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[bookmark: _Hlk521259925]In RAN1 #100 e-meeting, the indication of TDD configuration in PSBCH was discussed. To limit the payload size of PSBCH content, only slot-level indication of TDD configuration will be supported. Moreover, it was agreed that the TDD configuration pattern (single or dual pattern), the periodicity and the number of UL slots are separately indicated, while the indication bits are yet to be determined. 
Agreements:
· 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.

Moreover, inn RAN1 #99 meeting, the following agreements/working assumptions were made on the PSBCH payload size which should be considered when designing the details for TDD configuration.
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
	



In this contribution, we will discuss on remaining details on the indication of TDD configuration.
Discussion on TDD configuration indication in PSBCH
For the pattern and periodicity indication, X=1 bit can be used to indicate whether the TDD configuration is with single or dual patterns. For periodicity indication, we list the all the periodicities for single pattern and periodicity combinations for dual patterns in the following, which shows that Y=4 bits is enough to indicate all the periodicity or periodicity combinations.
· Single pattern periodicities: 0.5ms, 0.625ms, 1ms, 1.25ms, 2ms, 2.5ms, 4ms, 5ms and 10ms.
· Dual pattern periodicities: 0.5+0.5ms, 0.625+0.625ms, 1+1ms, 0.5+2ms, 2+0.5ms, 1.25+1.25ms, 1+3ms, 3+1ms, 2+2ms, 1+4ms, 4+1ms, 2+3ms, 3+2ms, 2.5+2.5ms, 5+5ms and 10+10ms.
Proposal 1: For TDD configuration indication, X=1 bits to indicate patterns and Y=4 bits to indicate periodicities for single pattern or periodicity combinations for dual patterns.
For the indication of UL slots, considering the current working assumption that 12bits are used for TDD configuration, we need to limit the number to 7 bits.
In Table 1, we first provide the number of bits required when single pattern is configured. For indicating UL slots, the required number of bits are calculated using 60KHz slot and 120KHz slot, respectively. The number of bits required is maximum Z=7bits, which can satisfy the working assumption that 12bits are used for TDD configuration.
Table 1 Number of bits for UL slots indication when single pattern is configured
	Periodicty(ms)
	Total number of 60KHz slots 
in the period 
	Number of bits
 
	Total number of 120KHz slots
in the period 
	Number of bits
 

	0.5
	2
	2
	4
	3

	0.625
	2.5
	2
	5
	3

	1
	4
	3
	8
	4

	1.25
	5
	3
	10
	4

	2
	8
	4
	16
	5

	2.5
	10
	4
	20
	5

	4
	16
	5
	32
	6

	5
	20
	5
	40
	6

	10
	40
	6
	80
	7



Then in Table 2 and Table 3, we provide the number of bits required for TDD configuration when dual patterns are configured.
In Table 2, the number of UL slots is indicated using 60KHz as reference. This can be considered when sidelink carrier is below 6GHz. There are two options for indicating:
· Option 1: Joint indication of UL slots in two patterns using Z bits 
· Option 2: Independent indication of UL slots in two patterns using Z bits, i.e.  bits indicate the UL slots in pattern 1 and  bits indicate the UL slots in pattern 2, where .
Table 2 Number of bits needed for indicating number of UL slot using 60Khz as reference SCS
	Pattern 1
	Pattern 2
	Total number of 60KHz slots
N_1
	Total number of 60KHz slots
N_2
	Option 1:
Number of bits for joint indication

	Option 2:
Number of bits for independent indication

	Option 1‘:
Option 1 with no full UL slot indication

	Option 2‘:
Option 2 with no full UL slot indication


	0.5
	0.5
	2
	2
	4
	4
	2
	2

	0.625
	0.625
	2.5
	2.5
	4
	4
	3
	4

	1
	1
	4
	4
	5
	6
	4
	4

	0.5
	2
	2
	8
	5
	6
	4
	4

	2
	0.5
	8
	2
	5
	6
	4
	4

	1.25
	1.25
	5
	5
	6
	6
	5
	6

	1
	3
	4
	12
	7
	7
	6
	6

	3
	1
	12
	4
	7
	7
	6
	6

	2
	2
	8
	8
	7
	8
	6
	6

	1
	4
	4
	16
	7
	8
	6
	6

	4
	1
	16
	4
	7
	8
	6
	6

	2
	3
	8
	12
	7
	8
	7
	7

	3
	2
	12
	8
	7
	8
	7
	7

	2.5
	2.5
	10
	10
	7
	8
	7
	8

	5
	5
	20
	20
	9
	10
	9
	10

	10
	10
	40
	40
	11
	12
	11
	12


[bookmark: _Hlk37407210]From Table 2, it can be observed that when option 1 joint indication is used, most of the periodicity combinations can be indicated within 7bits. For 5ms+5ms combination and 10ms+10ms combination, if we still indicate the number of UL slots using one-slot granularity, more bits would be needed. To reduce the payload size, we propose to use two or more slots granularity when the TDD period is large. For 5+5ms combination, two-slot granularity would reduce the required number of bits from 9 to 7, and for 10+10ms combination, three-slot granularity would reduce the required number of bits from 11 to 8 if independent indication of UL slots in two patterns is used, while if joint indication is applied, four-slot granularity would be needed.
Compared with option 1, option 2 requires more bits. However, if we could extend the bits in the working assumption from 12bits to 13bits, i.e. Z=8 bits in total for indication, the independent indication can also cover most periodicity combinations. We consider it possible to leave only one reserved bit which is the same design as for NR PBCH.
[bookmark: _Hlk37177625][bookmark: _Hlk37177636]Proposal 2: If the working assumption of 12bits TDD configuration indication is to be confirmed, joint indication of UL slot in two patterns should be supported. Otherwise, if 13 bits can be considered leaving one reserved bit in PSBCH, independent indication of UL slots in two patterns can be supported.
Proposal 3: For FR1, the number of UL slots in indicated using 60KHz as reference SCS with different granularities for different periodicity combinations as follow:
· For periodicity combination other than 5ms+5ms and 10ms+10ms, one-slot granularity is used;
· For 5ms+5ms periodicity, two-slot granularity is used;
· For 10ms+10ms periodicity, three-slot granularity is used for independent indication of UL slots in two patterns with Z=8 bits and four-slot granularity is used for joint indication of UL slots in two patterns with Z=7 bits. 

In Table 3, the number of UL slots is indicated using 120KHz as reference. This can be considered when sidelink carrier is above 6GHz.
Table 3 Number of bits needed for indicating number of UL slot using 120Khz as reference SCS
	Pattern 1
	Pattern 2
	Total number of 120KHz slots
N_1
	Total number of 120KHz slots
N_2
	Option 1:
Number of bits for joint indication

	Option 2:
Number of bits for independent indication

	Option 1‘:
Option 1 with no full UL slot indication

	Option 2‘:
Option 2 with no full UL slot indication


	0.5
	0.5
	4
	4
	5
	6
	4
	4

	0.625
	0.625
	5
	5
	6
	6
	5
	6

	1
	1
	8
	8
	7
	8
	6
	6

	0.5
	2
	4
	16
	7
	8
	6
	6

	2
	0.5
	16
	4
	7
	8
	6
	6

	1.25
	1.25
	10
	10
	7
	8
	7
	8

	1
	3
	8
	24
	8
	9
	8
	8

	3
	1
	24
	8
	8
	9
	8
	8

	2
	2
	16
	16
	9
	10
	8
	8

	1
	4
	8
	32
	9
	10
	8
	8

	4
	1
	32
	8
	9
	10
	8
	8

	2
	3
	16
	24
	9
	10
	9
	9

	3
	2
	24
	16
	9
	10
	9
	9

	2.5
	2.5
	20
	20
	9
	10
	9
	10

	5
	5
	40
	40
	11
	12
	11
	12

	10
	10
	80
	80
	13
	14
	13
	14


It can be observed only the first 6 periodicity patterns (highlighted in grey) in the table can be indicated within Z=7 or Z=8 bits using one-120KHz-slot granularity. It should be noted that these combinations include the typical pattern combinations for FR2 including 0.625ms+0.625ms, 1.25ms+1.25ms. For the rest of the periodicities, the granularity should be larger. 
It is noted that when120KHz is used as reference SCS, larger granularity will be used for more periodicity combinations thus sacrificing the indication flexibility. We are considering an additional way to reduce the impact, that is, we omit the state when the full periodicity are all UL slot, which lead to option 1’ and option 2’ in Table 2 and Table 3. For example, when 2ms+2ms is configured, if we do not indicate the case with all 16 slots as UL, the number of states to indicate is only 16, resulting that only 8bits are needed compared with the original option 2 where 9bits are required. In this way, more periodicity combinations be indicated within 8bits without sacrificing slot granularity. Regarding the resource waste, we consider it acceptable since sacrificing only one slot when the whole periodicity is configured as UL. Thus, we have the following proposals when 120KHz is used as reference SCS.
Proposal 4: If the state that full periodicity are all UL slot is indicated, for FR2, the number of UL slots in indicated using 120KHz as reference SCS with different granularities for different periodicity combinations as follow:
· For 0.5+0.5ms, 0.625+0.625ms, 1+1ms, 0.5+2ms, 2+0.5ms and 1.25+1.25ms periodicity combinations, one-slot granularity is used;
· For 1+3ms, 3+1ms, 2+2ms, 1+4ms, 4+1ms, 2+3ms, 3+2ms and 2.5+2.5ms combinations, two-slot granularity is used;
· For 5ms+5ms periodicity, three-slot granularity is used for independent indication with Z=8 bits and four-slot granularity is used for joint indication with Z=7 bits;
· For 10ms+10ms periodicity, six-slot granularity is used for independent indication with Z=8 bits and eight-slot granularity is used for joint indication with Z=7 bits.  

Proposal 5: If the state that full periodicity are all UL slot is NOT indicated, it is preferred to use Z=8bits independent indication for finer granularity for more periodicity combination. The number of UL slots in indicated using 120KHz as reference SCS with different granularities for different periodicity combinations as follow:
· For 0.5+0.5ms, 0.625+0.625ms, 1+1ms, 0.5+2ms, 2+0.5ms, 1.25+1.25ms, 1+3ms, 3+1ms, 2+2ms, 1+4ms and 4+1ms periodicity combinations, one-slot granularity is used;
· For 2+3ms, 3+2ms and 2.5+2.5ms combinations, two-slot granularity is used;
· For 5ms+5ms periodicity, three-slot granularity is used for independent indication with Z=8 bits;
· For 10ms+10ms periodicity, five-slot granularity is used for independent indication with Z=8 bits.  

Conclusions
In this contribution, we provide detailed design of TDD configuration indication in PSBCH. The proposals are summarised as follows:
Proposal 1: For TDD configuration indication, X=1 bits to indicate patterns and Y=4 bits to indicate periodicity or periodicity combinations.
Proposal 2: If the working assumption of 12bits TDD configuration indication is to be confirmed, joint indication of UL slot in two patterns should be supported. Otherwise, if 13 bits can be considered leaving one reserved bit in PSBCH, independent indication of UL slots in two patterns can be supported.
Proposal 3: For below 6GHz, the number of UL slots in indicated using 60KHz as reference SCS with different granularities for different periodicity combinations as follow:
· For periodicity combination other than 5ms+5ms and 10ms+10ms, one-slot granularity is used;
· For 5ms+5ms periodicity, two-slot granularity is used;
· For 10ms+10ms periodicity, three-slot granularity is used. 
Proposal 4: If the state that full periodicity are all UL slot is indicated, for FR2, the number of UL slots in indicated using 120KHz as reference SCS with different granularities for different periodicity combinations as follow:
· For 0.5+0.5ms, 0.625+0.625ms, 1+1ms, 0.5+2ms, 2+0.5ms and 1.25+1.25ms periodicity combinations, one-slot granularity is used;
· For 1+3ms, 3+1ms, 2+2ms, 1+4ms, 4+1ms, 2+3ms, 3+2ms and 2.5+2.5ms combinations, two-slot granularity is used;
· For 5ms+5ms periodicity, three-slot granularity is used for independent indication with Z=8 bits and four-slot granularity is used for joint indication with Z=7 bits;
· For 10ms+10ms periodicity, six-slot granularity is used for independent indication with Z=8 bits and eight-slot granularity is used for joint indication with Z=7 bits.  
Proposal 5: If the state that full periodicity are all UL slot is NOT indicated, it is preferred to use Z=8bits independent indication for finer granularity for more periodicity combination. The number of UL slots in indicated using 120KHz as reference SCS with different granularities for different periodicity combinations as follow:
· For 0.5+0.5ms, 0.625+0.625ms, 1+1ms, 0.5+2ms, 2+0.5ms, 1.25+1.25ms, 1+3ms, 3+1ms, 2+2ms, 1+4ms and 4+1ms periodicity combinations, one-slot granularity is used;
· For 2+3ms, 3+2ms and 2.5+2.5ms combinations, two-slot granularity is used;
· For 5ms+5ms periodicity, three-slot granularity is used for independent indication with Z=8 bits;
· For 10ms+10ms periodicity, five-slot granularity is used for independent indication with Z=8 bits.  
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