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1 Introduction

In this contribution we discuss remaining issues on the resource allocation in the time domain. 
2 Resource allocation in time domain 

In the previous meeting it has been agreed that there are two time domain resource allocation table, one table for UL and one table for DL. In this section we discuss a method of instructing the indication of the time domain resource allocation table.

	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


General concept:
Every table is defined to have up to 16 rows, each row is configured either with K0 (for DL table) or K2 (for UL table), the index of the valid combinations of start symbol and length, and the PDSCH mapping type if the table is for DL. The allocated OFDM symbols for data transmission are allocated consecutively in each slot. The number of rows of both tables should be restricted to reduce the DCI payload.   
Encoding of combinations of OFDM starting symbol and duration in a single value: 
In this part it is discussed how the starting position and transmission duration can be represented in the table. Rather than describing each starting symbol and the duration by separate values, a single number is used that represents both parts together. This is the same concept as for the Type 2 frequency domain resource allocation in LTE. For the time domain resource allocation in NR, a single resource indication value (RIV) can be used to represent one combination of OFDM starting symbol and transmission duration.

The RIV calculation for Type 2 RA for is specified in 36.213, section 7.1.6.3 as:
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Table 1 – LTE Type 2 RA for DCI formats 1A, 1B or 1B  
In the above formula, the variables are re-interpreted as: 

· “RBstart” as “OFDMstart”, the starting symbol of the data transmission

· “LCRB” as “LOFDM”, the duration of the transmission

· “[image: image3.png]NZE



”  as “NOFDM”, the total number of available symbols
Then, we obtain an expression for the time-domain resource allocation in NR. Each combination of OFDM starting symbol and transmission duration is represented by a unique RIV identifier.
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Table 2 – Calculation of RIVs for time domain resource allocation in NR 
The gNB can convert all supported OFDM starting symbols and durations into RIVs according to the formula from Table 2. 

Because of the different set of valid OFDMstart and LOFDM of each time domain resource allocation case, each case owns a case-specific RIV-table, and all the RIV values of this case are stored in the table. For example, the slot based case and the non-slot based case have different RIV-tables in the cross-slot scheduling scenario and in the non-cross-slot scheduling scenario. Assume that N combinations of start symbol and duration are possible in one case-specific RIV-table. Then, the table will have N rows and one entry in each row as shown in the example of Table 3 below.

	INDEX
	RIV
	Comment

	0
	X
	E. g representing start symbol A and Duration B

	1
	Y
	E.g. representing start symbol A and Duration C

	…..
	….
	….

	N-1
	Z
	E.g. representing start symbol K and Duration L


  Table 3 – RIV table for one time domain resource allocation case
Proposal 1: A combination of OFDM starting symbol and data transmission duration is represented by a single value, a common resource index value (RIV). The scheme to calculate the RIV can be adopted from LTE RA Type 2. N RIVs are stored in a table with of size Xx1. 

Proposal 2: Each time domain resource allocation case owns a specific RIV-table.
Bit coupling in the row of each time domain RA table:
In the time domain RA table, each row is configured by three (for DL) or two (for UL) parts and each part is independent. Therefore, the index of the valid combinations of start symbol and length can correspond to only one RIV-table in each row of the table. We only have one table for DL and UL, respectively. Each table contains up to 16 rows, so for each table we can have 16 RIV-entries at most. If the table has 16 rows, it will need 4 bits DCI payload to indicate one of them. But if there are less rows, for example 8, maybe even less, these can provide as the same number of the kind of RIV-table as 16 rows and the same indication effect as 16 rows, it can reduce the DCI payload for indication. So it is meaningful to reduce the number of rows in the table.
We propose bit coupling to reduce the number of rows in each table. The 6 bits of the index in each row is unique for one RIV-table regardless the K0 or K2 and the PDSCH mapping type. However, with bit coupling, the 6 bits of the index in each row can correspond to multiple RIV-tables of different time domain RA cases. For the bit coupling, the 6 bits of the index are coupled with 2 bits of K0 or 3 bits of K2. For example, in the DL table, K0=0 and PDSCH mapping type is A, then the RIV-table of 6 bits index is for the non cross-slot scheduling case, PDSCH mapping type A corresponding RIV-table; if K0 changes to 1 and PDSCH mapping type is A, then the RIV-table of 6 bits index is corresponding to the cross-one slot, PDSCH mapping type A RIV-table. With the different combinations of K0 and PDSCH mapping, the 6 bits index corresponds to different RIV-tables. As for the UL table, the 6 bits index corresponding to different RIV-tables is based on different values of K2.

With the bit coupling, one row of the DL or UL table can be used for multiple time domain RA cases, so the number of rows of each table can be reduced, thus the DCI payload for indicating the index of the table can be reduced.
Proposal 3: The number of rows of each time domain RA table should be reduced.
Proposal 4: The bit coupling between K0 or K2, the index of combination and PDSCH mapping type only for DL table should be considered.
3
Conclusions

In this contribution, we mainly discussed the encoding of combination of start symbol and duration and the bit coupling method for reducing the number of rows of each table. 
Proposal 1: A combination of OFDM starting symbol and data transmission duration is represented by a single value, a common resource index value (RIV). The scheme to calculate the RIV can be adopted from LTE RA Type 2. N RIVs are stored in a table with of size Xx1. 

Proposal 2: Each time domain resource allocation case owns a specific RIV-table.
Proposal 3: The number of rows of each time domain RA table should be reduced.
Proposal 4: The bit coupling between K0 or K2, the index of combination and PDSCH mapping type only for DL table should be considered.
4
References

[1] 3GPP Chairman’s notes in RAN1#91, 2017-12
[2] R1-1719491, Considerations on resource allocation issues, ZTE
PAGE  
2/3

_1577195597.unknown

_1577195598.unknown

