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1. 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



2. Transmission Power of Sidelink SSB 
When sidelink shares Uu uplink spectrum, the transmission power of S-SSB should be controlled based on downlink pathloss so there would be no excessive interference to uplink receiving. In this case, the  and  can be of configured values used for S-SSB power control. If sidelink is deployed on dedicated spectrum, it is desirable that the S-SSB is transmitted with maximal transmission power for better synchronization performance. Also, considering that S-SS and PSBCH have almost the same bandwidth, a common rule for power control can be applied to the whole S-SSB transmission.
Proposal 1: when downlink pathloss is available, the S-SSB transmission power is controlled based on the pathloss and configured  and  values; when downlink pathloss is not available, S-SSB can be transmitted with maximal transmission power.
----------------------------------------------------begin text proposal for 38.213----------------------------------------------------
[bookmark: _Toc29894884][bookmark: _Toc29899183][bookmark: _Toc29899601][bookmark: _Toc29917337]16.1	Synchronization procedures
<<<unchanged text omitted>>>
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.
The UE transmit power of synchronization signal  and transmit power of PSBCH  are given by
- if the UE has downlink pathloss measurement 
-  [dBm]
- else
-  [dBm]
where  and are provided by higher layer parameters associated with the corresponding sidelink synchronization signal resource configuration;  is defined in [8].
----------------------------------------------------end text proposal for 38.213----------------------------------------------------
3. 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
	






For the common TDD configuration, 3 bits are needed for each of the two patterns for period indication. If the same rule is followed, only 6 bits are remaining for uplink slot number indication (and 3 bits for each pattern), this seems insufficient considering the possible uplink slot configurations. To solve this problem, we propose to indicate only one pattern in PSBCH, that is, 3 bits for period indication, 8 bits to indicate number of uplink slots, and 1 bit reserved. This would work well if only one common TDD pattern is configured by network.
Proposal 2: For TDD configuration indication: 3 bits indicate the period of TDD pattern, 8 bits indicate the number of uplink slots in the TDD pattern. 
4. PSBCH DMRS Initialization 
For PSBCH DMRS sequence generation, one remaining issue is the sequence generator initialization. Since NR PSBCH transmission will reuse LTE PSBCH transmission mechanism, UEs that are an even number of hops from the synchronization reference (e.g. GNSS or gNB) transmit SL-SSB on the same resources. The same will be performed by UEs that are and odd number of hops away. In addition to the SLSSID-based bit scrambling defined in Section 5.2, having orthogonal DMRS sequences will further assist the receiver in distinguishing between Hop 0 and the other even hops, as well as between Hop 1 and the other odd-numbered hops. To reduce receiver complexity, a cyclic shift, by means of an FD-OCC, can be to distinguish Hops 0 and 1 from the other Hops. For example, for Hop 0 and Hop 2 PSBCH, the DMRS sequence would be the same, but the transmitted DMRS would be orthogonal using the FD-OCC. This can be achieved by initializing the DMRS sequence generator with   and determining OCC based on . 
[bookmark: _GoBack]Proposal 3: PSBCH DMRS sequence is initialized by ; an OCC for the DMRS is determined based on . Also proposed in [3]
----------------------------------------------------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 
 
where  is defined in subclause 8.4.2.1.
-----------------------------------------------------end text proposal for 38.211-----------------------------------------------------
----------------------------------------------------begin text proposal for 38.211----------------------------------------------------
8.4.3.1.3	Mapping of PSBCH and DM-RS within an S-SS/PSBCH block
<<<unchanged text omitted>>>
The sequence of complex-valued symbols  constituting the demodulation reference signals for the S-SS/PSBCH block shall be scaled by a factor of  to conform to the PSBCH power allocation specified in [5, TS 38.213], scaled by a factor  given in Table 8.4.3.1.3-1, and mapped to resource elements  in increasing order of first  and then  where  and  are given by Table 8.4.3.1-1 and represent the frequency and time indices, respectively, within one S-SS/PSBCH block.
Table 8.4.3.1.3-1: Parameters for PSBCH DM-RS
	
	

	
	
	

	0
	1
	1

	1
	1
	-1


-----------------------------------------------------end text proposal for 38.211-----------------------------------------------------

5. QCL for S-SSB Transmissions
Given the potentially large separation between S-SSB repetitions, as well as the SFN-type S-SSB transmission, it is not realistic to perform S-SSB combination at a receiver UE. Therefore, there is no need to define QCL for S-SSB. 
Proposal 4: No QCL defined for S-SSB transmissions.
6. 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.
6.1 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. 
[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

6.2 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.



7. Conclusions 
In this contribution, remaining issues for sidelink synchronization are discussed. 
Proposal 1: when downlink pathloss is available, the S-SSB transmission power is controlled based on the pathloss and configured  and  values; when downlink pathloss is not available, S-SSB can be transmitted with maximal transmission power.
----------------------------------------------------begin text proposal for 38.213----------------------------------------------------
16.1	Synchronization procedures
<<<unchanged text omitted>>>
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.
The UE transmit power of synchronization signal  and transmit power of PSBCH  are given by
- if the UE has downlink pathloss measurement 
-  [dBm]
- else
-  [dBm]
where  and are provided by higher layer parameters associated with the corresponding sidelink synchronization signal resource configuration;  is defined in [8].
----------------------------------------------------end text proposal for 38.213----------------------------------------------------

Proposal 2: For TDD configuration indication: 3 bits indicate the period of TDD pattern, 8 bits indicate the number of uplink slots in the TDD pattern. 
Proposal 3: PSBCH DMRS sequence is initialized by ; an OCC for the DMRS is determined based on . Also proposed in [3]
----------------------------------------------------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 
 
where  is defined in subclause 8.4.2.1.
-----------------------------------------------------end text proposal for 38.211-----------------------------------------------------
----------------------------------------------------begin text proposal for 38.211----------------------------------------------------
8.4.3.1.3	Mapping of PSBCH and DM-RS within an S-SS/PSBCH block
<<<unchanged text omitted>>>
The sequence of complex-valued symbols  constituting the demodulation reference signals for the S-SS/PSBCH block shall be scaled by a factor of  to conform to the PSBCH power allocation specified in [5, TS 38.213], scaled by a factor  given in Table 8.4.3.1.3-1, and mapped to resource elements  in increasing order of first  and then  where  and  are given by Table 8.4.3.1-1 and represent the frequency and time indices, respectively, within one S-SS/PSBCH block.
Table 8.4.3.1.3-1: Parameters for PSBCH DM-RS
	
	

	
	
	

	0
	1
	1

	1
	1
	-1


-----------------------------------------------------end text proposal for 38.211-----------------------------------------------------
Proposal 4: No QCL defined for S-SSB transmissions.
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9. 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

image1.emf
0


50


100


150


200


250


300


350


400


450


500


Distance (m)


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


P


a


c


k


e


t


 


r


e


c


e


p


t


i


o


n


 


r


a


t


i


o


0 GNSS hotspots; Sidelink sync (/w lower ID prioritization)


0 GNSS hotspot; Sidelink sync (R14/R15 procedure)


2 GNSS hotspots; Sidelink sync (/w lower ID prioritization)


2 GNSS hotspot; Sidelink sync (R14/R15 procedure)




0 50 100 150 200 250 300 350 400 450 500

Distance (m)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

P

a

c

k

e

t

 

r

e

c

e

p

t

i

o

n

 

r

a

t

i

o

0 GNSS hotspots; Sidelink sync (/w lower ID prioritization)

0 GNSS hotspot; Sidelink sync (R14/R15 procedure)

2 GNSS hotspots; Sidelink sync (/w lower ID prioritization)

2 GNSS hotspot; Sidelink sync (R14/R15 procedure)


image2.emf
0


10


20


30


40


50


60


70


Time instance (x 160ms)


-1


0


1


2


3


4


5


T


r


a


n


s


m


i


t


 


t


i


m


i


n


g


 


e


r


r


o


r


 


w


.


r


.


t


.


 


g


e


n


i


e


 


G


N


S


S


 


t


i


m


i


n


g


 


(


n


s


)


10


4


If independent synch source also selects its child




0 10 20 30 40 50 60 70

Time instance (x 160ms)

-1

0

1

2

3

4

5

T

r

a

n

s

m

i

t

 

t

i

m

i

n

g

 

e

r

r

o

r

 

w

.

r

.

t

.

 

g

e

n

i

e

 

G

N

S

S

 

t

i

m

i

n

g

 

(

n

s

)

10

4

If independent synch source also selects its child


image3.emf
0


10


20


30


40


50


60


70


Time instance (x 160ms)


-1


0


1


2


3


4


5


T


r


a


n


s


m


i


t


 


t


i


m


i


n


g


 


e


r


r


o


r


 


w


.


r


.


t


.


 


g


e


n


i


e


 


G


N


S


S


 


t


i


m


i


n


g


 


(


n


s


)


10


4


If independent synch source also selects its child




0 10 20 30 40 50 60 70

Time instance (x 160ms)

-1

0

1

2

3

4

5

T

r

a

n

s

m

i

t

 

t

i

m

i

n

g

 

e

r

r

o

r

 

w

.

r

.

t

.

 

g

e

n

i

e

 

G

N

S

S

 

t

i

m

i

n

g

 

(

n

s

)

10

4

If independent synch source also selects its child


image4.emf
0


50


100


150


200


250


300


350


400


450


500


Distance (m)


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


P


a


c


k


e


t


 


r


e


c


e


p


t


i


o


n


 


r


a


t


i


o


ISS does not select its child SyncRef UE


ISS selects its child SyncRef UE




0 50 100 150 200 250 300 350 400 450 500

Distance (m)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

P

a

c

k

e

t

 

r

e

c

e

p

t

i

o

n

 

r

a

t

i

o

ISS does not select its child SyncRef UE

ISS selects its child SyncRef UE


image5.emf
Lane width: 3.5m

Sidewalk width: 3m

Street width: 20m

433m

250m

Road grid

 

GNSS coverage area


Microsoft_Visio_2003-2010_Drawing.vsd
GNSS coverage area



