[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #93	R1-1807280
Busan, South Korea, May 21 – 25, 2018

Agenda item:		7.1.3.3.1
Source:	Nokia, Nokia Shanghai Bell
Title:	Remaining issues on resource allocation
Document for:		Discussion and Decision
1	Introduction
[bookmark: _Hlk510705081]This document discusses the remaining open issues in resource allocation
· Applicability of different defaults and configurations for different DL and UL transmissions
· Extension of the default PDSCH time domain resource allocation tables matched for beam-sweeping SIB1 delivery to be applicable for other broadcast message deliveries as well

2	Discussion
2.1	Downlink default time domain allocation
Figure 1 and table 1 indicate the generic intent of the different SS/PBCH multiplexing patterns. Pattern 1 was intended for TDM muxing of SS/PBCH block and SIB1, pattern 2 was intended to time mux the CORESET but frequency mux the SIB1 with the SS/PBCH block when different SCS was used for the two, while pattern 3 was intended for full frequency mux of CORESET and SIB1 with SS/PBCH when the same SCS is used for the two.
When considering to extend the usage of the default PDSCH time domain resource allocation for these three cases, the pattern 1 table should be directly applicable regardless of whether the payload is SIB1 or any other transmission not to be frequency muxed with SS/PBCH block. For the default PDSCH time domain resource allocation, there may be a need to deliver a bigger payload than with SIB1 in a beam sweeping manner, while not following the same frequency domain multiplexing paradigm. Hence, extending the time domain resource allocation of these cases would enable efficient delivery of OSI, paging and RAR.


Figure 1: Intention of different SS/PBCH block multiplexing patterns


Table 1: Applicability of the different RMSI CORESET patterns
	SSB SCS
	RMSI SCS
	Applicable patterns

	15 kHz
	15 kHz
	1

	15 kHz
	30 kHz
	1

	30 kHz
	15 kHz
	1

	30 kHz
	30 kHz
	1

	120 kHz
	60 kHz
	1, 2

	120 kHz
	120 kHz
	1, 3

	240 kHz
	60 kHz
	1

	240 kHz
	120 kHz
	1, 2




2.1.1	Extension to default PDSCH TD-RA B
The default PDSCH time-domain resource allocation B was designed to match the SIB1 delivery with the SS/PBCH block multiplexing pattern 2. The defaults could be extended to support efficient beam sweeping for other SIBs (OSI), paging and RAR where larger TBs would need to be supported, and the transmissions may be time-multiplexed with SIB1 rather than frequency multiplexed with a different SCS SS/PBCH block.
The following tables illustrates the additional resource allocations proposed:
Table 2: Proposed additional default PDSCH TD-RA B (rows 8-14)
	i
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	0
	1
	2
	3
	4
	5
	6

	1-5
	Dc
	 
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	 
	 
	 
	 
	 
	 
	 
	 
	 

	1-5
	 
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2-5
	 
	 
	Dc
	 
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	 
	 
	 
	 
	 
	 
	 
	 
	 

	2-5
	 
	 
	 
	Dc
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	 
	 
	 
	 
	 
	 
	 
	 
	 

	4,5
	 
	 
	 
	 
	 
	 
	Dc
	 
	Dd
	Dd
	Dd
	Dd
	 
	 
	 
	 
	 
	 
	 
	 
	 

	4,5
	 
	 
	 
	 
	 
	 
	 
	Dc
	Dd
	Dd
	Dd
	Dd
	 
	 
	 
	 
	 
	 
	 
	 
	 

	6,7
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Dc
	 
	 
	 
	Dd
	Dd
	Dd
	Dd
	 

	6,7
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Dc
	 
	 
	Dd
	Dd
	Dd
	Dd
	 

	8
	 
	 
	Dd
	Dd
	Dd
	Dd
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	9
	 
	 
	 
	 
	Dd
	Dd
	Dd
	Dd
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	10
	 
	 
	 
	 
	 
	 
	Dd
	Dd
	Dd
	Dd
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	11
	 
	 
	 
	 
	 
	 
	 
	 
	Dd
	Dd
	Dd
	Dd
	 
	 
	 
	 
	 
	 
	 
	 
	 

	12
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Dd
	Dd
	Dd
	Dd
	 
	 
	 
	 
	 
	 
	 

	13
	 
	 
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	14 (2)
	 
	 
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	 
	 
	 
	 
	 
	 
	 

	14 (3)
	 
	 
	 
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	 
	 
	 
	 
	 
	 
	 



Table 5.1.2.1.1-3: Default PDSCH time domain resource allocation B
	Row index
	dmrs-TypeA-Position
	PDSCH mapping type
	K0
	S
	L

	1
	2,3
	Type B
	0
	2
	2

	2
	2,3
	Type B
	0
	4
	2

	3
	2,3
	Type B
	0
	6
	2

	4
	2,3
	Type B
	0
	8
	2

	5
	2,3
	Type B
	0
	10
	2

	6
	2,3
	Type B
	1
	2
	2

	7
	2,3
	Type B
	1
	4
	2

	8
	2,3
	Type B
	0
	2
	4

	9
	2,3
	Type B
	0
	4
	4

	10
	2,3
	Type B
	0
	6
	4

	11
	2,3
	Type B
	0
	8
	4

	12
	2,3
	Type B
	0
	10
	4

	13
	2,3
	Type B
	0
	2
	7

	14
	2
	Type A
	0
	2
	12

	
	3
	Type A
	0
	3
	11



Proposal 1: The default PDSCH time domain resource allocation B is extended as shown in the table 5.1.2.1.1-3 above
Proposal 2: The default PDSCH time domain resource allocation B is used for OSI, random access response and Paging when the SS/PBCH multiplexing patter 2 is used in the cell. 

2.1.2	Extension to default PDSCH TD-RA C
The default PDSCH time domain resource allocation C is the resource allocation to be used for SIB1 delivery with SS/PBCH multiplexing pattern 3. Pattern 3 is used when the SS/PBCH and the SIB1-scheduling PDCCH subcarrier spacings are both 120 kHz and the SIB1-scheduling search space + the PDSCH are designed to be frequency multiplexed with the SS/PBCH block.
Extension of this default table to allow for 4-symbol PDSCH allocation with search space outside of the SS/PBCH block was also discussed. This would allow for beam sweeping of SIB2…SIBx (OSI), RA response and paging messages outside of the SS/PBCH block, or alongside it, but with the search space not overlapping the SS/PBCH block, or with the allocation spanning across two SS/PBCH block opportunities.
The tables below illustrate the proposed extension to the default TD-RA C in row indices 5-9
Table 3: Proposed additional default PDSCH TD-RA C (rows 1 and 6-14, renumbering the existing ones)
	i
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	1
	 
	 
	Dd
	Dd
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	2
	 
	 
	Dc
	Dc
	Dd
	Dd
	 
	 
	 
	 
	 
	 
	 
	 

	3
	 
	 
	 
	 
	Dc
	Dc
	Dd
	Dd
	 
	 
	 
	 
	 
	 

	4
	 
	 
	 
	 
	 
	 
	Dc
	Dc
	Dd
	Dd
	 
	 
	 
	 

	5
	 
	 
	 
	 
	 
	 
	 
	 
	Dc
	Dc
	Dd
	Dd
	 
	 

	6
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	7
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	8
	 
	 
	Dd
	Dd
	Dd
	Dd
	 
	 
	 
	 
	 
	 
	 
	 

	9
	 
	 
	 
	 
	Dd
	Dd
	Dd
	Dd
	 
	 
	 
	 
	 
	 

	10
	 
	 
	 
	 
	 
	 
	Dd
	Dd
	Dd
	Dd
	 
	 
	 
	 

	11
	 
	 
	 
	 
	 
	 
	 
	 
	Dd
	Dd
	Dd
	Dd
	 
	 

	12
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Dd
	Dd
	Dd
	Dd

	13
	 
	 
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	 
	 
	 
	 
	 

	14 (2)
	 
	 
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd

	14 (3)
	 
	 
	 
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd
	Dd




[bookmark: _Hlk511856307]Table 5.1.2.1.1-4: Default PDSCH time domain resource allocation C 
	Row index
	dmrs-TypeA-Position
	PDSCH mapping type
	K0
	S
	L

	1
	2,3
	Type B
	0
	2
	2

	12
	2,3
	Type B
	0
	4
	2

	23
	2,3
	Type B
	0
	6
	2

	34
	2,3
	Type B
	0
	8
	2

	45
	2,3
	Type B
	0
	10
	2

	6
	Reserved

	7
	Reserved

	8
	2,3
	Type B
	0
	2
	4

	9
	2,3
	Type B
	0
	4
	4

	10
	2,3
	Type B
	0
	6
	4

	11
	2,3
	Type B
	0
	8
	4

	12
	2,3
	Type B
	0
	10
	4

	13
	2,3
	Type B
	0
	2
	7

	14
	2
	Type A
	0
	2
	12

	
	3
	Type A
	0
	3
	11



Proposal 3: The default PDSCH time domain resource allocation C row index numbering is changed to match the numbering of the allocation B, or alternatively the two tables are merged into a single table.
Proposal 4: The default PDSCH time domain resource allocation C is extended as shown in the table 5.1.2.1.1-4 above
Proposal 5: The default PDSCH time domain resource allocation C is used for OSI, random access response and Paging when the SS/PBCH multiplexing patter 3 is used in the cell. 

2.2	Applicability of different PDSCH resource allocation tables
RAN1#92bis in Sanya agreed on the default PDSCH allocation for SIB1 delivery as well as which configuration is to be used for the unicast transmissions scheduled in the UE specific search space. Due to lack of time the remaining open issue was on how to handle other DL transmissions.
As discussed in the earlier chapter, if the default allocation tables B and C can be extended to allow efficient beam sweeping for other than SIB1 delivery, it would appear convenient to extend all the broadcast messages to be delivered using the same default table as is used for SIB1. Then the question is whether this default table should be used always, or only in absence of a configured table.
As Type3-PDCCH common search space is used to schedule a known UE, and typically no beam sweeping is required, the allocation table A would appear as the sensible default TD-RA regardless of the SS/PBCH block multiplexing pattern used in the cell. Thus the following proposals are made, and their detailed specification implementation is provided in Table 5.1.2.1.1-1.
Proposal 6: Resource allocation for all common search space scheduled PDSCH transmissions other than SIB1 will always follow the common TD-RA configuration provided in SIB1, if present. Even in the presence of dedicated TD-RA configuration. 
Proposal 7: If the common TD-RA configuration is not present in SIB1, the type0a, type1 and type2 common search space scheduled PDSCH follow the same PDSCH allocation table as SIB1
Proposal 8: If the common TD-RA configuration is not present in SIB1, the type3 common search space scheduled PDSCH follow the PDSCH allocation table A.

[bookmark: _Hlk513467709]Table 5.1.2.1.1-1: Applicable PDSCH time domain resource allocation
	RNTI
	PDCCH search space
	SS/PBCH block and CORESET multiplexing pattern
	pdsch-ConfigCommon includes pdsch-AllocationList
	pdsch-Config includes pdsch-AllocationList
	PDSCH time domain resource allocation to apply

	SI-RNTI

	Type0 common
	1
	-
	-
	Default A

	
	
	2
	-
	-
	Default B

	
	
	3
	-
	-
	Default C

	SI-RNTI

	Type0A common
	1
	No
	-
	Default A

	
	
	2
	No
	-
	Default B

	
	
	3
	No
	-
	Default C

	
	
	1,2,3
	Yes
	-
	pdsch-AllocationList provided in pdsch-ConfigCommon

	RA-RNTI, TC-RNTI, C-RNTI
	Type1 common
	1
	No
	-
	Default A

	
	
	2
	No
	-
	Default B

	
	
	3
	No
	-
	Default C

	
	
	1,2,3
	Yes
	-
	pdsch-AllocationList provided in pdsch-ConfigCommon

	P-RNTI
	Type2 common
	1
	No
	-
	Default A

	
	
	2
	No
	-
	Default B

	
	
	3
	No
	-
	Default C

	
	
	1,2,3
	Yes
	-
	pdsch-AllocationList provided in pdsch-ConfigCommon

	C-RNTI, CS-RNTI
	Type3 common
	1,2,3
	No
	-
	Default A

	
	
	1,2,3
	Yes
	-
	pdsch-AllocationList provided in pdsch-ConfigCommon

	C-RNTI, CS-RNTI
	UE specific
	1,2,3
	No
	No
	Default A

	
	
	1,2,3
	Yes
	No
	pdsch-AllocationList provided in pdsch-ConfigCommon 

	
	
	1,2,3
	No/Yes
	Yes
	pdsch-AllocationList provided in pdsch-Config



2.3	Applicability of different PUSCH resource allocation tables
RAN1#92bis in Sanya agreed on the default PUSCH time domain resource allocation, but due to lack of time there was no agreement:
Proposal 9: Resource allocation for all common search space scheduled PUSCH transmissions will always follow the common TD-RA configuration provided in SIB1, if present. Even in the presence of dedicated TD-RA configuration. The modification to table 6.1.2.1.1-1 as proposed below is adopted.

Table 6.1.2.1.1-1: Applicable PUSCH time domain resource allocation
	RNTI
	PDCCH search space
	pusch-ConfigCommon includes pusch-AllocationList
	pusch-Config includes pusch-AllocationList
	PUSCH time domain resource allocation to apply

	PUSCH scheduled by MAC RAR as described in subclause 8.2 of [x, TS 38.213]
	No
	-
	Default A

	
	Yes
	-
	pusch-AllocationList provided in pusch-ConfigCommon

	C-RNTI, TC-RNTI
	Type1 common
	No
	-
	Default A

	
	
	Yes
	-
	pusch-AllocationList provided in pusch-ConfigCommon

	C-RNTI, CS-RNTI
	Type3 common
	No
	No
	Default A

	
	
	Yes
	-
	pusch-AllocationList provided in pusch-ConfigCommon

	C-RNTI, CS-RNTI
	UE specific
	No
	No
	Default A

	
	
	Yes
	No
	pusch-AllocationList provided in pusch-ConfigCommon 

	
	
	No/Yes
	Yes
	pusch-AllocationList provided in pusch-Config



3	Conclusions
The following proposals are made, with accompanying spec-ready details in the body of the contribution:

Proposal 1: The default PDSCH time domain resource allocation B is extended as shown in the table 5.1.2.1.1-3 above
Proposal 2: The default PDSCH time domain resource allocation B is used for OSI, random access response and Paging when the SS/PBCH multiplexing patter 2 is used in the cell. 

Proposal 3: The default PDSCH time domain resource allocation C row index numbering is changed to match the numbering of the allocation B, or alternatively the two tables are merged into a single table.
Proposal 4: The default PDSCH time domain resource allocation C is extended as shown in the table 5.1.2.1.1-4 above
Proposal 5: The default PDSCH time domain resource allocation C is used for OSI, random access response and Paging when the SS/PBCH multiplexing patter 3 is used in the cell. 

Proposal 6: Resource allocation for all common search space scheduled PDSCH transmissions other than SIB1 will always follow the common TD-RA configuration provided in SIB1, if present. Even in the presence of dedicated TD-RA configuration. 
Proposal 7: If the common TD-RA configuration is not present in SIB1, the type0a, type1 and type2 common search space scheduled PDSCH follow the same PDSCH allocation table as SIB1
Proposal 8: If the common TD-RA configuration is not present in SIB1, the type3 common search space scheduled PDSCH follow the PDSCH allocation table A.

Proposal 9: Resource allocation for all common search space scheduled PUSCH transmissions will always follow the common TD-RA configuration provided in SIB1, if present. Even in the presence of dedicated TD-RA configuration. The modification to table 6.1.2.1.1-1 as proposed below is adopted.

Annex – Draft May 4 CR to 38.214
[bookmark: _Toc510988165]5.1.2.1	Resource allocation in time domain
When the UE is scheduled to receive PDSCH by a DCI, the Time domain resource assignment field value m of the DCI provides a row index m + 1 to an allocation table. The determination of the used resource allocation table is defined in sub-clause 5.1.2.1.1.of a higher layer configured table pdsch-symbolAllocation, where tThe indexed row defines the slot offset K0, the start and length indicator SLIV, or directly the start symbol S and the allocation length L, and the PDSCH mapping type to be assumed in the PDSCH reception.
Given the parameter values of the indexed row:



-	The slot allocated for the PDSCH is , where n is the slot with the scheduling DCI, and K0 is based on the numerology of PDSCH, and  and are the subcarrier spacing configurations for PDSCH and PDCCH, respectively, 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:

if  then


else 



where, and
-	The PDSCH mapping type is set to Type A or Type B as defined in sub-clause 7.4.1.1.2 of [4, TS 38.211].
The UE shall consider the S and L combinations defined in table 5.1.2.1-1 as valid PDSCH allocations:
[bookmark: _Hlk508617520]Table 5.1.2.1-1: Valid S and L combinations
	PDSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	L
	S+L

	Type A
	{0,1,2,3}
	{3,…,14}
	{3,…,14}
	{0,1,2,3}
	{3,…,12}
	{3,…,12}

	Type B
	{0,…,12}
	{2,4,7}
	{2,…,14}
	{0,…,10}
	{2,4,6}
	{2,…,12}



When the UE is configured with aggregationFactorDL > 1, the same symbol allocation is applied across the aggregationFactorDL consecutive slots. The UE may expect that the TB is repeated within each symbol allocation among each of the aggregationFactorDL consecutive slots and the PDSCH is limited to a single transmission layer.
[bookmark: _Hlk505671103]If the UE procedure for determining slot configuration as defined in Subclause 11.1 of [6, TS 38.213] determines symbol of a slot allocated for PDSCH as uplink symbols, the transmission on that slot is omitted for multi-slot PDSCH transmission.
5.1.2.1.1	Determination of the resource allocation table to be used for PDSCH
Table 5.1.2.1.1-1 defines which PDSCH time domain resource allocation configuration to apply. Either a default PDSCH time domain allocation A, B or C according to tables 5.1.2.1.1-2, 5.1.2.1.1-3 and 5.1.2.1.1-4 respectively is applied, or the higher layer configured pdsch-AllocationList in either pdsch-ConfigCommon or pdsch-Config is applied.
Table 5.1.2.1.1-1: Applicable PDSCH time domain resource allocation
	RNTI
	PDCCH search space
	SS/PBCH block and CORESET multiplexing pattern
	pdsch-ConfigCommon includes pdsch-AllocationList
	pdsch-Config includes pdsch-AllocationList
	PDSCH time domain resource allocation to apply

	SI-RNTI

	Type0 common
	1
	-
	-
	Default A

	
	
	2
	-
	-
	Default B

	
	
	3
	-
	-
	Default C

	
	Type0A common
	
	
	
	

	
	
	
	
	
	

	RA-RNTI, TC-RNTI, C-RNTI
	Type1 common
	
	
	
	

	
	
	
	
	
	

	P-RNTI
	Type2 common
	
	
	
	

	
	
	
	
	
	

	C-RNTI, CS-RNTI
	Type3 common
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	C-RNTI, CS-RNTI
	UE specific
	1,2,3
	No
	No
	Default A

	
	
	1,2,3
	Yes
	No
	pdsch-AllocationList provided in pdsch-ConfigCommon 

	
	
	1,2,3
	No/Yes
	Yes
	pdsch-AllocationList provided in pdsch-Config



Table 5.1.2.1.1-2: Default PDSCH time domain resource allocation A 
	Row index
	[bookmark: _Hlk513099354]dmrs-TypeA-Position
	PDSCH mapping type
	K0
	S
	L

	1
	2
	Type A
	0
	2
	12

	
	3
	Type A
	0
	3
	11

	2
	2
	Type A
	0
	2
	10

	
	3
	Type A
	0
	3
	9

	3
	2
	Type A
	0
	2
	9

	
	3
	Type A
	0
	3
	8

	4
	2
	Type A
	0
	2
	7

	
	3
	Type A
	0
	3
	6

	5
	2
	Type A
	0
	2
	5

	
	3
	Type A
	0
	3
	4

	6
	2
	Type B
	0
	9
	4

	
	3
	Type B
	0
	10
	4

	7
	2
	Type B
	0
	4
	4

	
	3
	Type B
	0
	6
	4

	8
	2,3
	Type B
	0
	5
	7

	9
	2,3
	Type B
	0
	5
	2

	10
	2,3
	Type B
	0
	9
	2

	11
	2,3
	Type B
	0
	12
	2

	12
	2,3
	Type A
	0
	1
	13

	13
	2,3
	Type A
	0
	1
	6

	14
	2,3
	Type A
	0
	2
	4

	15
	2,3
	Type B
	0
	4
	7

	16
	2,3
	Type B
	0
	8
	4



Table 5.1.2.1.1-3: Default PDSCH time domain resource allocation B
	Row index
	PDSCH mapping type
	K0
	S
	L

	1
	Type B
	0
	2
	2

	2
	Type B
	0
	4
	2

	3
	Type B
	0
	6
	2

	4
	Type B
	0
	8
	2

	5
	Type B
	0
	10
	2

	6
	Type B
	1
	2
	2

	7
	Type B
	1
	4
	2



Table 5.1.2.1.1-4: Default PDSCH time domain resource allocation C 
	Row index
	PDSCH mapping type
	K0
	S
	L

	1
	Type B
	0
	4
	2

	2
	Type B
	0
	6
	2

	3
	Type B
	0
	8
	2

	4
	Type B
	0
	10
	2




[bookmark: _Toc510988166]5.1.2.2	Resource allocation in frequency domain
The UE shall determine the resource block assignment in frequency domain using the resource allocation field in the detected PDCCH DCI. Two downlink resource allocation schemes, type 0 and type 1, are supported. The UE shall assume that when the scheduling grant is received with DCI format 1_0, then downlink resource allocation type 1 is used.
If the scheduling DCI is configured to indicate the downlink resource allocation type as part of the Frequency- domain PDSCHresource assignment field by setting a higher layer parameter resourceAllocation in pdsch-Config to ‘dynamicswitch’, the UE shall use downlink resource allocation type 0 or type 1 as defined by this DCI field. Otherwise the UE shall use the downlink frequency resource allocation type as defined by the higher layer parameter resourceAllocation Resource-allocation-config for PDSCH.
[bookmark: _Hlk498008880][For a PDSCH scheduled with a DCI format 1_0 in any type of PDCCH common search space, regardless of which bandwidth part is the active bandwidth part, RB numbering starts from the lowest RB of the CORESET in which the DCI was received]
For a PDSCH scheduled otherwise, Iif a bandwidth part indicator field is not configured in the scheduling DCI, the RB indexing for downlink type 0 and type 1 resource allocation is determined within the UE's active carrier bandwidth part. If a bandwidth part indicator field is configured in the scheduling DCI, the RB indexing for downlink type 0 and type 1 resource allocation is determined within the UE's carrier bandwidth part indicated by bandwidth part indicator field value in the DCI, except for the case when DCI format 1_0 is decoded in the common search space in CORESET 0 in which case the initial bandwidth part shall be used. The UE shall upon detection of PDCCH intended for the UE determine first the downlink carrier bandwidth part and then the resource allocation within the carrier bandwidth part.
[bookmark: _Toc510988167]5.1.2.2.1	Downlink resource allocation type 0
In downlink resource allocation of type 0, the resource block assignment information includes a bitmap indicating the Resource Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive virtual resource blocks defined by higher layer parameter rbg-Size configured for PDSCH by PDSCH-Config and the size of the carrier bandwidth part as defined in Table 5.1.2.2.1-1.
Table 5.1.2.2.1-1: Nominal RBG size P
	Bandwidth Part Size
	Configuration 1
	Configuration 2

	1 – 36
	2
	4

	37 – 72
	4
	8

	73 – 144
	8
	16

	145 – 275
	16
	16






The total number of RBGs () for a downlink carrier bandwidth part i of size PRBs is given by , where

-	the size of the first RBG is ,


-	the size of last RBG is if  and P otherwise,
-	the size of all other RBGs is P.


The bitmap is of size bits with one bitmap bit per RBG such that each RBG is addressable. The RBGs shall be indexed in the order of increasing frequency and starting at the lowest frequency of the carrier bandwidth part. The order of RBG bitmap is such that RBG 0 to RBG are mapped from MSB to LSB. The RBG is allocated to the UE if the corresponding bit value in the bitmap is 1, the RBG is not allocated to the UE otherwise.

****************************************************************

[bookmark: _Toc510988221]6.1.2.1	Resource allocation in time domain
When the UE is scheduled to transmit a transport block and no CSI report, or the UE is scheduled to transmit a transport block and a CSI report on PUSCH by a DCI, the Time domain resource assignment field value m of the DCI provides a row index m + 1 to an allocated table. The determination of the used resource allocation table is defined in sub-clause 6.1.2.1.1.of a higher layer configured table pusch-symbolAllocation, where tThe indexed row defines the slot offset K2, the start and length indicator SLIV, or directly the start symbol S and the allocation length L, and the PUSCH mapping type to be applied in the PUSCH transmission.





When the UE is scheduled to transmit a PUSCH with no transport block and with a CSI report by a CSI request field on a DCI, the Time-domain PUSCH resourcesresource assignment field value m of the DCI provides a row index m + 1 to an allocated table. The determination of the applied resource allocation table is defined in sub-clause 6.1.2.1.1.of a higher layer configured table pusch-symbolAllocation, where tThe indexed row defines the start and length indicator SLIV, or directly the start symbol S and the allocation length L, and the PUSCH mapping type to be applied in the PUSCH transmission and K2 is determined based on the corresponding list entries of the higher layer parameter reportSlotConfig in CSI-ReportConfig reportSlotOffset for the triggered CSI Reporting Settings. The ith codepoint of K2 s determined as  where  is the ith codepoint of .



[bookmark: _Hlk497992508]-	The slot where the UE shall transmit the PUSCH is determined by K2 as  where n is the slot with the scheduling DCI, K2 is based on the numerology of PUSCH, and  and  are the subcarrier spacing configurations for PUSCH and PDCCH, respectively, 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 PUSCH are determined from the start and length indicator SLIV of the indexed row:

if  then


else 



where, and
-	The PUSCH mapping type is set to Type A or Type B as defined in Subclause 6.4.1.1.3 of [4, TS 38.211] as given by the indexed row.
The UE shall consider the S and L combinations defined in table 6.1.2.1-1 as valid PUSCH allocations
Table 6.1.2.1-1: Valid S and L combinations
	PUSCH mapping type
	Normal cyclic prefix
	Extended cyclic prefix

	
	S
	L
	S+L
	S
	L
	S+L

	Type A
	0
	{4,…,14}
	{4,…,14}
	0
	{4,…,12}
	{4,…,12}

	Type B
	{0,…,13}
	{1,…,14}
	{1,…,14}
	{0,…,12}
	{1,…,12}
	{1,…,12}



[bookmark: _Hlk505671590]When the UE is configured with aggregationFactorUL > 1, the same symbol allocation is applied across the aggregationFactorUL consecutive slots and the PUSCH is limited to a single transmission layer. The UE shall repeat the TB across the aggregationFactorUL consecutive slots applying the same symbol allocation in each slot.
If the UE procedure for determining slot configuration, as defined in subclause 11.1 of [6, TS 38.213], determines symbols of a slot allocated for PUSCH as downlink symbols, the transmission on that slot is omitted for multi-slot PUSCH transmission.
[bookmark: _Hlk512344529]6.1.2.1.1	Determination of the resource allocation table to be used for PUSCH
Table 6.1.2.1.1-1 defines which PUSCH time domain resource allocation configuration to apply. Either a default PUSCH time domain allocation A according to table 6.1.2.1.1-2, is applied, or the higher layer configured pusch-AllocationList in either pusch-ConfigCommon or pusch-Config is applied.
Table 6.1.2.1.1-3 defines the subcarrier spacing specific values j. j is used in determination of   in conjunction to table 6.1.2.1.1-2, where  are the subcarrier spacing configurations for PUSCH.
Table 6.1.2.1.1-4 defines the additional subcarrier spacing specific slot delay value for MSG3. When the UE transmits a MSG3, the Δ value specific to MSG3 subcarrier spacing µPUSCH is applied in addition to the K2 value.
[bookmark: _Hlk512342368]Table 6.1.2.1.1-1: Applicable PUSCH time domain resource allocation
	[bookmark: _Hlk512342651]RNTI
	PDCCH search space
	pusch-ConfigCommon includes pusch-AllocationList
	pusch-Config includes pusch-AllocationList
	PUSCH time domain resource allocation to apply

	PUSCH scheduled by MAC RAR as described in subclause 8.2 of [x, TS 38.213]
	No
	-
	Default A

	
	
	
	

	C-RNTI, TC-RNTI
	Type1 common
	No
	-
	Default A

	
	
	
	
	

	C-RNTI, CS-RNTI
	Type3 common
	No
	No
	Default A

	
	
	
	
	

	
	
	
	
	

	C-RNTI, CS-RNTI
	UE specific
	No
	No
	Default A

	
	
	Yes
	No
	pusch-AllocationList provided in pusch-ConfigCommon 

	
	
	No/Yes
	Yes
	pusch-AllocationList provided in pusch-Config




Table 6.1.2.1.1-2: Default PUSCH time domain resource allocation A 
	Row index
	PUSCH mapping type
	
	S
	L

	1
	Type A
	j
	0
	14

	2
	Type A
	j
	0
	12

	3
	Type A
	j
	0
	10

	4
	Type B
	j
	2
	10

	5
	Type B
	j
	4
	10

	6
	Type B
	j
	4
	8

	7
	Type B
	j
	4
	6

	8
	Type A
	j+1
	0
	14

	9
	Type A
	j+1
	0
	12

	10
	Type A
	j+1
	0
	10

	11
	Type B
	j+2
	0
	14

	12
	Type A
	j+2
	0
	12

	13
	Type A
	j+2
	0
	10

	14
	Type B
	j
	8
	6

	15
	Type A
	j+3
	0
	14

	16
	Type A
	j+3
	0
	10



Table 6.1.2.1.1-3: Definition of value j
	µPUSCH
	j
	Δ

	0
	1
	2

	1
	1
	2

	2
	2
	4

	3
	3
	6



Table 6.1.2.1.1-4: Definition of value Δ
	µPUSCH
	Δ

	0
	2

	1
	2

	2
	4

	3
	6
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