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This paper discusses some issues with the structure and contents of the IE timing inside PDCCH-Config.
Discussion
Current status
The ASN.1 for timing is currently as follows:
[bookmark: OLE_LINK21]	timing 								SEQUENCE {
		-- Configuration value of DL assignment to DL data timing
		dl-assignment-to-DL-data			SEQUENCE {
			-- FFS_Description. Corresponds to L1 parameter 'K0' (see 38.214, section FFS_Section)
			-- When the field is absent the UE applies the value 0
			k0									INTEGER (0..3)																OPTIONAL,
			-- FFS_Description. Isn't this the delay from UL-Grant to UL-Data? If so, why is it in this group?
			-- Corresponds to L1 parameter 'K2' (see 38.214, section FFS_Section)
			-- When the field is absent the UE applies the value 0
			k2									INTEGER (0..7)																OPTIONAL,
			-- PDSCH mapping type. Corresponds to L1 parameter 'Mapping-type' (see 38.214, section FFS_Section)
			mappingType							ENUMERATED {typeA, typeB}													OPTIONAL,
			-- An index into a table/equation in RAN1 specs capturing valid combinations of start symbol and length (jointly encoded)
			-- Corresponds to L1 parameter 'Index-start-len' (see 38.214, section FFS_Section)
			startSymbolAndLength				BIT STRING (SIZE (6)),
			-- FFS_Description. (see 38.214, section FFS_Section)
			index								INTEGER (0..15)																OPTIONAL
		},
		-- Configuration value of UL assignment to UL data timing
		ul-assignment-to-UL-data			SEQUENCE {
			-- FFS_Description. Corresponds to L1 parameter 'K2' (see 38.214, section FFS_Section)
			-- When the field is absent the UE applies the value 0
			k2									INTEGER (0..7)																OPTIONAL,
			-- Number of repetitions for data. Corresponds to L1 parameter 'aggregation-factor-DL' (see 38.214, section FFS_Section)
			-- When the field is absent the UE applies the value 1
			aggregationFactorDL					ENUMERATED {n1, n2, n4, n8}													OPTIONAL,
			-- Number of repetition for data. Corresponds to L1 parameter 'aggregation-factor-UL' (see 38.214, section FFS_Section)
			-- When the field is absent the UE applies the value 1
			aggregationFactorUL					ENUMERATED {n1, n2, n4, n8}													OPTIONAL
		},
		-- Configuration value of DL assignment to DL acknowledgement
		dl-data-to-UL-ACK					SEQUENCE (SIZE (8)) OF SEQUENCE {
			-- Timiing for given PDSCH to the DL ACK
			-- Corresponds to L1 parameter 'Slot-timing-value-K1' (see 38.213, section FFS_Section)
			slotTimingValueK1				INTEGER (0..15)																OPTIONAL
		}
	}																													OPTIONAL

There are some unclear points flagged in the ASN.1 already, and our view is that this structure cannot easily reflect the RAN1 agreements.  The related RAN1 agreements are as follows:
· One table for UL, one table for DL configured by RRC in R-15
· Each table is up to 16 rows
· In each table, each row is configured by RRC with 
· K0 with 2 bits( for DL table), K2 with 3 bits ( for UL table)
· An index (6 bits) into a table/equation in RAN 1 specs capturing valid combinations of start symbol and length (jointly decoded)
· 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 RAN 1 specs. FFS details)
· Aggregation factor (1,2,4,8 for DL or UL)  is semi-stattically configured separtely  (i.e., not part of table) 
· No addtional RRC impact how to use the aggregation factor along with tables
The downlink and uplink resource allocations are specified in TS 38.214:
In clause 5.1.2.1, the time domain resource allocation for the downlink if specified as follows:
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 in the RAN1 spreadsheet [1]), 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.
Similarly, in clause 6.1.2.1, time domain resource allocation for the uplink:
When the UE is scheduled to transmit PUSCH by a DCI, the Time-domain PUSCH resources field of the DCI provides a row index of an RRC configured table (pusch-symbolAllocation in the RAN1 spreadsheet [1]), where the indexed row defines the slot offset K2, the start and length indicator SLIV, and the PUSCH mapping type to be applied in the PUSCH reception.
Suggested approaches
In general, the IE may be more appropriately named as timeDomainResourceAllocation or similar, matching the terminology in TS 38.214 where clause 5.1.2.1 is titled “Resource allocation in time domain”.
Matching the approach used in RAN1, we suggest that the IE can be divided into pusch-TimeDomainResourceAllocation, pdsch-TimeDomainResourceAllocation, and dl-DataToUL-ACK (the last one matching the structure that is already there, containing only the parameter K1).  These correspond to the L1 parameters ‘UL-data-time-domain’, ‘DL-data-time-domain’, and ‘DL-data-DL-acknowledgement’ respectively.
These suggestions result in the following skeleton of the ASN.1 structure, which except for the naming is not fundamentally different from what we have today:
	timeDomainResourceAllocation		SEQUENCE {
		-- Configuration value of DL assignment to DL data timing
		pdsch-TimeDomainResourceAllocation	SEQUENCE {
[bookmark: OLE_LINK20]			-- Downlink configuration goes here
		},
		-- Configuration value of UL assignment to UL data timing
		pusch-TimeDomainResourceAllocation	SEQUENCE {
			-- Uplink configuration goes here
		},
		-- Configuration value of DL assignment to DL acknowledgement
		dl-DataToUL-ACK						SEQUENCE {
			-- K1 goes here
		}
	}																													OPTIONAL

However, the contents of the structures are different from what is in the current ASN.1.  According to the RAN1 agreements, each of the downlink and uplink structures should comprise a table of up to 16 rows—that is, we need a new parameter maxNrofUL-Index set to 16, and each table is a SEQUENCE (SIZE (1..maxNrofUL-Index)) of the appropriate structure (the actual size of the table is encoded by the actual length of the SEQUENCE, so there is no need for a separate field to indicate the table size).  Note that [1] seems to suggest that the parameters would only comprise a single row of the table (e.g. for the uplink structure, the spreadsheet describes it as { K2, index-start-len, index }) but the RAN1 agreements quoted above are clear that the whole table is expected to be configured by RRC, and then the index field is sent in the DCI (not RRC signalling) and indicates the applicable row of the table.  A matching structure is needed for the downlink table.
Thus we understand that the structure should be as follows:
	timeDomainResourceAllocation		SEQUENCE {
		-- Configuration value of DL assignment to DL data timing
		pdsch-TimeDomainResourceAllocation	SEQUENCE {
			pdsch-Table							SEQUENCE (SIZE(1..maxNrofDL-Index)) OF PDSCH-TimeDomainResourceAllocationParameters
		},
		-- Configuration value of UL assignment to UL data timing
		pusch-TimeDomainResourceAllocation	SEQUENCE {
			pusch-Table							SEQUENCE (SIZE(1..maxNrofUL-Index)) OF PUSCH-TimeDomainResourceAllocationParameters
		},
		-- Configuration value of DL assignment to DL acknowledgement
		dl-DataToUL-ACK						SEQUENCE {
			-- K1 goes here
		}
	}																													OPTIONAL

PUSCH-TimeDomainResourceAllocationParameters ::= SEQUENCE {
}

PDSCH-TimeDomainResourceAllocationParameters ::= SEQUENCE {
}

[...]

maxNrofDL-Index ::= INTEGER (16)
maxNrofUL-Index ::= INTEGER (16)

Per the RAN1 agreements, each row of the table (the PxSCH-TimeDomainResourceAllocationParameters structure) contains:
· K0 with 2 bits( for DL table), K2 with 3 bits ( for UL table)
· An index (6 bits) into a table/equation in RAN 1 specs capturing valid combinations of start symbol and length (jointly decoded)
· PDSCH mapping type A or B
These fields are captured in the ASN.1 already, but they need to be in the new IEs for the table rows, rather than directly in the parent SEQUENCEs.  For differentiation, the joint-index parameters (‘Index-start-len’ in [1]) could be called startSymbolAndLengthDL and startSymbolAndLengthUL, each one being a BIT STRING of size 6 as today; and similarly the current mappingType could be named as mappingTypeDL and mappingTypeUL for clarity.  Note that in [1] the parameters ‘K0’ and “K2’ have default values while the others do not; thus we interpret that only these parameters should be OPTIONAL.
The resulting ASN.1 is as follows:
PUSCH-TimeDomainResourceAllocationParameters ::= SEQUENCE {
			-- Corresponds to L1 parameter 'K2' (see 38.214, section FFS_Section)
			-- When the field is absent the UE applies the value 0
			k2									INTEGER (0..7)					OPTIONAL,
			-- PUSCH mapping type. Corresponds to L1 parameter 'Mapping-type' (see 38.214, section FFS_Section)
			mappingTypeUL						ENUMERATED {typeA, typeB},
			-- An index into a table/equation in RAN1 specs capturing valid combinations of start symbol and length (jointly encoded)
			-- Corresponds to L1 parameter 'Index-start-len' (see 38.214, section FFS_Section)
			startSymbolAndLengthUL				BIT STRING (SIZE (6))
}

PDSCH-TimeDomainResourceAllocationParameters ::= SEQUENCE {
			-- FFS_Description. Corresponds to L1 parameter 'K0' (see 38.214, section FFS_Section)
			-- When the field is absent the UE applies the value 0
			k0									INTEGER (0..3)					OPTIONAL,
			-- PDSCH mapping type. Corresponds to L1 parameter 'Mapping-type' (see 38.214, section FFS_Section)
			mappingTypeDL						ENUMERATED {typeA, typeB},
			-- An index into a table/equation in RAN1 specs capturing valid combinations of start symbol and length (jointly encoded)
			-- Corresponds to L1 parameter 'Index-start-len' (see 38.214, section FFS_Section)
			startSymbolAndLengthDL				BIT STRING (SIZE (6))
}

The remaining parameters aggregationFactorUL, aggregationFactorDL, and slotTimingValueK1 should be placed with the UL table, the DL table, and the dl-DataToUL-ACK, respectively, resulting in the complete ASN.1 structure shown in the next section.  Note that in accordance with the RAN1 spreadsheet in [1], K1 is shown taking 8 values.
The aggregation factors are optional fields, with default values already specified in the adjacent comments, thus both should be Need S.  For the OPTIONAL flag on the whole timeDomainResourceAllocation field, the need code is less clear; we suggest Need M, so that receiving PDCCH-Config without the timeDomainResourceAllocation causes the tables to be stored unchanged.
Complete ASN.1 structure
	timeDomainResourceAllocation		SEQUENCE {
		-- Configuration value of DL assignment to DL data timing
		pdsch-TimeDomainResourceAllocation	SEQUENCE {
			pdsch-Table							SEQUENCE (SIZE(1..maxNrofDL-Index)) OF PDSCH-TimeDomainResourceAllocationParameters,
			-- Number of repetitions for data. Corresponds to L1 parameter 'aggregation-factor-DL' (see 38.214, section FFS_Section)
			-- When the field is absent the UE applies the value 1
			aggregationFactorDL					ENUMERATED {n1, n2, n4, n8}													OPTIONAL	-- Need S
		},
		-- Configuration value of UL assignment to UL data timing
		pusch-TimeDomainResourceAllocation	SEQUENCE {
			pusch-Table							SEQUENCE (SIZE(1..maxNrofUL-Index)) OF PUSCH-TimeDomainResourceAllocationParameters,
			-- Number of repetition for data. Corresponds to L1 parameter 'aggregation-factor-UL' (see 38.214, section FFS_Section)
			-- When the field is absent the UE applies the value 1
			aggregationFactorUL					ENUMERATED {n1, n2, n4, n8}													OPTIONAL	-- Need S
		},
		-- Configuration value of DL assignment to DL acknowledgement
		dl-DataToUL-ACK						SEQUENCE {
			-- Timing for given PDSCH to the DL ACK
			-- Corresponds to 8 instances of L1 parameter 'Slot-timing-value-K1' (see 38.213, section FFS_Section)
			slotTimingValuesK1				SEQUENCE (SIZE (8)) OF INTEGER (0..15)
		}
	}																													OPTIONAL	-- Need M

[...]

PUSCH-TimeDomainResourceAllocationParameters ::= SEQUENCE {
			-- Corresponds to L1 parameter 'K2' (see 38.214, section FFS_Section)
			-- When the field is absent the UE applies the value 0
			k2									INTEGER (0..7)					OPTIONAL,	-- Need S
			-- PUSCH mapping type. Corresponds to L1 parameter 'Mapping-type' (see 38.214, section FFS_Section)
			mappingTypeUL						ENUMERATED {typeA, typeB},
			-- An index into a table/equation in RAN1 specs capturing valid combinations of start symbol and length (jointly encoded)
			-- Corresponds to L1 parameter 'Index-start-len' (see 38.214, section FFS_Section)
			startSymbolAndLengthUL				BIT STRING (SIZE (6)),
}

PDSCH-TimeDomainResourceAllocationParameters ::= SEQUENCE {
			-- FFS_Description. Corresponds to L1 parameter 'K0' (see 38.214, section FFS_Section)
			-- When the field is absent the UE applies the value 0
			k0									INTEGER (0..3)					OPTIONAL,	-- Need S
			-- PDSCH mapping type. Corresponds to L1 parameter 'Mapping-type' (see 38.214, section FFS_Section)
			mappingTypeDL						ENUMERATED {typeA, typeB},
			-- An index into a table/equation in RAN1 specs capturing valid combinations of start symbol and length (jointly encoded)
			-- Corresponds to L1 parameter 'Index-start-len' (see 38.214, section FFS_Section)
			startSymbolAndLengthDL				BIT STRING (SIZE (6)),
}

[...]

maxNrofDL-Index ::= INTEGER (16)
maxNrofUL-Index ::= INTEGER (16)

Conclusion
Proposal: Adopt the ASN.1 structure for the IE timing as shown in Section 2.3 above.
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