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1. Introduction

In the previous RAN1 meetings, the following agreements for DL/UL resource allocation have been made:

RAN1 #90b
Agreements:

· For both slot and mini-slot, the scheduling DCI can provide an index into a UE-specific table giving the OFDM symbols used for the PDSCH (or PUSCH) transmission

· starting OFDM symbol and length in symbols of the allocation

· FFS: one or more tables

· FFS: including the slots used in case of multi-slot/multi-mini-slot scheduling or slot index for cross-slot scheduling

· FFS: May need to revisit if SFI support non-contiguous allocations

RAN1 #91

Agreements:

· One table for UL, one table for DL configured by RRC in Rel-15

· Each table is up to 16 rows

· In the table, each row is configured by RRC with 

· K0 using 2 bits (for DL table), K2 using 3 bits (for UL table)

· an index (6-bit) into a table/equation in RAN1 specs capturing valid combinations of start symbol and length (jointly encoded)

· PDSCH mapping type A or B

· The reference point for starting OFDM symbol:

· No RRC impact (e.g., slot boundary, start of CORESET where the PDCCH was found, or part of the table/equation in RAN1 specs. FFS details)

· Aggregation factor (1, 2, 4, 8 for DL or UL) is semi-statically configured separately (i.e. not part of table) 

· No additional RRC impact how to use the aggregation factor along with the tables

From the agreements we can see that there are still some remaining issues need to be clarified for uplink/downlink resource allocation in time domain: 1) the description of the “RRC configured table [pusch-symbolAllocation]/ [pdsch-symbolAllocation]” 2) 6-bit SLIV field. Therefore, in this contribution, we will further discuss resource allocation related issues.
2. Discussion on resource allocation in time domain
In NR operation, semi-static UL/DL configuration is supported in order to improve the scheduling flexibility. The slot format is determined according to the cell-specific configuration and UE-specific configuration as well as dynamic SFI. For example, it can be seen in Figure.1 that within a configured periodicity (e.g., 10 slots), slot #0 #1 #2 adopt fixed DL transmission direction, and slot #7 #8 #9 adopt fixed UL transmission direction, while the remaining slots (a.k.a. dynamic slots) can dynamically change their transmission direction.
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Figure 1: semi-static UL/DL configuration

In addition, various UE capabilities are supported in NR, so the scheduling delay for different UEs and different slots may have a significant difference. Therefore, the set of values for K2 will be dependent on UE capability and slot index. In this way, we prefer that each value in the UE-specific RRC configured table for K2 is chosen from a bigger value set in order to guarantee scheduling flexibility with different UE capabilities, for example each value is represented by 4-bit. The PDCCH to PDSCH timing K0 can be achieved in similar way. 
Proposal 1: For slot indication of time domain resource allocation of both DL and UL, RRC configures the set of values to be indexed by these bits to determine K0 or K2, and each value is represented by 4-bit.
Furthermore, an index (6-bit) into a table/equation in RAN1 specs capturing valid combinations of start symbol and length (jointly encoded) for both UL and DL is agreed in RAN1 #91 meeting. Considering that the scheduling of PUSCH/PDSCH can start from any symbol in the 14-symbol slot and the number of consecutive symbols L counting from the starting symbol S allocated for the PUSCH can be selected from (0, 14-S], so the total valid combinations of S and L can be calculated as: (14+13+12+11+…+2+1) = (14+1)*14/2 = 105. If all combinations are taken into account, 6-bit SLIV field in DCI is not enough. 
Therefore, some limitations for combinations of S and L should be made carefully. Considering DL slot-based scheduling, PDCCH would occupy 0/1/2/3 symbols, so that the following combinations should be included to achieve scheduling flexibility:
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Considering DL mini-slot based scheduling, we prefer that the duration L can be limited to some typical mini-slot length which are prioritized by RAN plenary, i.e. 2-symbol/4-symbol/7-symbol, in this way, the following combinations should be supported to reduce DCI overhead:
	S
	4
	4
	4
	5
	5
	5
	6
	6
	6
	7
	7
	7
	8
	8
	9
	9
	10
	10
	11
	12

	L
	2
	4
	7
	2
	4
	7
	2
	4
	7
	2
	4
	7
	2
	4
	2
	4
	2
	4
	2
	2


If we take the above two cases into consideration, a total of 70 candidates is obtained resulting that 6-bit SLIV field is not enough. Considering that 1-symbol mini-slot scheduling is not so efficient, so the highlighted [S, L] cases are removed from the valid combinations. Consequently, a sum of 62 candidates are determined for DL resource allocation. Similarly, the UL resource allocation can make the similar down selection from the total 105 combinations. 
Proposal 2: Some limitations should be made to fit the 6-bit SLIV field.
· For slot-based scheduling, all possible scheduling length L exclude the 1-symbol should be supported;
· For mini-slot based scheduling, the scheduling length L can be limited into some typical mini-slot length, i.e. 2-symbol, 4-symbol, 7-symbol

Based on the above discussions, for the DL resource allocation in time domain [5.1.2.1 TS 38.214] can be modified as in the Appendix.
3. Conclusions 
In this contribution, uplink resource allocation in time domain is discussed, and following proposals are made:
Proposal 1: For slot indication of time domain resource allocation of both DL and UL, RRC configures the set of values to be indexed by these bits to determine K0 or K2, and each value is represented by 4-bit.
Proposal 2: Some limitations should be made to fit the 6-bit SLIV field.

· For slot-based scheduling, all possible scheduling length L exclude the 1-symbol should be supported;

· For mini-slot based scheduling, the scheduling length L can be limited into some typical mini-slot length, i.e. 2-symbol, 4-symbol, 7-symbol.
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Appendix
<Start of text proposal>
5.1.2
Resource allocation

5.1.2.1
Resource allocation in time domain
When the UE is scheduled to receive PDSCH by a DCI, the Time-domain PDSCH resources field of the DCI provides a row index of an RRC configured table [pdsch-symbolAllocation], where the indexed row defines the slot offset K0, the start and length indicator SLIV, and the PDSCH mapping type to be assumed in the PDSCH reception.

-
The slot allocated for the PDSCH is determined by K0 of the indexed row n+K0, where n is the slot with the scheduling DCI, K0 is based on the numerology of PDSCH, and

-
The starting symbol S relative to [the start of the slot], and the number of consecutive symbols L counting from the symbol S allocated for the PDSCH are determined from the start and length indicator SLIV of the indexed row:
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, S and L can be selected from the following table:
	S
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	　
	　
	　
	　
	　
	　
	　
	　

	L
	14
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	
	
	
	
	
	
	
	　

	S
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	
	
	
	
	
	
	
	
	　

	L
	13
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	
	
	
	
	
	
	
	
	　

	S
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	
	
	
	
	
	
	
	
	
	　

	L
	12
	10
	9
	8
	7
	6
	5
	4
	3
	2
	
	
	
	
	
	
	
	
	
	　

	S
	3
	3
	3
	3
	3
	3
	3
	3
	3
	
	
	
	
	
	
	
	
	
	
	　

	L
	11
	9
	8
	7
	6
	5
	4
	3
	2
	
	
	
	
	
	
	
	
	
	
	　

	S
	4
	4
	4
	5
	5
	5
	6
	6
	6
	7
	7
	7
	8
	8
	9
	9
	10
	10
	11
	12

	L
	2
	4
	7
	2
	4
	7
	2
	4
	7
	2
	4
	7
	2
	4
	2
	4
	2
	4
	2
	2


-
The PDSCH mapping type is set to Type A or Type B as defined in sub-clause 7.4.1.1.2 [4, TS 38.211] as given by the indexed row.

<End of text proposal>
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