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Introduction
The paper [1] presented in 3GPP RAN #86 meeting summarized some Rel-16 V2X remaining issues that RAN1 needs to focus on in RAN1 #100. In this paper, we discuss the remaining issues for sidelink synchronization and provide text proposals. The remaining issues related to sidelink synchronization are copied in Table 1.
Table 1. Remaining issues related to Rel-16 V2X synchronization
	Category
	Remaining issue in RAN1
	RAN2 impact

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

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

	
	E3
	DM RS sequence initialization for PSBCH
	No

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



PSBCH Content
1.1 TDD Configuration Indication 
NR Uu has very flexible TDD configuration rules, which results in high signalling overhead for TDD configuration indication. For example, ~50 bits are needed to configure the two common TDD UL/DL patterns. For sidelink, however, only 12 bits are available for TDD configuration indication:
	Working assumption:
· PSBCH payload size is 56 bits including 24 bits of CRC.
Agreements:
· Note: “green” already earlier; “blue” new agreements, “brown” working assumption, “change marks” for updates

	PSBCH contents
	Number of bits
	Notes

	DFN
	10
	

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

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

	In-coverage indicator
	1
	

	Reserve bits
	
	

	CRC
	24
	

	Total bits
	56
	






The general framework for signalling the TDD configuration was agreed in RAN 100-e:
Agreement:
· Slot-level indication is supported in TDD configuration indication.
· 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.
[bookmark: _GoBack]The TDD pattern in PSBCH does not provide any information to UEs operating in a dedicated carrier, e.g. ITS bands. Therefore, it is important to ensure that the PSBCH payload size does become large, to avoid degrading the performance of those UEs operating on a dedicated carrier, which will be the most common deployment of NR V2X. It is also important to keep reserved bits available for forward compatibility. 
The number of patterns and the periodicity can be indicated jointly or separate. There are two patterns (X = 1 bit), and 16 possible periodicity value combinations if two patterns are configured (Y = 4 bits). Joint encoding of the two parameters can cover all combinations or some combinations be excluded to reduce the field size.
[bookmark: _Toc37439598]Proposal 1: Number of patterns and periodicity can be separately or jointly encoded with X + Y <= 5 bits.
It is important to note that the UE does not need to know the precise details of the TDD configuration on Uu, only on which slots sidelink transmissions can take place. For example, if Uu is TDD pattern is P = 2ms (DDDD) and P2 = 3ms (DDDDUU), the UE on sidelink only needs to know that sidelink transmissions can only take place on the last two slots in a 5 ms period. The network can signal this on sidelink using P = 5 ms with 2 U slots. It should be noted that this does not limit the TDD configuration on the Uu side, only how that configuration is conveyed to a UE for use on sidelink. By excluding such cases, redundant representation in Z can be avoided.
Observation 1 The “indication of TDD configuration” field in PSBCH does not need to convey all details about the TDD configuration, only on which slots are sidelink transmissions possible.
Further, not every possible TDD pattern and combination of TDD patterns need be represented, only the more common ones. Therefore, Z = 12 – (X+Y) is sufficient.
[bookmark: _Toc37439599]Proposal 2: Z = 12 – (X+Y) bits are used to indicate UL slots.
[bookmark: _Toc37439600]Proposal 3: the indication of TDD configuration field in PSBCH indicates common patterns.
QCL for S-SSB Transmissions
When discussing QCL assumption two potential places for QCL can be considered:
· SL-SSB repetitions within a 160 ms period.
· SL-SSB transmissions across periods (160 ms apart).
In both cases, the sets of UEs performing the transmissions could differ (e.g. due in-device prioritization, motion, …), the relative locations of the UE could change (vehicles are moving at different speeds), and the channel observed between some UEs could change (due to environment, reflections, …). This variability in received signal arriving from multiple sources combined with the SFN-type SL-SSB transmission means that the receiver cannot make any assumption about the received signal at different, potentially far apart, times regardless of what any single transmitter does.
This is in contrast with Uu, where there is only a single transmitter (gNB).
[bookmark: _Toc37439601]Proposal 4: No QCL is defined for S-SSB transmissions.
Starting Symbol of SL-SSB
TS 38.211 captures the structure of SL-SSB, but not that it starts on the first symbol of the slot with a gap symbol after the SL-SSB.
[bookmark: _Toc32606927][bookmark: _Toc37439602]Proposal 5: Adopt the following text proposal capturing the starting symbol of SL-SSB in TS 38.211
----------------------------------------------------begin text proposal for 38.211----------------------------------------------------
8.4.3.1	Time-frequency structure of an S-SS/PSBCH block
In the time domain, an S-SS/PSBCH block consists of  OFDM symbols, numbered in increasing order from 0 to  within the S-SS/PSBCH block, where S-PSS, S-SSS, and PSBCH with associated DM-RS are mapped to symbols as given by Table 8.4.3.1-1. The number of OFDM symbols in an S-SS/PSBCH block  for normal cyclic prefix and  for extended cyclic prefix. The first OFDM symbol in an S-SS/PSBCH block is mapped to the first OFDM symbol in the slot.
-----------------------------------------------------end text proposal for 38.211-----------------------------------------------------
PSBCH DMRS Sequence
[bookmark: _Toc32606929][bookmark: _Toc37439603]Proposal 6: Adopt the following text proposal for initializing the PSBCH DMRS sequence in TS 38.211.
----------------------------------------------------begin text proposal for 38.211----------------------------------------------------
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 
 
-----------------------------------------------------end text proposal for 38.211-----------------------------------------------------
Further simulation results to support SLSS-ID based prioritization between SynRefUEs in P6/P6’
In this section, we provide further simulation results to support the proposals made in [2] for the critical addition to R14/15 SyncRef UE (re)selection procedure to additionally prioritize based on SLSS-ID between SynRefUEs in P6/P6’. The aim is to provide the further results as requested by companies during the discussion in prior RAN1 meetings. 
In [2], we proposed prioritization among references of the same priority for P6/P6’ UE wherein the UEs select the lowest SLSS ID SynchRefUE among the SyncRefUEs with RSRP>threshold. Prioritization based on RSRP-based is still done for SyncRefUEs in P6/P6’ that have the same SLSS ID. This is a critical addition to R14/R15 procedure wherein the prioritization within P6/P6’ SyncRefUEs is based on RSRP alone. Simulation results show that this enables the independent clusters to merge and thereby improves the system performance. The results provided were for the case when there are no UEs within GNSS coverage in the drop.
1.2 Results with some UEs within GNSS coverage
In this subsection, we contrast the performance when some of the UEs in drop. GNSS coverage is enabled as a drop of GNSS coverage area in the layout such that the GNSS enabled UEs are within one of the multiple clusters distributed in the drop, as described in Appendix section 9.1. This emulates urban layout that may have some spatial areas where GNSS coverage is good, while some spatial areas that are GNSS coverage holes.
Figure 1 compares the PRR vs Distance performance of R14/R15 procedure with the proposed correction for two cases: (i) when there are no GNSS UEs in the drop, and (ii) when some UEs in the drop are GNSS enabled (i.e. presence of P0, P1, P2 UEs in the system) modelled as dropping 2 GNSS hotspots. It is also noted that 2 GNSS hotspots results in an average of ~25/590 UEs within GNSS coverage (i.e. ~4% UEs). It is observed that even with GNSS coverage enabled UEs, some independent synchronization sources do emerge (at the start) that will then take longer to merge with RSRP based prioritization only. Thus, while the gap in PRR performance is small (as the correction is only for P6/P6’ priority cases), there is still some gap in performance due to the occasions when independent clusters do form. A copy of  Figure 2 with an expanded y-axis is provided in Appendix 10.
[image: ]
[bookmark: _Ref32581948]Figure 1: PRR vs Distance comparison between R14/R15 procedure with the proposed correction of SLSS ID based prioritization with {0, 2} GNSS enabled hotspots being dropped in the simulation

1.3 Results if an independent SyncRefUE (re)selects to its own child SychRef UE
It was pointed out in prior RAN1 meetings that the current specification does not specify any rules that an independent SyncRef UE should not reselect to its child SyncRef UE. 
Once a UE becomes an independent SyncRef UE / independent synchronization source (ISS), then others UEs will start deriving their time/frequency synchronization from that ISS and may in-turn also become SyncRef UEs based on the currently specified procedures on becoming a SyncRef UE. If the ISS is transmitting on resource-1, then any SyncRef UEs that is synchronized to the ISS will transmit on resource-2 and use the same SLSS-ID. Then the ISS will also be able to see this child SyncRef UE(s) on resource-2. As such the current specification does not specify the behavior for the ISS on if/not to consider this child SyncRef UE as a candidate to select as a synchronization reference and cease to be an ISS. In our view, a reasonable implementation should clearly identify that this SyncRef UE is its child (same SLSS ID and transmitting either on resource-1 or resource-2 with some tolerance of propagation time in hops, e.g. 1-2us). In our view, this is highly desired as otherwise it’ll create synchronization loops – say the ISS is UE1 and its child SyncRef UE is UE2, then UE2 derives it synchronization from UE1 and if UE1 ceases to be an ISS and starts deriving its synchronization from UE2, then we have a loop. The critical issue with this loop is that propagation time keep accumulating in every cycle! This will be quite disastrous as the entire time/frequency of the system will drift significantly every SLSS period (and may even break regulatory requirements to be confined in some channel BW). 
We can also observe this behavior in simulations as shown in Figure 2 and Figure 3. Transmit timing in each SLSS period for each transmitting UE in the system is represented as a marker. It can be observed that if the ISS selects its child to derive it’s time/frequency synchronization (and then cease to be ISS and follow the source time + propagation time as the timing reference), then the timing of the system will keep drifting each SLSS period with the propagation time accumulating at each step. The mean timing error will grow unbounded. This impacts the PRR performance as well as shown in Figure 4. Hence, in our view, the natural implementation for independent synchronization source should not to respect to a UE that maybe deriving its time/frequency synchronization from that source (i.e. same SLSS ID and transmitting on resource-1 or resource-2 with some tolerance of propagation and frequency errors).

	[image: ]
[bookmark: _Ref32591691]Figure 2: Transmit timing error (w.r.t. genie GNSS timing) if the ISS does not select its child as a reference. ISS stays in the systems and the timing of all the derived UEs are clustered around the indepdennt timing of the ISS.
	[image: ]
[bookmark: _Ref32591695]Figure 3: Transmit timing error (w.r.t. genie GNSS timing) if the ISS also selects its child as a reference (and ceases to be ISS). This causes sync loops and the timing of the system drifts with accumulating propagation time every SLSS period.

	[image: ]
[bookmark: _Ref32601333]Figure 4: PRR vs Distance comparing if/not the ISS (re)selects to its child SyncRef UE. If ISS selects its child SyncRef UE (and ceases to be ISS), a cyclic dependency is created, and the timing of the system starts drifting leading to loss in PRR performance.



Conclusions 
Proposal 1: Number of patterns and periodicity can be separately or jointly encoded with X + Y <= 5 bits.
Proposal 2: Z = 12 – (X+Y) bits are used to indicate UL slots.
Proposal 3: the indication of TDD configuration field in PSBCH indicates common patterns.
Proposal 4: No QCL is defined for S-SSB transmissions.
Proposal 5: Adopt the following text proposal capturing the starting symbol of SL-SSB in TS 38.211
----------------------------------------------------begin text proposal for 38.211----------------------------------------------------
8.4.3.1	Time-frequency structure of an S-SS/PSBCH block
In the time domain, an S-SS/PSBCH block consists of  OFDM symbols, numbered in increasing order from 0 to  within the S-SS/PSBCH block, where S-PSS, S-SSS, and PSBCH with associated DM-RS are mapped to symbols as given by Table 8.4.3.1-1. The number of OFDM symbols in an S-SS/PSBCH block  for normal cyclic prefix and  for extended cyclic prefix. The first OFDM symbol in an S-SS/PSBCH block is mapped to the first OFDM symbol in the slot.
-----------------------------------------------------end text proposal for 38.211-----------------------------------------------------
Proposal 6: Adopt the following text proposal for initializing the PSBCH DMRS sequence in TS 38.211.
----------------------------------------------------begin text proposal for 38.211----------------------------------------------------
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 
 
-----------------------------------------------------end text proposal for 38.211-----------------------------------------------------
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Appendix – GNSS coverage drop procedure
The simulations are for urban drop. In the drop, we additionally model GNSS coverage areas as hotspots in the drop where we assume the GNSS coverage is available. Each GNSS hotspot is modelled as circular geographical areas with random radius of 125m and centre is dropped uniformly with the geographical area of the drop (as depicted in Fig. 9.1). The number of hotspots is varied as a parameter to model different densities of UEs that are in GNSS coverage.  
If the UE is within the GNSS coverage area, then UE is declared to synchronized to GNSS. If UE is outside the GNSS coverage area, then the UE is assumed to not have GNSS coverage and the oscillator (XO) will be drifting as per the XO drift model. Actual mobility of the UEs is simulated, and thus the coverage state of a UE will (may) change over the simulation time such that it may be in GNSS coverage area at certain point in time and may loss the GNSS coverage and have its oscillator drifting. 


Fig. 9.1: Modelling of GNSS coverage areas within the Urban drop
[bookmark: _Ref33191916]Appendix 
[image: ]
Figure 5 Transmit timing error (w.r.t. genie GNSS timing) if the ISS does not select its child as a reference. ISS stays in the systems and the timing of all the derived UEs are clustered around the indepdennt timing of the ISS. (reproduction of Figure 2 with an expanded y-axis)
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