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1	Introduction
This paper gives a detailed description of the S-SSB design and required considerations, along with the synchronization procedures needed.
2	S-SSB StructureAgreements:
· RAN1 will consider the design of NR SLSS where 
· S-PSS of LTE and NR candidates have similar PAPR.
· S-SSS of LTE and NR candidates have similar PAPR.
· SLSS design should take into consideration PAPR difference between S-PSS and S-SSS.
Agreements:
· In NR V2X, S-SSB bandwidth is 11RBs. 
· PSBCH spans 11RBs.
· The S-SSB is designed following combination 1.
· Length-127 M-sequences for S-PSS and length-127 Gold sequences for S-SSS
· Two symbols are used for each of S-PSS and S-SSS, respectively.

During RAN1#97, the need of a transient period in S-SSB (due to mismatch in PAPR and CM) was discussed, e.g., [1]. In order to avoid the presence of several transient periods in the S-SSB, we propose the following structure for the S-SSB where there is only one transient period between symbol 11 and 12 (between PSBCH and S-PSS)
[image: ]
						Figure 1: S-SSB structure
In this design due to the reduced number of resources per symbol as compared to SSB for NR, the number of PSBCH symbols in S-SSB is increased. Our proposed design includes 8 symbols for PSBCH. Moreover, it is included in the design of the S-SSB an AGC-settling symbol which is also used for PSBCH and a symbol for GP at the end of the frame.
[bookmark: _Toc7809481][bookmark: _Toc16870972]The number of symbols per S-SSB is 14. The slot structure is as follows:
a. [bookmark: _Toc7809482][bookmark: _Toc16870973]First symbol is assigned for AGC settling, and the last symbol is reserved for GP.
b. [bookmark: _Toc16870974]Two symbols for S-SSS and S-PSS, respectively.
c. [bookmark: _Toc16778220][bookmark: _Toc16778252][bookmark: _Toc16839085][bookmark: _Toc16844211][bookmark: _Toc16845685][bookmark: _Toc16778221][bookmark: _Toc16778253][bookmark: _Toc16839086][bookmark: _Toc16844212][bookmark: _Toc16845686][bookmark: _Toc7809484][bookmark: _Toc16870975]The frame is filled with 8 PSBCH symbols multiplexed in frequency with DMRS.
In our view the S-SSB design needs to facilitate the AGC settling at the receiver. Hence, we propose to use the first symbol for AGC settling. Specifically, this symbol contains PSBCH but can also be used for tuning the AGC at the receiver, in a similar manner as in LTE SL V2X. In order to attain a decent channel estimation quality at the AGC settling symbol, we propose to include DMRS subcarriers in this symbol, FDM-ed with PSBCH subcarriers. Furthermore, in our view, to facilitate the AGC operation the DMRS and PSBCH subcarriers should be mapped in a comb-like pattern to the subcarriers, e.g., every other subcarrier in the symbol (namely either all even-index subcarriers or all odd-index subcarriers) is set to zero, and the DMRS and PSBCH are alternately mapped to the remaining subcarriers. This mapping will result in two identical halves of the first OFDM symbols, serving our desired purposes. Also, using this scheme, the DMRS can be front-loaded which allows low latency since the channel can be estimated early. 
[bookmark: _Toc7809480][bookmark: _Toc16870976]Use as AGC symbol for S-SSB a PSBCH symbol covering 11 RBs multiplexed in frequency with DMRS for an early channel estimation. The mapping is done in a comb-like manner.
2.1	PSBCH content
We believe that PSBCH is an instrumental component of NR SL for the following reasons:
· It allows UEs to synchronize to each other in the absence of higher priority synchronization sources (e.g., NW or GNSS).
· It allows the NW to propagate information that is relevant for protection of cellular users, particularly those at cell edge. For example, in LTE SL the TDD configuration was part of PSBCH.
Discussion on specific fields can take place once the system design is close to completion.
Moreover, it is important to have a unified design of the DMRS for the different physical channel in NR SL.
[bookmark: _Toc5092351][bookmark: _Toc5108635][bookmark: _Toc7809485][bookmark: _Toc16870977]The design of DMRS in PSBCH follows the same design as the one defined in PSCCH/PSSCH.
In our view, one important aspect to consider when designing PSBCH is the possibility of having multiple transmissions with different contents. Although we believe that conflicting configurations of PSBCH should be prevented in normal conditions by design (like in LTE), it should be possible to have transmissions of PSBCH with different fields. This may be the case when UEs from different releases coexist in the same carrier. In LTE some bits were reserved for this purpose but in practice they were not usable because the protocol design assumed SFN combination of transmissions by different UEs.
[bookmark: _Toc1117736][bookmark: _Toc1123595][bookmark: _Toc1121322][bookmark: _Toc5092352][bookmark: _Toc5108636][bookmark: _Toc7809486][bookmark: _Toc16870978]The design of PSBCH allows for correct operation when different UEs transmit different fields of information following the same design as in NR.
3	S-SSB PeriodicityAgreements:
· In NR V2X, from transmitter perspective, the period (P1 in unit of ms) of S-SSB(s) transmission is the same for all SCS, for further down-selection:
· Alt 1: the number of S-SSB(s) transmitted within P1 is (pre-)configurable.
· Alt 2: the number of S-SSB(s) transmitted is fixed within P1 per SCS.
· Alt 3: only one S-SSB for all SCS is transmitted within P1.


In LTE V2X, the periodicity of SLSS is 160 ms. Alignment between LTE and NR will prevent half duplex issues between regular transmissions for NR or LTE and SLSS or PSBCH, respectively. For this reason, we believe that that the periodicity of S-SSB should be a multiple of 160 ms.
[bookmark: _Toc7809487][bookmark: _Toc16870979]The periodicity of S-SSB is a multiple of the LTE SLSS periodicity (160 ms).
In our view, the number of S-SSB(s) transmitted during a period should be only one to avoid any conflict with UL transmission and to avoid excessive overhead for S-SSB.
[bookmark: _Toc16870980]Transmit only one S-SSB per period for all SCS in order to avoid excessive overhead.
3.1	S-SSB burst
In NR UL/DL, especially at high frequencies, it is desirable to transmit the SSB with more than one (narrow) beam for coverage reasons. For this purpose, the SS burst set, which consists of multiple transmissions of the SSB multiplexed in time, was introduced. The SS burst set is repeated with a certain periodicity, known as SSB periodicity. By associating each SSB within the burst set with different PRACH resources (e.g., PRACH occasions or preambles), the gNB can obtain knowledge about the specific SSB transmissions received by a certain UE. This beam-sweeping mechanism allows UE and gNB to establish a suitable beam pair for communication already during the random-access procedure. Note that in UL/DL, the target is always to establish a connection between gNB and UE (i.e., between the transmitter and the receiver of the SSB).
For sidelink, the purpose of S-SSB transmission is to share some basic system information as well as the synchronization reference. Unlike in UL/DL in sidelink, the transmitter and the receiver of S-SSB are not always interested in establishing a connection nor it is necessary to transmit S-SSB in order to establish a sidelink between two UEs. From this point of view, it is always desirable to transmit S-SSB in a broadcast fashion. Note that, for practical reasons, beamformed transmission of S-SSB may still be used, meaning that multiple transmissions of S-SSB using different beams may be necessary to cover the whole space around the transmitter. However, it is important to emphasize that S-SSB transmission/reception is not related to establishing a suitable beam pair between UEs.
[bookmark: _Toc3984657][bookmark: _Toc4140368][bookmark: _Toc5092334][bookmark: _Toc5108422][bookmark: _Toc7809473][bookmark: _Toc16870966]In sidelink, transmission/reception of S-SSB between two UEs neither implies nor is implied by the establishment of a sidelink. 
Given that the beamforming pattern used for transmission of S-SSB will not be specified but instead be left up to UE implementation, we do not see the need to distinguish between repetitions within a burst and repetitions of a burst; both have the same effect. The two equivalent alternatives are depicted in Figure 2 and Figure 3. Consequently, we propose not to support the use of S-SSB burst set.
[bookmark: _Toc3984658][bookmark: _Toc4140369][bookmark: _Toc5092335][bookmark: _Toc5108423][bookmark: _Toc7809474][bookmark: _Toc16870967]In sidelink, there is no need to distinguish between transmission of S-SSB in bursts and repetition of S-SSB because both parameters have the same effect.
[bookmark: _Toc3991679][bookmark: _Toc4140377][bookmark: _Toc5092354][bookmark: _Toc5108637][bookmark: _Toc7809488][bookmark: _Toc16870981]In NR SL, the use of S-SSB burst for beam management is not supported.

[image: ]
[bookmark: _Ref3988328]Figure 2. Operation of S-SSB with S-SS burst set and long periodicity. Left: transmission of S-SSB in the burst in each period. Right: beam used for each transmission.
[image: ]
[bookmark: _Ref3988330]Figure 3. Operation of S-SSB without S-SS burst set and short periodicity. Left: transmission of S-SSB in each period. Right: beam used for each transmission.
4	Synchronization Source Priorities
During RAN1#96, the following was agreed:
	Agreements:
· Whether GNSS-based synchronization or gNB/eNB-based synchronization is used is (pre)-configured.  
· The following table is a working assumption
	GNSS-based synchronization
	gNB/eNB-based synchronization

	· P0: GNSS 
· P1: the following UE has the same priority: 
· UE directly synchronized to GNSS 
· P2: the following UE has the same priority: 
· UE indirectly synchronized to GNSS
· P3: the remaining UEs have the lowest priority.
	· P0: gNB/eNB
· P1’: UE directly synchronized to gNB/eNB 
· P2’: UE indirectly synchronized to gNB/eNB 
· P3’: GNSS 
· P4’: UE directly synchronized to GNSS 
· P5’: UE indirectly synchronized to GNSS
· P6’: the remaining UEs have the lowest priority. 





In our view, the configurations provided in the table are correct and the working assumption can be confirmed.
[bookmark: _Toc7809489][bookmark: _Toc16870982]Confirm the working assumption from RAN1#96.
An unresolved question during RAN1#96 was the meaning of synchronizing to gNB/eNB. In LTE, the RRC specification for V2X sidelink synchronization (Section 5.10.8.2 in [2]) includes the following procedure for selection of an eNB as synchronization source:
	The UE shall:
[bookmark: _Hlk508047883]1>	if triggered by V2X sidelink communication, and in coverage on the frequency for V2X sidelink communication; or
1>	if triggered by V2X sidelink communication, and out of coverage on the frequency for V2X sidelink communication, and the frequency used to transmit V2X sidelink communication is included in v2x-InterFreqInfoList in RRCConnectionReconfiguration or in v2x-InterFreqInfoList within SystemInformationBlockType21 of the serving cell/ PCell:
2>	if typeTxSync is configured for the concerned frequency and set to enb:
3>	select a cell as the synchronization reference source as defined in 5.10.13.3;
2>	else if typeTxSync for the concerned frequency is not configured or is set to gnss, and GNSS is reliable in accordance with TS 36.101 [42] and TS 36.133 [16]:
3>	select GNSS as the synchronization reference source;
2>	else (i.e., there is no GNSS which is reliable in accordance with TS 36.101 [42] and TS 36.133 [16]):
3>	search SLSSID=0 on the concerned frequency to detect candidate SLSS, in accordance with TS 36.133 [16];
3>	when evaluating the detected SLSS, apply layer 3 filtering as specified in 5.5.3.2 using the preconfigured filterCoefficient as defined in 9.3, before using the S-RSRP measurement results;
3>	if the S-RSRP of the SyncRef UE identified by the detected SLSS exceeds the minimum requirement defined in TS 36.133 [16]:
4>	select the SyncRef UE;
3>	else (i.e., no SLSSID=0 detected):
4>	select a cell as the synchronization reference source as defined in 5.10.13.3;
[bookmark: _Hlk508048380]1>	else, if triggered by V2X sidelink communication, and out of coverage on the frequency for V2X sidelink communication, and for the frequency used for V2X sidelink communication, if syncPriority in SL-V2X-Preconfiguration is set to gnss and GNSS is reliable in accordance with TS 36.101 [42] and TS 36.133 [16]:
2>	select GNSS as the synchronization reference source;
[Description of the procedure continues]


In this text, we observe the following:
· The first highlighted part refers to sidelink operation in a carrier with an eNB (e.g., a shared carrier or a dedicated sidelink carrier with NW deployment). In this case, there is no confusion with respect to what ‘UE directly synchronized to eNB’; it refers to the eNB serving the UE.

· The second highlighted part refers to sidelink operation in a carrier with no eNB (e.g., because the UE is out of coverage or because there is no NW deployment at all). In this case, however, the UE is in coverage on a different frequency. Moreover, the serving eNB provides a list of frequencies (i.e., carriers) for which the UE can use the eNB as synchronization source for sidelink transmission. In other words, although the UE is out of coverage in carrier A, on which it is operating the sidelink, the UE is in coverage in carrier B and the network has explicitly configured carrier B as a valid synchronization reference for sidelink operation in carrier A.
[bookmark: _Toc5110861][bookmark: _Toc7809475][bookmark: _Toc16870968]In LTE, the network provides a list of frequencies that can be used as synchronization references when the UE is out of coverage of the frequency that is used for V2X sidelink communication.
In our view, the same logic should be applied to NR V2X. That is, the serving gNB/eNB can provide a list of frequencies that can be used as reference for sidelink operation, including both NR and LTE frequencies. It is up to the network to configure the list in a way that ensures proper operation. If the UE is in coverage in multiple frequencies that are included in the list as candidate references for sidelink operation, then all such references are equally appropriate. Consequently, the UE should choose any of them.
[bookmark: _Toc5110848][bookmark: _Toc7809490][bookmark: _Toc16870983]In the list of priorities, the behaviour of ‘UE directly synchronized to gNB/eNB’ is the following:
· [bookmark: _Toc5110849][bookmark: _Toc7809491][bookmark: _Toc16870984]For operation in coverage on the frequency for V2X sidelink communication, the UE selects the serving gNB as synchronization reference.
· [bookmark: _Toc5110850][bookmark: _Toc7809492][bookmark: _Toc16870985]For operation out of coverage on the frequency for V2X sidelink communication but in coverage on another frequency, the UE selects an appropriate frequency out of a list configured by the network (that is a gNB/eNB) as synchronization reference.
· [bookmark: _Toc5110851][bookmark: _Toc7809493][bookmark: _Toc16870986]Other gNB/eNBs are not used as synchronization references for V2X sidelink communication.
5	SLSS procedures
[bookmark: _Toc540752][bookmark: _Toc540806]Regarding the overhead associated with the SLSS procedure, we observe the following:
· [bookmark: _Toc540753][bookmark: _Toc540807][bookmark: _Toc540853][bookmark: _Toc540904][bookmark: _Toc540985][bookmark: _Toc541073][bookmark: _Toc541124][bookmark: _Toc541182]Transmission and reception of PSBCH has very minor complexity. Indeed, all cellular UEs are required to decode PBCH, which is expected to be similar to PSBCH.
· [bookmark: _Toc540754][bookmark: _Toc540808][bookmark: _Toc540854][bookmark: _Toc540905][bookmark: _Toc540986][bookmark: _Toc541074][bookmark: _Toc541125][bookmark: _Toc541183]Transmission of SLSS has also minor complexity. Detection of the SLSS in the absence of a time reference requires dedicated reception.
[bookmark: _Toc540797][bookmark: _Toc543479][bookmark: _Toc543724][bookmark: _Toc867706][bookmark: _Toc867764][bookmark: _Toc868142][bookmark: _Toc960937][bookmark: _Toc961026][bookmark: _Toc961054][bookmark: _Toc961067][bookmark: _Toc961229][bookmark: _Toc961276][bookmark: _Toc961282][bookmark: _Toc961288][bookmark: _Toc961303][bookmark: _Toc961398][bookmark: _Toc963245][bookmark: _Toc1045355][bookmark: _Toc1047200][bookmark: _Toc1047644][bookmark: _Toc1051581][bookmark: _Toc1051628][bookmark: _Toc1051675][bookmark: _Toc1051783][bookmark: _Toc1052730][bookmark: _Toc1117679][bookmark: _Toc1123569][bookmark: _Toc1121296][bookmark: _Toc5110864][bookmark: _Toc7809476][bookmark: _Toc16870969]Transmission and reception of PBSCH and transmission of SLSS do not increase UE complexity significantly. In contrast, detection of SLSS transmissions increases UE complexity.
[bookmark: _Toc1117716][bookmark: _Toc1123575][bookmark: _Toc1121302][bookmark: _Toc5110855][bookmark: _Toc7809494][bookmark: _Toc16870987]Transmission of SLSS/PSBCH is a mandatory UE capability.
However, it may be beneficial for a UE not to start the full SLSS search directly when it loses the synchronization from the (pre-)configured top synchronization source, especially when it is synchronized to GNSS (see, e.g., [3]). 
[bookmark: _Toc1047655][bookmark: _Toc1051597][bookmark: _Toc1051644][bookmark: _Toc1051686][bookmark: _Toc1051795][bookmark: _Toc1051832][bookmark: _Toc1052298][bookmark: _Toc1052747][bookmark: _Toc1123577][bookmark: _Toc1121304][bookmark: _Toc5110856][bookmark: _Toc7809495][bookmark: _Toc1051598][bookmark: _Toc1051645][bookmark: _Toc1051687][bookmark: _Toc1051796][bookmark: _Toc1051833][bookmark: _Toc1052299][bookmark: _Toc1052748][bookmark: _Toc1117718][bookmark: _Toc16870988]If GNSS is the configured top synchronization reference, the UE starts a restricted SLSS search after losing contact with the top synchronization reference.
[bookmark: _Toc540757][bookmark: _Toc540811][bookmark: _Toc540857]The network is usually configured as top synchronization reference in licensed carriers in which V2X UEs share the resources with other UEs. Since network timing may be different across cells, it is undesirable that UEs performs restricted SLSS search in such carriers.
[bookmark: _Toc1047210][bookmark: _Toc1047653][bookmark: _Toc1051595][bookmark: _Toc1051642][bookmark: _Toc1051684][bookmark: _Toc1051793][bookmark: _Toc1051830][bookmark: _Toc1052296][bookmark: _Toc1052745][bookmark: _Toc1117719][bookmark: _Toc1123578][bookmark: _Toc1121305][bookmark: _Toc5110857][bookmark: _Toc7809496][bookmark: _Toc16870989]If network is the configured top synchronization reference, the UE starts a full SLSS search after losing contact with the top synchronization reference.
[bookmark: _Toc1052302][bookmark: _Toc1052751][bookmark: _Toc540798][bookmark: _Toc543480][bookmark: _Toc543725][bookmark: _Toc867707][bookmark: _Toc867765][bookmark: _Toc868143][bookmark: _Toc960938][bookmark: _Toc961027][bookmark: _Toc961055][bookmark: _Toc961068][bookmark: _Toc961230][bookmark: _Toc961277][bookmark: _Toc961283][bookmark: _Toc961289][bookmark: _Toc961304][bookmark: _Toc961399][bookmark: _Toc963246][bookmark: _Toc1045356][bookmark: _Toc1047201][bookmark: _Toc1047645][bookmark: _Toc1051582][bookmark: _Toc1051629][bookmark: _Toc1051676][bookmark: _Toc1051784][bookmark: _Toc1052731][bookmark: _Toc1117680][bookmark: _Toc1123570][bookmark: _Toc1121297][bookmark: _Toc5110865][bookmark: _Toc7809477][bookmark: _Toc16870970]Support for full SLSS search may be optional.
[bookmark: _Toc540776][bookmark: _Toc540830][bookmark: _Toc540876][bookmark: _Toc540924]So far, the discussion has been restricted to the case of loss of top synchronization reference. The advantages of partial SLSS search vanish for lower-priority synchronization references for several reasons:
· [bookmark: _Toc540777][bookmark: _Toc540831][bookmark: _Toc540877][bookmark: _Toc540925]Lower priority synchronization references are carried by SLSS, meaning that a UE synchronized to lower priority synchronization references must be capable of performing SLSS searches.
· [bookmark: _Toc540778][bookmark: _Toc540832][bookmark: _Toc540878][bookmark: _Toc540926]Lower priority synchronization references require that PSBCH is decoded. If the connection to the synchronization reference is lost, it is highly likely that PSBCH (or any other transmission from the originating UE(s)) cannot be decoded either.
[bookmark: _Toc961443][bookmark: _Toc1033997][bookmark: _Toc1047222][bookmark: _Toc1047665][bookmark: _Toc1051612][bookmark: _Toc1051659][bookmark: _Toc1051701][bookmark: _Toc1051810][bookmark: _Toc1051847][bookmark: _Toc1052314][bookmark: _Toc1052763][bookmark: _Toc540779][bookmark: _Toc540833][bookmark: _Toc540879][bookmark: _Toc540927][bookmark: _Toc541004][bookmark: _Toc541090][bookmark: _Toc541137][bookmark: _Toc541194][bookmark: _Toc542966][bookmark: _Toc543499][bookmark: _Toc543679][bookmark: _Toc543709][bookmark: _Toc1117720][bookmark: _Toc1123579][bookmark: _Toc1121306][bookmark: _Toc5110858][bookmark: _Toc7809497][bookmark: _Toc16870990]Partial SLSS searches are not allowed when the UE loses connection to a synchronization reference that is not the top synchronization reference.
5.1	UE behavior
In this section, we describe the behavior of a UE transmitting and/or receiving S-SSB.
For transmission and, more specifically, for selecting the values of the fields transmitted in PSBCH, the following is specified in LTE:
· For UEs in coverage, PSBCH contents is provided by the network.
· For UEs out of coverage using GNSS as synchronization reference, PSBCH contents is provided by the pre-configuration.
· For UEs out of coverage using SLSS (i.e., another UE) as synchronization reference, PSBCH contents is provided by the synchronization reference (i.e., in received PSBCH).
· For other UES out of coverage (i.e., using internal clock as synchronization reference), PSBCH contents is provided by the pre-configuration.
From a receiver point of view, the following behavior is specified for LTE in Section 5.10.9.1 in [2]:
	A UE configured to receive or transmit V2X sidelink communication shall:
1>	if the UE has a selected SyncRef UE, as specified in 5.10.8.2:
2>	ensure having a valid version of the MasterInformationBlock-SL-V2X message of that SyncRefUE;


And in see Section 5.10.9.2 in [2]:
	Upon receiving MasterInformationBlock-SL or MasterInformationBlock-SL-V2X, the UE shall:
1>	apply the values of sl-Bandwidth, subframeAssignmentSL, directFrameNumber and directSubframeNumber included in the received MasterInformationBlock-SL or MasterInformationBlock-SL-V2X message;


In other words, the receiver UE is expected to acquire and apply the contents of PSBCH from the corresponding synchronization reference UE (or UEs if an SFN combination is received). 
In our view, the LTE behavior is reasonable, and we propose to maintain it for NR. Using network configuration (for in coverage UEs) and pre-configuration (for out of coverage UEs) as default behavior. For UEs using SLSS as synchronization reference, we propose to follow the same behavior as in LTE.
[bookmark: _Toc5110859][bookmark: _Toc7809498][bookmark: _Toc16870991]A UE using SLSS as synchronization reference configures the corresponding parameters with the values provided in PSBCH by the synchronization reference.
[bookmark: _Toc4754614][bookmark: _Toc5009223][bookmark: _Toc5009579][bookmark: _Toc5110860][bookmark: _Toc7809499][bookmark: _Toc16870992]For the fields carried by PSBCH, the UE uses the values in its current configuration.
6	RS-based procedure for synchronization
The RS-based synchronization procedure should be (pre-)configured and triggered under some specific conditions while having no effect on the RS design. Additionally, there should be some triggering conditions for the RS complementary synchronization, avoiding the constant use of this procedure. Using the table in the agreements shown in Section 4 as a baseline, in our view the RS-based synchronization is useful only in some specific conditions and as agreed it is only triggered in out-of-network-coverage situations. 
[bookmark: _Toc5110852][bookmark: _Toc7809500][bookmark: _Toc16870993]The RS-based synchronization mechanism is precluded to work as a standalone synchronization procedure.
In our view, using the RS-based synchronization mechanism brings no benefits when the UE is under GNSS coverage since it has already a precise synchronization reference. Additionally, if the UE is able to receive SLSS messages, the RS-based synchronization will not provide any significant improvement to the synchronization accuracy, and therefore, it should be precluded in this situation.
[bookmark: _Toc5110853][bookmark: _Toc7809501][bookmark: _Toc16870994]The RS-based synchronization procedure is used when the UE does not have GNSS coverage and the SLSS procedure is not available.
[bookmark: _Toc5092227][bookmark: _Toc5092255][bookmark: _Toc5092459]It is questionable whether there is a need to explicitly signal the synchronization reference source, e.g., to signal whether the transmitting UE is (in-)directly synchronized to GNSS. The reasoning behind this assumption is that the receiving UE requires to have a synchronization timing close enough to the transmitting UE to decode a RS-signal sent by another UE, and therefore, this transmitted signal should come from a UE connected to a similar synchronization reference.
[bookmark: _Toc5110863][bookmark: _Toc7809478][bookmark: _Toc16870971]The requirement to explicitly signal the synchronization reference source for a RS-based synchronization procedure is not necessary.
In our view, the decision regarding the selected synchronization reference should be left to UE implementation, e.g., the UE selects the DMRS which has a closer value to each own reference signal, and therefore, should not have specification impact.
[bookmark: _Toc5110854][bookmark: _Toc7809502][bookmark: _Toc16870995][bookmark: _GoBack]The decision of determining the synchronization reference under RS-based synchronization mechanisms is left to UE implementation.
7	Conclusion
In the previous sections we made the following observations: 
Observation 1	In sidelink, transmission/reception of S-SSB between two UEs neither implies nor is implied by the establishment of a sidelink.
Observation 2	In sidelink, there is no need to distinguish between transmission of S-SSB in bursts and repetition of S-SSB because both parameters have the same effect.
Observation 3	In LTE, the network provides a list of frequencies that can be used as synchronization references when the UE is out of coverage of the frequency that is used for V2X sidelink communication.
Observation 4	Transmission and reception of PBSCH and transmission of SLSS do not increase UE complexity significantly. In contrast, detection of SLSS transmissions increases UE complexity.
Observation 5	Support for full SLSS search may be optional.
Observation 6	The requirement to explicitly signal the synchronization reference source for a RS-based synchronization procedure is not necessary.
Based on the discussion in the previous sections we propose the following:
Proposal 1	The number of symbols per S-SSB is 14. The slot structure is as follows:
a.	First symbol is assigned for AGC settling, and the last symbol is reserved for GP.
b.	Two symbols for S-SSS and S-PSS, respectively.
c.	The frame is filled with 8 PSBCH symbols multiplexed in frequency with DMRS.
Proposal 2	Use as AGC symbol for S-SSB a PSBCH symbol covering 11 RBs multiplexed in frequency with DMRS for an early channel estimation. The mapping is done in a comb-like manner.
Proposal 3	The design of DMRS in PSBCH follows the same design as the one defined in PSCCH/PSSCH.
Proposal 4	The design of PSBCH allows for correct operation when different UEs transmit different fields of information following the same design as in NR.
Proposal 5	The periodicity of S-SSB is a multiple of the LTE SLSS periodicity (160 ms).
Proposal 6	Transmit only one S-SSB per period for all SCS in order to avoid excessive overhead.
Proposal 7	In NR SL, the use of S-SSB burst for beam management is not supported.
Proposal 8	Confirm the working assumption from RAN1#96.
Proposal 9	In the list of priorities, the behaviour of ‘UE directly synchronized to gNB/eNB’ is the following:
	For operation in coverage on the frequency for V2X sidelink communication, the UE selects the serving gNB as synchronization reference.
	For operation out of coverage on the frequency for V2X sidelink communication but in coverage on another frequency, the UE selects an appropriate frequency out of a list configured by the network (that is a gNB/eNB) as synchronization reference.
	Other gNB/eNBs are not used as synchronization references for V2X sidelink communication.
Proposal 10	Transmission of SLSS/PSBCH is a mandatory UE capability.
Proposal 11	If GNSS is the configured top synchronization reference, the UE starts a restricted SLSS search after losing contact with the top synchronization reference.
Proposal 12	If network is the configured top synchronization reference, the UE starts a full SLSS search after losing contact with the top synchronization reference.
Proposal 13	Partial SLSS searches are not allowed when the UE loses connection to a synchronization reference that is not the top synchronization reference.
Proposal 14	A UE using SLSS as synchronization reference configures the corresponding parameters with the values provided in PSBCH by the synchronization reference.
Proposal 15	For the fields carried by PSBCH, the UE uses the values in its current configuration.
Proposal 16	The RS-based synchronization mechanism is precluded to work as a standalone synchronization procedure.
Proposal 17	The RS-based synchronization procedure is used when the UE does not have GNSS coverage and the SLSS procedure is not available.
Proposal 18	The decision of determining the synchronization reference under RS-based synchronization mechanisms is left to UE implementation.
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