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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 issues on the indication of TDD configuration.
Discussion on TDD configuration indication in PSBCH
In NR, the semi-static TDD configuration is indicated using TDD-UL-DL-ConfigCommon, where the periodicity, number of DL slots, number of UL slots, number of DL symbols and number of UL symbols are separately configured. For PSBCH indication, it can be considered that only UL slots and symbols need to be indicated. This requires at least 14bits to indicate the configuration in case of single TDD periodicity is configured, where 3bits are used for indicating periodicity (0.5ms, 0.625ms, 1ms, 1.25ms, 2ms, 2.5ms, 5ms and 10ms), 7bits are used for indicating number of UL slots in 120KHz, and 4bits are used for indicating number of UL symbols. When dual periodicity is configured, 26 bits are required, where 4bits are used for indicating combination of dual periodicity(0.5+0.5ms, 0.625+0.625ms, 0.5+2ms, 1+1ms, 1+3ms, 2+2ms, 3+1ms, 1+4ms, 1.25+1.25ms, 2+3ms, 3+2ms, 2.5+2.5ms, 4+1ms, 5+5ms, 10+10ms), 14bits are used for indicating UL slots in the two periods and 8bits are used for indicating number of UL symbols in the two periods. The indication should be compressed to fit into the payload size of PSBCH
To reduce indication overhead, first, joint indication of periodicity, slot and/or symbols should be considered. Secondly, since both dual periodicity and single periodicity are supported, to reduce overhead, the single periodicity case can be indicated by setting the number of slots and symbols in the two periods to be the sames. Third, the indication granularity can be slot-level or even two-slot-level.
In Table 1, we calculate the number of bits required if the TDD configuration pattern is indicated in slot-level. Take the 0.5ms+0.5ms periodicity as an example, in the first period P1, there are 4 slots in 120KHz, then there are five states to indicate, which are: 0 full UL slots, 1 full UL slot, 2 full UL slots, 3 full UL slots and 4 full UL slots. In total, for 0.5ms+0.5ms periodicity combination, 25 states are needed. Note that both dual periodicity and single 0.5ms periodicity can be indicated using the 25 states. By listing all the periodicity combinations, we come to a total number 10764 states to indicate and thus a total of 14 bits are needed for slot-level indication.

Table 1 Number of bits required in case of slot-level indication
	Period 1, P1 (ms)
	Period 2, P2 (ms)
	Number of slots in 120KHz in P1
	Number of slots in 120KHz in P2
	Number of states to indicate =
(# slots in P1 +1) * (# slots in P2 +1)

	0.5
	0.5
	4
	4
	25

	0.625
	0.625
	5
	5
	36

	0.5
	2
	4
	16
	85

	1
	1
	8
	8
	81

	1
	3
	8
	24
	225

	1
	4
	8
	32
	297

	1.25
	1.25
	10
	10
	121

	2
	2
	16
	16
	289

	2
	3
	16
	24
	425

	3
	1
	24
	8
	225

	3
	2
	24
	16
	425

	2.5
	2.5
	20
	20
	441

	4
	1
	32
	8
	297

	5
	5
	40
	40
	1681

	10
	10
	80
	80
	6561

	Total number of states
	11214

	Total number of bits required
	14


Considering the current working assumption of 12 bits for TDD configuration indication, another 2 bits need to be reduced. It can be considered to further increase the indication step, by using two-slot-level indication. For example, for 10ms+10ms combination, the available UL slots are indicated by every two slots, reducing the number of states from 6561 to 1681. In Table 2 (see the penultimate column), the number of states required if the TDD configuration pattern is indicated in two-slot-level are calculated, resulting in 2841 states thus 12 bits are enough. 
Note that the two-slot-level indication impacts indication flexibility and may result in inefficient resource utilization, it can be considered that the two-slot-level indication is used only in large periodicity combinations, e.g., 10ms+10ms, 5ms+5ms, 4ms+1ms, 3ms+2ms, 2ms+3ms, 1ms+4ms, 3ms+1ms and 1ms+3ms. The number of states are also counted in Table 2 (see the last column), where 12 bits are also enough. 
Table 2 Number of bits required in case of two-slot-level indication
	Period 1, P1 (ms)
	Period 2, P2 (ms)
	Number of slots in 120KHz in P1
	Number of slots in 120KHz in P2
	Number of states to indicate = (# slots in P1/2 +1) * (# slots in P2/2 +1)
	Number of states to indicate

	0.5
	0.5
	4
	4
	9
	25

	0.625
	0.625
	5
	5
	16
	36

	0.5
	2
	4
	16
	27
	85

	1
	1
	8
	8
	25
	81

	1
	3
	8
	24
	65
	104

	1
	4
	8
	32
	85
	153 ((# slots in P1 +1) * (+1))

	1.25
	1.25
	10
	10
	36
	121

	2
	2
	16
	16
	81
	289

	2
	3
	16
	24
	117
	221 ((# slots in P1 +1) * (+1))

	3
	1
	24
	8
	65
	104

	3
	2
	24
	16
	117
	221 (( +1) * (# slots in P2+1))

	2.5
	2.5
	20
	20
	121
	441

	4
	1
	32
	8
	85
	153 (( +1) * (# slots in P2+1))

	5
	5
	40
	40
	441
	441 (( +1) * (+1))

	10
	10
	80
	80
	1681
	1681(( +1) * (+1))

	Total number of states
	2971
	3836

	Total number of bits required
	12
	12


Proposal 1: Support slot-level indication of TDD configuration in PSBCH, two-slot-level indication can be further considered for long periodicity combinations to further reduce payload size.

In the slot-level indication, when the number of UL symbols is less than 14 in a period, the whole period will be omitted for transmission. When no full UL slot is configured, it provides more flexibility and improves resource utilization to further indicate the number of UL symbols in the end of the period. In Table 3, we provide the number of bits needed under different indication options, where 
Option 1: Indicate the number of UL symbols when no full UL slot is configured, the value range is defined as {less than 7 symbols, 7 symbols, 8 symbols, …,13 symbols}
Option 2: On top of Option 1, increase the slot-level indication to two-slot-level
Option 3: On top of Option 2, change the value range to {less than 7 symbols, 7 symbols, 13 symbols}
	Period 1, P1 (ms)
	Period 2, P2 (ms)
	Option 1:
Number of states to indicate = (+8) * (+8)
	Case 2:
Number of states to indicate = (+8) * ( +8)
	Case 3:
Number of states to indicate = ( +3) * ( +3)

	0.5
	0.5
	144
	100
	36

	0.625
	0.625
	169
	121
	49

	0.5
	2
	288
	160
	72

	1
	1
	256
	144
	64

	1
	3
	512
	240
	105

	1
	4
	640
	288
	160

	1.25
	1.25
	324
	169
	81

	2
	2
	576
	240
	121

	2
	3
	768
	320
	192

	3
	1
	512
	256
	105

	3
	2
	768
	320
	192

	2.5
	2.5
	784
	324
	196

	4
	1
	640
	288
	160

	5
	5
	2304
	784
	576

	10
	10
	7744
	2304
	1936

	2
	2
	576
	256
	144

	Total number of states
	16429
	6058
	3703

	Total number of bits required
	15
	13
	12


All three options can be limited to 14-bit payload size, and option 3 can be reduced to 12 bits. It is proposed to also consider option 3 as the TDD configuration indication.
Proposal 2: On top of slot/two-slot-level indication of UL slots in the TDD configuration, symbol-level indication can be considered when no full UL slot is configured to improve flexibility.
Conclusions
In this contribution, we share our views on enhancements for multi-beam operation. The observations and proposals are summarised as follows:
Proposal 1: Support slot-level indication of TDD configuration in PSBCH, two-slot-level indication can be further considered for long periodicity combinations to further reduce payload size.
Proposal 2: On top of slot/two-slot-level indication of UL slots in the TDD configuration, symbol-level indication can be considered when no full UL slot is configured to improve flexibility.
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