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1 	Introduction
In the RAN1#94bis meeting discussion on NR V2X sidelink synchronization continued and the following agreements were made:


Agreements:
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

Agreements:
NR V2X sidelink operation includes the following cases:
NR V2X sidelink is synchronized with LTE V2X sidelink
NR V2X sidelink synchronization procedure operates independently to the LTE V2X sidelink synchronization procedure

Agreements:
· The design of NR V2X sidelink synchronization signals and PSBCH uses NR SSB structure as the starting point with the following properties,
· NR V2X synchronization signals include sidelink PSS (S-PSS) and sidelink SSS (S-SSS) and are structured with PSBCH in a block format (S-SSB)

Agreements:
· Periodic transmission of S-SSB in NR V2X is supported
· FFS:  whether one/more S-SSB is transmitted in a period


In this contribution we discuss further details of NR V2X sidelink synchronization issues.
2 	Discussion
2.1 Synchronization channel design

In the RAN1#94bis meeting the agreement on sub-carrier spacing was made:

Agreements:
· NR sidelink supports the SCSs supported by Uu in a given frequency range, i.e., {15, 30, 60 kHz} in FR1 and {60, 120 kHz} in FR2.
· FFS the supported CP length
· Baseline is that a UE is not required to receive sidelink transmissions using different SCSs simultaneously in a given carrier.
· FFS if this applies to sidelink synchronization signals/channels
· Baseline is that a UE is not required to transmit sidelink transmissions using different SCSs simultaneously in a given carrier.
· FFS if this applies to sidelink synchronization signals/channels

Selection of sub-carrier spacing has an impact to the design of synchronization signals. In LTE 15 kHz sub-carrier spacing is used and bandwidth of PSSS/SSSS is 62 sub-carriers or 0.93MHz. Timing accuracy that can be achieved with these signals is about 1.1us or about ¼ of cyclic prefix. In the table 1 below the required bandwidth of synchronization signals is presented when the accuracy target is CP divided by five or two.

Table 1: Bandwidth to reach timing accuracy in respect to different SCS
	SCS
	15kHz
	30kHz
	60kHz
	120kHz

	NCP [us]
	4,69
	2,34
	1,17
	0,59

	BW for CP/5 [MHz]
	1,1
	2,1
	4,3
	8,5

	BW for CP/2 [MHz]
	0,4
	0,9
	1,7
	3,4




In NR the bandwidth of PSS and SSS signals is 127 sub-carriers. In case of 15kHz SCS the bandwidth is then 1.9MHz which means accuracy close to 1/10 of the CP. Higher accuracy synchronization signals are specified for NR. It might be possible to use LTE based synchronization signals for NR sidelink when the SCS is 15KHz. When SCS is higher than 15kHz, the accuracy of LTE based synchronization sources does not seem to be sufficient.

Observation 1: The required bandwidth of NR sidelink synchronization signals depends on the sub-carrier spacing of the sidelink transmissions.
 
Proposal 1: Study further which NR sidelink numerologies can use LTE based signals as synchronization sources.


Figure 1 below depicts the LTE sidelink PSS/SSS and PBCH structure together with NR SS/PBCH block. When considering the synchronisation signal design, it is assumed that NR sidelink should have similar coverage as LTE sidelink in similar conditions. As can be observed in the Figure 1, PSS and SSS are repeated in consecutive symbols for LTE sidelink. Assuming that the total available transmit power is same for LTE and NR sidelink (and used to transmit the synchronisation signals), it is evident that for LTE sidelink UE can obtain 3dB more power by receiving the two consecutive symbols, compared to the NR SSB design. The difference is even more for SSS (~2dB more) as the PBCH is frequency multiplexed with the SSS for NR SSB structure.
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Figure 1. Illustration of LTE-V2X SLSS/PSBCH subframe and NR synchronisation block design

While the required PBCH payload is not concluded, the number of RE’s in LTE sidelink PBCH design is somewhat smaller than used in NR SSB design. On the other hand, the number of PBCH symbols is higher in LTE resulting higher energy for the transmission. 

Observation 2: The NR SSB based design can result in lower coverage/performance than LTE-V2X sidelink based synch design

To overcome these, some changes could be considered to the NR-V2X sidelink synchronisation block design. Evidently, the simplest method would be to duplicate both PSS and SSS symbols in one block to increase the amount of available energy for PSS/SSS. Not multiplexing any signals around the SSS would also increase the available EIRP. Furthermore, to increase the number of REs for PBCH, the number of symbols for PBCH could be increased. The amount to be increased would depend on the PBCH payload, but desirably this would be kept low to facilitate multibeam operation (e.g. fitting two blocks to a slot like in NR). Possible approach for NR-V2X sidelink SSB is illustrated in Figure 2.
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Figure 2. Illustration of possible NR-V2X sidelink SSB design


In LTE-V2X sidelink the roots of the PSS sequence were changed to prevent possible confusion by LTE Uu devices. When considering NR design, similar approach, by changing sequence properties, could also be considered. It could be considered adjusting either the cyclic shifts (selected based on ), adjusting the polynomial used, and/or the initialization. Naturally, care should be taken to avoid negative impacts to the detection performance.
In addition to the sequence domain changes, also frequency domain orthogonalization could be considered for NR-V2X sidelink synchronisation signal. In NR based synchronisation design, the SSB is not required to be placed to the middle of the carrier, but can is placed freely (within) the carrier band. The valid locations of the SSB are defined by the synchronisation raster. Compared to LTE, in NR the synchronisation signal raster (as per 38.101) is increased to limit the power consumption of UE initial cell selection. For FR1 the synchronisation signal raster is illustrated in Table 2 (Table 5.4.3.1-1 from 38.101). So below frequency range below 3GHz the synchronisation raster step varies from 100kHz to 1.2MHz, and for frequencies between 3GHz-24GHz the step is 1.44MHz. Thus, depending on the flexibility needed for the SS raster, it could be considered choosing the valid SS raster locations for NR-V2X so that the risk of confusion for NR Uu devices is removed. 
Table 2. GSCN parameters for the global frequency raster
	Frequency range
	SS Block frequency position SSREF
	GSCN
	Range of GSCN

	0 – 3000 MHz
	N * 1200kHz + M * 50 kHz, 
N=1:2499, M ϵ {1,3,5} (Note 1)
	3N + (M-3)/2
	2 – 7498

	3000-24250 MHz
	3000 MHz + N * 1.44 MHz
N = 0:14756
	7499 + N
	7499 – 22255

	NOTE 1:	The default value for operating bands with SCS spaced channel raster is M=3.



The confusion could be limited by changing the timing relation of signals, PSS and SSS, but this would not fully prevent false detections of PSS.

Observation 3: To avoid the confusion from NR Uu device perspective, the NR-V2X sidelink synchronisation signal design could be adjusted compared to NR Uu design in sequence domain or in frequency domain.


2.2. Synchronization sources and priorities

In the RAN1#94 meeting the following agreement was made:

Agreements:
· NR Uu can assign NR sidelink resources for the following:
· Shared licensed carrier between Uu and NR sidelink
· Dedicated NR sidelink carrier

Based on this, synchronization procedures on both dedicated NR sidelink carriers and shared sidelink carriers need to be considered. UEs operating in the dedicated sidelink carrier may be connected via Uu interface to networks of different operators and those networks cannot be assumed to be synchronized. It is also possible that some UEs do not have Uu connection at all. It is therefore preferable to use some universally available timing source in the dedicated carrier. GNSS systems are usually steered to external universal timing source like UTC. gNBs can also be synchronized to external timing source that is used universally.

Proposal 2: In the dedicated NR sidelink carriers GNSS based timing is preferred.

In the shared carrier multiplexing of sidelink and Uu transmissions to the same carrier is easier if subframe/slot boundaries of Uu and sidelink are aligned. Because of this, network-based timing should be prioritized in the shared carriers. NR networks can be implemented so that gNBs are synchronized or unsynchronized. If gNBs in the network are unsynchronized then sidelink transmissions between UEs that are in the coverage area of different gNbs can be a problem. Bandwidth part concept introduced in NR supports different numerologies in the carrier. It could be studied, if the solution where sidelink transmissions are synchronized to GNSS and allocated to a specific BWP should be used in the shared carrier when gNBs are not synchronized. Another option is to conclude that NR sidelink operation in the shared carrier is only supported when the gNBs in the carrier are synchronized.

Proposal 3: In the shared carrier, gNB based timing is the highest priority synchronization source for sidelink transmissions. Study further how to support sidelink in the shared carrier when gNBs in the network are unsynchronized.


NR V2X UEs may or may not have the capability to receive LTE Uu or sidelink. It should be decided if LTE based timing is supported for NR sidelink, when UE is capable of receiving LTE Uu or sidelink. There are cases when LTE based timing could be considered:
· NR UE operates on dedicated sidelink carrier and prioritizes GNSS based timing: If the UE cannot receive GNSS or NR sidelink UE that is receiving GNSS, it could select LTE sidelink UE synchronized to GNSS as the synchronization source.
· NR sidelink UE operates on shared NR carrier and network-based synchronization is used: If the UE cannot receive gNB it could use eNB timing. It is likely that co-located gNB and eNB are synchronized to the same source. It could be that coverage area of eNB signals is larger than gNB signals and synchronization can be provided to more NR sidelink UEs, when LTE based signals are supported.
· Synchronization from LTE could be used in carriers where LTE Uu and NR sidelink share the same carrier. However, it is unclear if such a combination will be supported for NR sidelink.

As discussed above timing accuracy requirements for NR sidelink transmissions are different than in LTE. Synchronization based on LTE signals is sufficiently accurate when sub-carrier spacing is 15kHz. In case of higher SCS, the use of LTE based timing may be better option than not to use any external synchronization at all.

It should be noted that NR UE supporting UL transmissions on both NR and LTE networks, maintains different timing advance processes for LTE and NR UL also in the synchronous case. According to the TS 38.133 specification [2] UEs should be capable to handle MRTD (maximum UE receive timing difference) of 3µs in intra-band synchronous case. In this case collocated deployment of eNBs and gNBs is assumed. In the synchronous inter-band case MRTD of 33µs is supported. In this case base stations don’t need to be collocated. In NR, there is also discussion on supporting single timing advance operation for intra-band EN_DC, see eg. RAN1 LS [3] to RAN2. It seems reasonable that in the shared carrier case, when network-based timing is used, sidelink uses the same downlink synchronization signals that are used to synchronize UL transmissions. Otherwise multiplexing of UL and sidelink to the same carrier could be problematic.


Proposal 4: LTE UE could be used as a synchronization source at least in the dedicated carrier when GNSS timing is preferred and the NR sidelink UE cannot receive GNSS or synchronization signals from some other NR sidelink UE synchronized to GNSS.

Proposal 5: In the shared carrier when network timing is preferred and gNBs and eNBs are synchronized, eNB can be used as the synchronization source if eNBs and gNBs are collocated. If eNB is not collocated with gNB timing error due to propagation delay can be a problem.

NR V2X UEs shall support sidelink groupcast and/or unicast transmissions under various NR/LTE deployment scenarios. When there are no external synchronization sources available, V2X UE shall depend on sidelink to achieve synchronization for groupcast/unicast transmission. Standalone sidelink synchronization signal that can be used in the case when external synchronization sources are not available, should be supported.

Proposal 6: Sidelink transmissions including PSCCH, PSSCH, PSBCH and SLSS are supported also in the case when external synchronization sources are not available.

3	Conclusions
In this contribution, we have discussed synchronization aspects of NR V2X. We have the following observations and proposals:

Observation 1: The required bandwidth of NR sidelink synchronization signals depends on the sub-carrier spacing of the sidelink transmissions.

[bookmark: _GoBack]Observation 2: The NR SSB based design can result in lower coverage/performance than LTE-V2X sidelink based synch design

Observation 3: To avoid the confusion from NR Uu device perspective, the NR-V2X sidelink synchronisation signal design could be adjusted compared to NR Uu design in sequence domain or in frequency domain.

Proposal 1: Study further which NR sidelink numerologies can use LTE based signals as synchronization sources.

Proposal 2: In the dedicated NR sidelink carriers GNSS based timing is preferred.

Proposal 3: In the shared carrier, gNB based timing is the highest priority synchronization source for sidelink transmissions. Study further how to support sidelink in the shared carrier when gNBs in the network are unsynchronized.

Proposal 4: LTE UE could be used as a synchronization source at least in the dedicated carrier when GNSS timing is preferred and the NR sidelink UE cannot receive GNSS or synchronization signals from some other NR sidelink UE synchronized to GNSS.

Proposal 5: In the shared carrier when network timing is preferred and gNBs and eNBs are synchronized, eNB can be used as the synchronization source if eNBs and gNBs are collocated. If eNB is not collocated with gNB timing error due to propagation delay can be a problem.

Proposal 6: Sidelink transmissions including PSCCH, PSSCH, PSBCH and SLSS are supported also in the case when external synchronization sources are not available.
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