


3GPP TSG RAN WG1 #100bis-e		R1-2001578
e-Meeting, April 20th – 30th, 2020
Title: 	Remaining issues of synchronization
Source: 	ZTE, Sanechips
Agenda item:	7.2.4.3
Document for:	Discussion and decision
[bookmark: _Ref30590][bookmark: _Toc5602]Introduction
At RAN1 #99 meeting, the following working assumption and agreements were reached [1].
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
	


At RAN #100-e meeting, the following agreements are reached [2]. 
Agreement:
· 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.
If any TP, to be discussed next meeting.
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: 

[bookmark: OLE_LINK5]In this contribution, we further discuss the remaining issues of NR V2X synchronization.
[bookmark: _Toc10347]Discussions 
[bookmark: _Toc23345]PSBCH content  
· Slot index within a frame
At the last meeting, it is agreed that slot-level indication is supported for TDD configuration. On the other hand, since DFN is agreed to be indicated in PSBCH. It is natural to indicate slot index within a frame. In this way, other timing information indication, e.g., subframe, can be avoided so that indication overhead is reduced. The largest SCS supported for S-SSB transmission in Rel-16 5G V2X is 120 kHz, and at most 80 slots are included within a frame. So 7 bits are enough to indicate slot index within a frame.  
[bookmark: _Toc25939][bookmark: _Toc19928]Confirm the working assumption that slot index within a frame is indicated by 7 bits.

· TDD configuration
According to the agreements in the last meeting, X bits and Y bits are used to indicate patterns and periodicity respectively. In NR Uu TDD configuration, one or two patterns (pattern1 and pattern2) can be configured. As shown in Table 1, 9 possible periods and 16 possible combinations of two periods should be supported in case of single pattern and two patterns respectively. In summary, a total of 25 indication values should be considered for periodicity indication. It is noted that the values of 3 ms in some cases of two patterns and 4 ms both in single pattern and in some cases of two patterns should be considered if the parameter dl-UL-TransmissionPeriodicity-v1530 is configured in TDD-UL-DL-ConfigCommon.
Table 1 patterns and periods need to be supported
	Single pattern
	Period (ms)
	double pattern
	Period1 (ms)
	Period2 (ms)

	0
	0.5
	0
	0.5
	0.5

	1
	0.625
	1
	0.5
	2

	2
	1
	2
	0.625
	0.625

	3
	1.25
	3
	1
	1

	4
	2
	4
	1
	3

	5
	2.5
	5
	1
	4

	6
	5
	6
	1.25
	1.25

	7
	10
	7
	2
	0.5

	8
	4
	8
	2
	2

	
	
	9
	2
	3

	
	
	10
	2.5
	2.5

	
	
	11
	3
	1

	
	
	12
	3
	2

	
	
	13
	4
	1

	
	
	14
	5
	5

	
	
	15
	10
	10



Based on Table 1 above, it is sensible to use 1 bit to indicate pattern(s) and 4 bits to indicate at most 16 cases of periodicity given pattern configuration, i.e., X=1 and Y=4.
[bookmark: _Toc17029][bookmark: _Toc27077]Support 1 bit to indicate pattern and 4 bits to indicate periodicity, i.e., X=1 and Y=4.
If up to 12 bits are dedicated for TDD configuration, there are 7 bits left to indicate the potential sidelink slot numbers in TDD configuration(8 bits are also acceptable). 
In case single pattern is configured, the maximal period supported is 10 ms. Considering the largest SCS supported for S-SSB transmission in Rel-16 5G V2X is 120 kHz, there are 80 slots within 10ms. 7 bits are enough to indicate any  potential sidelink slot number within 80.
In case two patterns are configured, the duplet of slot numbers within each period in table 1 under varying SL SCS are listed in appendix. Per RAN1 #100e agreement, the potential sidelink slot numbers within each pattern should be indicated respectively. It can be seen that the number of combinations to be indicated would exceed the indication range of 7 bits (i.e., 128) in 13 cases. 
In order to cover the number of combinations using 7 bits, indication based on scaled granularity of more than 1 slots is acceptable. Thanks to the scaled granularity, the indication range can be enlarged. Yet the residual sidelink slot number less than the scaled granularity is beyond indication. This could result in misalignment of slot structure between out of coverage and in coverage UE if the residual is not taken into account in TDD-UL-DL-ConfigCommon.
To solve the problem above, two options as follows can be considered. 
· Option 1: Divide 7 bits into two parts. One part indicates the integer part at the scaled granularity. The other part indicates the fractional part. The fractional part value range is configured or pre-configured and the value is indicated by converting the bits into a pointer to a value within a preconfigured range.
· Option 2: Indicate the sidelink slot number at scaled granularity and invalidate the fractional part of the potential sidelink slots for sidelink communication.
In the discussion of Physical layer structure for sidelink (7.2.4.1), agreements and working assumption are reached as following.
	Agreements:
For derivation of the set of slots to be included in the resource pool, the baseline is the derivation with bitmap and periodicity based on Subclause 14.1.5 of TS36.213 with the following modifications.
· FFS: Periodicity and L_bitmap value
· The slot index is relative to slot#0 of the radio frame corresponding to SFN 0 of the serving cell if serving cell timing reference is in use, or DFN 0 otherwise
· The following procedure is used. 
· The set includes all the slots except the following slots:  
· Slots in which SLSS resource is configured, 
· (Working assumption) slots not having at least Y-th, (Y+1)-th, ....., (Y+X-1)-th symbols in a slot semi-statically for UL as indicated in TDD-UL-DL-ConfigCommon, where
· X is sl-LengthSymbols
· Y is sl-StartSymbol
· (Working assumption) reserved slots which are determined by the similar steps in Subclause 14.1.5 of TS36.213



It can be seen that all slots having at least Y-th, (Y+1)-th, ....., (Y+X-1)-th symbols in TDD-UL-DL-ConfigCommon will be regarded as potential sidelink slots. Option 2 invalidates a few slots less than the scaled granularity for sidelink communication where the invalidated slots could contain effectively at least Y-th, (Y+1)-th, ....., (Y+X-1)-th symbols in TDD-UL-DL-ConfigCommon. This violates the spirit of the above agreement in Physical layer structure for sidelink. Option 1 is thus preferred. 
[bookmark: _Toc15219][bookmark: _Toc12733]The potential sidelink slot number is divided into two parts to be indicated based on a scaled granularity. N1 bit(s) are used to indicate the integer part and N2 bit(s) indicate the fractional part. 
· N1 + N2 = Z, 0 ≤ N1, N2 ≤ Z.
DM RS sequence initialization for PSBCH
In last meeting, it is agreed to down select from the following Alts for PSBCH DM RS sequence initialization:
· Alt 1: , where  is 3 LSBs of S-SSB index.
· Alt 2: 

In NR V2X, DFN and slot index within DFN are included in PSBCH. UE can determine the SL timing and S-SSB index in the periodicity of S-SSB based on PSBCH contents and (pre-) configuration. UE need not to decode the scrambling sequence to obtain S-SSB index to determine the timing of SL. So it is not necessary to initialize the scrambling sequence generator of PSBCH DM RS with S-SSB index. Use  to initialize the scrambling sequence generator of PSBCH DM RS is a simple method. Furthermore, blind decoding is not needed for Alt 2. 








According to 5.2.1 in 38.211, pseudo-random sequence c(n), which is a length-31 Gold sequence, is generated by two m-sequences  and . It can be seen that  would be zero sequence if (). Consequently, c(n) would become a m-sequence by , where . To avoid this problem, it is sensible to use  to replace .   

[bookmark: _Toc19931][bookmark: _Toc7710][bookmark: _Toc13788][bookmark: _Toc23068][bookmark: _Toc23437][bookmark: _Toc2316]Adopt Alt 2 with the following modification
· 
[bookmark: _Toc28518]For PSBCH DM RS, the scrambling sequence generator shall be initialized at the start of every PSBCH subframe with .
QCL for S-SSB
In NR V2X, S-SSB is transmitted by UE. A UE which transmits S-SSB is usually moving. It is hard to share parameters such as Doppler spread, Doppler shift, average gain, average delay, delay spread and so on. 
In some cases, multiple UEs (with same synchronization priority order) in different locations may transmit S-SSB in the same S-SSB transmission resource. As a result, a receiving UE cannot identify which UE is the transmitter of the S-SSB detected. From this point of view, it is not sensible to define QCL for other sidelink signals/channels based on S-SSB transmission. 
[bookmark: _Toc30691][bookmark: _Toc12784][bookmark: _Toc20691][bookmark: _Toc20905][bookmark: _Toc12236][bookmark: _Toc24088]A receiving UE can not identify which UE is the transmitter of the S-SSB detected because multiple UEs in different locations may transmit S-SSB in the same S-SSB transmission resource. 
[bookmark: _Toc25926][bookmark: _Toc26071][bookmark: _Toc19440][bookmark: _Toc6839][bookmark: _Toc11818]The receiving UE shall not assume other sidelink signals/channels and S-SSB to be quasi co-located.

[bookmark: _Toc27598]Conclusion
[bookmark: _GoBack]This contribution focuses on synchronization mechanism for NR V2X. It provides the following proposals and observations:
Observation 1: A receiving UE can not identify which UE is the transmitter of the S-SSB detected because multiple UEs in different locations may transmit S-SSB in the same S-SSB transmission resource.

Proposal 1: Confirm the working assumption that slot index within a frame is indicated by 7 bits.
Proposal 2: Support 1 bit to indicate pattern and 4 bits to indicate periodicity, i.e., X=1 and Y=4.
Proposal 3: The potential sidelink slot number is divided into two parts to be indicated based on a scaled granularity. N1 bit(s) are used to indicate the integer part and N2 bit(s) indicate the fractional part.
· 		N1 + N2 = Z, 0 ≤ N1, N2 ≤ Z.
Proposal 4 Adopt Alt 2 with the following modification
· 
For PSBCH DM RS, the scrambling sequence generator shall be initialized at the start of every PSBCH subframe with .
Proposal 5: The receiving UE shall not assume other sidelink signals/channels and S-SSB to be quasi co-located.

[bookmark: _Toc24935]References
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Appendix: 
Maximum slot numbers for configuration of two patterns 
	index
	Period1
(ms)
	Period2
(ms)
	Slot #
(SCS=15 kHz)
	Slot #
(SCS=30 kHz)
	Slot #
(SCS=60 kHz)
	Slot #
(SCS=120 kHz)

	0
	0.5
	0.5
	/
	(1,1)
	(2,2)
	(4,4)

	1
	0.5
	2
	/
	(1,4)
	(2,8)
	(4,16)

	2
	0.625
	0.625
	/
	/
	/
	(5,5)

	3
	1
	1
	(1,1)
	(2,2)
	(4,4)
	(8,8)

	4
	1
	3
	(1,3)
	(2,6)
	(4,12)
	(8,24)

	5
	1
	4
	(1,4)
	(2,8)
	(4,16)
	(8,32)

	6
	1.25
	1.25
	/
	/
	(5,5)
	(10,10)

	7
	2
	0.5
	/
	(4,1)
	(8,2)
	(16,4)

	8
	2
	2
	(2,2)
	(4,4)
	(8,8)
	(16,16)

	9
	2
	3
	(2,3)
	(4,6)
	(8,12)
	(16,24)

	10
	2.5
	2.5
	/
	(5,5)
	(10,10)
	(20,20)

	11
	3
	1
	(3,1)
	(6,2)
	(12,4)
	(24,8)

	12
	3
	2
	(3,2)
	(6,4)
	(12,8)
	(24,16)

	13
	4
	1
	(4,1)
	(8,2)
	(16,4)
	(32,8)

	14
	5
	5
	(5,5)
	(10,10)
	(20,20)
	(40,40)

	15
	10
	10
	(10,10)
	(20,20)
	(40,40)
	(80,80)
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