
	1

	15
	0



Proposal 6: Among the 12 bits for indication of TDD configuration:
· Z=7 bits indicate the UL slots.
· If a single pattern is configured, Z bits indicate the UL slots in pattern1,
· Otherwise, Z bits jointly indicate the UL slots in pattern1 and pattern2.

Since X=1, Y=4, and Z=7, it is practical that the 12-bit working assumption can be confirmed.
Proposal 7: Confirm the working assumption that TDD configuration is indicated by 12 bits.

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
---------------------------------- < Unchanged parts are omitted > -----------------------------------------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 an S-PSS symbol, an S-SSS symbol, and a PSBCH symbol have a same transmission power. 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, and . The uplink slot indicator .
	-	if , a last  slots in pattern1 and a last  slots in pattern2 include only uplink symbols,  where , ,  and  are defined in Subclause 11.1, and  is indicated by the index  in Table 16.2. The uplink slot indicator.
	-	 equal the binary representation of the USI 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
	4

	7
	5

	8
	10

	9 – 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 pattern2
 (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



Table 16.2: The SL reference SCS when two patterns are configured
	Index

	SL Reference SCS configuration


	0 – 5
	3

	6 – 13
	2

	14
	1

	15
	0


---------------------------------- < 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.

Sidelink timing definition
In LTE sidelink, the timing for sidelink is defined as following [36.211 f60]:
	[bookmark: _Toc454818155]9.10	Timing



Transmission of a sidelink radio frame number  from the UE shall start  seconds before the start of the corresponding timing reference frame at the UE. The UE is not required to receive sidelink or downlink transmissions earlier than  after the end of a sidelink transmission.
For PSDCH transmission and sidelink synchronization signal transmission for PSDCH:
if the UE has a serving cell fulfilling the S criterion according to [10, clause 5.2.3.2] 


-	the timing of reference radio frame  equals that of downlink radio frame  of the cell c as given in Subclause 14.3.1 of [4] and

-	 is given by clause 8.1,
otherwise 

-	the timing of reference radio frame  is implicitly obtained from [4] and

-	.
For all other sidelink transmissions:
if the UE has a serving cell fulfilling the S criterion according to [10, clause 5.2.3.2]


-	the timing of reference radio frame  equals that of downlink radio frame  in the cell with the same uplink carrier frequency as the sidelink and

-	 is given by clause 8.1,
otherwise 

-	the timing of reference radio frame  is implicitly obtained from [4] and

-	.



Figure 9.9-1: Sidelink timing relation.

The quantity  differs between channels and signals according to





The uplink timing is adopted as sidelink timing reference in mode 1 (D2D). The reason would be: mode 1 resource is scheduled by eNB by one shot way and uplink licensed carrier was assumed as the main frequency carrier for D2D communication. For LTE-V2X both licensed and unlicensed ITS carrier can be used for mode 3 and mode 4, where only downlink timing is used. And for UE out of coverage, the timing of reference radio frame i is implicitly obtained from [TS 36.213].
We have the following agreements in RAN1 #99:
Agreements:
· NR supports SL transmissions at least in cell-specific UL resources in Uu.
Agreements:
· For Rel-16, (normal CP)
· Support 7, 8, 9,…, 14 symbols in a slot without SL-SSB for SL operation
· Target reusing Uu DM-RS patterns for each of the symbol-length, with modifications as necessary
· No other additional spec impact is expected for supporting 7, 8, …, 13 
· # of DM-RS symbols
· 2, 3, 4
· For a dedicated carrier, only 14-symbol is mandatory

The difference between LTE-V2X and NR-V2X is that LTE-V does not define any licensed shared frequency band in RAN4. This means that LTE-V did not optimize TA to handle SL-UL interference. However, NR-V2X intends to fully support licensed shared carriers, i.e. Uu link and sidelink transmissions coexisting in the same carrier, from the beginning. Thus, one of the first principles in NR-V2X, is that sidelink transmission cannot interfere with uplink transmission. This implies UL timing alignment could be an effective solution. Considering the propagation delay, the gNB signals a timing offset between downlink reception timing and uplink timing, which is comprised of approximately TA/2 for downlink propagation time, and TA/2 forward offset for uplink propagation time. Since sidelink and uplink are TDM and/or FDM in a shared carrier, the sidelink timing can, in principle, be aligned with either. As shown in Figure 2, if TDM is utilized, sidelink timing is aligned with downlink timing, after an uplink slot, there is a time gap, length of TA, wasted in SL slot. If downlink timing is used for sidelink, there would be cut symbols to avoid interference to uplink. 
[image: C:\Users\g00443958\AppData\Roaming\eSpace_Desktop\UserData\g00443958\imagefiles\BAB08F73-6C2C-475F-800C-5B6AC14CFC0C.png]
[bookmark: _Ref36651519]Figure 2 SL timing relationship 
For dedicated carrier, since there exists only sidelink transmission, both uplink timing and downlink timing are technically acceptable. But downlink timing is more reasonable. The reasons are as follows. Firstly, for configured grant, especially for mode 1 CG Type 1 and Type 2, only limited DCI or static configuration will be provided to sidelink UE from downlink in such carriers. That is to say, downlink timing could avoid the need for UE to perform PRACH to acquire TA command from gNB. It will be undesirable to waste power and frequent connection with gNB without any benefits. Additionally, the idle UE can work with these configured information with downlink timing. Thus it allows UE both in idle/inactive modes could operate the sidelink. Secondly, for mode 2, aligned with downlink timing would make sense since UE receive only system information or UE common RRC message from gNB. Therefore, downlink timing is more preferable for the dedicated carrier.
Proposal 8: For sidelink transmissions, 
· Uplink timing is used for both mode 1 and mode 2 in the carrier where Uu link and sidelink transmission coexist,
· Otherwise, downlink timing is used.

A proposed text for this correction is provided for Section 8 of TS 38.211.
------------------------------   Start of Text Proposal for TS 38.211----------------------------------------
---------------------------------- < Unchanged parts are omitted > -----------------------------------------
8.5	Timing



Transmission of a sidelink radio frame number  from the UE shall start  seconds before the start of the corresponding timing reference frame at the UE. The UE is not required to receive sidelink transmissions earlier than the value of , which is given in [TS 38.133], after the end of a sidelink transmission.
For sidelink transmissions:
If the UE has a serving cell fulfilling the S criterion according to [TS 38.304, clause 8.2]


-	The timing of reference radio frame  equals that of downlink radio frame  in the cell with the same uplink carrier frequency as the sidelink and

-	 is given by clause 4.2 of [TS 38.213],
Otherwise 

-	The timing of reference radio frame  is implicitly obtained from [TS 38.213] and

-	.
[image: ]
Figure 8.5-1: Sidelink timing relation.

The quantity  differs between channels and signals according to

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

DM RS sequence initialization for PSBCH
A remaining issue is the DM-RS sequence initialization for PSBCH. In RAN1#100e meeting [4], we have the following agreements as:
Agreement:
· SL SSID is used for DM-RS sequence initialization in PSBCH.
Agreements:
The DM-RS sequence initialization for PSBCH is to be down-selected one from the following Alts:
· Alt 1: , where  is 3 LSBs of S-SSB index.
· Alt 2: 

For NR Uu link, the initial value of DM-RS of PBCH is generated by SSB index e.g.:

In RAN1#100-e, some companies mentioned Alt1 might be better in terms of interference randomization. However, considering the sidelink channel conditions are more variable than Uu due to the fast moving UEs, the interference might be already randomized. And some companies questioned if the increased number of sequences in the set would degrade the cross-correlation among the sequences.
On the other hand, it was also pointed out that Alt1 will lead to UE bind detection on the S-SSB index. Although the S-SSB blind detection of one sync source might be simpler than Uu PBCH blind decoding due to the sequence blind detection, there is a difference between NR-V and Uu that an NR-V UE may maintain multiple sync sources simultaneously, so the blind detection complexity resulting from Alt1 could limit the number of sources it proves feasible to implement in UEs.
Observation 1: For The DM-RS sequence initialization for PSBCH:
· Overall there is no significant performance difference between Alt1 and Alt2
· Considering an NR-V UE may maintain multiple sync sources simultaneously, the blind detection complexity resulting from Alt 1 may be significant. 
Remaining details for synchronization procedures
eNB/gNB type synchronization as UE capability
In RAN1#94bis meeting [5], 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 over time. It is not suitable to make the eNB as a mandatory synchronization of NR-V2X. Because the chipset cost will be permanently higher if there is only gNB deployed, but the UE is required to always have an LTE Uu modem to support the eNB type synchronization source, no matter how long NR V2X remains active. So we suggest to set the eNB synchronization source as a UE capability, and expect ITS or cellular operators in relevant countries and regions to insist on support of it for the time being.
It should also be possible to implement a sidelink-only UE which operates using (pre-)configuration without access to Uu-based networks. For such UEs, only GNSS and S-SSB based synchronization sources need be present. Thus, support of the network synchronization source both for eNB and gNB should be UE capabilities. 
Proposal 9: Support of eNB and gNB synchronization source for NR V2X UEs should be optional UE capabilities. 

Supported number of timing references
Similar to LTE-V, we propose to add a FG that addresses the number of multiple reference TX/RX timings. The network timing situation is the same with LTE, i.e. different gNB can be synchronized or asynchronous. According to RAN4 discussion, timing between {gNBs and gNBs} or {eNBs and gNBs} will not be aligned in general, and each may be different than GNSS. Thus the network needs to know how many different timings the UE can be configured with. 
If the UE has to support multiple sidelink timing, the complexities in UE side will be increased with the number of timing. This should depends on the UE implementation and capabilities. The timing number, i.e. no more than 4, is aligned with proposal in UE capability.
Proposal 10: The supported number of timing for sidelink TX/RX should be an optional UE capability, where the candidate value of timing number could be no more than 4.

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 always be aligned, 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.

[bookmark: _GoBack]Conclusion
In this contribution, we discussed the various aspects for the NR-V2X synchronization. The proposals are listed in the following:
Proposal 1: For the (pre-)configured actually transmitted S-SSB, a number of R neighboring S-SSBs are QCLed. 
Proposal 2: For sidelink transmission, R neighboring S-SSBs are QCLed with each other by QCL-TypeA for FR1 and FR2.
Proposal 3: All the (pre-)configured actually transmitted S-SSBs should be within M radio frames 
· The value of the interval between neighboring S-SSBs is no more than  slots, where μ= 0, 1, 2, 3 for SCS 15, 30, 60, and 120kHz respectively, x is the number of actually transmitted S-SSBs,
· M=1 for dedicated carrier, and M=1 or 2 up to network (pre-)configuration for shared carrier.
Proposal 4: Among the 12 bits for indication of TDD configuration:
· X=1 bit indicates the number of patterns.
· Y=4 bits indicate the periodicity information.
· If a single pattern is configured, Y=4 bits are the binary representation of a row index in Table x-1,
· Otherwise, Y=4 bits are the binary representation of a row index in Table x-2, which jointly indicate the periodicities of pattern1 and pattern2.
Proposal 5: The SL reference SCS configuration  is derived by:
· If a single pattern is configured, ,
· Otherwise, the mapping relation between each row index in Table 1-2 and the SL reference SCS is as follows:
	Index

	SL Reference SCS configuration


	0 – 5
	3

	6 – 13
	2

	14
	1

	15
	0


Proposal 6: Among the 12 bits for indication of TDD configuration:
· Z=7 bits indicate the UL slots.
· If a single pattern is configured, Z bits indicate the UL slots in pattern1,
· Otherwise, Z bits jointly indicate the UL slots in pattern1 and pattern2.
Proposal 7: Confirm the working assumption that TDD configuration is indicated by 12 bits.
Proposal 8: For sidelink transmissions, 
· Uplink timing is used for both mode 1 and mode 2 in the carrier where Uu link and sidelink transmission coexist,
· Otherwise, downlink timing is used.
Proposal 9: Support of eNB and gNB synchronization source for NR V2X UEs should be optional UE capabilities. 
Proposal 10: The supported number of timing for sidelink TX/RX should be an optional UE capability, where the candidate value of timing number could be no more than 4. 
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.
Observation 1: For The DM-RS sequence initialization for PSBCH:
· Overall there is no significant performance difference between Alt1 and Alt2
· Considering an NR-V UE may maintain multiple Sync sources simultaneously, the blind detection complexity resulting from Alt1 may be significant 
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