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1 [bookmark: Source]Introduction
In 3GPP RAN1 #99 meeting [1], PSBCH contents were discussed and the following agreements were achieved accordingly. 
This contribution will provide our considerations on the following two leftover issues firstly. And then, we give three TPs based on the latest Release 16 spec.
· How to indicate TDD configuration within the limited PSBCH payload size
· What kind of information should be used for PSBCH DMRS sequence initialization
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
	


Agreements:
· For Rel-16, (normal CP)
· Support 7, 8, 9,…, 14 symbols in a slot without SL-SSB for SL operation
· Target reusing Uu DM-RS patterns for each of the symbol-length, with modifications as necessary
· No other additional spec impact is expected for supporting 7, 8, …, 13 
· # of DM-RS symbols
· 2, 3, 4
· For a dedicated carrier, only 14-symbol is mandatory
· There is a single (pre-)configured length of SL symbols in a slot without SL-SSB per SL BWP.
· There is a single (pre-)configured starting symbol for SL in a slot without SL-SSB per SL BWP.

2 Discussion
2.1 TDD indication in PSBCH
In the last RAN1 meeting, it was agreed that the starting symbol and the length of symbols in a slot for SL operation are (pre)-configured per SL-BWP. Therefore, PSBCH only needs to indicate which slots could be used for SL, and then the Rx UE could derive SL resource within these slots based on the (pre)-configured information. In addition, only cell-specific TDD configuration needs to be indicated via SL since dynamic SFI and UE-specific TDD configuration have already been excluded in Release 16. Cell-specific TDD configuration in NR Uu is defined by continuous DL slots/symbols at the beginning of the period, continuous UL slots/symbols at the end of the period, and flexible slots/symbols in the middle. Therefore, TDD configuration in PSBCH could be indicated by the periodicity of TDD configuration and the length of SL slots as shown in Figure 1, where the SL slots may be the UL slots or UL+Flexible slots derived from NR Uu TDD configuration, depending on whether SL communication is allowed to be operated on flexible resources. 


Figure 1. Illustration of SL slots derived for NR Uu TDD configuration
For single periodicity TDD-UL-DL case, 9-bit or 10-bit TDD indication is feasible in case of 60kHz or 120kHz SCS, respectively:
· 3 bits to indicate one periodicity from 8 candidate values {0.5ms, 0.625ms, 1ms, 1.25ms, 2ms, 2.5ms, 5ms, 10ms}, and
·  or  bits to indicate the number of SL slots for the longest periodicity, i.e. 10ms, including 40 slots for 60kHz SCS, or 80 slots for 120kHz SCS
To maintain the flexibility of NR Uu TDD-UL-DL configuration as much as possible, double periodicity TDD-UL-DL case should also be supported. However, for double periodicity case, 18 or 20 bits will be required by indicating TDD periodicity and SL slot length separately, which exceed the remaining 12 bits in PSBCH. To further reduce the number of required bits, joint indication of TDD periodicity and SL slot length could be considered. Unlike separate indication for periodicity and DL/UL length in NR Uu, each code-point of the joint TDD indicator represents one combination of periodicity and SL slot length. One example of 60kHz SCS is shown in Table 1, where total 89 different combinations of TDD periodicity and SL slot length are jointly indicated by  bits and 2 bits are saved compared with separate indication method. By doing this, it is feasible to carry the two 7-bit joint TDD indicators for double periodicity case for 60kHz SCS without increasing PSBCH payload size, e.g. using the 12 bits for TDD configuration and 2 bits reserved. For double periodicity in case of 120kHz SCS, it could use 60kHz as the reference SCS and the worst performance loss of using a coarse granularity, i.e. one slot, is acceptable. 

Table 1. Joint TDD indication for 60kHz SCS
	Periodicity
	No. SL slots
	Joint TDD indicator
	Value of joint 
TDD indicator
	Meaning

	10ms40slots
	1
	0000000
	0
	Within 40-slot TDD period, the last 1 slot could be used for SL operation.

	
	2
	0000001
	1
	Within 40-slot TDD period, the last 2 slots could be used for SL operation.

	
	3
	0000010
	2
	Within 40-slot TDD period, the last 3 slots could be used for SL operation.

	
	4
	0000011
	3
	Within 40-slot TDD period, the last 4 slots could be used for SL operation.

	
	…
	…
	…
	…

	
	39
	0100100
	38
	Within 40-slot TDD period, the last 39 slots could be used for SL operation.

	
	40
	0100101
	39
	Within 40-slot TDD period, all slots could be used for SL operation.

	5ms20slots
	1
	0100110
	40
	Within 20-slot TDD period, the last 1 slots could be used for SL operation.

	
	2
	0100111
	41
	Within 20-slot TDD period, the last 2 slots could be used for SL operation.

	
	3
	0101000
	42
	Within 20-slot TDD period, the last 3 slots could be used for SL operation.

	
	…
	…
	..
	…

	
	19
	0100011
	58
	Within 20-slot TDD period, the last 19 slots could be used for SL operation.

	
	20
	0100100
	59
	Within 20-slot TDD period, all slots could be used for SL operation.

	…
	…
	…
	..
	…

	0.5ms2slots
	1
	1010111
	87
	Within 2-slot TDD period, the last 1 slots could be used for SL operation.

	
	2
	1011000
	88
	Within 2-slot TDD period, all slots could be used for SL operation.



Observation 1: For double periodicity TDD-UL-DL case, separate indication of TDD periodicity and SL slot length requires large signalling overhead, and cannot be burdened by 56-bit PSBCH.
Proposal 1: Support joint TDD periodicity and SL slot length indication in PSBCH as illustrated in Table 1.

2.2 PSBCH DMRS sequence initialization
As per the email discussion after RAN1 #98bis meeting, the basic principle for designing PSBCH DMRS sequence is to reuse that of NR Uu, where the sequence generator could be initialized by the following formulas, including two parts: cell ID and SSB index. 



When detecting PBCH DMRS sequences in NR Uu, the Rx UE has already known the cell ID  by PSS and SSS detection. The purpose of applying cell ID in DMRS sequence generation is to randomize the interference among different gNBs. However, for NR V2X system, the major concern is the interference among UEs with different SL-SSIDs, which could also be derived by S-PSS and S-SSS sequences. Therefore, replacing cell ID with SL-SSID is a natural choice.
Proposal 2: SL-SSID should be used for PSBCH DMRS sequence initialization.

As for the SSB index, it is still unknown for the Rx UE when detecting DMRS sequences, and therefore blind detection regarding this information is required in NR Uu. By carrying partial SSB index information in DMRS sequences, the signaling overhead in PBCH could be reduced. In NR V2X, indicating partial S-SSB index by PSBCH DMRS sequences is not suitable any longer, since timing information is indicated by absolute slot index instead of S-SSB index. Generally, the following options can be considered:
· 
Option 1: no additional information is carried by PSBCH DMRS sequences, and the parameter  in the formula could be set as a fixed value, e.g. 0. As the DMRS sequence is uniquely determined by SL-SSID, no blind detection is needed and thus the detection performance could be improved.
· Option 2: other information is carried by DMRS sequences, e.g. partial bits from PSBCH contents so that the shortage of PSBCH payload could be alleviated. In NR Uu, 3 bits are carried by 8 PBCH DMRS sequences considering the performance and complexity of blind detection. Referring to [2], 3~5 bits information for the hypothesis of DMRS is reliable and can provide 1% error rate at -6dB SNR if 2 times accumulation is performed. As for the information carried by PSBCH DMRS, there are some sub-options to be further discussed.
· Sub-option 2a: 3 LSBs of slot index. In NR Uu, contributing to the fixed centralized SSB pattern within 5ms window, the only difference among multiple SSBs within 5ms is SSB index and therefore, shifting partial SSB index information from PBCH content to DMRS sequences is beneficial for SSB soft-combing. However in NR V2X, due to the flexible distributed S-SSB pattern, both DFN and slot index may be different among multiple S-SSBs, which is highly affected by the configuration of S-SSB pattern as shown in Table 2. For the Rx UE, inferring the difference of PSBCH contents for multiple S-SSBs is very complicated, especially in the case of . As a result, the benefits for S-SSB soft-combining by shifting partial slot index from PSBCH payload to DMRS sequences is not clear. 
· Sub-option 2b: 4 LSBs of DFN. The identical of the remaining DFN field in PSBCH payload within one period can simplify S-SSB soft-combining. 
· Sub-option 2c: 1-bit in-coverage indicator. This sub-option can provide synchronization priority information in advance so that decoding PSBCH from synchronization reference UEs with lower priorities only for the priority information could be avoided. 
From our perspective, the advantages of carrying additional information outweigh the complexity and performance loss introduced by DMRS sequence blind detection. 
Proposal 3: Similar as NR Uu PBCH DMRS, PSBCH DMRS sequences should carry additional information.
· FFS which kind of information should be carried by PSBCH DMRS sequences
Table 2. Slot index based DMRS sequence for 60kHz
	N1

	N5

	S-SSB index
	Frame number
	Slot index in one frame
	Slot index (7 bits)

	
	
	
	
	
	PSBCH 
(4 MSB)
	DM-RS
(3 LSB)

	0
	4 slots
	S-SSB#0
	0
	#0
	0000
	000

	
	
	S-SSB#1
	0
	#4
	0000
	100

	
	
	S-SSB#2
	0
	#8
	0001
	000

	
	
	S-SSB#3
	0
	#12
	0001
	100

	0
	16 slots
	S-SSB#0
	0
	#0
	0000
	000

	
	
	S-SSB#1
	0
	#16
	0010
	000

	
	
	S-SSB#2
	0
	#32
	0100
	000

	
	
	S-SSB#3
	1
	#8
	0001
	000

	0
	5 slots
	S-SSB#0
	0
	#0
	0000
	000

	
	
	S-SSB#1
	0
	#5
	0000
	101

	
	
	S-SSB#2
	0
	#10
	0001
	010

	
	
	S-SSB#3
	0
	#15
	0001
	111


2.3 Correction on PSBCH rate matching output sequence (TS 38.212)
Agreements: RAN1 #98 [3]
· For S-SSB pattern design, the first symbol is PSBCH
· Note: no specific symbol(s) reserved for AGC tuning
Agreements: RAN1 #98 [3]
· NR S-SSB structure for NCP is as follows:
[image: ]
· For the case of ECP, the structure is the same as the above except that the number of PSBCH symbols after S-SSS is only 6

As illustrated above, the first symbol in S-SSB slot is PSBCH and the number of PSBCH symbols after S-SSS is 8 and 6 for NCP and ECP, respectively, which are also embodied in TS 38.211. Then, the sequence length after rate matching can be calculated as the following:
· For NCP, 9 symbols * 11RBs * 12RE/RB *(3/4)*2(QPSK)=1782
· For ECP, 7 symbols * 11RBs * 12RE/RB *(3/4)*2(QPSK)=1386
In current TS 38.212, the rate matching length for ECP is 1188, which should be corrected to 1386. 
Proposal 4: For ECP, the output sequence length after PSBCH rate matching should be changed from E=1188 to E=1386. 
The corresponding TP 1 can be found in Appendix. 
2.4 PSBCH DMRS sequence generation (TS 38.211)
Email approval in [98b-NR-17]:
Agreements:
· PSBCH DM-RS design uses NR Uu PBCH DM-RS design as the starting point
· DM-RS RE mapping
·  Equal DM-RS density across NR-PBCH with 3 REs/PRB/symbol (i.e., comb-4 type)
· Same DM-RS sequence generation with NR Uu PBCH
· length-31 Gold sequence with QPSK modulation
· FFS DM-RS RE position shift in frequency domain
· FFS the number of PSBCH symbols that contain DM-RS

As per the agreement above, PSBCH DMRS sequence is length-31 Gold sequence with QPSK modulation. Naturally, the index of gold sequence  in the formula should be 2m/2m+1 instead of m/m+1 so that every two bits can be used to generate one modulated DMRS symbol. 
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Proposal 5: Adopt the TP 2 in Appendix about PSBCH DMRS sequence generation.
2.5 Clarification on S-SSB resource mapping (TS 38.211)
In NR Uu, length-127 PSS/SSS sequences are mapped on subcarrier number k=56~182, leaving 56 subcarriers before PSS/SSS sequences and 57 subcarriers after PSS/SSS sequences fixed as zero. Similarly, for Table 8.4.3.1-1 in TS 38.211, we further clarify the subcarrier number k =2~128 for S-PSS/S-SSS signal and add one additional row to set the remaining subcarriers in the S-PSS/S-SSS symbols, i.e. k =0~1 before S-PSS/S-SSS sequences and k =129~131 after S-PSS/S-SSS sequences, to zero. 
Proposal 6: Adopt the TP 3 in Appendix to clarify the resource mapping within S-SSB.
[bookmark: OLE_LINK3][bookmark: OLE_LINK8][bookmark: OLE_LINK26][bookmark: OLE_LINK15]
3 Conclusions
This contribution provides some considerations on PSBCH contents and DMRS, and three TPs based on the latest TS 38.211/212. The following conclusions are proposed:
Observation 1: For double periodicity TDD-UL-DL case, separate indication of TDD periodicity and SL slot length requires large signalling overhead, and cannot be burdened by 56-bit PSBCH.
Proposal 1: Support joint TDD periodicity and SL slot length indication in PSBCH as illustrated in Table-1.
Proposal 2: SL-SSID should be used for PSBCH DMRS sequence initialization.
Proposal 3: Similar as NR Uu PBCH DMRS, PSBCH DMRS sequences should carry additional information.
· FFS which kind of information should be carried by PSBCH DMRS sequences
Proposal 4: For ECP, the output sequence length after PSBCH rate matching should be changed from E=1188 to E=1386.
Proposal 5: Adopt the TP 2 in Appendix about PSBCH DMRS sequence generation.
Proposal 6: Adopt the TP 3 in Appendix to clarify the resource mapping within S-SSB.

4 References
[1] “RAN1 Chairman's Notes”, RAN1 #99, Reno, USA, November 18th – 22nd, 2019. 
[2] R1-1713124, LG Electronics, “Discussion on NR-PBCH design and time index indication method”, Prague, Czech Republic 21st – 25th August 2017.
[3] “RAN1 Chairman's Notes”, RAN1 #98, Prague, CZ, August 26th – 30th, 2019.
[4] [bookmark: _Ref521658216]TS 38.212. V 16.0.0 (2019-12). Multiplexing and Channel Coding (Release 16)
[5] TS 38.211. V 16.0.0 (2019-12). Physical channels and modulation (Release 16)
Appendix
TP 1 for section 2.3 
------------------------------------------ Start of Text Proposal ----------------------------------------------
8.1	Sidelink broadcast channel
The processing for SL-BCH transport channel follows the BCH according to subclause 7.1, with the following changes:
-	Subclause 7.1.1 for PBCH payload generation is replaced by Subclause 8.1.1.
-	Subclause 7.1.2 for scrambling is not performed. 
-	In subclause 7.1.5, the rate matching output sequence length E = 11881386 when higher layer paramter cyclicPrefix-SL is configured, otherwise, E = 1782.
-------------------------------------------- End of Text Proposal ---------------------------------------------

TP 2 for section 2.4
------------------------------------------ Start of Text Proposal ----------------------------------------------
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 of Text Proposal ---------------------------------------------

TP 3 for section 2.5
------------------------------------------ Start of Text Proposal ----------------------------------------------
Table 8.4.3.1-1: Resources within an S-SS/PSBCH block for S-PSS, S-SSS, PSBCH, and DM-RS. 
	Channel or signal
	OFDM symbol number 
relative to the start of an S-SS/PSBCH block
	Subcarrier number 
relative to the start of an S-SS/PSBCH block

	S-PSS
	1, 2
	2, 3, …, 128

	S-SSS
	3, 4
	2, 3, …, 128

	Set to 0
	1,2,3,4
	0,1, 129,130,131

	PSBCH
	0, 5,6, …,
	0,1,…,131

	DM-RS for PSBCH
	0, 5,6, …,
	0, 4, 8, …., 128




------------------------------------------ End of Text Proposal ----------------------------------------------
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