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[bookmark: _Toc11352089][bookmark: _Toc20317979]<omitted text>
[bookmark: _Toc11352080][bookmark: _Toc20317970]5.1	UE procedure for receiving the physical downlink shared channel
[bookmark: _Hlk498410788]For downlink, a maximum of 16 HARQ processes per cell is supported by the UE. The number of processes the UE may assume will at most be used for the downlink is configured to the UE for each cell separately by higher layer parameter nrofHARQ-ProcessesForPDSCH, and when no configuration is provided the UE may assume a default number of 8 processes.
A UE shall upon detection of a PDCCH with a configured DCI format 1_0, or 1_1 or 1_2 decode the corresponding PDSCHs as indicated by that DCI. For any HARQ process ID(s) in a given scheduled cell, the UE is not expected to receive a PDSCH that overlaps in time with another PDSCH. The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Subclause 9.2.3 of [6]. In a given scheduled cell, the UE is not expected to receive a first PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and a second PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j. For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i. In a given scheduled cell, for any PDSCH corresponding to SI-RNTI, the UE is not expected to decode a re-transmission of an earlier PDSCH with a starting symbol less than N symbols after the last symbol of that PDSCH, where the value of N depends on the PDSCH subcarrier spacing configuration , with N=13 for =0, N=13 for =1, N=20 for =2, and N=24 for =3.
[bookmark: _Hlk497209675]When receiving PDSCH scheduled with SI-RNTI or P-RNTI, the UE may assume that the DM-RS port of PDSCH is quasi co-located with the associated SS/PBCH block with respect to Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters when applicable.
When receiving PDSCH scheduled with RA-RNTI the UE may assume that the DM-RS port of PDSCH is quasi co-located with the SS/PBCH block or the CSI-RS resource the UE used for RACH association and transmission with respect to Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters when applicable. When receiving a PDSCH scheduled with RA-RNTI in response to a random access procedure triggered by a PDCCH order which triggers contention-free random access procedure for the SpCell [10, TS 38.321], the UE may assume that the DM-RS port of the received PDCCH order and the DM-RS ports of the corresponding PDSCH scheduled with RA-RNTI are quasi co-located with the same SS/PBCH block or CSI-RS with respect to Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters when applicable.
When receiving PDSCH in response to a PUSCH transmission scheduled by a RAR UL grant or corresponding PUSCH retransmission the UE may assume that the DM-RS port of PDSCH is quasi co-located with the SS/PBCH block the UE selected for RACH association and transmission with respect to Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters when applicable.
If the UE is not configured for PUSCH/PUCCH transmission for at least one serving cell configured with slot formats comprised of DL and UL symbols, and if the UE is not capable of simultaneous reception and transmission on serving cell c1 and serving cell c2, the UE is not expected to receive PDSCH on serving cell c1 if the PDSCH overlaps in time with SRS transmission (including any interruption due to uplink or downlink RF retuning time [10]) on serving cell c2 not configured for PUSCH/PUCCH transmission.
The UE is not expected to decode a PDSCH scheduled in a serving cell with C-RNTI or MCS-C-RNTI and another PDSCH scheduled in the same serving cell with CS-RNTI if the PDSCHs partially or fully overlap in time.
The UE is not expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI if another PDSCH in the same cell scheduled with RA-RNTI partially or fully overlap in time. 
The UE in RRC_IDLE and RRC_INACTIVE modes shall be able to decode two PDSCHs each scheduled with SI-RNTI, P-RNTI, RA-RNTI or TC-RNTI, with the two PDSCHs partially or fully overlapping in time in non-overlapping PRBs.
On a frequency range 1 cell, the UE shall be able to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI and, during a process of P-RNTI triggered SI acquisition, another PDSCH scheduled with SI-RNTI that partially or fully overlap in time in non-overlapping PRBs, unless the PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI requires Capability 2 processing time according to subclause 5.3 in which case the UE may skip decoding of the scheduled PDSCH with C-RNTI, MCS-C-RNTI, or CS-RNTI. 
On a frequency range 2 cell, the UE is not expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI if in the same cell, during a process of P-RNTI triggered SI acquisition, another PDSCH scheduled with SI-RNTI partially or fully overlap in time. 
The UE is expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI during a process of autonomous SI acquisition. 
If the UE is configured by higher layers to decode a PDCCH with its CRC scrambled by a CS-RNTI, the UE shall receive PDSCH transmissions without corresponding PDCCH transmissions using the higher-layer-provided PDSCH configuration for those PDSCHs.
<omitted text>
[bookmark: _Toc11352081][bookmark: _Toc20317971]5.1.1	Transmission schemes
Only one transmission scheme is defined for the PDSCH, and is used for all PDSCH transmissions.
[bookmark: _Toc11352082][bookmark: _Toc20317972]5.1.1.1	Transmission scheme 1
[bookmark: _Hlk498237810]For transmission scheme 1 of the PDSCH, the UE may assume that a gNB transmission on the PDSCH would be performed with up to 8 transmission layers on antenna ports 1000-1011 as defined in Subclause 7.3.1.4 of [4, TS 38.211], subject to the DM-RS reception procedures in Subclause 5.1.6.2. 
[bookmark: _Toc11352083][bookmark: _Toc20317973]5.1.2	Resource allocation
[bookmark: _Toc11352084][bookmark: _Toc20317974]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 Subclause 5.1.2.1.1. The 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 reference point S0 for starting symbol S is defined as:  
-	if configured with ReferenceofSLIV-ForDCIFormat1_2, and when receiving PDSCH scheduled by DCI format 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI with K0=0, and PDSCH mapping Type B, the starting symbol S is relative to the starting symbol S0 of the PDCCH monitoring occasion where DCI format 1_2 is detected; 	Comment by Mihai Enescu: Editors note: 
Parameter S0 introduced to prevent the PDSCH to cross the slot boundry!
-	otherwise, the starting symbol S is relative to the start of the slot using S0=0, and
-	The starting symbol S relative to the start of the slot, and tThe 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 Subclause 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 satisfying  for normal cyclic prefix and  for extended cyclic prefix as valid PDSCH allocations:	Comment by Mihai Enescu: Editors note: 
Prevent PDSCH allocated with the new time reference S0 to cross the lost boundary

[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}
(Note 1)
	{3,…,14}
	{3,…,14}
	{0,1,2,3}
(Note 1)
	{3,…,12}
	{3,…,12}

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

	Note 1:	S = 3 is applicable only if dmrs-TypeA-Position = 3



When receiving PDSCH scheduled by DCI format 1_1 or 1_2 in PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCH scheduled without corresponding PDCCH transmission using sps-Config and activated by DCI format 1_1 or 1_2, if the UE is configured with pdsch-AggregationFactor, the same symbol allocation is applied across the pdsch-AggregationFactor consecutive slots. The UE may expect that the TB is repeated within each symbol allocation among each of the pdsch-AggregationFactor consecutive slots and the PDSCH is limited to a single transmission layer. The redundancy version to be applied on the nth transmission occasion of the TB, where n = 0, 1, …pdsch-AggregationFactor -1, is determined according to table 5.1.2.1-2 and "rvid indicated by the DCI scheduling the PDSCH" in table 5.1.2.1-2 is assumed to be 0 for PDSCH scheduled without corresponding PDCCH transmission using sps-Config and activated by DCI format 1_1 or 1_2. 
Table 5.1.2.1-2: Applied redundancy version when pdsch-AggregationFactor is present
	rvid indicated by the DCI scheduling the PDSCH
	rvid to be applied to nth transmission occasion

	
	n mod 4 = 0
	n mod 4 = 1
	n mod 4 = 2
	n mod 4 = 3

	0
	0
	2
	3
	1

	2
	2
	3
	1
	0

	3
	3
	1
	0
	2

	1
	1
	0
	2
	3



[bookmark: _Hlk505671103]A PDSCH reception in a slot of a multi-slot PDSCH reception is omitted according to the conditions in Subclause 11.1 of [6, TS38.213].
The UE is not expected to receive a PDSCH with mapping type A in a slot, if the PDCCH scheduling the PDSCH was received in the same slot and was not contained within the first three symbols of the slot. 
The UE is not expected to receive a PDSCH with mapping type B in a slot, if the first symbol of the PDCCH scheduling the PDSCH was received in a later symbol than the first symbol indicated in the PDSCH time domain resource allocation.
The UE is not expected to be configured with ReferenceofSLIV-ForDCIFormat1_2 for serving cells configured for cross-carrier scheduling with a scheduling cell of a different downlink SCS configuration.	Comment by Mihai Enescu - RAN1#99: Agreement
The new reference of SLIV is not expected to be configured for a serving cell configured to be scheduled with cross-carrier scheduling
Applies only for the case of different numerologies
[bookmark: _Toc11352085][bookmark: _Toc20317975]5.1.2.1.1	Determination of the resource allocation table to be used for PDSCH
Table 5.1.2.1.1-1 and Table 5.1.2.1.1-1A 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, 5.1.2.1.1.-4 and 5.1.2.1.1-5 is applied, or the higher layer configured pdsch-TimeDomainAllocationList or pdsch-TimeDomainAllocationList-ForDCIFormat1_2 either pdsch-ConfigCommon or pdsch-Config is applied. 
Table 5.1.2.1.1-1: Applicable PDSCH time domain resource allocation for DCI formats 1_0 and 1_1
	RNTI
	PDCCH search space
	SS/PBCH block and CORESET multiplexing pattern
	pdsch-ConfigCommon includes pdsch-TimeDomainAllocationList
	pdsch-Config includes pdsch-TimeDomainAllocationList
	PDSCH time domain resource allocation to apply

	SI-RNTI

	Type0 common
	1
	-
	-
	Default A for normal CP

	
	
	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-TimeDomainAllocationList provided in pdsch-ConfigCommon

	RA-RNTI, TC-RNTI
	Type1 common
	1, 2, 3
	No
	-
	Default A

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

	C-RNTI, MCS-C-RNTI, CS-RNTI
	Any common search space associated with CORESET 0
	1, 2, 3
	No
	-
	Default A

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

	C-RNTI, MCS-C-RNTI, CS-RNTI
	Any common search space not associated with CORESET 0

UE specific search space
	1,2,3
	No
	No
	Default A

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

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



Table 5.1.2.1.1-1A: Applicable PDSCH time domain resource allocation for DCI format 1_2
	pdsch-ConfigCommon includes pdsch-TimeDomainAllocationList
	pdsch-Config includes pdsch-TimeDomainAllocationList
	pdsch-Config  includes pdsch-TimeDomainAllocationList -ForDCIformat1_2
	PDSCH time domain resource allocation to apply

	No
	No
	No
	Default A

	Yes
	No
	No
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon 

	No/Yes
	Yes
	No
	pdsch-TimeDomainAllocationList provided in pdsch-Config

	No/Yes
	No/Yes
	Yes
	pdsch-TimeDomainAllocationList-ForDCIformat1_2 provided in pdsch-Config



Table 5.1.2.1.1-2: Default PDSCH time domain resource allocation A for normal CP 
	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 A for extended CP 
	Row index
	dmrs-TypeA-Position
	PDSCH mapping type
	K0
	S
	L

	1
	2
	Type A
	0
	2
	6

	
	3
	Type A
	0
	3
	5

	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
	6
	4

	
	3
	Type B
	0
	8
	2

	7
	2
	Type B
	0
	4
	4

	
	3
	Type B
	0
	6
	4

	8
	2,3
	Type B
	0
	5
	6

	9
	2,3
	Type B
	0
	5
	2

	10
	2,3
	Type B
	0
	9
	2

	11
	2,3
	Type B
	0
	10
	2

	12
	2,3
	Type A
	0
	1
	11

	13
	2,3
	Type A
	0
	1
	6

	14
	2,3
	Type A
	0
	2
	4

	15
	2,3
	Type B
	0
	4
	6

	16
	2,3
	Type B
	0
	8
	4



Table 5.1.2.1.1-4: 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 (Note 1)
	2,3
	Type B
	0
	10
	4

	13 (Note 1)
	2,3
	Type B
	0
	2
	7

	14 (Note 1)
	2
	Type A
	0
	2
	12

	
	3
	Type A
	0
	3
	11

	15 
	2,3
	Type B
	1
	2
	4

	16
	Reserved

	Note 1: If the PDSCH was scheduled with SI-RNTI in PDCCH Type0 common search space, the UE may assume that this PDSCH resource allocation is not applied



Table 5.1.2.1.1-5: Default PDSCH time domain resource allocation C 
	Row index
	dmrs-TypeA-Position
	PDSCH mapping type
	K0
	S
	L

	1 (Note 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
	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 (Note 1)
	2,3
	Type B
	0
	2
	7

	14 (Note 1)
	2
	Type A
	0
	2
	12

	
	3
	Type A
	0
	3
	11

	15 (Note 1)
	2,3
	Type A
	0
	0
	6

	16 (Note 1)
	2,3
	Type A
	0
	2
	6

	Note 1: The UE may assume that this PDSCH resource allocation is not used, if the PDSCH was scheduled with SI-RNTI in PDCCH Type0 common search space



[bookmark: _Toc11352086][bookmark: _Toc20317976]5.1.2.2	Resource allocation in frequency domain
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 resource assignment field by setting a higher layer parameter resourceAllocation in pdsch-Config to 'dynamicswitch', for DCI format 1_1 or setting a higher layer parameter resourceAllocation-ForDCIFormat1_2 in pdsch-Config to ‘dynamicswitch’ for DCI format 1_2, 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 for DCI format 1_1 or by the higher layer parameter resourceAllocation-ForDCIFormat1_2 for DCI format 1_2.	Comment by Mihai Enescu - RAN1#99: Agreement RAN1#99 
For frequency domain resource assignment for the new DCI format 0_2/1_2, resource allocation type 0 is supported without any change from Rel-15
Support dynamic switching between resource allocation type 0 and type 1 

RRC parameter: 
resourceAllocation-ForDCIFormat1_2 in PDSCH-config
[bookmark: _Hlk498008880]If a bandwidth part indicator field is not configured in the scheduling DCI or the UE does not support active BWP change via DCI, the RB indexing for downlink type 0 and type 1 resource allocation is determined within the UE's active bandwidth part. If a bandwidth part indicator field is configured in the scheduling DCI and the UE supports active BWP change via DCI, the RB indexing for downlink type 0 and type 1 resource allocation is determined within the UE's bandwidth part indicated by bandwidth part indicator field value in the DCI. The UE shall upon detection of PDCCH intended for the UE determine first the downlink bandwidth part and then the resource allocation within the bandwidth part.
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; otherwise RB numbering starts from the lowest RB in the determined downlink bandwidth part.
[bookmark: _Toc11352087][bookmark: _Toc20317977]5.1.2.2.1	Downlink resource allocation type 0	Comment by Mihai Enescu - RAN1#99: Editors note:
No changes to type 0 RA seen as needed, as it is supported as in Rel-15 based on the following agreement:

Agreement RAN1#99 
For frequency domain resource assignment for the new DCI format 0_2/1_2, resource allocation type 0 is supported without any change from Rel-15
Support dynamic switching between resource allocation type 0 and type 1
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 by PDSCH-Config and the size of the 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 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 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: _Toc11352088][bookmark: _Toc20317978]5.1.2.2.2	Downlink resource allocation type 1

[bookmark: _Hlk498008922]In downlink resource allocation of type 1, the resource block assignment information indicates to a scheduled UE a set of contiguously allocated non-interleaved or interleaved virtual resource blocks within the active bandwidth part of size  PRBs except for the case when DCI format 1_0 is decoded in any common search space in which case the size of CORESET 0 shall be used if CORESET 0 is configured for the cell and the size of initial DL bandwidth part shall be used if CORESET 0 is not configured for the cell.


A downlink type 1 resource allocation field consists of a resource indication value (RIV) corresponding to a starting virtual resource block () and a length in terms of contiguously allocated resource blocks. The resource indication value is defined by

if  then


else 




where 1 and shall not exceed . 




When the DCI size for DCI format 1_0 in USS is derived from the size of DCI format 1_0 in CSS but applied to an active BWP with size of , a downlink type 1 resource block assignment field consists of a resource indication value (RIV) corresponding to a starting resource block and a length in terms of virtually contiguously allocated resource blocks , where  is given by 
-	the size of CORESET 0 if CORESET 0 is configured for the cell;
-	the size of initial DL bandwidth part if CORESET 0 is not configured for the cell. 
The resource indication value is defined by:

if  then


else 






where, and where shall not exceed .


If , K is the maximum value from set {1, 2, 4, 8} which satisfies ; otherwise K = 1.



When the scheduling grant is received with DCI format 1_2, a downlink type 1 resource allocation field consists of [TBD] [If the resource allocation indicates the corresponding PDSCH is mapped to RB index , the UE shall assume the PDSCH is also mapped to PRB indexes  to .]	Comment by Mihai Enescu: Agreements: (RAN1#98 Prague)
For resource allocation type 1 for frequency domain resource assignment for the DCI format scheduling Rel-16 URLLC, support the following modification compared to Rel-15: 
A single configurable scheduling granularity applicable for both the starting point and length indication. 
A new RRC parameter to configure the scheduling granularity	Comment by Mihai Enescu: Details to be decided in RAN1#99	Comment by Mihai Enescu: Editor note: Placeholder text, RAN1 to clarify
5.1.2.3	Physical resource block (PRB) bundling
The PRB bundling procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this subclause equally apply to PDSCH scheduled by PDCCH with DCI format 1_2, by applying the parameters of prb-BundlingType-ForDCIFormat1_2 instead of prb-BundlingType as well as vrb-ToPRB-Interleaver-ForDCIFormat1_2 instead of vrb-ToPRB-Interleaver.	Comment by Mihai Enescu: Agreements:
Support configurable number of bits (0 or 1 bit) for “VRB-to-PRB mapping” in the new DCI format for DL scheduling for Rel-16 URLLC. 
• If 0 bit is configured, non-interleaved VRB-to-PRB mapping as in Rel-15 is applied.  

Agreements:
Support configurable number of bits for the following fields for DL DCI format scheduling Rel-16 URLLC.
• Carrier indicator (0 bit or at least one non-zero bit)
• PRB bundling size indicator (0 or 1 bit)
• Rate matching indicator (0, 1 or 2 bits)
• ZP CSI-RS trigger (0, 1 or 2 bits)

RRC parameters: 
prb-BundlingType-ForDCIFormat1_2 
vrb-ToPRB-Interleaver-ForDCIFormat1_2


A UE may assume that precoding granularity is  consecutive resource blocks in the frequency domain.  can be equal to one of the values among {2, 4, wideband}.

If  is determined as "wideband", the UE is not expected to be scheduled with non-contiguous PRBs and the UE may assume that the same precoding is applied to the allocated resource.

If  is determined as one of the values among {2, 4}, Precoding Resource Block Group (PRGs) partitions the bandwidth part i with [image: ] consecutive PRBs. Actual number of consecutive PRBs in each PRG could be one or more. 





The first PRG size is given by and the last PRG size given by  if , and the last PRG size is if .
The UE may assume the same precoding is applied for any downlink contiguous allocation of PRBs in a PRG.
For PDSCH carrying SIB1 scheduled by PDCCH with CRC scrambled by SI-RNTI, a PRG is partitioned from the lowest numbered resource block of CORESET 0 if the corresponding PDCCH is associated with CORESET 0 and Type0-PDCCH common search space and is addressed to SI-RNTI; otherwise, a PRG is partitioned from common resource block 0.

[bookmark: _Hlk508535469]If a UE is scheduled a PDSCH with DCI format 1_0, the UE shall assume that is equal to 2 PRBs.
When receiving PDSCH scheduled by PDCCH with DCI format 1_1 with CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI, [image: ]for bandwidth part is equal to 2 PRBs unless configured by the higher layer parameter prb-BundlingType given by PDSCH-Config. 



When receiving PDSCH scheduled by PDCCH with DCI format 1_1 with CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI, if the higher layer parameter prb-BundlingType is set to 'dynamicBundling', the higher layer parameters bundleSizeSet1 and bundleSizeSet2 configure two sets of  values, the first set can take one or two  values among {2, 4, wideband}, and the second set can take one  value among {2, 4, wideband}. 
If the PRB bundling size indicator signalled in DCI format 1_1 as defined in Subclause 7.3.1.2.2 of [2, TS 38.212]


-	is set to '0', the UE shall use the  value from the second set of  values when receiving PDSCH scheduled by the same DCI.


-	is set to '1' and one value is configured for the first set of  values, the UE shall use this  value when receiving PDSCH scheduled by the same DCI



-	is set to '1' and two values are configured for the first set of  values as 'n2-wideband' (corresponding to two  values 2 and wideband) or 'n4-wideband' (corresponding to two  values 4 and wideband), the UE shall use the value when receiving PDSCH scheduled by the same DCI as follows:



-	If the scheduled PRBs are contiguous and the size of the scheduled PRBs is larger than ,  is the same as the scheduled bandwidth, otherwise  is set to the remaining configured value of 2 or 4, respectively.

When receiving PDSCH scheduled by PDCCH with DCI format 1_1 with CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI, if the higher layer parameter prb-BundlingType is set to 'staticBundling', the  value is configured with the single value indicated by the higher layer parameter bundleSize. 

When a UE is configured with nominal RBG size  for bandwidth part i according to Subclause 5.1.2.2.1, or when a UE is configured with interleaving unit of 2 for VRB to PRB mapping provided by the higher layer parameter vrb-ToPRB-Interleaver given by PDSCH-Config for bandwidth part i, the UE is not expected to be configured with = 4.
[bookmark: _Toc11352090][bookmark: _Toc20317980]5.1.3	Modulation order, target code rate, redundancy version and transport block size determination
[bookmark: _Hlk496795762]To determine the modulation order, target code rate, and transport block size(s) in the physical downlink shared channel, the UE shall first 
-	read the 5-bit modulation and coding scheme field (IMCS) in the DCI to determine the modulation order (Qm) and target code rate (R) based on the procedure defined in Subclause 5.1.3.1, and	Comment by Mihai Enescu - RAN1#99: RAN1#99 decision:
Agreements:
Support 5 bit “modulation and coding scheme” in DCI format 0_2/1_2 as in Rel-15 without any change.
-	read redundancy version field (rv) in the DCI to determine the redundancy version..
and second 
-	the UE shall use the number of layers (ʋ), the total number of allocated PRBs before rate matching (nPRB) to determine to the transport block size based on the procedure defined in Subclause 5.1.3.2.
The UE may skip decoding a transport block in an initial transmission if the effective channel code rate is higher than 0.95, where the effective channel code rate is defined as the number of downlink information bits (including CRC bits) divided by the number of physical channel bits on PDSCH. 
The UE is not expected to handle any transport blocks (TBs) in a 14 consecutive-symbol duration for normal CP (or 12 for extended CP) ending at the last symbol of the latest PDSCH transmission within an active BWP on a serving cell whenever

where, for the serving cell,
-	S is the set of TBs belonging to PDSCH(s) that are partially or fully contained in the consecutive-symbol duration
-	for the ith TB
-	Ci' is the number of scheduled code blocks for as defined in [5, 38.212]. 
-	Li is the number of OFDM symbols assigned to the PDSCH
-	xi is the number of OFDM symbols of the PDSCH contained in the consecutive-symbol duration
-	 based on the values defined in Subclause 5.4.2.1 [5, TS 38.212]
-	 is the starting location of RV for the th transmission
-	of the scheduled code blocks for the  transmission
-	 is the circular buffer length 
-	 is the current (re)transmission for the ith TB 
-	 corresponds to the subcarrier spacing of the BWP (across all configured BWPs of a carrier) that has the largest configured number of PRBs
-	in case there is more than one BWP corresponding to the largest configured number of PRBs, µ' follows the BWP with the largest subcarrier spacing.
-	 corresponds to the subcarrier spacing of the active BWP 
-	RLBRM = 2/3 as defined in Subclause 5.4.2.1 [5, TS 38.212]
-	TBSLBRM as defined in Subclause 5.4.2.1 [5, TS 38.212] 
-	X as defined for downlink in Subclause 5.4.2.1 [5, TS 38.212].
If the UE skips decoding, the physical layer indicates to higher layer that the transport block is not successfully decoded. 
Within a cell group, a UE is not required to handle PDSCH(s) transmissions in slot sj in serving cell-j, and for j = 0,1,2.. J-1, slot sj overlapping with any given point in time, if the following condition is not satisfied at that point in time: 

where, 
-	J is the number of configured serving cells belonging to a frequency range
-	for the j-th serving cell,
-	M is the number of TB(s) transmitted in slot sj.
-	Tslot(j) =10-3/2(j), where (j) is the numerology for PDSCH(s) in slot sj of the j-th serving cell. 
-	for the m-th TB, 
-	A is the number of bits in the transport block as defined in Subclause 7.2.1 [5, TS 38.212] 
-	C is the total number of code blocks for the transport block defined in Subclause 5.2.2 [5, TS 38.212].
-	 is the number of scheduled code blocks for the transport block as defined in Subclause 5.4.2.1 [5, TS 38.212] 
-	 [Mbps] is computed as the maximum data rate summed over all the carriers in the frequency range for any signaled band combination and feature set consistent with the configured servings cells, where the data rate value is given by the formula in Subclause 4.1.2 in [13, TS 38.306], including the scaling factor f(i).
For a j-th serving cell, if higher layer parameter processingType2Enabled of PDSCH-ServingCellConfig is configured for the serving cell and set to enable, or if at least one IMCS > W for a PDSCH, where W = 28 for MCS tables 5.1.3.1-1 and 5.1.3.1-3, and W = 27 for MCS table 5.1.3.1-2, the UE is not required to handle PDSCH transmissions, if the following condition is not satisfied:

where
-	is the number of symbols assigned to the PDSCH
-	M is the number of TB(s) in the PDSCH
-	 where  is the numerology of the PDSCH 
-	for the m-th TB, 
-	A is the number of bits in the transport block as defined in Subclause 7.2.1 [5, TS 38.212] 
-	C is the total number of code blocks for the transport block defined in Subclause 5.2.2 [5, TS 38.212]
-	 is the number of scheduled code blocks for the transport block as defined in Subclause 5.4.2.1 [5, TS 38.212] 
-	 [Mbps] is computed as the maximum data rate for a carrier in the frequency band of the serving cell for any signaled band combination and feature set consistent with the serving cell, where the data rate value is given by the formula in Subclause 4.1.2 in [13, TS 38.306], including the scaling factor f(i).
[bookmark: _Toc11352091][bookmark: _Toc20317981]5.1.3.1	Modulation order and target code rate determination
For the PDSCH scheduled by a PDCCH with DCI format 1_0, or format 1_1 or format 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, SI-RNTI, RA-RNTI, or P-RNTI, or for the PDSCH scheduled without corresponding PDCCH transmissions using the higher-layer-provided PDSCH configuration SPS-config,
if the higher layer parameter mcs-Table-ForDCIFormat1_2 given by PDSCH-Config is set to 'qam256', and the PDSCH is scheduled by a PDCCH with DCI format 1_2 with CRC scrambled by C-RNTI	Comment by Mihai Enescu - RAN1#99: Agreements:
Support 5 bit “modulation and coding scheme” in DCI format 0_2/1_2 as in Rel-15 without any change.

Agreements:
New RRC parameter to support the MCS table selection for DCI format 1_2. Same mechanism as in Rel-15 is used for MCS table selection. 
No new RNTI is introduced for the above two agreements

RRC parameter: 
mcs-Table-ForDCIFormat1_2  in PDSCH-Config
-	the UE shall use IMCS and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel. 
elseif the UE is not configured with MCS-C-RNTI, the higher layer parameter mcs-Table-ForDCIFormat1_2 given by PDSCH-Config is set to 'qam64LowSE', and the PDSCH is scheduled by a PDCCH with DCI format 1_2 scrambled by C-RNTI
-	the UE shall use IMCS and Table 5.1.3.1-3 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel. 
[bookmark: _Hlk497815485]elseif the higher layer parameter mcs-Table given by PDSCH-Config is set to 'qam256', and the PDSCH is scheduled by a PDCCH with DCI format 1_1 with CRC scrambled by C-RNTI
-	the UE shall use IMCS and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel. 
[bookmark: _Hlk515440637][bookmark: _Hlk515440310]elseif the UE is not configured with MCS-C-RNTI, the higher layer parameter mcs-Table given by PDSCH-Config is set to 'qam64LowSE', and the PDSCH is scheduled by a PDCCH with a DCI format other than DCI format 1_2 in a UE-specific search space with CRC scrambled by C-RNTI
-	the UE shall use IMCS and Table 5.1.3.1-3 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel.
elseif the UE is configured with MCS-C-RNTI, and the PDSCH is scheduled by a PDCCH with CRC scrambled by MCS-C-RNTI
-	the UE shall use IMCS and Table 5.1.3.1-3 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel.
elseif the UE is not configured with the higher layer parameter mcs-Table given by SPS-config, the higher layer parameter mcs-Table-ForDCIFormat1_2 given by PDSCH-Config is set to 'qam256', and the PDSCH is scheduled by a PDCCH with DCI format 1_2 with CRC scrambled by CS-RNTI
-	the UE shall use IMCS and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel. 
elseif the UE is not configured with the higher layer parameter mcs-Table given by SPS-config, the higher layer parameter mcs-Table given by PDSCH-Config is set to 'qam256', 
-	if the PDSCH is scheduled by a PDCCH with DCI format 1_1 with CRC scrambled by CS-RNTI or
-	if the PDSCH is scheduled without corresponding PDCCH transmission using SPS-config, 
-	the UE shall use IMCS and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel.
elseif the UE is configured with the higher layer parameter mcs-Table given by SPS-config set to 'qam64LowSE'
-	if the PDSCH is scheduled by a PDCCH with CRC scrambled by CS-RNTI or
-	if the PDSCH is scheduled without corresponding PDCCH transmission using SPS-config, 
-	the UE shall use IMCS and Table 5.1.3.1-3 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel.
else
-	the UE shall use IMCS and Table 5.1.3.1-1 to determine the modulation order (Qm) and Target code rate (R) used in the physical downlink shared channel.
end
The UE is not expected to decode a PDSCH scheduled with P-RNTI, RA-RNTI, SI-RNTI and Qm > 2
<omitted text>
[bookmark: _Toc11352092][bookmark: _Toc20317982]5.1.3.2	Transport block size determination
In case the higher layer parameter maxNrofCodeWordsScheduledByDCI indicates that two codeword transmission is enabled, then one of the two transport blocks is disabled by DCI format 1_1 if IMCS = 26 and if rvid = 1 for the corresponding transport block. If both transport blocks are enabled, transport block 1 and 2 are mapped to codeword 0 and 1 respectively. If only one transport block is enabled, then the enabled transport block is always mapped to the first codeword.


For the PDSCH assigned by a PDCCH with DCI format 1_0, or format 1_1 or format 1_2  with CRC scrambled by C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, or SI-RNTI, if Table 5.1.3.1-2 is used and , or a table other than Table 5.1.3.1-2 is used and , the UE shall, except if the transport block is disabled in DCI format 1_1, first determine the TBS as specified below:
1)	The UE shall first determine the number of REs (NRE) within the slot. 








[bookmark: _Hlk500489688][bookmark: _Hlk515619163]-	A UE first determines the number of REs allocated for PDSCH within a PRB () by , where is the number of subcarriers in a physical resource block,  is the number of symbols of the PDSCH allocation within the slot,  is the number of REs for DM-RS per PRB in the scheduled duration including the overhead of the DM-RS CDM groups without data, as indicated by DCI format 1_1 or format 1_2 or as described for format 1_0 in Subclause 5.1.6.2, and  is the overhead configured by higher layer parameter xOverhead in PDSCH-ServingCellConfig. If the xOverhead in PDSCH-ServingCellconfig is not configured (a value from 0, 6, 12, or 18), the  is set to 0. If the PDSCH is scheduled by PDCCH with a CRC scrambled by SI-RNTI, RA-RNTI or P-RNTI,  is assumed to be 0.	Comment by Mihai Enescu - RAN1#99: Editors note: 
Discussion on RAN1 reflector on DM-RS mapping for DCI format 1_2 for 0bit AP size still ongoing having an effect on the PDSCH RE mapping (and overhead assumption). Might need format 0_2 to be added with a clause applicable only if AP field size >0 - i.e. ‘or format 1_2 (if antenna ports field is not present)’


-	A UE determines the total number of REs allocated for PDSCH () by , where nPRB is the total number of allocated PRBs for the UE. 
<omitted text>
[bookmark: _Toc11352093][bookmark: _Toc20317983]5.1.4	PDSCH resource mapping
[bookmark: _Hlk500355486]When receiving the PDSCH scheduled with SI-RNTI and the system information indicator in DCI is set to 0, the UE shall assume that no SS/PBCH block is transmitted in REs used by the UE for a reception of the PDSCH.
When receiving the PDSCH scheduled with SI-RNTI and the system information indicator in DCI is set to 1, RA-RNTI, P-RNTI or TC-RNTI, the UE assumes SS/PBCH block transmission according to ssb-PositionsInBurst, and if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources the UE shall assume that the PRBs containing SS/PBCH block transmission resources are not available for PDSCH in the OFDM symbols where SS/PBCH block is transmitted.
A UE expects a configuration provided by ssb-PositionsInBurst in ServingCellConfigCommon to be same as a configuration provided by ssb-PositionsInBurst in SIB1.
When receiving PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCHs with SPS, the REs corresponding to the configured or dynamically indicated resources in Subclauses 5.1.4.1, 5.1.4.2 are not available for PDSCH. Furthermore, the UE assumes SS/PBCH block transmission according to ssb-PositionsInBurst if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources, the UE shall assume that the PRBs containing SS/PBCH block transmission resources are not available for PDSCH in the OFDM symbols where SS/PBCH block is transmitted. 
A UE is not expected to handle the case where PDSCH DM-RS REs are overlapping, even partially, with any RE(s) not available for PDSCH.
[bookmark: _Toc11352094][bookmark: _Toc20317984]5.1.4.1	PDSCH resource mapping with RB symbol level granularity
The procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this subclause equally apply to PDSCH scheduled by PDCCH with DCI format 1_2, by applying the parameters of rateMatchPatternGroup1-ForDCIFormat1_2, rateMatchPatternGroup2-ForDCIFormat1_2 instead of rateMatchPatternGroup1 and  rateMatchPatternGroup2.	Comment by Mihai Enescu: Agreements:
Support configurable number of bits for the following fields for DL DCI format scheduling Rel-16 URLLC.
• Carrier indicator (0 bit or at least one non-zero bit)
• PRB bundling size indicator (0 or 1 bit)
• Rate matching indicator (0, 1 or 2 bits)
• ZP CSI-RS trigger (0, 1 or 2 bits)

Note: The parameter is used to determine the number of bits for the field "Rate matching indicator" in DCI format 1_2 in Rel-16 for DL scheduling, according to the higher layer parameter rateMatchPatternGroup1 or 2 as in Rel-15

RAN1 agreed RRC parameters: 
rateMatchPatternGroup1-ForDCIFormat1_2, rateMatchPatternGroup2-ForDCIFormat1_2
A UE may be configured with any of the following higher layer parameters indicating REs declared as not available for PDSCH:
-	rateMatchPatternToAddModList given by PDSCH-Config, by ServingCellConfig or by ServingCellConfigCommon and configuring up to 4 RateMatchPattern(s) per BWP and up to 4 RateMatchPattern(s) per serving-cell. A RateMatchPattern may contain:
-	within a BWP, when provided by PDSCH-Config or within a serving cell when provided by ServingCellConfig or ServingCellConfigCommon, a pair of reserved resources with numerology provided by higher layer parameter subcarrierSpacing given by RateMatchPattern when configured per serving cell or by numerology of associated BWP when configured per BWP .The pair of reserved resources are respectively indicated by an RB level bitmap (higher layer parameter resourceBlocks given by RateMatchPattern ) with 1RB granularity and a symbol level bitmap spanning one or two slots (higher layer parameters symbolsInResourceBlock given by RateMatchPattern ) for which the reserved RBs apply. A bit value equal to 1 in the RB and symbol level bitmaps indicates that the corresponding resource is not available for PDSCH. For each pair of RB and symbol level bitmaps, a UE may be configured with a time-domain pattern (higher layer parameter periodicityAndPattern given by RateMatchPattern ), where each bit of periodicityAndPattern corresponds to a unit equal to a duration of the symbol level bitmap, and a bit value equal to 1 indicates that the pair is present in the unit. The periodicityAndPattern can be {1, 2, 4, 5, 8, 10, 20 or 40} units long, but maximum of 40ms. The first symbol of periodicityAndPattern every 40ms/P periods is a first symbol in frame  mod 4 = 0, where P is the duration of periodicityAndPattern in units of ms. When periodicityAndPattern is not configured for a pair, for a symbol level bitmap spanning two slots, the bits of the first and second slots correspond respectively to even and odd slots of a radio frame, and for a symbol level bitmap spanning one slot, the bits of the slot correspond to every slot of a radio frame. The pair can be included in one or two groups of resource sets (higher layer parameters rateMatchPatternGroup1and rateMatchPatternGroup2). The rateMatchPatternToAddModList given by ServingCellConfig or ServingCellConfigCommon configuration in numerology µ applies only to PDSCH of the same numerology µ.
-	within a BWP, a frequency domain resource of a CORESET configured by ControlResourceSet with controlResourceSetId or ControlResourceSetZero and time domain resource determined by the higher layer parameters monitoringSlotPeriodicityAndOffset, duration and monitoringSymbolsWithinSlot of all search-space-sets configured by SearchSpace and time domain resource of search-space-set zero configured by searchSpaceZero associated with the CORESET as well as CORESET duration configured by ControlResourceSet with controlResourceSetId or ControlResourceSetZero. This resource not available for PDSCH can be included in one or two groups of resource sets (higher layer parameters rateMatchPatternGroup1 and rateMatchPatternGroup2).
A configured group rateMatchPatternGroup1 or rateMatchPatternGroup2 contains a list of RB and symbol level resource set indices forming a union of resource-sets not available for PDSCH dynamically if a corresponding bit of the Rate matching indicator field of DCI format 1_1 scheduling the PDSCH is equal to 1. The REs corresponding to the union of configured RB-symbol level resource-sets that are not included in either of the two groups are not available for PDSCH scheduled by DCI format 1_1. When receiving PDSCH scheduled by DCI format 1_0 or PDSCHs with SPS activated by DCI format 1_0, the REs corresponding to configured resources in rateMatchPatternGroup1 or rateMatchPatternGroup2 are not available for PDSCH.
[bookmark: _Hlk512443080]For a bitmap pair included in one or two groups of resource sets, the dynamic indication of availability for PDSCH applies to a set of slot(s) where the rateMatchPatternToAddModList is present among the slots of scheduled PDSCH.
[bookmark: _Hlk508033505][bookmark: _Hlk508024697]If a UE monitors PDCCH candidates of aggregation levels 8 and 16 with the same starting CCE index in non-interleaved CORESET spanning one OFDM symbol and if a detected PDCCH scheduling the PDSCH has aggregation level 8, the resources corresponding to the aggregation level 16 PDCCH candidate are not available for the PDSCH.
If a PDSCH scheduled by a PDCCH would overlap with resources in the CORESET containing the PDCCH, the resources corresponding to a union of the detected PDCCH that scheduled the PDSCH and associated PDCCH DM-RS are not available for the PDSCH. When precoderGranularity configured in a CORESET where the PDCCH was detected is equal to allContiguousRBs, the associated PDCCH DM-RS are DM-RS in all REGs of the CORESET. Otherwise, the associated DM-RS are the DM-RS in REGs of the PDCCH.
[bookmark: _Toc11352095][bookmark: _Toc20317985]5.1.4.2	PDSCH resource mapping with RE level granularity
The procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this subclause equally apply to PDSCH scheduled by PDCCH with DCI format 1_2, by applying the parameters of aperiodic-ZP-CSI-RS-ResourceSetsToAddModList-ForDCIFormat1_2 instead of aperiodic-ZP-CSI-RS-ResourceSetsToAddModList.	Comment by Mihai Enescu: Agreements:
Support configurable number of bits for the following fields for DL DCI format scheduling Rel-16 URLLC.
• Carrier indicator (0 bit or at least one non-zero bit)
• PRB bundling size indicator (0 or 1 bit)
• Rate matching indicator (0, 1 or 2 bits)
• ZP CSI-RS trigger (0, 1 or 2 bits)

RAN1 agreed RRC parameters: 
aperiodic-ZP-CSI-RS-ResourceSetsToAddModList-ForDCIFormat1_2
A UE may be configured with any of the following higher layer parameters:
-	REs indicated by lte-CRS-ToMatchAround in ServingCellConfig or ServingCellConfigCommon configuring common RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in a serving cell are declared as not available for PDSCH. The configuration contains v-Shift consisting of LTE-CRS-vshift(s), nrofCRS-Ports consisting of LTE-CRS antenna ports 1, 2 or 4 ports, carrierFreqDL representing the LTE carrier centre subcarrier location determined by offset from (reference) point A, carrierBandwidthDL representing the LTE carrier bandwidth, and may also configure mbsfn-SubframeConfigList representing MBSFN subframe configuration. A UE determines the CRS position within the slot according to Subclause 6.10.1.2 in [15, TS 36.211], where slot corresponds to LTE subframe.
-	within a BWP, the UE can be configured with one or more ZP CSI-RS resource set configuration(s) for aperiodic, semi-persistent and periodic time-domain behaviours (higher layer parameters aperiodic-ZP-CSI-RS-ResourceSetsToAddModList,  sp-ZP-CSI-RS-ResourceSetsToAddModList and p-ZP-CSI-RS-ResourceSet respectively comprised in PDSCH-Config), with each ZP-CSI-RS resource set consisting of at most 16 ZP CSI-RS resources (higher layer parameter ZP-CSI-RS-Resource) in numerology of the BWP. The REs indicated by p-ZP-CSI-RS-ResourceSet are declared as not available for PDSCH. The REs indicated by sp-ZP-CSI-RS-ResourceSetsToAddModList and aperiodic-ZP-CSI-RS-ResourceSetsToAddModList are declared as not available for PDSCH when their triggering and activation are applied, respectively. The following parameters are configured via higher layer signaling for each ZP CSI-RS resource configuration:
-	zp-CSI-RS-ResourceId in ZP-CSI-RS-Resource determines ZP CSI-RS resource configuration identity.
-	nrofPorts defines the number of CSI-RS ports, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
-	cdm-Type defines CDM values and pattern, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
-	resourceMapping given by ZP-CSI-RS-Resource defines the OFDM symbol and subcarrier occupancy of the ZP-CSI-RS resource within a slot that are given in Subclause 7.4.1.5 of [4, TS 38.211].
[bookmark: _Hlk512445251]-	periodicityAndOffset in ZP-CSI-RS-Resource defines the ZP-CSI-RS periodicity and slot offset for periodic/semi-persistent ZP-CSI-RS. 
[bookmark: _Hlk512443092]The UE may be configured with a DCI field for triggering the aperiodic ZP-CSI-RS. A list of ZP-CSI-RS-ResourceSet(s), provided by higher layer parameter aperiodic-ZP-CSI-RS-ResourceSetsToAddModList in PDSCH-Config , is configured for aperiodic triggering. The maximum number of aperiodic ZP-CSI-RS-ResourceSet(s) configured per BWP is 3. The bit-length of DCI field ZP CSI-RS trigger depends on the number of aperiodic ZP-CSI-RS-ResourceSet(s)configured (up to 2 bits). Each non-zero codepoint of ZP CSI-RS trigger in DCI format 1_1 triggers one aperiodic ZP-CSI-RS-ResourceSet in the list aperiodic-ZP-CSI-RS-ResourceSetsToAddModList by indicating the aperiodic ZP CSI-RS resource set ID. The DCI codepoint '01' triggers the resource set with ZP-CSI-RS-ResourceSetIds = 1, the DCI codepoint '10' triggers the resource set with ZP-CSI-RS-ResourceSetIds = 2, and the DCI codepoint '11' triggers the resource set with ZP-CSI-RS-ResourceSetIds = 3. Codepoint '00' is reserved for not triggering aperiodic ZP CSI-RS. When receiving PDSCH scheduled by DCI format 1_0 or PDSCHs with SPS activated by DCI format 1_0, the REs corresponding to configured resources in aperiodic-ZP-CSI-RS-ResourceSetsToAddModList are available for PDSCH. 
When the UE is configured with multi-slot and single-slot PDSCH scheduling, the triggered aperiodic ZP CSI-RS is applied to all the slot(s) of the PDSCH scheduled by the PDCCH containing the trigger.
For a UE configured with a list of ZP-CSI-RS-ResourceSet(s) provided by higher layer parameter sp-ZP-CSI-RS-ResourceSetsToAddModList: 
-	when the HARQ-ACK corresponding to the PDSCH carrying the activation command, as described in subclause 6.1.3.19 of [10, TS 38.321], for ZP CSI-RS resource(s) is transmitted in slot n, the corresponding action in [10, TS 38.321] and the UE assumption on the PDSCH RE mapping corresponding to the activated ZP CSI-RS resource(s) shall be applied starting from the first slot that is after slot .
-	when the HARQ-ACK corresponding to the PDSCH carrying the deactivation command, as described in subclause 6.1.3.19 of [10, TS 38.321], for activated ZP CSI-RS resource(s) is transmitted in slot n, the corresponding action in [10, TS 38.321] and the UE assumption on cessation of the PDSCH RE mapping corresponding to the de-activated ZP CSI-RS resource(s) shall be applied starting from the first slot that is after slot .
[bookmark: _Toc11352096][bookmark: _Toc20317986]5.1.5	Antenna ports quasi co-location	Comment by Mihai Enescu - RAN1#99: Editors note: 
Changes in Sec. 5.1.5 based on the following RAN1 agreements: 

Agreements:
For the new DCI format for DL scheduling for Rel-16 URLLC, support configurable number of bits for the following fields:
• Antenna port(s) (0 or 4/5/6 bits)
o New RRC configuration parameters are introduced for this configuration
• Transmission configuration indication (0 or 3 bits)
o FFS 1 or 2 bits
• SRS request (0 or 2 or 3 bits)
o FFS 1 bit
• DMRS sequence initialization (0 or 1 bit)

Agreements (RAN1#99):
Support additional 1 or 2 bits for “Transmission configuration indication” in DCI format 1_2 
The candidate value of range for tci-PresentInDCI-ForDCIFormat1_2 is {1, 2, 3} 
0 bit for “Transmission configuration indication” in DCI format 1_2 if tci-PresentInDCI-ForDCIFormat1_2 is not configured
Same RRC configuration on the TCI state list for DCI format 1_1 and DCI format 1_2
Same TCI states for DCI format 1_1 and DCI format 1_2 are activated by MAC CE
If 1 bit is configured, then the first two TCI states activated by MAC CE can be dynamically indicated by this 1 bit for single TRP
If 2 bits is configured, then the first four TCI states activated by MAC CE can be dynamically indicated by this 2 bits for single TRP
	Comment by Mihai Enescu - RAN1#99: Agreements: RAN1#99
Support additional 1 or 2 bits for “Transmission configuration indication” in DCI format 1_2 
The candidate value of range for tci-PresentInDCI-ForDCIFormat1_2 is {1, 2, 3} 
0 bit for “Transmission configuration indication” in DCI format 1_2 if tci-PresentInDCI-ForDCIFormat1_2 is not configured
Same RRC configuration on the TCI state list for DCI format 1_1 and DCI format 1_2
Same TCI states for DCI format 1_1 and DCI format 1_2 are activated by MAC CE
If 1 bit is configured, then the first two TCI states activated by MAC CE can be dynamically indicated by this 1 bit for single TRP
If 2 bits is configured, then the first four TCI states activated by MAC CE can be dynamically indicated by this 2 bits for single TRP
	Comment by Mihai Enescu: Agreements:
For the new DCI format for DL scheduling for Rel-16 URLLC, support configurable number of bits for the following fields:
• Antenna port(s) (0 or 4/5/6 bits)
o New RRC configuration parameters are introduced for this configuration
• Transmission configuration indication (0 or 3 bits)
o FFS 1 or 2 bits
• SRS request (0 or 2 or 3 bits)
o FFS 1 bit
• DMRS sequence initialization (0 or 1 bit)


RAN1 agreed RRC parameters: 
tci-PresentInDCI-ForDCIFormat1_2
The UE can be configured with a list of up to M TCI-State configurations within the higher layer parameter PDSCH-Config to decode PDSCH according to a detected PDCCH with DCI intended for the UE and the given serving cell, where M depends on the UE capability maxNumberConfiguredTCIstatesPerCC. Each TCI-State contains parameters for configuring a quasi co-location relationship between one or two downlink reference signals and the DM-RS ports of the PDSCH, the DM-RS port of PDCCH or the CSI-RS port(s) of a CSI-RS resource. The quasi co-location relationship is configured by the higher layer parameter qcl-Type1 for the first DL RS, and qcl-Type2 for the second DL RS (if configured). For the case of two DL RSs, the QCL types shall not be the same, regardless of whether the references are to the same DL RS or different DL RSs. The quasi co-location types corresponding to each DL RS are given by the higher layer parameter qcl-Type in QCL-Info and may take one of the following values: 
[bookmark: _Hlk500800106][bookmark: _Hlk500784100]-	'QCL-TypeA': {Doppler shift, Doppler spread, average delay, delay spread}
-	'QCL-TypeB': {Doppler shift, Doppler spread}
-	'QCL-TypeC': {Doppler shift, average delay}
-	'QCL-TypeD': {Spatial Rx parameter}
[bookmark: _Hlk500953403]The UE receives an activation command, as described in subclause 6.1.3.14 of [10, TS 38.321], used to map up to 8 TCI states to the codepoints of the DCI field 'Transmission Configuration Indication'. When the HARQ-ACK corresponding to the PDSCH carrying the activation command is transmitted in slot n, the indicated mapping between TCI states and codepoints of the DCI field 'Transmission Configuration Indication' should be applied starting from the first slot that is after slot. If tci-PresentInDCI is set to "enabled" or tci-PresentInDCI-ForFormat1_2 is configured for the CORESET scheduling the PDSCH, and the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than timeDurationForQCL if applicable, after a UE receives an initial higher layer configuration of TCI states and before reception of the activation command, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the SS/PBCH block determined in the initial access procedure with respect to 'QCL-TypeA', and when applicable, also with respect to'QCL-TypeD'. 
If a UE is configured with the higher layer parameter tci-PresentInDCI that is set as 'enabled' for the CORESET scheduling the PDSCH, the UE assumes that the TCI field is present in the DCI format 1_1 of the PDCCH transmitted on the CORESET. If a UE is configured with the higher layer parameter tci-PresentInDCI-ForFormat1_2 for the CORESET scheduling the PDSCH, the UE assumes that the TCI field with a DCI field size indicated by tci-PresentInDCI-ForFormat1_2 is present in the DCI format 1_2 of the PDCCH transmitted on the CORESET. If tci-PresentInDCI is not configured for the CORESET scheduling the PDSCH or the PDSCH is scheduled by a DCI format 1_0not having the TCI field present, and the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold timeDurationForQCL if applicable, where the threshold is based on reported UE capability [13, TS 38.306], for determining PDSCH antenna port quasi co-location, the UE assumes that the TCI state or the QCL assumption for the PDSCH is identical to the TCI state or QCL assumption whichever is applied for the CORESET used for the PDCCH transmission. 
[bookmark: _Hlk530421126]If the PDSCH is scheduled by a DCI format having the TCI field presentthe tci-PresentInDCI is set as 'enabled', the TCI field in DCI in the scheduling component carrier points to the activated TCI states in the scheduled component carrier or DL BWP and when the PDSCH is scheduled by DCI format 1_1, the UE shall use the TCI-State according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) in the TCI state with respect to the QCL type parameter(s) given by the indicated TCI state if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold timeDurationForQCL, where the threshold is based on reported UE capability [13, TS 38.306]. When the UE is configured with a single slot PDSCH, the indicated TCI state should be based on the activated TCI states in the slot with the scheduled PDSCH. When the UE is configured with a multi-slot PDSCH, the indicated TCI state should be based on the activated TCI states in the first slot with the scheduled PDSCH, and UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCH. When the UE is configured with CORESET associated with a search space set for cross-carrier scheduling, the UE expects tci-PresentInDci is set as 'enabled' or tci-PresentInDCI-ForFormat1_2 is configured for the CORESET, and if one or more of the TCI states configured for the serving cell scheduled by the search space set contains 'QCL-TypeD', the UE expects the time offset between the reception of the detected PDCCH in the search space set and the corresponding PDSCH is larger than or equal to the threshold timeDurationForQCL.	Comment by Mihai Enescu - RAN1#99: Editors note: 
As the current formulation already uses the word ‘value’ (0…X), no changes are need for the 1 or 2 bit TCI state indication (i.e. value range 0-1, 0-3, 0-8 for 1, 2 or 3 bits)
[bookmark: _Hlk498002628][bookmark: _Hlk500790716][bookmark: _Hlk498589824]Independent of the configuration of For both the cases when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configuredand tci-PresentInDCI-ForFormat1_2  in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE. In this case, if the 'QCL-TypeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers). If none of configured TCI states for the serving cell of scheduled PDSCH contains 'QCL-TypeD', the UE shall obtain the other QCL assumptions from the indicated TCI states for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH.
[bookmark: _Hlk513025570]For a periodic CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):
-	'QCL-TypeC' with an SS/PBCH block and, when applicable, 'QCL-TypeD' with the same SS/PBCH block, or
-	'QCL-TypeC' with an SS/PBCH block and, when applicable,'QCL-TypeD' with a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or
For an aperiodic CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, the UE shall expect that a TCI-State indicates 'QCL-TypeA' with a periodic CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable,'QCL-TypeD' with the same periodic CSI-RS resource.
For a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without the higher layer parameter repetition, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s): 
-	'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with the same CSI-RS resource, or
-	'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with an SS/PBCH block , or
-	'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or
-	'QCL-TypeB' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info when 'QCL-TypeD' is not applicable.
For a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):
-	'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with the same CSI-RS resource, or
-	'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or
-	'QCL-TypeC' with an SS/PBCH block and, when applicable, 'QCL-TypeD' with the same SS/PBCH block.
For the DM-RS of PDCCH, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):
-	'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with the same CSI-RS resource, or
-	'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition, or
-	'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without higher layer parameter repetition and, when applicable, 'QCL-TypeD' with the same CSI-RS resource.
For the DM-RS of PDSCH, the UE shall expect that a TCI-State indicates one of the following quasi co-location type(s):
-	'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with the same CSI-RS resource, or
-	'QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info and, when applicable, 'QCL-TypeD' with a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition,or
-	QCL-TypeA' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without higher layer parameter repetition and, when applicable, 'QCL-TypeD' with the same CSI-RS resource.
[bookmark: _Toc11352097][bookmark: _Toc20317987]5.1.6	UE procedure for receiving downlink reference signals
<omitted text>
[bookmark: _Toc11352102][bookmark: _Toc20317992]5.1.6.2	DM-RS reception procedure
The DM-RS reception procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this section equally apply to PDSCH scheduled by PDCCH with DCI format 1_2, by applying the parameters of dmrs-DownlinkForPDSCH-MappingTypeA-ForDCIFormat1_2 and dmrs-DownlinkForPDSCH-MappingTypeB-ForDCIFormat1_2 instead of dmrs-DownlinkForPDSCH-MappingTypeA and dmrs-DownlinkForPDSCH-MappingTypeB.
When receiving PDSCH scheduled by DCI format 1_0 or receiving PDSCH before dedicated higher layer configuration of any of the parameters dmrs-AdditionalPosition, maxLength and dmrs-Type, the UE shall assume that the PDSCH is not present in any symbol carrying DM-RS except for PDSCH with allocation duration of 2 symbols with PDSCH mapping type B (described in subclause 7.4.1.1.2 of [4, TS 38.211]), and a single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 1000 is transmitted, and that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE and in addition
-	For PDSCH with mapping type A, the UE shall assume dmrs-AdditionalPosition='pos2' and up to two additional single-symbol DM-RS present in a slot according to the PDSCH duration indicated in the DCI as defined in Subclause 7.4.1.1 of [4, TS 38.211], and
-	For PDSCH with allocation duration of 7 symbols for normal CP or 6 symbols for extended CP with mapping type B, the UE shall assume one additional single-symbol DM-RS present in the 5th or 6th symbol when the front-loaded DM-RS symbol is in the 1st or 2nd symbol respectively of the PDSCH allocation duration, otherwise the UE shall assume that the additional DM-RS symbol is not present, and
-	For PDSCH with allocation duration of 4 symbols with mapping type B, the UE shall assume that no additional DM-RS are present, and 
-	For PDSCH with allocation duration of 2 symbols with mapping type B, the UE shall assume that no additional DM-RS are present, and the UE shall assume that the PDSCH is present in the symbol carrying DM-RS.
When receiving PDSCH scheduled by DCI format 1_1 by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI,
-	the UE may be configured with the higher layer parameter dmrs-Type, and the configured DM-RS configuration type is used for receiving PDSCH in as defined in Subclause 7.4.1.1 of [4, TS 38.211].
-	the UE may be configured with the maximum number of front-loaded DM-RS symbols for PDSCH by higher layer parameter maxLength given by DMRS-DownlinkConfig..
-	if maxLength is set to 'len1', single-symbol DM-RS can be scheduled for the UE by DCI, and the UE can be configured with a number of additional DM-RS for PDSCH by higher layer parameter dmrs-AdditionalPosition, which can be set to 'pos0', 'pos1', 'pos2' or 'pos3'. 
-	if maxLength is set to 'len2', both single-symbol DM-RS and double symbol DM-RS can be scheduled for the UE by DCI, and the UE can be configured with a number of additional DM-RS for PDSCH by higher layer parameter dmrs-AdditionalPosition, which can be set to 'pos0' or 'pos1'.
-	and the UE shall assume to receive additional DM-RS as specified in Table 7.4.1.1.2-3 and Table 7.4.1.1.2-4 as described in Subclause 7.4.1.1.2 of [4, TS 38.211].
For the UE-specific reference signals generation as defined in Subclause 7.4.1.1 of [4, TS 38.211], a UE can be configured by higher layers with one or two scrambling identity(s), i = 0,1 which are the same for both PDSCH mapping Type A and Type B.
[bookmark: _Hlk500839563]A UE may be scheduled with a number of DM-RS ports by the antenna port index in DCI format 1_1 as described in Subclause 7.3.1.2 of [5, TS 38.212]. 
For DM-RS configuration type 1, 
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 9, 10, 11 or 30} in Table 7.3.1.2.2-1 and Table 7.3.1.2.2-2 of Subclause 7.3.1.2 of [5, TS 38.212], or
-	if a UE is scheduled with two codewords, 
the UE may assume that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE.
For DM-RS configuration type 2, 
-	if a UE is scheduled with one codeword and assigned with the antenna port mapping with indices of {2, 10 or 23} in Table 7.3.1.2.2-3 and Table 7.3.1.2.2-4 of Subclause 7.3.1.2 of [5, TS38.212], or
-	if a UE is scheduled with two codewords, 
the UE may assume that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE.
[bookmark: _Hlk500828751]If a UE receiving PDSCH is configured with the higher layer parameter phaseTrackingRS in DMRS-DownlinkConfig, the UE may assume that the following configurations are not occurring simultaneously for the received PDSCH:
-	any DM-RS ports among 1004-1007 or 1006-1011 for DM-RS configurations type 1 and type 2, respectively are scheduled for the UE and the other UE(s) sharing the DM-RS REs on the same CDM group(s), and
-	PT-RS is transmitted to the UE.
The UE is not expected to simultaneously be configured with the maximum number of front-loaded DM-RS symbols for PDSCH by higher layer parameter maxLength being set equal to 'len2' and more than one additional DM-RS symbol as given by the higher layer parameter dmrs-AdditionalPosition. 
The UE is not expected to assume co-scheduled UE(s) with different DM-RS configuration with respect to the actual number of front-loaded DM-RS symbol(s), the actual number of additional DM-RS, the DM-RS symbol location, and DM-RS configuration type as described in Subclause 7.4.1.1 of [4, TS 38.211]. 
The UE does not expect the precoding of the potential co-scheduled UE(s) in other DM-RS ports of the same CDM group to be different in the PRG-level grid configured to this UE with PRG =2 or 4.
The UE does not expect the resource allocation of the potential co-scheduled UE(s) in other DM-RS ports of the same CDM group to be misaligned in the PRG-level grid to this UE with PRG=2 or 4.
When receiving PDSCH scheduled by DCI format 1_1, the UE shall assume that the CDM groups indicated in the configured index from Tables 7.3.1.2.2-1, 7.3.1.2.2-2, 7.3.1.2.2-3, 7.3.1.2.2-4 of [5, TS. 38.212] contain potential co-scheduled downlink DM-RS and are not used for data transmission, where "1", "2" and "3" for the number of DM-RS CDM group(s) in Tables 7.3.1.2.2-1, 7.3.1.2.2-2, 7.3.1.2.2-3, 7.3.1.2.2-4 of [5, TS. 38.212] correspond to CDM group 0, {0,1}, {0,1,2}, respectively.
When receiving PDSCH scheduled by DCI format 1_0, the UE shall assume the number of DM-RS CDM groups without data is 1 which corresponds to CDM group 0 for the case of PDSCH with allocation duration of 2 symbols, and the UE shall assume that the number of DM-RS CDM groups without data is 2 which corresponds to CDM group {0,1} for all other cases.
The UE is not expected to receive PDSCH scheduling DCI which indicates CDM group(s) with potential DM-RS ports which overlap with any configured CSI-RS resource(s) for that UE.
[bookmark: _Hlk508018029][bookmark: _Hlk508638941]If the UE receives the DM-RS for PDSCH and an SS/PBCH block in the same OFDM symbol(s), then the UE may assume that the DM-RS and SS/PBCH block are quasi co-located with 'QCL-TypeD', if 'QCL-TypeD' is applicable. Furthermore, the UE shall not expect to receive DM-RS in resource elements that overlap with those of the SS/PBCH block, and the UE can expect that the same or different subcarrier spacing is configured for the DM-RS and SS/PBCH block in a CC except for the case of 240 kHz where only different subcarrier spacing is supported.
[bookmark: _Toc11352103][bookmark: _Toc20317993]5.1.6.3	PT-RS reception procedure	Comment by Mihai Enescu - RAN1#99: Editors note: 
Changes in the section will still be needed – pending final understanding of how to use the new dm-RS parameters for 0_2 (always configured or not) – which leads to different clauses to be added here!

Agreements:
For the new DCI format for DL scheduling for Rel-16 URLLC, support configurable number of bits for the following fields:
• Antenna port(s) (0 or 4/5/6 bits)
o New RRC configuration parameters are introduced for this configuration
• Transmission configuration indication (0 or 3 bits)
o FFS 1 or 2 bits
• SRS request (0 or 2 or 3 bits)
o FFS 1 bit
• DMRS sequence initialization (0 or 1 bit)


RAN1 agreed RRC parameters (after RAN1#98): 
DownlinkForPDSCH-MappingTypeA-ForDCIFormat1_2 and dmrs-DownlinkForPDSCH-MappingTypeB-ForDCIFormat1_2

Discussion on RRC parameter additions (FFS on RAN1 reflector):
Configuration for DCI format 1_2, defined in the same way as in section 6.3.2 in 38.331 for dmrs-DownlinkForPDSCH-MappingTypeA/B. If both "dmrs-DownlinkForPDSCH-MappingTypeA-ForDCIFormat1_2" and "dmrs-DownlinkForPDSCH-MappingTypeB-ForDCIFormat1_2" are absent, then 0 bit for "Antenna port(s)" in DCI format 1_2.
[bookmark: _Hlk497901566][bookmark: _Hlk500829290]A UE shall report the preferred MCS and bandwidth thresholds based on the UE capability at a given carrier frequency, for each subcarrier spacing applicable to data channel at this carrier frequency, assuming the MCS table with the maximum Modulation Order as it reported to support.
[bookmark: _Hlk500844944][bookmark: _Hlk500442245]If a UE is configured with the higher layer parameter phaseTrackingRS in DMRS-DownlinkConfig,
-	the higher layer parameters timeDensity and frequencyDensity in PTRS-DownlinkConfig indicate the threshold values ptrs-MCSi, i=1,2,3 and NRB,i , i=0,1, as shown in Table 5.1.6.3-1 and Table 5.1.6.3-2, respectively. 
-	if either or both of the additional higher layer parameters timeDensity and frequencyDensity are configured, and the RNTI equals MCS-C-RNTI, C-RNTI or CS-RNTI, the UE shall assume the PT-RS antenna port' presence and pattern is a function of the corresponding scheduled MCS of the corresponding codeword and scheduled bandwidth in corresponding bandwidth part as shown in Table 5.1.6.3-1 and Table 5.1.6.3-2, 
-	if the higher layer parameter timeDensity given by PTRS-DownlinkConfig is not configured, the UE shall assume LPT-RS = 1.
-	if the higher layer parameter frequencyDensity given by PTRS-DownlinkConfig is not configured, the UE shall assume KPT-RS = 2.
-	otherwise, if neither of the additional higher layer parameters timeDensity and frequencyDensity are configured and the RNTI equals MCS-C-RNTI, C-RNTI or CS-RNTI, the UE shall assume the PT-RS is present with LPT-RS = 1, KPT-RS = 2, and the UE shall assume PT-RS is not present when
-	the scheduled MCS from Table 5.1.3.1-1 is smaller than 10, or
-	the scheduled MCS from Table 5.1.3.1-2 is smaller than 5, or 
-	the scheduled MCS from Table 5.1.3.1-3 is smaller than 15, or 
-	the number of scheduled RBs is smaller than 3, or
-	otherwise, if the RNTI equals RA-RNTI, SI-RNTI, or P-RNTI, the UE shall assume PT-RS is not present 
Table 5.1.6.3-1: Time density of PT-RS as a function of scheduled MCS
	[bookmark: _Hlk497926106]Scheduled MCS
	
Time density ()

	IMCS < ptrs-MCS1 
	PT-RS is not present

	
ptrs-MCS1  IMCS < ptrs-MCS2
	4

	
ptrs-MCS2  IMCS < ptrs-MCS3
	2

	
ptrs-MCS3  IMCS < ptrs-MCS4
	1



Table 5.1.6.3-2: Frequency density of PT-RS as a function of scheduled bandwidth
	Scheduled bandwidth
	
Frequency density ()

	NRB < NRB0
	PT-RS is not present

	
NRB0  NRB < NRB1
	2

	
 NRB1  NRB 
	4



[bookmark: _Hlk497901610][bookmark: _Hlk497925681]If a UE is not configured with the higher layer parameter phaseTrackingRS in DMRS-DownlinkConfig, the UE assumes PT-RS is not present. 
The higher layer parameter PTRS-DownlinkConfig provides the parameters ptrs-MCSi, i=1,2,3 and with values in range 0-29 when MCS Table 5.1.3.1-1 or MCS Table 5.1.3.1-3 is used and 0-28 when MCS Table 5.1.3.1-2 is used, respectively. ptrs-MCS4 is not explicitly configured by higher layers but assumed 29 when MCS Table 5.1.3.1-1 or MCS Table 5.1.3.1-3 is used and 28 when MCS Table 5.1.3.1-2 is used, respectively. The higher layer parameter frequencyDensity in PTRS-DownlinkConfig provides the parameters NRBi i=0,1 with values in range 1-276.
If the higher layer parameter PTRS-DownlinkConfig indicates that the time density thresholds ptrs-MCSi = ptrs-MCSi+1, then the time density LPT-RS of the associated row where both these thresholds appear in Table 5.1.6.3-1 is disabled. If the higher layer parameter PTRS-DownlinkConfig indicates that the frequency density thresholds NRBi = NRBi +1, then the frequency density KPTRS of the associated row where both these thresholds appear in Table 5.1.6.3-2 is disabled.
If either or both of the parameters PT-RS time density (LPT-RS) and PT-RS frequency density (KPT-RS), shown in Table 5.1.6.3-1 and Table 5.1.6.3-2, indicates that 'PT-RS not present', the UE shall assume that PT-RS is not present.
[bookmark: _Hlk497928825]When the UE is receiving a PDSCH with allocation duration of 2 symbols as defined in Subclause 7.4.1.1.2 of [4, TS 38.211] and if LPT-RS is set to 2 or 4, the UE shall assume PT-RS is not transmitted. 
When the UE is receiving a PDSCH with allocation duration of 4 symbols and if LPT-RS is set to 4, the UE shall assume PT-RS is not transmitted.
When a UE is receiving PDSCH for retransmission, if the UE is scheduled with an MCS index greater than V, where V=28 for MCS Table 5.1.3.1-1 and Table 5.1.3.1-3, and V=27 for MCS Table 5.1.3.1-2 respectively, the MCS for the PT-RS time-density determination is obtained from the DCI received for the same transport block in the initial transmission, which is smaller than or equal to V. 
[bookmark: _Hlk498351071]The DL DM-RS port(s) associated with a PT-RS port are assumed to be quasi co-located with respect to {'QCL-TypeA' and 'QCL-TypeD'}.If a UE is scheduled with one codeword, the PT-RS antenna port is associated with the lowest indexed DM-RS antenna port among the DM-RS antenna ports assigned for the PDSCH.
If a UE is scheduled with two codewords, the PT-RS antenna port is associated with the lowest indexed DM-RS antenna port among the DM-RS antenna ports assigned for the codeword with the higher MCS. If the MCS indices of the two codewords are the same, the PT-RS antenna port is associated with the lowest indexed DM-RS antenna port assigned for codeword 0.
<omitted text>
[bookmark: _Toc11352107][bookmark: _Toc20317997]5.2	UE procedure for reporting channel state information (CSI)
[bookmark: _Toc11352108][bookmark: _Toc20317998]5.2.1	Channel state information framework
[bookmark: _Hlk500777975]The procedures on aperiodic CSI reporting described in this section assume that the CSI reporting is triggered by DCI format 0_1, but they equally apply to CSI reporting triggered by DCI format 0_2, by applying the parameters CSI-AperiodicTriggerStateList-ForDCIFormat0_2, [CSI-SemiPersistentOnPUSCH-TriggerStateList-ForDCIFormat0_2] and reportTriggerSize-ForDCIFormat0_2 instead of CSI-AperiodicTriggerStateList, [CSI-SemiPersistentOnPUSCH-TriggerStateList] and reportTriggerSize, respectively.	Comment by Mihai Enescu - RAN1#99: Agreements: (RAN1#98bis Chongqing)
For the new DCI format for UL scheduling for Rel-16 URLLC, support new RRC configuration for CSI Request and the corresponding table:
#of bits: 0 or 1 or 2 or 3 or 4 or 5 or 6 bits, derived the same way as that of Rel-15 non-fallback DCI

RRC parameters:
AperiodicTriggerStateList-ForDCIFormat0_2
CSI-SemiPersistentOnPUSCH-TriggerStateList-ForDCIFormat0_2
reportTriggerSize-ForDCIFormat0_2
The time and frequency resources that can be used by the UE to report CSI are controlled by the gNB. CSI may consist of Channel Quality Indicator (CQI), precoding matrix indicator (PMI), CSI-RS resource indicator (CRI), SS/PBCH Block Resource indicator (SSBRI), layer indicator (LI), rank indicator (RI) and/or L1-RSRP.
For CQI, PMI, CRI, SSBRI, LI, RI, L1-RSRP, a UE is configured by higher layers with N≥1 CSI-ReportConfig Reporting Settings, M≥1 CSI-ResourceConfig Resource Settings, and one or two list(s) of trigger states (given by the higher layer parameters CSI-AperiodicTriggerStateList and CSI-SemiPersistentOnPUSCH-TriggerStateList). Each trigger state in CSI-AperiodicTriggerStateList contains a list of associated CSI-ReportConfigs indicating the Resource Set IDs for channel and optionally for interference. Each trigger state in CSI-SemiPersistentOnPUSCH-TriggerStateList contains one associated CSI-ReportConfig.
<omitted text>
[bookmark: _Toc11352112][bookmark: _Toc20318002]5.2.1.4	Reporting configurations
The UE shall calculate CSI parameters (if reported) assuming the following dependencies between CSI parameters (if reported)
-	LI shall be calculated conditioned on the reported CQI, PMI, RI and CRI
-	CQI shall be calculated conditioned on the reported PMI, RI and CRI
-	PMI shall be calculated conditioned on the reported RI and CRI
-	RI shall be calculated conditioned on the reported CRI.
The Reporting configuration for CSI can be aperiodic (using PUSCH), periodic (using PUCCH) or semi-persistent (using PUCCH, and DCI activated PUSCH). The CSI-RS Resources can be periodic, semi-persistent, or aperiodic. Table 5.2.1.4-1 shows the supported combinations of CSI Reporting configurations and CSI-RS Resource configurations and how the CSI Reporting is triggered for each CSI-RS Resource configuration. Periodic CSI-RS is configured by higher layers. Semi-persistent CSI-RS is activated and deactivated as described in Subclause 5.2.1.5.2. Aperiodic CSI-RS is configured and triggered/activated as described in Subclause 5.2.1.5.1. 
[bookmark: _Hlk498445902]Table 5.2.1.4-1: Triggering/Activation of CSI Reporting for the possible CSI-RS Configurations.
	CSI-RS Configuration
	Periodic CSI Reporting
	Semi-Persistent CSI Reporting
	Aperiodic CSI Reporting

	Periodic CSI-RS
	No dynamic triggering/activation
	For reporting on PUCCH, the UE receives an activation command, as described in subclause 6.1.3.16 of [10, TS 38.321]; for reporting on PUSCH, the UE receives triggering on DCI
	Triggered by DCI; additionally, subselection indication as described in subclause 6.1.3.13 of [10, TS 38.321] possible as defined in Subclause 5.2.1.5.1.

	Semi-Persistent CSI-RS
	Not Supported
	For reporting on PUCCH, the UE receives an activation command, as described in subclause 6.1.3.16 of [10, TS 38.321]; for reporting on PUSCH, the UE receives triggering on DCI
	Triggered by DCI; additionally, subselection indication as described in subclause 6.1.3.13 of [10, TS 38.321] possible as defined in Subclause 5.2.1.5.1.

	Aperiodic CSI-RS
	Not Supported
	Not Supported
	Triggered by DCI; additionally, subselection indication as described in subclause 6.1.3.13 of [10, TS 38.321] possible as defined in Subclause 5.2.1.5.1.



When the UE is configured with higher layer parameter NZP-CSI-RS-ResourceSet and when the higher layer parameter repetition is set to 'off', the UE shall determine a CRI from the supported set of CRI values as defined in Subclause 6.3.1.1.2 of [5, TS 38.212] and report the number in each CRI report. When the higher layer parameter repetition is set to 'on', CRI is not reported. CRI reporting is not supported when the higher layer parameter codebookType is set to 'typeII' or to 'typeII-PortSelection'.
For a periodic or semi-persistent CSI report on PUCCH, the periodicity  (measured in slots) and the slot offset  are configured by the higher layer parameter reportSlotConfig. Unless specified otherwise, the UE shall transmit the CSI report in frames with SFN  and slot number within the frame  satisfying
	
where  is the SCS configuration of the UL BWP the CSI report is transmitted on.
[bookmark: _Hlk497308324]For a semi-persistent or aperiodic CSI report on PUSCH, the allowed slot offsets are configured [by the following higher layer parameters reportSlotOffsetList. 	Comment by Mihai Enescu - RAN1#99: Agreed new RRC parameters: 
reportSlotOffsetList-r16-ForDCIFormat0_2 and 
reportSlotOffsetList-r16-ForDCIFormat0_1
-	if triggered/activated by DCI format 0_2, the allowed slot offsets are configured by the higher layer parameter reportSlotOffsetList-r16-ForDCIFormat0_2, and  
-	if triggered/activated by DCI format 0_1 and reportSlotOffsetList-r16-ForDCIFormat0_1 is configured, the allowed slot offsets are configured by the higher layer parameter reportSlotOffsetList-r16-ForDCIFormat0_1, and
-	otherwise, the allowed slot offsets are configured] by the higher layer parameter reportSlotOffsetList.
The offset is selected in the activating/triggering DCI.

For CSI reporting, a UE can be configured via higher layer signaling with one out of two possible subband sizes, where a subband is defined as  contiguous PRBs and depends on the total number of PRBs in the bandwidth part according to Table 5.2.1.4-2.

Table 5.2.1.4-2: Configurable subband sizes
	Bandwidth part (PRBs)
	Subband size (PRBs)

	 < 24
	N/A

	24 – 72
	4, 8

	73 – 144
	8, 16

	145 – 275
	16, 32



[bookmark: _Hlk497986691]The reportFreqConfiguration contained in a CSI-ReportConfig indicates the frequency granularity of the CSI Report. A CSI Reporting Setting configuration defines a CSI reporting band as a subset of subbands of the bandwidth part, where the reportFreqConfiguration indicates: 
-	the csi-ReportingBand as a contiguous or non-contiguous subset of subbands in the bandwidth part for which CSI shall be reported. 
-	A UE is not expected to be configured with csi-ReportingBand which contains a subband where a CSI-RS resource linked to the CSI Report setting has the frequency density of each CSI-RS port per PRB in the subband less than the configured density of the CSI-RS resource.
-	If a CSI-IM resource is linked to the CSI Report Setting, a UE is not expected to be configured with csi-ReportingBand which contains a subband where not all PRBs in the subband have the CSI-IM REs present.
-	wideband CQI or subband CQI reporting, as configured by the higher layer parameter cqi-FormatIndicator. When wideband CQI reporting is configured, a wideband CQI is reported for each codeword for the entire CSI reporting band. When subband CQI reporting is configured, one CQI for each codeword is reported for each subband in the CSI reporting band.
-	wideband PMI or subband PMI reporting as configured by the higher layer parameter pmi-FormatIndicator. When wideband PMI reporting is configured, a wideband PMI is reported for the entire CSI reporting band. When subband PMI reporting is configured, except with 2 antenna ports, a single wideband indication (i1 in Subclause 5.2.2.2) is reported for the entire CSI reporting band and one subband indication (i2 in subclause 5.2.2.2) is reported for each subband in the CSI reporting band. When subband PMIs are configured with 2 antenna ports, a PMI is reported for each subband in the CSI reporting band. 
A CSI Reporting Setting is said to have a wideband frequency-granularity if 
-	reportQuantity is set to 'cri-RI-PMI-CQI', or 'cri-RI-LI-PMI-CQI', cqi-FormatIndicator indicates single CQI reporting and pmi-FormatIndicator indicates single PMI reporting, or
-	reportQuantity is set to 'cri-RI-i1' or
-	reportQuantity is set to 'cri-RI-CQI' or 'cri-RI-i1-CQI' and cqi-FormatIndicator indicates single CQI reporting, or
-	reportQuantity is set to 'cri-RSRP' or 'ssb-Index-RSRP'
otherwise, the CSI Reporting Setting is said to have a subband frequency-granularity.





The first subband size is given by  and the last subband size given by  if  and if 
If a UE is configured with semi-persistent CSI reporting, the UE shall report CSI when both CSI-IM and NZP CSI-RS resources are configured as periodic or semi-persistent. If a UE is configured with aperiodic CSI reporting, the UE shall report CSI when both CSI-IM and NZP CSI-RS resources are configured as periodic, semi-persistent or aperiodic. 
[bookmark: _Hlk523145131]A UE configured with DCI format 0_1 or 0_2 does not expect to be triggered with multiple CSI reports with the same CSI-ReportConfigId.
<omitted text>
[bookmark: _Toc11352118][bookmark: _Toc20318008]5.2.1.5.2	Semi-persistent CSI/Semi-persistent CSI-RS
For semi-persistent reporting on PUSCH, a set of trigger states are higher layer configured by CSI-SemiPersistentOnPUSCH-TriggerStateList, [for DCI format 0_1 and CSI-SemiPersistentOnPUSCH-TriggerStateList-ForDCIFormat0_2 for DCI format 0_2], where the CSI request field in DCI scrambled with SP-CSI-RNTI activates one of the trigger states. A UE is not expected to receive a DCI scrambled with SP-CSI-RNTI activating one semi-persistent CSI report with the same CSI-ReportConfigId as in a semi-persistent CSI report which is activated by a previously received DCI scrambled with SP-CSI-RNTI.
For semi-persistent reporting on PUCCH, the PUCCH resource used for transmitting the CSI report are configured by reportConfigType. Semi-persistent reporting on PUCCH is activated by an activation command as described in subclause 6.1.3.16 of [10, TS 38.321], which selects one of the semi-persistent Reporting Settings for use by the UE on the PUCCH. When the HARQ-ACK corresponding to the PDSCH carrying the activation command is transmitted in slot n, the indicated semi-persistent Reporting Setting should be applied starting from the first slot that is after slot . 
For a UE configured with CSI resource setting(s) where the higher layer parameter resourceType set to 'semiPersistent'. 
[bookmark: _Hlk512597011]-	when a UE receives an activation command, as described in subclause 6.1.3.12 of [10, TS 38.321], for CSI-RS resource set(s) for channel measurement and CSI-IM/NZP CSI-RS resource set(s) for interference measurement associated with configured CSI resource setting(s), and when the HARQ-ACK corresponding to the PDSCH carrying the selection command is transmitted in slot n, the corresponding actions in [10, TS 38.321] and the UE assumptions (including QCL assumptions provided by a list of reference to TCI-State's, one per activated resource) on CSI-RS/CSI-IM transmission corresponding to the configured CSI-RS/CSI-IM resource configuration(s) shall be applied starting from the first slot that is after slot  If a TCI-State referred to in the list is configured with a reference to an RS associated with 'QCL-TypeD', that RS can be an SS/PBCH block, periodic or semi-persistent CSI-RS located in same or different CC/DL BWP.
-	when a UE receives a deactivation command, as described in subclause 6.1.3.12 of [10, TS 38.321], for activated CSI-RS/CSI-IM resource set(s) associated with configured CSI resource setting(s), and when the HARQ-ACK corresponding to the PDSCH carrying the deactivation command is transmitted in slot n, the corresponding actions in [10, TS 38.321] and UE assumption on cessation of CSI-RS/CSI-IM transmission corresponding to the deactivated CSI-RS/CSI-IM resource set(s) shall apply starting from the first slot that is after slot 
A codepoint of the CSI request field in the DCI is mapped to a SP-CSI triggering state according to the order of the positions of the configured trigger states in CSI-SemiPersistentOnPUSCH-TriggerStateList, with codepoint '0' mapped to the triggering state in the first position. A UE validates, for semi-persistent CSI activation or release, a DL semi-persistent assignment PDCCH on a DCI only if the following conditions are met: 
-	the CRC parity bits of the DCI format are scrambled with a SP-CSI-RNTI provided by higher layer parameter sp-CSI-RNTI 
-	Special fields for the DCI format are set according to Table 5.2.1.5.2-1 or Table 5.2.1.5.2-2.
If validation is achieved, the UE considers the information in the DCI format as a valid activation or valid release of semi-persistent CSI transmission on PUSCH, and the UE activates or deactivates a CSI Reporting Setting indicated by CSI request field in the DCI. If validation is not achieved, the UE considers the DCI format as having been detected with a non-matching CRC.
Table 5.2.1.5.2-1: Special fields for semi-persistent CSI activation PDCCH validation
	
	DCI format 0_1/0_2 

	HARQ process number
	set to all '0's

	Redundancy version
	set to all '0'sset to '00'



Table 5.2.1.5.2-2: Special fields for semi-persistent CSI deactivation PDCCH validation
	
	DCI format 0_1/0_2 

	HARQ process number
	set to all '0's

	Modulation and coding scheme
	set to all '1's

	Resource block assignment
	If higher layer configures RA type 0 only, set to all '0's;
If higher layer configures RA type 1 only, set to all '1's;
If higher layer configures dynamic switch between RA type 0 and 1, then if MSB is'0', set to all '0's; else, set to all '1's

	Redundancy version
	set to all '0'sset to '00'



If the UE has an active semi-persistent CSI-RS/CSI-IM resource configuration, or an active semi-persistent ZP CSI-RS resource set configuration, and has not received a deactivation command, the activated semi-persistent CSI-RS/CSI-IM resource set or the activated semi-persistent ZP CSI-RS resource set configurations are considered to be active when the corresponding DL BWP is active, otherwise they are considered suspended.
If the UE is configured with carrier deactivation, the following configurations in the carrier in activated state would also be deactivated and need re-activation configuration(s): semi-persistent CSI-RS/CSI- IM resource, semi-persistent CSI reporting on PUCCH, semi-persistent SRS, semi-persistent ZP CSI-RS resource set.
<omitted text>
[bookmark: _Toc11352132][bookmark: _Toc20318022]5.2.3	CSI reporting using PUSCH
[bookmark: _Hlk500827675]A UE shall perform aperiodic CSI reporting using PUSCH on serving cell c upon successful decoding of a DCI format 0_1 or DCI format 0_2 which triggers an aperiodic CSI trigger state.
An aperiodic CSI report carried on the PUSCH supports wideband, and sub-band frequency granularities. An aperiodic CSI report carried on the PUSCH supports Type I and Type II CSI. 
A UE shall perform semi-persistent CSI reporting on the PUSCH upon successful decoding of a DCI format 0_1 or DCI format 0_2 which activates a semi-persistent CSI trigger state. DCI format 0_1 and DCI format 0_2 contains a CSI request field which indicates the semi-persistent CSI trigger state to activate or deactivate. Semi-persistent CSI reporting on the PUSCH supports Type I and Type II CSI with wideband, and sub-band frequency granularities. The PUSCH resources and MCS shall be allocated semi-persistently by an uplink DCI.
CSI reporting on PUSCH can be multiplexed with uplink data on PUSCH. CSI reporting on PUSCH can also be performed without any multiplexing with uplink data from the UE. 
<omitted text>
[bookmark: _Toc11352137][bookmark: _Toc20318027]6	Physical uplink shared channel related procedure
[bookmark: _Toc11352138][bookmark: _Toc20318028]6.1	UE procedure for transmitting the physical uplink shared channel
[bookmark: _Hlk498514022]PUSCH transmission(s) can be dynamically scheduled by an UL grant in a DCI, or the transmission can correspond to a configured grant Type 1 or Type 2. The configured grant Type 1 PUSCH transmission is semi-statically configured to operate upon the reception of higher layer parameter of configuredGrantConfig including rrc-ConfiguredUplinkGrant without the detection of an UL grant in a DCI. The configured grant Type 2 PUSCH transmission is semi-persistently scheduled by an UL grant in a valid activation DCI according to Subclause 10.2 of [6, TS 38.213] after the reception of higher layer parameter configuredGrantConfig not including rrc-ConfiguredUplinkGrant. If Configuredgrantconfig-ToAddModList-r16 is configured, more than one configured grant configuration of configured grant Type 1 and/or configured grant Type 2 may be active at the same time on an active BWP of a serving cell.
For the PUSCH transmission corresponding to a Type 1 configured grant or a Type 2 configured grant activated by DCI format 0_0 or 0_1,, the parameters applied for the transmission are provided by configuredGrantConfig except for dataScramblingIdentityPUSCH, txConfig, codebookSubset, maxRank, scaling of UCI-OnPUSCH, which are provided by pusch-Config. For the PUSCH transmission corresponding to a Type 2 configured grant activated by DCI format 0_2, the parameters applied for the transmission are provided by configuredGrantConfig except for dataScramblingIdentityPUSCH, txConfig, codebookSubset-ForDCIFormat0_2, maxRank-ForDCIFormat0_2, scaling of UCI-OnPUSCH provided by pusch-Config [as well as DCI format 0_2 specific handling with respect resource allocation of subclause 6.1.2.2, TBA].  If the UE is provided with transformPrecoder in configuredGrantConfig, the UE applies the higher layer parameter tp-pi2BPSK, if provided in pusch-Config, according to the procedure described in Subclause 6.1.4 for the PUSCH transmission corresponding to a configured grant. 
For the PUSCH retransmission scheduled by a PDCCH with CRC scrambled by CS-RNTI with NDI=1, the parameters in pusch-Config are applied for the PUSCH transmission except for p0-NominalWithoutGrant, p0-PUSCH-Alpha, powerControlLoopToUse, pathlossReferenceIndex described in Subclause 7.1 of [6, TS 38.213], mcs-Table, mcs-TableTransformPrecoder described in Subclause 6.1.4.1 and transformPrecoder described in Subclause 6.1.3.	Comment by Mihai Enescu - RAN1#99: Agreements: (RAN1#99)
confirm the RAN1#98b working assumption with exceptions as in Rel-15.
Retransmission of the PUSCH scheduled by a new UL DCI format with CRC scrambled by CS-RNTI with NDI=1 shall follow the same higher layer configuration defined for dynamic PUSCH transmission associated with the new UL DCI format except for p0-NominalWithoutGrant, p0-PUSCH-Alpha, powerControlLoopToUse, pathlossReferenceIndex, [mcs-Table], [mcs-TableTransformPrecoder] and [transformPrecoder].

Editors note: 
- MCS table in the agreement above had still been in brackets, as the size of the MCS table had not been clear when taking the RAN1 decision. As only 5bit MCS is supported for DCI format 0_0, the mcs table can be used from the CG configuration as in Rel-15

- transform precoder: actually the transform precoder of the scheduling DCI is used when checking the reference to 6.1.3. The reference is only needed, as ‘transformPrecoder’ may not be configured in PUSCH config (and then msg3-transformPrecoder is applied). 
No changes to Sec. 6.1.3 necessary, as no independent configuration of transformPrecoder for 0_2 supported. 

Editors Summary / Conclusion: 
The re-transmission behaviour for all DCI formats is now basically the same and according to Rel-15. Therefore, the changes before RAN1#99 with respect to re-tx for CG are to be reverted (same handling for 0_0, 0_1 and 0_2). 

For a UE configured with two uplinks in a serving cell, PUSCH retransmission for a TB on the serving cell is not expected to be on a different uplink than the uplink used for the PUSCH initial transmission of that TB.
A UE shall upon detection of a PDCCH with a configured DCI format 0_0, or 0_1 or 0_2 transmit the corresponding PUSCH as indicated by that DCI. Upon detection of a DCI format 0_1 or 0_2 with "UL-SCH indicator" set to "0" and with a non-zero "CSI request" where the associated "reportQuantity" in CSI-ReportConfig set to "none" for all CSI report(s) triggered by "CSI request" in this DCI format 0_1 or 0_2, the UE ignores all fields in this DCI except the "CSI request" and the UE shall not transmit the corresponding PUSCH as indicated by this DCI format 0_1 or 0_2. For any HARQ process ID(s) in a given scheduled cell, the UE is not expected to transmit a PUSCH that overlaps in time with another PUSCH. For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i. The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0_0, or 0_1 or 0_2 scrambled by C-RNTI or MCS-C-RNTI for a given HARQ process until after the end of the expected transmission of the last PUSCH for that HARQ process.
A UE is not expected to be scheduled by a PDCCH ending in symbol  to transmit a PUSCH on a given serving cell overlapping in time with a transmission occasion, where the UE is allowed to transmit a PUSCH with configured grant according to [10, TS38.321], starting in a symbol  on the same serving cell if the end of symbol  is not at least  symbols before the beginning of symbol . The value  in symbols is determined according to the UE processing capability defined in Subclause 6.4, and and the symbol duration are based on the minimum of the subcarrier spacing corresponding to the PUSCH with configured grant and the subcarrier spacing of the PDCCH scheduling the PUSCH.
A UE is not expected to be scheduled by a PDCCH ending in symbol  to transmit a PUSCH on a given serving cell for a given HARQ process, if there is a transmission occasion where the UE is allowed to transmit a PUSCH with configured grant according to [10, TS38.321] with the same HARQ process on the same serving cell starting in a symbol  after symbol , and if the gap between the end of PDCCH and the beginning of symbol  is less than  symbols. The value  in symbols is determined according to the UE processing capability defined in Subclause 6.4, and and the symbol duration are based on the minimum of the subcarrier spacing corresponding to the PUSCH with configured grant and the subcarrier spacing of the PDCCH scheduling the PUSCH.
[bookmark: _Hlk512252948]For PUSCH scheduled by DCI format 0_0 on a cell, the UE shall transmit PUSCH according to the spatial relation, if applicable, corresponding to the dedicated PUCCH resource with the lowest ID within the active UL BWP of the cell, as described in Subclause 9.2.1 of [6, TS 38.213]. 
For uplink, 16 HARQ processes per cell is supported by the UE.
[bookmark: _Toc11352139][bookmark: _Toc20318029]6.1.1	Transmission schemes
[bookmark: _Hlk500419713]Two transmission schemes are supported for PUSCH: codebook based transmission and non-codebook based transmission. The UE is configured with codebook based transmission when the higher layer parameter txConfig in pusch-Config is set to 'codebook', the UE is configured non-codebook based transmission when the higher layer parameter txConfig is set to 'nonCodebook'. If the higher layer parameter txConfig is not configured, the UE is not expected to be scheduled by DCI format 0_1 or 0_2. If PUSCH is scheduled by DCI format 0_0, the PUSCH transmission is based on a single antenna port. The UE shall not expect PUSCH scheduled by DCI format 0_0 in a BWP without configured PUCCH resource with PUCCH-SpatialRelationInfo in frequency range 2 in RRC connected mode.	Comment by Mihai Enescu - RAN1#99: Agreements:
Same RRC configuration by Rel-15 higher layer parameter txConfig is applied to both DCI formats 0_1 and 0_2
[bookmark: _Toc11352140][bookmark: _Toc20318030]6.1.1.1	Codebook based UL transmission
[bookmark: _Hlk494787931]For codebook based transmission, PUSCH can be scheduled by DCI format 0_0, DCI format 0_1, DCI format 0_2 or semi-statically configured to operate according to Subclause 6.1.2.3. If this PUSCH is scheduled by DCI format 0_1, DCI format 0_2, or semi-statically configured to operate according to Subclause 6.1.2.3, the UE determines its PUSCH transmission precoder based on SRI, TPMI and the transmission rank, where the SRI, TPMI and the transmission rank are given by DCI fields of SRS resource indicator and Precoding information and number of layers in subclause 7.3.1.1.2 and 7.3.1.1.3 of [5, TS 38.212] for DCI format 0_1 and 0_2 or given by srs-ResourceIndicator and precodingAndNumberOfLayers according to subclause 6.1.2.3. The SRS-ResourceSet(s) applicable for PUSCH scheduled by DCI format 0_1 and DCI format 0_2 are defined by the entries of the higher layer parameter srs-ResourceSetToAddModList and srs-ResourceSetToAddModList-ForDCIFormat0_2 in SRS-config, respectively. The TPMI is used to indicate the precoder to be applied over the layers {0…ν-1} and that corresponds to the SRS resource selected by the SRI when multiple SRS resources are configured, or if a single SRS resource is configured TPMI is used to indicate the precoder to be applied over the layers {0…ν-1} and that corresponds to the SRS resource. The transmission precoder is selected from the uplink codebook that has a number of antenna ports equal to higher layer parameter nrofSRS-Ports in SRS-Config, as defined in Subclause 6.3.1.5 of [4, TS 38.211]. When the UE is configured with the higher layer parameter txConfig set to 'codebook', the UE is configured with at least one SRS resource. The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI.	Comment by Mihai Enescu - RAN1#99: Agreements: (RAN1#99)
For “precoding information and number of layers” in DCI format 0_2 
Introduce new RRC parameters maxRank-ForDCIFormat0_2 and codebookSubset-ForDCIFormat0_2. 
The number of bits for precoding information and number of layers in DCI format 0_2 is determined in the same way as Rel-15 DCI format 0_1. 	Comment by Mihai Enescu - RAN1#99: Agreements:
For “SRS resource indicator” in DCI format 0_2, 
Introduce new RRC parameters maxMIMO-Layers-ForDCIFormat0_2 and srs-ResourceSetToAddModList-ForDCIFormat0_2 
The number of bits for SRS resource indicator field in DCI format 0_2 is determined in the same way as Rel-15 DCI format 0_1. 
Same RRC configuration by Rel-15 higher layer parameter txConfig is applied to both DCI formats 0_1 and 0_2 
[bookmark: _Hlk512442647][bookmark: _Hlk512442667]For codebook based transmission, the UE determines its codebook subsets based on TPMI and upon the reception of higher layer parameter codebookSubset in pusch-Config for PUSCH associated with DCI format 0_1 and codebookSubset-ForDCIFormat0_2 in pusch-Config for PUSCH associated with DCI format 0_2 which may be configured with 'fullyAndPartialAndNonCoherent', or 'partialAndNonCoherent', or 'nonCoherent' depending on the UE capability. The maximum transmission rank may be configured by the higher layer parameter maxRank in pusch-Config for PUSCH scheduled with DCI format 0_1 and maxRank-ForDCIFormat0_2 for PUSCH scheduled with DCI format 0_2.	Comment by Mihai Enescu - RAN1#99: Agreements: (RAN1#99)
For “precoding information and number of layers” in DCI format 0_2 
Introduce new RRC parameters maxRank-ForDCIFormat0_2 and codebookSubset-ForDCIFormat0_2. 
The number of bits for precoding information and number of layers in DCI format 0_2 is determined in the same way as Rel-15 DCI format 0_1. 
A UE reporting its UE capability of 'partialAndNonCoherent' transmission shall not expect to be configured by either codebookSubset or codebookSubset-ForDCIFormat0_2 with 'fullyAndPartialAndNonCoherent'. 
A UE reporting its UE capability of 'nonCoherent' transmission shall not expect to be configured by either codebookSubset or codebookSubset-ForDCIFormat0_2 with 'fullyAndPartialAndNonCoherent' or with 'partialAndNonCoherent'.
A UE shall not expect to be configured with the higher layer parameter codebookSubset or the higher layer parameter or codebookSubset-ForDCIFormat0_2 set to 'partialAndNonCoherent' when higher layer parameter nrofSRS-Ports in an SRS-ResourceSet with usage set to 'codebook' indicates that two SRS antenna ports are configured.
For codebook based transmission, the UE may be configured with a single SRS-ResourceSet with usage set to 'codebook' and only one SRS resource can be indicated based on the SRI from within the SRS resource set. The maximum number of configured SRS resources for codebook based transmission is 2. If aperiodic SRS is configured for a UE, the SRS request field in DCI triggers the transmission of aperiodic SRS resources. 
The UE shall transmit PUSCH using the same antenna port(s) as the SRS port(s) in the SRS resource indicated by the DCI format 0_1 or 0_2 or by configuredGrantConfig according to subclause 6.1.2.3.
The DM-RS antenna ports [image: ] in Subclause 6.4.1.1.3 of [4, TS38.211] are determined according to the ordering of DM-RS port(s) given by Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 in Subclause 7.3.1.1.2 of [5, TS 38.212].
When multiple SRS resources are configured by SRS-ResourceSet with usage set to 'codebook', the UE shall expect that higher layer parameters nrofSRS-Ports in SRS-Resource in SRS-ResourceSet shall be configured with the same value for all these SRS resources.
[bookmark: _Toc11352141][bookmark: _Toc20318031]6.1.1.2	Non-Codebook based UL transmission
[bookmark: _Hlk494787623]For non-codebook based transmission, PUSCH can be scheduled by DCI format 0_0, DCI format 0_1, DCI format 0_2 or semi-statically configured to operate according to Subclause 6.1.2.3. If this PUSCH is scheduled by DCI format 0_1, DCI format 0_2, or semi-statically configured to operate according to Subclause 6.1.2.3, Tthe UE can determine its PUSCH precoder and transmission rank based on the SRI when multiple SRS resources are configured, where the SRI is given by the SRS resource indicator in DCI according to subclause 7.3.1.1.2 and 7.3.1.1.3 of [5, 38.212] for DCI format 0_1 and DCI format 0_2, or the SRI is given by srs-ResourceIndicator according to subclause 6.1.2.3. The SRS-ResourceSet(s) applicable for PUSCH scheduled by DCI format 0_1 and DCI format 0_2 are defined by the entries of the higher layer parameter srs-ResourceSetToAddModList and srs-ResourceSetToAddModList-ForDCIFormat0_2 in SRS-config, respectively.The UE shall use one or multiple SRS resources for SRS transmission, where, in a SRS resource set, the maximum number of SRS resources which can be configured to the UE for simultaneous transmission in the same symbol and the maximum number of SRS resources are UE capabilities. The SRS resources transmitted simultaneously occupy the same RBs. Only one SRS port for each SRS resource is configured. Only one SRS resource set can be configured with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook'. The maximum number of SRS resources that can be configured for non-codebook based uplink transmission is 4. The indicated SRI in slot n is associated with the most recent transmission of SRS resource(s) identified by the SRI, where the SRS transmission is prior to the PDCCH carrying the SRI.	Comment by Mihai Enescu - RAN1#99: Agreements:
For “SRS resource indicator” in DCI format 0_2, 
Introduce new RRC parameters maxMIMO-Layers-ForDCIFormat0_2 and srs-ResourceSetToAddModList-ForDCIFormat0_2 
The number of bits for SRS resource indicator field in DCI format 0_2 is determined in the same way as Rel-15 DCI format 0_1. 
Same RRC configuration by Rel-15 higher layer parameter txConfig is applied to both DCI formats 0_1 and 0_2 
[bookmark: _Hlk498597149]For non-codebook based transmission, the UE can calculate the precoder used for the transmission of SRS based on measurement of an associated NZP CSI-RS resource. A UE can be configured with only one NZP CSI-RS resource for the SRS resource set with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook' if configured.
[bookmark: _Hlk498591525][bookmark: _Hlk515954588]-	If aperiodic SRS resource set is configured, the associated NZP-CSI-RS is indicated via SRS request field in DCI format 0_1 and 1_1, as well as DCI format 0_2 (if SRS request field is present) and DCI format 1_2 (if SRS request field is present), where AperiodicSRS-ResourceTrigger and AperiodicSRS-ResourceTriggerList (indicating the association between aperiodic SRS triggering state(s) and SRS resource sets), triggered SRS resource(s) srs-ResourceSetId, csi-RS (indicating the associated NZP-CSI-RS-ResourceId) are higher layer configured in SRS-ResourceSet. The SRS-ResourceSet(s) associated with the SRS request by DCI format 0_1 and 1_1 are defined by the entries of the higher layer parameter srs-ResourceSetToAddModList and the SRS-ResourceSet(s) associated with the SRS request by DCI format 0_2 and 1_2 are defined by the entries of the higher layer parameter srs-ResourceSetToAddModList-ForDCIFormat0_2. A UE is not expected to update the SRS precoding information if the gap from the last symbol of the reception of the aperiodic NZP-CSI-RS resource and the first symbol of the aperiodic SRS transmission is less than 42 OFDM symbols. 	Comment by Mihai Enescu - RAN1#99: Agreements:
For “SRS resource indicator” in DCI format 0_2, 
Introduce new RRC parameters maxMIMO-Layers-ForDCIFormat0_2 and srs-ResourceSetToAddModList-ForDCIFormat0_2 
The number of bits for SRS resource indicator field in DCI format 0_2 is determined in the same way as Rel-15 DCI format 0_1. 
Same RRC configuration by Rel-15 higher layer parameter txConfig is applied to both DCI formats 0_1 and 0_2
-	If the UE configured with aperiodic SRS associated with aperiodic NZP CSI-RS resource, the presence of the associated CSI-RS is indicated by the SRS request field if the value of the SRS request field is not '00' as in Table 7.3.1.1.2-24 of [5, TS 38.212] and if the scheduling DCI is not used for cross carrier or cross bandwidth part scheduling. The CSI-RS is located in the same slot as the SRS request field. If the UE configured with aperiodic SRS associated with aperiodic NZP CSI-RS resource, any of the TCI states configured in the scheduled CC shall not be configured with 'QCL-TypeD'.
-	If periodic or semi-persistent SRS resource set is configured, the NZP-CSI-RS-ResourceId for measurement is indicated via higher layer parameter associatedCSI-RS in SRS-ResourceSet.
The UE shall perform one-to-one mapping from the indicated SRI(s) to the indicated DM-RS ports(s) and their corresponding PUSCH layers {0 … ν-1} given by DCI format 0_1 or by configuredGrantConfig according to subclause 6.1.2.3 in increasing order.

The UE shall transmit PUSCH using the same antenna ports as the SRS port(s) in the SRS resource(s) indicated by SRI(s) given by DCI format 0_1 or by configuredGrantConfig according to subclause 6.1.2.3, where the SRS port in (i+1)-th SRS resource in the SRS resource set is indexed as . 
The DM-RS antenna ports [image: ] in Subclause 6.4.1.1.3 of [4, TS 38.211] are determined according to the ordering of DM-RS port(s) given by Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 in Subclause 7.3.1.1.2 of [5, TS 38.212].
For non-codebook based transmission, the UE does not expect to be configured with both spatialRelationInfo for SRS resource and associatedCSI-RS in SRS-ResourceSet for SRS resource set.
For non-codebook based transmission, the UE can be scheduled with DCI format 0_1 when at least one SRS resource is configured in SRS-ResourceSet with usage set to 'nonCodebook'.
[bookmark: _Toc11352142][bookmark: _Toc20318032]6.1.2	Resource allocation 
[bookmark: _Toc11352143][bookmark: _Toc20318033]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(s) 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 Subclause 6.1.2.1.1. The 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, and the number of repetitions (if numberofrepetitions is present in the resource allocation table) 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(s) by a CSI request field on a DCI, the Time-domain resource assignment field value m of the DCI provides a row index m + 1 to an allocated table which is defined by the higher layer configured pusch-TimeDomainAllocationList in pusch-Config. The indexed row defines the start and length indicator SLIV, and the PUSCH mapping type to be applied in the PUSCH transmission and the K2 value is determined as , where  are the corresponding list entries of the higher layer parameter
-	[reportSlotOffsetList-r16-ForDCIFormat0_2, if PUSCH is scheduled by DCI format 0_2;  	Comment by Mihai Enescu - RAN1#99: Agreed new RRC parameters: 
reportSlotOffsetList-r16-ForDCIFormat0_2 and 
reportSlotOffsetList-r16-ForDCIFormat0_1
-	reportSlotOffsetList-r16-ForDCIFormat0_1, if PUSCH is scheduled by DCI format 0_1 and reportSlotOffsetList-r16-ForDCIFormat0_1 is configured];
-	reportSlotOffsetList, [otherwise;]



 reportSlotOffsetList in CSI-ReportConfig for the  triggered CSI Reporting Settings and  is the (m+1)th entry of .



[bookmark: _Hlk497992508]-	The slot Ks where the UE shall transmit the PUSCH is determined by K2 as Ks = 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
-	For PUSCH scheduled by DCI format 0_1, if PUSCHRepTypeIndicator-ForDCIFormat0_1 is set to ‘pusch-RepTypeB’, the UE applies PUSCH repetition Type B procedure when determining the time domain resource allocation. For PUSCH scheduled by DCI format 0_2, if PUSCHRepTypeIndicator-ForDCIFormat0_2 is set to ‘pusch-RepTypeB’, the UE applies PUSCH repetition Type B procedure when determining the time domain resource allocation. Otherwise, the UE applies PUSCH repetition Type A procedure when determining the time domain resource allocation for PUSCH scheduled by PDCCH.
-	For PUSCH repetition Type A, Tthe 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
-	For PUSCH repetition Type B, 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 provided by startSymbol and length of the indexed row of the resource allocation table, respectively.
[bookmark: _Hlk23363353]-	For PUSCH repetition Type A, Tthe 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.
-	For PUSCH repetition Type B, the PUSCH mapping type is set to Type B.

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} (repetition Type A only)
	0
	{4,…,12}
	{4,…,12}

	Type B
	{0,…,13}
	{1,…,14}
	{1,…,14} for repetition Type A, {1,…,27} for repetition Type B
	{0,…, 11}
	{1,…,12}
	{1,…,12}



[bookmark: _Hlk505671590]For PUSCH repetition Type A, Wwhen transmitting PUSCH scheduled by DCI format 0_1 or 0_2 in PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1, the number of repetitions K is determined as	Comment by Mihai Enescu: Agreements: (RAN1#98bis Chongqing)
Support dynamic indication of the number of repetitions for Rel-15 PUSCH with slot aggregation using DCI formats 0_1 & the new UL DCI format
The dynamic indication is done by using the same Rel-16 mechanism (Jointly coding the number of repetitions with SLIV in TDRA table)
-	if numberofrepetitions is present in the resource allocation table, the number of repetitions K is equal to numberofrepetitions;
-	elseif the UE is configured with pusch-AggregationFactor, the number of repetitions K is equal to pusch-AggregationFactor; 
-	otherwise K=1.
For PUSCH repetition Type A, in case K>1, the same symbol allocation is applied across the K pusch-AggregationFactor consecutive slots and the PUSCH is limited to a single transmission layer. The UE shall repeat the TB across the K pusch-AggregationFactor consecutive slots applying the same symbol allocation in each slot. The redundancy version to be applied on the nth transmission occasion of the TB, where n = 0, 1, …pusch-AggregationFactorK -1, is determined according to table 6.1.2.1-2. 
Table 6.1.2.1-2: Redundancy version for PUSCH transmissionwhen pusch-AggregationFactor is present
	rvid indicated by the DCI scheduling the PUSCH
	rvid to be applied to nth transmission occasion (repetition Type A) or nth actual repetition (repetition Type B)

	
	n mod 4 = 0
	n mod 4 = 1
	n mod 4 = 2
	n mod 4 = 3

	0
	0
	2
	3
	1

	2
	2
	3
	1
	0

	3
	3
	1
	0
	2

	1
	1
	0
	2
	3



For PUSCH repetition Type A, Aa PUSCH transmission in a slot of a multi-slot PUSCH transmission is omitted according to the conditions in Subclause 11.1 of [6, TS38.213]. 
For PUSCH repetition Type B, the number of nominal repetitions is given by numberofrepetitions. For the n-th nominal repetition, n = 0, …, numberofrepetitions - 1,	Comment by Mihai Enescu: Agreements: (RAN1#98bis Chongqing)
In terms of how to interpret L and K for Rel-16 PUSCH transmissions (for both DG & CG), Alt. 1 is adopted. 
That is, for the Rel-16 PUSCH with enhanced repetition transmission, the time window within which valid symbols are used for transmission is L*K, starting from the first symbol indicated by the SLIV in TDRA field.


-	The slot where the nominal repetition starts is given by , and the starting symbol relative to the start of the slot is given by .


-	The slot where the nominal repetition ends is given by , and the ending symbol relative to the start of the slot is given by .


Here is the slot where the PUSCH transmission starts, and is the number of symbols per slot as defined in Subclause 4.3.2 of [4, TS38.211].
For PUSCH repetition Type B, the UE determines invalid symbol(s) for PUSCH repetition Type B transmission as follows:	Comment by Mihai Enescu - RAN1#99: Editor’s notes:
The CR is written in the way assuming that the semi-statically configured invalid symbol pattern also applies to DG/CG when dynamic SFI is not configured, and CG when dynamic SFI is configured.	Comment by Mihai Enescu - RAN1#99: Agreements: (RAN1#98bis Chongqing)
For both DG and CG with “Rel-16 PUSCH transmission scheme”, if dynamic SFI is not configured, semi-static flexible symbols are used for PUSCH. Segmentation occurs at least around semi-static DL symbols.
FFS segmentation also around dynamically indicated invalid symbols for UL transmissions in the UL grant (if supported for DG and/or Type 2 CG) and/or semi-statically configured invalid symbols for UL transmissions (if supported)
FFS how to handle the conflict with dynamic DL transmission for CG
Agreement (RRC impact) (RAN1#99 Reno)
For DG PUSCH with PUSCH repetition type B, if dynamic SFI is configured, introduce a first RRC parameter that indicates one pattern for invalid symbols for PUSCH transmission repetition type B applicable to both DCI format 0_1 and 0_2, and introduce a second RRC parameter for each of DCI format 0_1 and 0_2 to indicate the presence of an additional bit in the DCI to indicate whether the pattern applies or not.
If the first RRC parameter is not configured, semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
If the first RRC parameter is configured and the additional bit exists in a DCI, 
Value ‘0’ means semi-static flexible symbols are used for PUSCH, and segmentation occurs only around semi-static DL symbols.
Value ‘1’ means that segmentation occurs around semi-static DL symbols and invalid symbols in the pattern, and the remaining symbols are used for PUSCH.
If the first RRC parameter is configured and the additional bit does not exist in a DCI, segmentation occurs around semi-static DL symbols and invalid symbols in the pattern, and the remaining symbols are used for PUSCH.
The first RRC parameter reuses the pattern definition of rateMatchPattern in time domain for PDSCH.
Note: Qualcomm has concerns over the above feature in terms of UE complexity. Majority of companies do not see this issue.

Agreement (RAN1#99 Reno)
For CG PUSCH with PUSCH repetition type B, if dynamic SFI is configured, segmentation occurs at least around semi-static DL symbols, which results in actual repetitions.
If dynamic SFI is received for the entire duration of an actual repetition, an actual repetition is not transmitted if it conflicts with a dynamic DL/flexible symbol.
If dynamic SFI is not received for at least one symbol of an actual repetition, an actual repetition is not transmitted if it conflicts with a semi-static flexible symbol.
FFS the handling of semi-statically configured invalid symbols for PUSCH repetition type B transmissions (if supported)
Note that the cancellation behavior is the same as Rel-15, including Rel-15 cancellation timeline
-	A symbol that is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated is considered as an invalid symbol for PUSCH repetition Type B transmission.
-	[If a UE is configured with higher layer parameter SlotFormatInficator, the] UE may be configured with the higher layer parameter InvalidSymbolPattern, which provides a symbol level bitmap spanning one or two slots (higher layer parameter symbols given by InvalidSymbolPattern). A bit value equal to 1 in the symbol level bitmap symbols indicates that the corresponding symbol is an invalid symbol for PUSCH repetition Type B transmission. The UE may be additionally configured with a time-domain pattern (higher layer parameter periodicityAndPattern given by InvalidSymbolPattern), where each bit of periodicityAndPattern corresponds to a unit equal to a duration of the symbol level bitmap symbols, and a bit value equal to 1 indicates that the symbol level bitmap symbols is present in the unit. The periodicityAndPattern can be {1, 2, 4, 5, 8, 10, 20 or 40} units long, but maximum of 40ms. The first symbol of periodicityAndPattern every 40ms/P periods is a first symbol in frame 𝑛𝑓 mod 4 = 0, where P is the duration of periodicityAndPattern in units of ms. When periodicityAndPattern is not configured, for a symbol level bitmap spanning two slots, the bits of the first and second slots correspond respectively to even and odd slots of a radio frame, and for a symbol level bitmap spanning one slot, the bits of the slot correspond to every slot of a radio frame. If InvalidSymbolPattern is configured, when the UE applies the invalid symbol pattern is determined as follows:	Comment by Mihai Enescu - RAN1#99: Editors note: 
It is still FFS how to handle in case SFI is not configured. Therefore in brackets for now (can be updated when further agreements are available)
-	if InvalidSymbolPatternIndicator-ForDCIFormat0_1 is configured when the PUSCH is scheduled by DCI format 0_1, or if InvalidSymbolPatternIndicator-ForDCIFormat0_2 is configured when the PUSCH is scheduled by DCI format 0_2,
-	if [invalid symbol pattern indicator] field is set 1, the UE applies the invalid symbol pattern;
-	otherwise, the UE does not apply the invalid symbol pattern.
-	otherwise, the UE applies the invalid symbol pattern.
For PUSCH repetition Type B, after determining the invalid symbol(s) for PUSCH repetition type B transmission for each of the K nominal repetitions, the remaining symbols are considered as potentially valid symbols for PUSCH repetition Type B transmission. [If the number of potentially valid symbols for PUSCH repetition type B transmission is greater than zero for a nominal repetition, the nominal repetition consists of one or more actual repetitions, where each actual repetition consists of a consecutive set of potentially valid symbols that can be used for PUSCH repetition Type B transmission within a slot.] An actual repetition is omitted according to the conditions in Subclause 11.1 of [6, TS38.213]. The redundancy version to be applied on the nth actual repetition (with the counting including the actual repetitions that are omitted) is determined according to table 6.1.2.1-2.
[bookmark: _Toc11352144][bookmark: _Toc20318034][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, Table 6.1.2.1.1-1A and Table 6.1.2.1.1-1B 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-TimeDomainAllocationList in either pusch-ConfigCommon or pusch-Config is applied.
Table 6.1.2.1.1-4 defines the subcarrier spacing specific values j. j is used in determination of  in conjunction to table 6.1.2.1.1-2, for normal CP or table 6.1.2.1.1.-3 for extended CP, where  is the subcarrier spacing configurations for PUSCH.
Table 6.1.2.1.1-5 defines the additional subcarrier spacing specific slot delay value for the first transmission of PUSCH scheduled by the RAR. When the UE transmits a PUSCH scheduled by RAR, the Δ value specific to the PUSCH 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 for common search space and DCI format 0_0 in UE specific search space
	[bookmark: _Hlk512342651]RNTI
	PDCCH search space
	pusch-ConfigCommon includes pusch-TimeDomainAllocationList
	pusch-Config includes pusch-TimeDomainAllocationList
	PUSCH time domain resource allocation to apply

	PUSCH scheduled by MAC RAR as described in subclause 8.2 of [6, TS 38.213]
	No
	-
	Default A

	
	Yes
	
	pusch-TimeDomainAllocationList provided in pusch-ConfigCommon

	C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI
	Any common search space associated with CORESET 0
	No
	-
	Default A

	
	
	Yes
	
	pusch-AlloTimeDomainAllocationList provided in pusch-ConfigCommon

	C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, SP-CSI-RNTI
	Any common search space not associated with CORESET 0,

DCI format 0_0 in UE specific search space
	No
	No
	Default A

	
	
	Yes
	No
	pusch-TimeDomainAllocationList provided in pusch-ConfigCommon 

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




Table 6.1.2.1.1-1A: Applicable PUSCH time domain resource allocation for DCI format 0_1 in UE specific search space scrambled with C-RNTI, MCS-C-RNTI, CS-RNTI or SP-CSI-RNTI

	pusch-ConfigCommon includes pusch-TimeDomainAllocationList
	pusch-Config includes pusch-TimeDomainAllocationList
	pusch-Config includes pusch-TimeDomainAllocationList -ForDCIformat0_1

	PUSCH time domain resource allocation to apply

	No
	No
	No
	Default A

	Yes
	No
	No
	pusch-TimeDomainAllocationList provided in pusch-ConfigCommon 

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

	No/Yes
	No/Yes
	Yes
	pusch-TimeDomainAllocationList-ForDCIformat0_1 provided in pusch-Config



Table 6.1.2.1.1-1B: Applicable PUSCH time domain resource allocation for DCI format 0_2 in UE specific search space scrambled with C-RNTI, MCS-C-RNTI, CS-RNTI or SP-CSI-RNTI

	pusch-ConfigCommon includes pusch-TimeDomainAllocationList
	pusch-Config includes pusch-TimeDomainAllocationList
	pusch-Config includes pusch-TimeDomainAllocationList -ForDCIformat0_2
	PUSCH time domain resource allocation to apply

	No
	No
	No
	Default A

	Yes
	No
	No
	pusch-TimeDomainAllocationList provided in pusch-ConfigCommon 

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

	No/Yes
	No/Yes
	Yes
	pusch-TimeDomainAllocationList-ForDCIformat0_2 provided in pusch-Config




Table 6.1.2.1.1-2: Default PUSCH time domain resource allocation A for normal CP
	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 A
	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: Default PUSCH time domain resource allocation A for extended CP 
	Row index
	PUSCH mapping type
	K2
	S
	L

	1
	Type A
	j
	0
	8

	2
	Type A
	j
	0
	12

	3
	Type A
	j
	0
	10

	4
	Type B
	j
	2
	10

	5
	Type B
	j
	4
	4

	6
	Type B
	j
	4
	8

	7
	Type B
	j
	4
	6

	8
	Type A
	j+1
	0
	8

	9
	Type A
	j+1
	0
	12

	10
	Type A
	j+1
	0
	10

	11
	Type A
	j+2
	0
	6

	12
	Type A
	j+2
	0
	12

	13
	Type A
	j+2
	0
	10

	14
	Type B
	j
	8
	4

	15
	Type A
	j+3
	0
	8

	16
	Type A
	j+3
	0
	10



Table 6.1.2.1.1-4: Definition of value j
	µPUSCH
	j

	0
	1

	1
	1

	2
	2

	3
	3



Table 6.1.2.1.1-5: Definition of value Δ
	µPUSCH
	Δ

	0
	2

	1
	3

	2
	4

	3
	6



[bookmark: _Toc11352145][bookmark: _Toc20318035]6.1.2.2	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 except for a PUSCH transmission scheduled by a RAR UL grant, in which case the frequency domain resource allocation is determined according to Subclause 8.3 of [6, 38.213]. Two uplink resource allocation schemes type 0 and type 1 are supported. Uplink resource allocation scheme type 0 is supported for PUSCH only when transform precoding is disabled. Uplink resource allocation scheme type 1 is supported for PUSCH for both cases when transform precoding is enabled or disabled.
[bookmark: _Hlk25926046]If the scheduling DCI is configured to indicate the uplink resource allocation type as part of the Frequency domain resource assignment field by setting a higher layer parameter resourceAllocation in pusch-Config to 'dynamicSwitch', for DCI format 0_1 or setting a higher layer parameter resourceAllocation-ForDCIFormat0_2 in pusch-Config to 'dynamicswitch' for DCI format 0_2, the UE shall use uplink resource allocation type 0 or type 1 as defined by this DCI field. Otherwise the UE shall use the uplink frequency resource allocation type as defined by the higher layer parameter resourceAllocation for DCI format 0_1 or the higher layer parameter resourceAllocation-ForDCIFormat0_2 for DCI format 0_2.	Comment by Mihai Enescu - RAN1#99: Agreement RAN1#99 (RRC impact)
For frequency domain resource assignment for the new DCI format 0_2/1_2, resource allocation type 0 is supported without any change from Rel-15
Support dynamic switching between resource allocation type 0 and type 1 

RRC parameter: 
resourceAllocation-ForDCIFormat0_2 in PUSCH-config
The UE shall assume that when the scheduling PDCCH is received with DCI format 0_0, then uplink resource allocation type 1 is used. 
If a bandwidth part indicator field is not configured in the scheduling DCI or the UE does not support active bandwidth part change via DCI, the RB indexing for uplink type 0 and type 1 resource allocation is determined within the UE's active bandwidth part. If a bandwidth part indicator field is configured in the scheduling DCI and the UE supports active bandwidh part change via DCI, the RB indexing for uplink type 0 and type 1 resource allocation is determined within the UE's bandwidth part indicated by bandwidth part indicator field value in the DCI. The UE shall upon detection of PDCCH intended for the UE determine first the uplink bandwidth part and then the resource allocation within the bandwidth part. RB numbering starts from the lowest RB in the determined uplink bandwidth part.
[bookmark: _Toc11352146][bookmark: _Toc20318036]6.1.2.2.1	Uplink resource allocation type 0	Comment by Mihai Enescu - RAN1#99: Editors note:
No changes to type 0 RA seen as needed, as it is supported as in Rel-15 based on the following agreement:

Agreement RAN1#99 
For frequency domain resource assignment for the new DCI format 0_2/1_2, resource allocation type 0 is supported without any change from Rel-15
Support dynamic switching between resource allocation type 0 and type 1

In uplink 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 in pusch-Config and the size of the bandwidth part as defined in Table 6.1.2.2.1-1.
Table 6.1.2.2.1-1: 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 uplink bandwidth part i of sizePRBs is given by  where 

-	the size of the first RBG is ,


-	the size of the last RBG is if and P otherwise.
-	the size of all other RBG 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 of the bandwidth part and starting at the lowest frequency. The order of RBG bitmap is such that RBG 0 to RBG are mapped from MSB to LSB of the bitmap. 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. 
In frequency range 1, only 'almost contiguous allocation' defined in [8, TS 38.101-1] is allowed as non-contiguous allocation per component carrier for UL RB allocation for CP-OFDM.
In frequency range 2, non-contiguous allocation per component carrier for UL RB allocation for CP-OFDM is not supported.
[bookmark: _Toc11352147][bookmark: _Toc20318037]6.1.2.2.2	Uplink resource allocation type 1


In uplink resource allocation of type 1, the resource block assignment information indicates to a scheduled UE a set of contiguously allocated non-interleaved virtual resource blocks within the active bandwidth part of size  PRBs except for the case when DCI format 0_0 is decoded in any common search space in which case the size of the initial UL bandwidth part  shall be used. 


An uplink type 1 resource allocation field consists of a resource indication value (RIV) corresponding to a starting virtual resource block () and a length in terms of contiguously allocated resource blocks. The resource indication value is defined by 

if  then


else 




where 1 and shall not exceed. 




When the DCI size for DCI format 0_0 in USS is derived from the initial UL BWP with size  but applied to another active BWP with size of , an uplink type 1 resource block assignment field consists of a resource indication value (RIV) corresponding to a starting resource block and a length in terms of virtually contiguously allocated resource blocks . 
The resource indication value is defined by

if  then


else 






where, and where shall not exceed .


If , K is the maximum value from set {1, 2, 4, 8} which satisfies ; otherwise K = 1.



When the scheduling grant is received with DCI format 0_2, an uplink type 1 resource allocation field consists of [TBD]. [If the resource allocation indicates the corresponding PUSCH is mapped to RB index , the UE shall assume the PUSCH is also mapped to PRB indexes  to .]	Comment by Mihai Enescu: Agreements: (Email discussion following RAN1#98)
For resource allocation type 1 for frequency domain resource assignment for the DCI format scheduling Rel-16 URLLC, support the following modification compared to Rel-15: 
A single configurable scheduling granularity applicable for both the starting point and length indication. 
A new RRC parameter to configure the scheduling granularity


RRC parameter:
ResourceAllocationType1-granularity-ForDCIFormat0_2	Comment by Mihai Enescu: This guarantees the potentially remaining PRBs to be also allocated as well!	Comment by Mihai Enescu: Editor’s note: placeholder text, RAN1 to clarify
[bookmark: _Toc11352148][bookmark: _Toc20318038]6.1.2.3	Resource allocation for uplink transmission with configured grant
[bookmark: _Hlk498078682][bookmark: _Hlk500838154]When PUSCH resource allocation is semi-statically configured by higher layer parameter configuredGrantConfig in BWP-UplinkDedicated information element, and the PUSCH transmission corresponding to a configured grant, the following higher layer parameters are applied in the transmission:
-	For Type 1 PUSCH transmissions with a configured grant, the following parameters are given in configuredGrantConfig unless mentioned otherwise:
-	For the determination of the PUSCH repetition type, if the higher layer parameter PUSCHRepTypeIndicator-ForType1Configuredgrant is configured and set to ‘pusch-RepTypeB’, PUSCH repetition type B is applied; otherwise, PUSCH repetition type A is applied;  
-	For PUSCH repetition type A, the selection of the time domain resource allocation table follows the rules for DCI format 0_0 on UE specific search space, as defined in Subclause 6.1.2.1.1.
-	For PUSCH repetition type B, the selection of the time domain resource allocation table is as follows:
-	If PUSCHRepTypeIndicator-ForDCIFormat0_1 in pusch-Config is configured and set to ‘pusch-RepTypeB’, PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_1 in pusch-Config is used;
-	Otherwise, PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_2 in pusch-Config is used.
-	It is not expected that PUSCHRepTypeIndicator-ForType1Configuredgrant is configured with ‘pusch-RepTypeB’ when none of PUSCHRepTypeIndicator-ForDCIFormat0_1 and PUSCHRepTypeIndicator-ForDCIFormat0_2 in pusch-Config is set to ‘pusch-RepTypeB’.
-	The higher layer parameter timeDomainAllocation value m provides a row index m+1 pointing to an the determined time domain resource allocatedion table, where indicating a combination ofthe start symbol and length  are determined following the procedure defined in Subclause 6.1.2.and PUSCH mapping type, where the table selection follows the rules for the UE specific search space, as defined in Subclause 6.1.2.1.1;

-	Frequency domain resource allocation is determined by the higher layer parameter frequencyDomainAllocation according to the procedure in Subclause 6.1.2.2 for a given resource allocation type indicated by resourceAllocation;
-	The IMCS is provided by higher layer parameter mcsAndTBS;
-	Number of DM-RS CDM groups, DM-RS ports, SRS resource indication and DM-RS sequence initialization are determined as in Subclause 7.3.1.1.2 of [5, TS 38.212], and the antenna port value, the bit value for DM-RS sequence initialization, precoding information and number of layers, SRS resource indicator are provided by antennaPort, dmrs-SeqInitialization, precodingAndNumberOfLayers, and srs-ResourceIndicator respectively;
-	When frequency hopping is enabled, the frequency offset between two frequency hops can be configured by higher layer parameter frequencyHoppingOffset.
-	For Type 2 PUSCH transmissions with a configured grant: the resource allocation follows the higher layer configuration according to [10, TS 38.321], and UL grant received on the DCI.
-	The PUSCH repetition type and the time domain resource allocation table are determined by the PUSCH repetition type and the time domain resource allocation table associated with the UL grant received on the DCI, respectively, as defined in Subclause 6.1.2.1.
For PUSCH transmissions with a Type 1 or Type 2 configured grant, the number of (nominal) repetitions K to be applied to the transmitted transport block is provided by the indexed row in the time domain resource allocation table if numberofrepetitions is present in the table; otherwise K is provided by the higher layer configured parameters repK. 
The UE shall not transmit anything on the resources configured by configuredGrantConfig if the higher layers did not deliver a transport block to transmit on the resources allocated for uplink transmission without grant.
A set of allowed periodicities P are defined in [12, TS 38.331]. 
6.1.2.3.1	Transport Block repetition for uplink transmissions of PUSCH repetition Type A with a configured grant
The procedures described in this Subclause apply to PUSCH transmissions of PUSCH repetition Type A with a Type 1 or Type 2 configured grant. 	Comment by Mihai Enescu: Agreements:
For Type 1 CG, introduce an RRC parameter per CG configuration to indicate whether UE follows the behavior for “Rel-16 PUSCH transmission scheme” or the behavior for “Rel-15 PUSCH transmission scheme”.

Agreements:
For Type 2 CG, UE uses the PUSCH transmission scheme (“Rel-16 PUSCH transmission scheme” or “Rel-15 PUSCH transmission scheme”) associated with the activating DCI format.

This section describes the Rel-15 PUSCH operation, i.e. new PUSCH repetition type A. 
The higher layer configured parameters repK andThe higher layer parameter repK-RV defines the K repetitions to be applied to the transmitted transport block, and the redundancy version pattern to be applied to the repetitions. If the parameter repK-RV is not provided in the configuredGrantConfig, the redundancy version for uplink transmissions with a configured grant shall be set to 0. Otherwise, for the nth transmission occasion among K repetitions, n=1, 2, …, K, it is associated with (mod(n-1,4)+1)th value in the configured RV sequence. If a configured grant configuration is configured with Configuredgrantconfig-StartingfromRV0 set to ‘off’, the initial transmission of a transport block may only start at the first transmission occasion of the K repetitions. Otherwise, Tthe initial transmission of a transport block may start at 	Comment by Mihai Enescu: Agreements:
For CG PUSCH, 
Introduce the RRC signalling per CG configuration to enable/disable the feature of starting from any RV0 occasion for RV cyclic sequences {0,0,0,0} and {0,3,0,3}.
If disabled, Rel-16 behaviour
If enabled, reuse Rel-15 behavior

RRC parameter: 
Configuredgrantconfig-StartingfromRV0 using {on,off]

For ‘off’ (disable) indicates, the Rel-16 behavior is applied and PUSCH starts always from the first transmission occasion.  only starting from first transmission occaion
-	the first transmission occasion of the K repetitions if the configured RV sequence is {0,2,3,1},
-	any of the transmission occasions of the K repetitions that are associated with RV=0 if the configured RV sequence is {0,3,0,3},
-	any of the transmission occasions of the K repetitions if the configured RV sequence is {0,0,0,0}, except the last transmission occasion when K≥=8. 	Comment by Mihai Enescu - RAN1#99: Editors note: 
RAN1 to decide if the current statement also applies for very larger repetition factors (e.g. K=16: Is the UE allowed to start in any of them up to the 2nd last?)	Comment by Mihai Enescu - RAN1#99: Agreements:
For PUSCH repetition type A and type B, the number of bits to indicate numberofrepetitions is 3. 
{1, 2, [3], 4, [6], 7, [8], 12, 16} are supported.
FFS whether to have a limit on the number of nominal repetitions in a slot
For any RV sequence, the repetitions shall be terminated after transmitting K repetitions, or at the last transmission occasion among the K repetitions within the period P, or from the starting symbol of the repetition that overlaps with a PUSCH with the same HARQ process scheduled by DCI format 0_0, or 0_1, or 0_2, whichever is reached first. The UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P. If the UE determines that, for a transmission occasion, the number of symbols available for the PUSCH transmission in a slot is smaller than transmission duration L, the UE does not transmit the PUSCH in the transmission occasion.
[bookmark: _Hlk512975987]For both Type 1 and Type 2 PUSCH transmissions with a configured grant, when the UE is configured with repK > 1, the UE shall repeat the TB across the repK consecutive slots applying the same symbol allocation in each slot. A Type 1 or Type 2 PUSCH transmission with a configured grant in a slot is omitted according to the conditions in Subclause 11.1 of [6, TS38.213]. 
6.1.2.3.2	Transport Block repetition for uplink transmissions of PUSCH repetition Type B with a configured grant
The procedures described in this Subclause apply to PUSCH transmissions of PUSCH repetition type B with a Type 1 or Type 2 configured grant.	Comment by Mihai Enescu: Agreements:
For Type 1 CG, introduce an RRC parameter per CG configuration to indicate whether UE follows the behavior for “Rel-16 PUSCH transmission scheme” or the behavior for “Rel-15 PUSCH transmission scheme”.

Agreements:
For Type 2 CG, UE uses the PUSCH transmission scheme (“Rel-16 PUSCH transmission scheme” or “Rel-15 PUSCH transmission scheme”) associated with the activating DCI format.

This section describes the Rel-16 PUSCH operation, i.e. new PUSCH repetition type B. 


For PUSCH transmissions with a Type 1 or Type 2 configured grant, the nominal repetitions and the actual repetitions are determined according to the procedures for PUSCH repetition Type B defined in Subclause 6.1.2.1. The higher layer configured parameters repK-RV defines the redundancy version pattern to be applied to the repetitions. If the parameter repK-RV is not provided in the configuredGrantConfig, the redundancy version for each actual repetition with a configured grant shall be set to 0. Otherwise, for the nth transmission occasion among all the actual repetitions (including the actual repetitions that are omitted) of the K nominal repetitions, it is associated with (mod(n-1,4)+1)th value in the configured RV sequence. If a configured grant configuration is configured with Configuredgrantconfig-StartingfromRV0 set to ‘off’, the initial transmission of a transport block may only start at the first transmission occasion of the actual repetitions. Otherwise, the initial transmission of a transport block may start at 
-	the first transmission occasion of the actual repetitions if the configured RV sequence is {0,2,3,1},
-	any of the transmission occasions of the actual repetitions that are associated with RV=0 if the configured RV sequence is {0,3,0,3},
-	any of the transmission occasions of the actual repetitions if the configured RV sequence is {0,0,0,0}, except the actual repetitions within the last nominal repetition when K≥8. 	Comment by Mihai Enescu - RAN1#99: Editors note: 
RAN1 to decide if the current statement also applies for very larger repetition factors (e.g. K=16: Is the UE allowed to start in any of them up to the 2nd last?)
For any RV sequence, the repetitions shall be terminated after transmitting K nominal repetitions, or at the last transmission occasion among the K nominal repetitions within the period P, or from the starting symbol of a repetition that overlaps with a PUSCH with the same HARQ process scheduled by DCI format 0_0, 0_1 or 0_2, whichever is reached first. The UE is not expected to be configured with the time duration for the transmission of K nominal repetitions larger than the time duration derived by the periodicity P. 
<omitted text>
[bookmark: _Toc11352151][bookmark: _Toc20318041]6.1.4.1	Modulation order and target code rate determination
For a PUSCH scheduled by RAR UL grant or 
for a PUSCH scheduled by a DCI format 0_0 with CRC scrambled by C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, or 
for a PUSCH scheduled by a DCI format 0_1 for DCI format 0_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, SP-CSI-RNTI, or 
for a PUSCH with configured grant using CS-RNTI, and
if transform precoding is disabled for this PUSCH transmission according to Subclause 6.1.3
-	if mcs-Table-ForDCIFormat0_2 in pusch-Config is set to 'qam256', and PUSCH is scheduled by a PDCCH with DCI format 0_2 with CRC scrambled by C-RNTI or SP-CSI-RNTI,
-	the UE shall use IMCS and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical uplink shared channel.
-	elseif the UE is not configured with MCS-C-RNTI, mcs-Table-ForDCIFormat0_2  in pusch-Config is set to 'qam64LowSE', and the PUSCH is scheduled by a PDCCH by a PDCCH with DCI format 0_2 with CRC scrambled by C-RNTI or SP-CSI-RNTI,
-	the UE shall use IMCS and Table 5.1.3.1-3 to determine the modulation order (Qm) and Target code rate (R) used in the physical uplink shared channel.
-	elseif mcs-Table in pusch-Config is set to 'qam256', and PUSCH is scheduled by a PDCCH with DCI format 0_1 with CRC scrambled by C-RNTI or SP-CSI-RNTI,
-	the UE shall use IMCS and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical uplink shared channel.
[bookmark: _Hlk523070388]-	elseif the UE is not configured with MCS-C-RNTI, mcs-Table in pusch-Config is set to 'qam64LowSE', and the PUSCH is scheduled by a PDCCH with a DCI format other than DCI format 0_2 in a UE-specific search space with CRC scrambled by C-RNTI or SP-CSI-RNTI,
-	the UE shall use IMCS and Table 5.1.3.1-3 to determine the modulation order (Qm) and Target code rate (R) used in the physical uplink shared channel.
-	elseif the UE is configured with MCS-C-RNTI, and the PUSCH is scheduled by a PDCCH with CRC scrambled by MCS-C-RNTI,
-	the UE shall use IMCS and Table 5.1.3.1-3 to determine the modulation order (Qm) and Target code rate (R) used in the physical uplink shared channel.
-	elseif mcs-Table in configuredGrantConfig is set to 'qam256', 
-	if PUSCH is scheduled by a PDCCH with CRC scrambled by CS-RNTI or
-	if PUSCH is transmitted with configured grant
-	the UE shall use IMCS and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical uplink shared channel.
-	elseif mcs-Table in configuredGrantConfig is set to 'qam64LowSE', 
-	if PUSCH is scheduled by a PDCCH with CRC scrambled by CS-RNTI or
-	if PUSCH is transmitted with configured grant,
-	the UE shall use IMCS and Table 5.1.3.1-3 to determine the modulation order (Qm) and Target code rate (R) used in the physical uplink shared channel.
-	else
-	the UE shall use IMCS and Table 5.1.3.1-1 to determine the modulation order (Qm) and Target code rate (R) used in the physical uplink shared channel.
else
-	if mcs-TableTransformPrecoder-ForDCIFormat0_2 in pusch-Config is set to 'qam256', and PUSCH is scheduled by a PDCCH with DCI format 0_2 with CRC scrambled by C-RNTI or SP-CSI-RNTI,
-	the UE shall use IMCS and Table 5.1.3.1.-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical uplink shared channel. 
-	elseif the UE is not configured with MCS-C-RNTI, mcs-Table-ForDCIFormat0_2 in pusch-Config is set to 'qam64LowSE', and the PUSCH is scheduled by a PDCCH with DCI format 0_2 with CRC scrambled by C-RNTI or SP-CSI-RNTI,
-	the UE shall use IMCS and Table 6.1.4.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical uplink shared channel.
-	elseif mcs-TableTransformPrecoder in pusch-Config is set to 'qam256', and PUSCH is scheduled by a PDCCH with DCI format 0_1 with CRC scrambled by C-RNTI or SP-CSI-RNTI,
-	the UE shall use IMCS and Table 5.1.3.1.-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical uplink shared channel. 
-	elseif the UE is not configured with MCS-C-RNTI, mcs-TableTransformPrecoder in pusch-Config is set to 'qam64LowSE', and the PUSCH is scheduled by a PDCCH with a DCI format other than DCI format 0_2 in a UE-specific search space with CRC scrambled by C-RNTI or SP-CSI-RNTI,
-	the UE shall use IMCS and Table 6.1.4.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical uplink shared channel.
-	elseif the UE is configured with MCS-C-RNTI, and the PUSCH is scheduled by a PDCCH with CRC scrambled by MCS-C-RNTI,
-	the UE shall use IMCS and Table 6.1.4.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical uplink shared channel.
-	elseif mcs-TableTransformPrecoder in configuredGrantConfig is set to 'qam256', 
-	if PUSCH is scheduled by a PDCCH with CRC scrambled by CS-RNTI or
-	if PUSCH is transmitted with configured grant,
-	the UE shall use IMCS and Table 5.1.3.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical uplink shared channel.
-	elseif mcs-TableTransformPrecoder in configuredGrantConfig is set to 'qam64LowSE',
-	if PUSCH is scheduled by a PDCCH with CRC scrambled by CS-RNTI or
-	if PUSCH is transmitted with configured grant,
-	the UE shall use IMCS and Table 6.1.4.1-2 to determine the modulation order (Qm) and Target code rate (R) used in the physical uplink shared channel.
-	else
-	the UE shall use IMCS and Table 6.1.4.1-1to determine the modulation order (Qm) and Target code rate (R) used in the physical uplink shared channel.
end
<omitted text>
[bookmark: _Toc11352152][bookmark: _Toc20318042]6.1.4.2	Transport block size determination
For a PUSCH scheduled by RAR UL grant or 
for a PUSCH scheduled by a DCI format 0_0 with CRC scrambled by C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, or 
for a PUSCH scheduled by a DCI format 0_1 or format 0_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, SP-CSI-RNTI, or 
for a PUSCH transmission with configured grant,
if

-	and transform precoding is disabled and Table 5.1.3.1-2 is used, or

-	 and transform precoding is disabled and a table other than Table 5.1.3.1-2 is used, or 

-	 and transform precoding is enabled, the UE shall first determine the TBS as specified below:
The UE shall first determine the number of REs (NRE) within the slot: 

-	A UE first determines the number of REs allocated for PUSCH within a PRB  by 








[bookmark: _Hlk512515248]-	, where is the number of subcarriers in the frequency domain in a physical resource block,  is the number of symbols L of the PUSCH allocation according to Subclause 6.1.2.1 for scheduled PUSCH of Subclause 6.1.2.3 for configured PUSCHwithin the slot,  is the number of REs for DM-RS per PRB in the allocated duration including the overhead of the DM-RS CDM groups without data, as described for PUSCH with a configured grant in Subclause 6.1.2.3 or as indicated by DCI format 0_1 or format 0_2 or as described for DCI format 0_0 in Subclause 6.2.2, and  is the overhead configured by higher layer parameter xOverhead in PUSCH-ServingCellConfig. If the  is not configured (a value from 6, 12, or 18), the  is assumed to be 0. For Msg3 transmission the  is always set to 0.	Comment by Mihai Enescu - RAN1#99: Editors note: 
Discussion on RAN1 reflector on DM-RS mapping for DCI format 0_2 for 0bit AP size still ongoing having an effect on the PDSCH RE mapping (and overhead assumption). Might need a potential clause here (if antenna port(s) field is present)	Comment by Mihai Enescu - RAN1#99: Editors note: 
Discussion on RAN1 reflector on DM-RS mapping for DCI format 0_2 for 0bit AP size still ongoing having an effect on the PDSCH RE mapping (and overhead assumption). Might need format 0_2 to be added with a clause applicable only if AP field size >0 - i.e. ‘or format 0_2 (if antenna port(s) field is not present)’



-	A UE determines the total number of REs allocated for PUSCH  by where  is the total number of allocated PRBs for the UE.
-	Next, proceed with steps 2-4 as defined in Subclause 5.1.3.2
else if

-	 and transform precoding is disabled and Table 5.1.3.1-2 is used, or

-	 and transform precoding is enabled, 


-	the TBS is assumed to be as determined from the DCI transported in the latest PDCCH for the same transport block using . If there is no PDCCH for the same transport block using , and if the initial PUSCH for the same transport block is transmitted with configured grant, 
-	the TBS shall be determined from configuredGrantConfig for a configured grant Type 1 PUSCH.
-	the TBS shall be determined from the most recent PDCCH scheduling a configured grant Type 2 PUSCH.
else


-	the TBS is assumed to be as determined from the DCI transported in the latest PDCCH for the same transport block using . If there is no PDCCH for the same transport block using , and if the initial PUSCH for the same transport block is transmitted with configured grant, 
-	the TBS shall be determined from configuredGrantConfig for a configured grant Type 1 PUSCH.
-	the TBS shall be determined from the most recent PDCCH scheduling a configured grant Type 2 PUSCH.
<omitted text>
[bookmark: _Toc11352156][bookmark: _Toc20318046]6.2	UE reference signal (RS) procedure
[bookmark: _Toc11352157][bookmark: _Toc20318047]6.2.1	UE sounding procedure

The UE may be configured with one or more Sounding Reference Signal (SRS) resource sets as configured by the higher layer parameter SRS-ResourceSet. For each SRS resource set, a UE may be configured with SRS resources (higher layer parameter SRS-Resource), where the maximum value of K is indicated by UE capability [13, 38.306]. The SRS resource set applicability is configured by the higher layer parameter usage in SRS-ResourceSet. When the higher layer parameter usage is set to 'beamManagement', only one SRS resource in each of multiple SRS sets may be transmitted at a given time instant, but the SRS resources in different SRS resource sets with the same time domain behaviour in the same BWP may be transmitted simultaneously.
For aperiodic SRS at least one state of the DCI field is used to select at least one out of the configured SRS resource set(s).
The following SRS parameters are semi-statically configurable by higher layer parameter SRS-Resource.
-	srs-ResourceId determines SRS resource configuration identity.
[bookmark: _Hlk512512251]-	Number of SRS ports as defined by the higher layer parameter nrofSRS-Ports and described in Subclause 6.4.1.4 of [4, TS 38.211].
-	Time domain behaviour of SRS resource configuration as indicated by the higher layer parameter resourceType, which may be periodic, semi-persistent, aperiodic SRS transmission as defined in Subclause 6.4.1.4 of [4, TS 38.211].
-	Slot level periodicity and slot level offset as defined by the higher layer parameters periodicityAndOffset-p or periodicityAndOffset-sp for an SRS resource of type periodic or semi-persistent. The UE is not expected to be configured with SRS resources in the same SRS resource set SRS-ResourceSet with different slot level periodicities. For an SRS-ResourceSet configured with higher layer parameter resourceType set to 'aperiodic', a slot level offset is defined by the higher layer parameter slotOffset.
-	Number of OFDM symbols in the SRS resource, starting OFDM symbol of the SRS resource within a slot including repetition factor R as defined by the higher layer parameter resourceMapping and described in Subclause 6.4.1.4 of [4, TS 38.211].


[bookmark: _Hlk496600036]-	SRS bandwidth and , as defined by the higher layer parameter freqHopping and described in Subclause 6.4.1.4 of [4, TS 38.211].

-	Frequency hopping bandwidth, , as defined by the higher layer parameter freqHopping and described in Subclause 6.4.1.4 of [4, TS 38.211].
-	Defining frequency domain position and configurable shift, as defined by the higher layer parameters freqDomainPosition and freqDomainShift, respectively, and described in Subclause 6.4.1.4 of [4, TS 38.211].
-	Cyclic shift, as defined by the higher layer parameter cyclicShift-n2 or cyclicShift-n4 for transmission comb value 2 and 4, respectively, and described in Subclause 6.4.1.4 of [4, TS 38.211].
-	Transmission comb value as defined by the higher layer parameter transmissionComb described in Subclause 6.4.1.4 of [4, TS 38.211].
-	Transmission comb offset as defined by the higher layer parameter combOffset-n2 or combOffset-n4 for transmission comb value 2 or 4, respectively, and described in Subclause 6.4.1.4 of [4, TS 38.211].
-	SRS sequence ID as defined by the higher layer parameter sequenceId in Subclause 6.4.1.4 of [4].
[bookmark: _Hlk500903520]-	The configuration of the spatial relation between a reference RS and the target SRS, where the higher layer parameter spatialRelationInfo, if configured, contains the ID of the reference RS. The reference RS may be an SS/PBCH block, CSI-RS configured on serving cell indicated by higher layer parameter servingCellId if present, same serving cell as the target SRS otherwise, or an SRS configured on uplink BWP indicated by the higher layer parameter uplinkBWP, and serving cell indicated by the higher layer parameter servingCellId if present, same serving cell as the target SRS otherwise.

[bookmark: _Hlk495170565][bookmark: _Hlk498637686]The UE may be configured by the higher layer parameter resourceMapping in SRS-Resource with an SRS resource occupying  adjacent symbols within the last 6 symbols of the slot, where all antenna ports of the SRS resources are mapped to each symbol of the resource. 
When PUSCH and SRS are transmitted in the same slot, the UE may only be configured to transmit SRS after the transmission of the PUSCH and the corresponding DM-RS.
[bookmark: _Hlk497223612][bookmark: _Hlk512515572]For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter resourceType in SRS-Resource is set to 'periodic':
[bookmark: _Hlk512513074]-	if the UE is configured with the higher layer parameter spatialRelationInfo containing the ID of a reference 'ssb-Index', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference SS/PBCH block, if the higher layer parameter spatialRelationInfo contains the ID of a reference 'csi-RS-Index', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference periodic CSI-RS or of the reference semi-persistent CSI-RS, if the higher layer parameter spatialRelationInfo containing the ID of a reference 'srs', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the transmission of the reference periodic SRS. 
For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter resourceType in SRS-Resource is set to 'semi-persistent':
-	when a UE receives an activation command, as described in subclause 6.1.3.17 of [10, TS 38.321], for an SRS resource, and when the HARQ-ACK corresponding to the PDSCH carrying the activation command is transmitted in slot n, the corresponding actions in [10, TS 38.321] and the UE assumptions on SRS transmission corresponding to the configured SRS resource set shall be applied starting from the first slot that is after slot The activation command also contains spatial relation assumptions provided by a list of references to reference signal IDs, one per element of the activated SRS resource set. Each ID in the list refers to a reference SS/PBCH block, NZP CSI-RS resource configured on serving cell indicated by Resource Serving Cell ID field in the activation command if present, same serving cell as the SRS resource set otherwise, or SRS resource configured on serving cell and uplink bandwidth part indicated by Resource Serving Cell ID field and Resource BWP ID field in the activation command if present, same serving cell and bandwidth part as the SRS resource set otherwise.
[bookmark: _Hlk512330606]-	if an SRS resource in the activated resource set is configured with the higher layer parameter spatialRelationInfo, the UE shall assume that the ID of the reference signal in the activation command overrides the one configured in spatialRelationInfo.
-	when a UE receives a deactivation command [10, TS 38.321] for an activated SRS resource set, and when the HARQ-ACK corresponding to the PDSCH carrying the deactivation command is transmitted in slot n, the corresponding actions in [10, TS 38.321] and UE assumption on cessation of SRS transmission corresponding to the deactivated SRS resource set shall apply starting from the first slot that is after slot 
-	if the UE is configured with the higher layer parameter spatialRelationInfo containing the ID of a reference 'ssb-Index', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference SS/PBCH block, if the higher layer parameter spatialRelationInfo contains the ID of a reference 'csi-RS-Index', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference periodic CSI-RS or of the reference semi-persistent CSI-RS, if the higher layer parameter spatialRelationInfo contains the ID of a reference 'srs', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the transmission of the reference periodic SRS or of the reference semi-persistent SRS.
If the UE has an active semi-persistent SRS resource configuration and has not received a deactivation command, the semi-persistent SRS configuration is considered to be active in the UL BWP which is active, otherwise it is considered suspended.
For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter resourceType in SRS-Resource is set to 'aperiodic':
-	the UE receives a configuration of SRS resource sets,
[bookmark: _Hlk515880410]-	the UE receives a downlink DCI, a group common DCI, or an uplink DCI based command where a codepoint of the DCI may trigger one or more SRS resource set(s). For SRS in a resource set with usage set to 'codebook' or 'antennaSwitching', the minimal time interval between the last symbol of the PDCCH triggering the aperiodic SRS transmission and the first symbol of SRS resource is N2. Otherwise, the minimal time interval between the last symbol of the PDCCH triggering the aperiodic SRS transmission and the first symbol of SRS resource is N2 + 14. The minimal time interval in units of OFDM symbols is counted based on the minimum subcarrier spacing between the PDCCH and the aperiodic SRS.

-	If the UE receives the DCI triggering aperiodic SRS in slot n, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot where k is configured via higher layer parameter slotOffset for each triggered SRS resources set and is based on the subcarrier spacing of the triggered SRS transmission, µSRS and µPDCCH are the subcarrier spacing configurations for triggered SRS and PDCCH carrying the triggering command respectively. 
-	if the UE is configured with the higher layer parameter spatialRelationInfo containing the ID of a reference 'ssb-Index', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference SS/PBCH block, if the higher layer parameter spatialRelationInfo contains the ID of a reference 'csi-RS-Index', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference periodic CSI-RS or of the reference semi-persistent CSI-RS, or of the latest reference aperiodic CSI-RS. If the higher layer parameter spatialRelationInfo contains the ID of a reference 'srs', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the transmission of the reference periodic SRS or of the reference semi-persistent SRS or of the reference aperiodic SRS. 
The UE is not expected to be configured with different time domain behavior for SRS resources in the same SRS resource set. The UE is also not expected to be configured with different time domain behavior between SRS resource and associated SRS resources set.
The SRS request field [7, TS38.212] in DCI format 0_1, 1_1, 0_2 (if SRS request field is present), 1_2 (if SRS request field is present) indicates the triggered SRS resource set given in Table 7.3.1.1.2-24 of [7, TS 38212]. The 2-bit SRS request field [7, TS38.212] in DCI format 2_3 indicates the triggered SRS resource set given in Subclause 7.3 of [7, TS 38.212] if the UE is configured with higher layer parameter srs-TPC-PDCCH-Group set to 'typeB', or indicates the SRS transmission on a set of serving cells configured by higher layers if the UE is configured with higher layer parameter srs-TPC-PDCCH-Group set to 'typeA'.
[bookmark: _Hlk498636457][bookmark: _Hlk498636712][bookmark: _Hlk498515857][bookmark: _Hlk498108449]For PUCCH and SRS on the same carrier, a UE shall not transmit SRS when semi-persistent and periodic SRS are configured in the same symbol(s) with PUCCH carrying only CSI report(s), or only L1-RSRP report(s). A UE shall not transmit SRS when semi-persistent or periodic SRS is configured or aperiodic SRS is triggered to be transmitted in the same symbol(s) with PUCCH carrying HARQ-ACK and/or SR. In the case that SRS is not transmitted due to overlap with PUCCH, only the SRS symbol(s) that overlap with PUCCH symbol(s) are dropped. PUCCH shall not be transmitted when aperiodic SRS is triggered to be transmitted to overlap in the same symbol with PUCCH carrying semi-persistent/periodic CSI report(s) or semi-persistent/periodic L1-RSRP report(s) only. 
In case of intra-band carrier aggregation or in inter-band CA band-band combination where simultaneous SRS and PUCCH/PUSCH transmissions are not allowed, a UE is not expected to be configured with SRS from a carrier and PUSCH/UL DM-RS/UL PT-RS/PUCCH formats from a different carrier in the same symbol.
In case of intra-band carrier aggregation or in inter-band CA band-band combination where simultaneous SRS and PRACH transmissions are not allowed, a UE shall not transmit simultaneously SRS resource(s) from a carrier and PRACH from a different carrier. 
[bookmark: _Hlk523498144]In case a SRS resource with resourceType set as 'aperiodic' is triggered on the OFDM symbol(s) configured with periodic/semi-persistent SRS transmission, the UE shall transmit the aperiodic SRS resource and only the periodic/semi-persistent SRS symbol(s) overlapping within the symbol(s) are dropped, while the periodic/semi-persistent SRS symbol(s) that are not overlapped with the aperiodic SRS resource are transmitted. In case a SRS resource with resourceType set as 'semi-persistent' is triggered on the OFDM symbol(s) configured with periodic SRS transmission, the UE shall transmit the semi-persistent SRS resource and only the periodic SRS symbol(s) overlapping within the symbol(s) are dropped, while the periodic SRS symbol(s) that are not overlapped with the semi-persistent SRS resource are transmitted. 
When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set to 'antennaSwitching', and a guard period of Y symbols is configured according to Subclause 6.2.1.2, the UE shall use the same priority rules as defined above during the guard period as if SRS was configured.
<omitted text>
[bookmark: _Toc11352161][bookmark: _Toc20318051]6.2.2	UE DM-RS transmission procedure	Comment by Mihai Enescu - RAN1#99: Editors comment:
UE DM-RS mapping discussion still ongoing on the reflector. Changes will be needed here depending on the conclusion there:
- Option 1: either following 0_1 always applying the DM-RS for 0_2
-  Option 2: or then depending on the AP field size present 
If present, following 0_1  alwaays applying the DM-RS for 0_2 
If not present, follow 0_0 DM-RS mapping


Agreements:
For “Antenna port” in DCI format 0_2 
Introduce new RRC parameters dmrs-UplinkForPUSCH-MappingTypeA-ForDCIFormat0_2 and dmrs-UplinkForPUSCH-MappingTypeB-ForDCIFormat0_2. 
If none of the above two RRC parameters is configured, then 0 bit for “Antenna port” in DCI format 0_2 (the port follows the same port index as in the fallback DCI)
Otherwise, the number of bits for “Antenna port” in DCI format 0_2 is determined in the same way as Rel-15 DCI format 0_1. 
When transmitted PUSCH is neither scheduled by DCI format 0_1 with CRC scrambled by C-RNTI, CS-RNTI, SP-CSI-RNTI or MCS-C-RNTI, nor corresponding to a configured grant, the UE shall use single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 0 and the remaining REs not used for DM-RS in the symbols are not used for any PUSCH transmission except for PUSCH with allocation duration of 2 or less OFDM symbols with transform precoding disabled, additional DM-RS can be transmitted according to the scheduling type and the PUSCH duration as specified in Table 6.4.1.1.3-3 of [4, TS38.211] for frequency hopping disabled and as specified in Table 6.4.1.1.3-6 of [4, TS38.211] for frequency hopping enabled, and 
If frequency hopping is disabled:
-	The UE shall assume dmrs-AdditionalPosition equals to 'pos2' and up to two additional DM-RS can be transmitted according to PUSCH duration, or
If frequency hopping is enabled:
-	The UE shall assume dmrs-AdditionalPosition equals to 'pos1' and up to one additional DM-RS can be transmitted according to PUSCH duration.
When transmitted PUSCH is scheduled by activation DCI format 0_0 with CRC scrambled by CS-RNTI, the UE shall use single symbol front-loaded DM-RS of configuration type provided by higher layer parameter dmrs-Type in configuredGrantConfig on DM-RS port 0 and the remaining REs not used for DM-RS in the symbols are not used for any PUSCH transmission except for PUSCH with allocation duration of 2 or less OFDM symbols with transform precoding disabled, and additional DM-RS with dmrs-AdditionalPosition  from configuredGrantConfig can be transmitted according to the scheduling type and the PUSCH duration as specified  in Table 6.4.1.1.3-3 of [4, TS38.211] for frequency hopping disabled and as specified in Table 6.4.1.1.3-6 of [4, TS38.211] for frequency hopping enabled.
For the UE-specific reference signals generation as defined in Subclause 6.4.1.1 of [4, TS 38.211], a UE can be configured by higher layers with one or two scrambling identity(s), i = 0,1 which are the same for both PUSCH mapping Type A and Type B.
When transmitted PUSCH is scheduled by DCI format 0_1 with CRC scrambled by C-RNTI, CS-RNTI, SP-CSI-RNTI or MCS-C-RNTI, or corresponding to a configured grant,
-	the UE may be configured with higher layer parameter dmrs-Type in DMRS-UplinkConfig, and the configured DM-RS configuration type is used for transmitting PUSCH in as defined in Subclause 6.4.1.1 of [4, TS 38.211].
-	the UE may be configured with the maximum number of front-loaded DM-RS symbols for PUSCH by higher layer parameter maxLength in DMRS-UplinkConfig.
-	if maxLength is not configured, single-symbol DM-RS can be scheduled for the UE by DCI or configured by the configured grant configuration, and the UE can be configured with a number of additional DM-RS for PUSCH by higher layer parameter dmrs-AdditionalPosition, which can be 'pos0', 'pos1', 'pos2', 'pos3'. 
-	if maxLength is configured, either single-symbol DM-RS or double symbol DM-RS can be scheduled for the UE by DCI or configured by the configured grant configuration, and the UE can be configured with a number of additional DM-RS for PUSCH by higher layer parameter dmrs-AdditionalPosition, which can be 'pos0' or 'pos1'.
-	and, the UE shall transmit a number of additional DM-RS as specified in Table 6.4.1.1.3-3 and Table 6.4.1.1.3-4 in -Subclause 6.4.1.1.3 of [4, TS 38.211].
If a UE transmitting PUSCH is configured with the higher layer parameter phaseTrackingRS in DMRS-UplinkConfig, the UE may assume that the following configurations are not occurring simultaneously for the transmitted PUSCH
-	any DM-RS ports among 4-7 or 6-11 for DM-RS configurations type 1 and type 2, respectively are scheduled for the UE and PT-RS is transmitted from the UE.
For PUSCH scheduled by DCI format 0_1, by activation DCI format 0_1 with CRC scrambled by CS-RNTI, or configured by configured grant Type 1 configuration, the UE shall assume the DM-RS CDM groups indicated in Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 of Subclause 7.3.1.1 of [5, TS38.212] are not used for data transmission, where "1", "2" and "3" for the number of DM-RS CDM group(s) correspond to CDM group 0, {0,1}, {0,1,2}, respectively. 
For PUSCH scheduled by DCI format 0_0 or by activation DCI format 0_0 with CRC scrambled by CS-RNTI, the UE shall assume the number of DM-RS CDM groups without data is 1 which corresponds to CDM group 0 for the case of PUSCH with allocation duration of 2 or less OFDM symbols with transform precoding disabled, the UE shall assume that the number of DM-RS CDM groups without data is 3 which corresponds to CDM group {0,1,2} for the case of PUSCH scheduled by activation DCI format 0_0 and the dmrs-Type in cg-DMRS-Configuration equal to 'type2' and the PUSCH allocation duration being more than 2 OFDM symbols, and the UE shall assume that the number of DM-RS CDM groups without data is 2 which corresponds to CDM group {0,1} for all other cases.



For uplink DM-RS with PUSCH, the UE may assume the ratio of PUSCH EPRE to DM-RS EPRE ( [dB]) is given by Table 6.2.2-1 according to the number of DM-RS CDM groups without data. The DM-RS scaling factor  specified in subclause 6.4.1.1.3 of [4, TS 38.211] is given by .
Table 6.2.2-1: The ratio of PUSCH EPRE to DM-RS EPRE
	Number of DM-RS CDM groups without data
	DM-RS configuration type 1
	DM-RS configuration type 2

	1
	0 dB
	0 dB

	2
	-3 dB
	-3 dB

	3
	-
	-4.77 dB


[bookmark: _Hlk25883491]
For PUSCH repetition Type B, the DM-RS transmission procedure is applied for each actual repetition separately based on the allocation duration of the actual repetition.	Comment by Mihai Enescu - RAN1#99: Editor’s note:
There is no RAN1 agreement on this. But this seems to be a reasonable way.
[bookmark: _Toc11352162][bookmark: _Toc20318052]6.2.3	UE PT-RS transmission procedure	Comment by Mihai Enescu - RAN1#99: Editors note: 
Changes in the section will still be needed – pending final understanding of how to use the new dm-RS parameters for 0_2 (always configured or not) – which leads to different clauses to be added here!


Agreements:
For “Antenna port” in DCI format 0_2 
Introduce new RRC parameters dmrs-UplinkForPUSCH-MappingTypeA-ForDCIFormat0_2 and dmrs-UplinkForPUSCH-MappingTypeB-ForDCIFormat0_2. 
If none of the above two RRC parameters is configured, then 0 bit for “Antenna port” in DCI format 0_2 (the port follows the same port index as in the fallback DCI)
Otherwise, the number of bits for “Antenna port” in DCI format 0_2 is determined in the same way as Rel-15 DCI format 0_1. 
[bookmark: _Hlk25883463]If a UE is not configured with the higher layer parameter phaseTrackingRS in DMRS-UplinkConfig, the UE shall not transmit PT-RS. The PTRS is only present on PUSCH scheduled by PDCCH with CRC scrambled by MCS-C-RNTI, C-RNTI, CS-RNTI, SP-CSI-RNTI and on PUSCH corresponding to a configured grant. For PUSCH repetition Type B, the PT-RS transmission procedure is applied for each actual repetition separately based on the allocation duration of the actual repetition.	Comment by Mihai Enescu - RAN1#99: Editor’s note:
There is no RAN1 agreement on this. But this seems to be a reasonable way.
[bookmark: _Toc11352163][bookmark: _Toc20318053]6.2.3.1	UE PT-RS transmission procedure when transform precoding is not enabled	Comment by Mihai Enescu - RAN1#99: Editors note: 
Changes in the section will still be needed – pending final understanding of how to use the new dm-RS parameters for 0_2 (always configured or not) – which leads to different clauses to be added here!

Agreements:
For “Antenna port” in DCI format 0_2 
Introduce new RRC parameters dmrs-UplinkForPUSCH-MappingTypeA-ForDCIFormat0_2 and dmrs-UplinkForPUSCH-MappingTypeB-ForDCIFormat0_2. 
If none of the above two RRC parameters is configured, then 0 bit for “Antenna port” in DCI format 0_2 (the port follows the same port index as in the fallback DCI)
Otherwise, the number of bits for “Antenna port” in DCI format 0_2 is determined in the same way as Rel-15 DCI format 0_1. 
When transform precoding is not enabled and if a UE is configured with the higher layer parameter phaseTrackingRS in DMRS-UplinkConfig, 
-	the higher layer parameters timeDensity and frequencyDensity in PTRS-UplinkConfig indicate the threshold values ptrs-MCSi, i=1,2,3 and NRB,i , i=0,1, as shown in Table 6.2.3.1-1 and Table 6.2.3.1-2, respectively. 
-	if either or both higher layer parameters timeDensity and/or frequencyDensity in PTRS-UplinkConfig are configured, the UE shall assume the PT-RS antenna ports' presence and pattern are a function of the corresponding scheduled MCS and scheduled bandwidth in a corresponding bandwidth part as shown in Table 6.2.3.1-1 and Table 6.2.3.1-2, respectively, 
-	if the higher layer parameter timeDensity is not configured, the UE shall assume LPT-RS = 1.
-	if the higher layer parameter frequencyDensity is not configured, the UE shall assume KPT-RS = 2. 
-	if none of the higher layer parameters timeDensity and frequencyDensity in PTRS-UplinkConfig are configured, the UE shall assume LPT-RS = 1 and KPT-RS = 2.
Table 6.2.3.1-1: Time density of PT-RS as a function of scheduled MCS
	Scheduled MCS
	
Time density()

	IMCS < ptrs-MCS1 
	PT-RS is not present

	
ptrs-MCS1  IMCS < ptrs-MCS2
	4

	
ptrs-MCS2  IMCS < ptrs-MCS3
	2

	
ptrs-MCS3  IMCS < ptrs-MCS4
	1



Table 6.2.3.1-2: Frequency density of PT-RS as a function of scheduled bandwidth
	Scheduled bandwidth
	
Frequency density ()

	NRB < NRB0
	PT-RS is not present

	
NRB0  NRB < NRB1
	2

	
 NRB1  NRB 
	4



[bookmark: _Hlk497485112]The higher layer parameter PTRS-UplinkConfig provides the parameters ptrs-MCSi, i=1,2,3 and with values in 0-29 when MCS Table 5.1.3.1-1 is used and 0-28 when MCS Table 5.1.3.1-2 is used, respectively. ptrs-MCS4 is not explicitly configured by higher layers but assumed 29 when MCS Table 5.1.3.1-1 is used and 28 when MCS Table 5.1.3.1-2 is used. The higher layer parameter PTRS-UplinkConfig provides the parameters NRBi i=0,1 with values in range 1-276. 
If the higher layer parameter PTRS-UplinkConfig indicates that the time density thresholds ptrs-MCSi = ptrs-MCSi+1, then the time density LPTRS of the associated row where both these thresholds appear in Table 6.2.3.1-1 is disabled. If the higher layer parameter frequencyDensity in PTRS-UplinkConfig indicates that the frequency density thresholds NRB,i = NRB,i+1, then the frequency density KPTRS of the associated row where both these thresholds appear in Table 6.2.3.1-2 is disabled.
If either or both of the parameters PT-RS time density (LPT-RS) and PT-RS frequency density (KPT-RS), shown in Table 6.2.3.1-1 and Table 6.2.3.1-2, indicates that are configured as 'PT-RS not present', the UE shall assume that PT-RS is not present.
When a UE is scheduled to transmit PUSCH with allocation duration of 2 symbols or less, and if LPT-RS is set to 2 or 4, the UE shall not transmit PT-RS. When a UE is scheduled to transmit PUSCH with allocation duration of 4 symbols or less, and if LPT-RS is set to 4, the UE shall not transmit PT-RS.
When a UE is scheduled to transmit PUSCH for retransmission, if the UE is scheduled with IMCS > V, where V = 28 for MCS table 1 and V = 27 for MCS table 2, respectively, the MCS for PT-RS time-density determination is obtained from the DCI for the same transport block in the initial transmission, which is smaller than or equal to V. 
[bookmark: _Hlk497932290]The maximum number of configured PT-RS ports is given by the higher layer parameter maxNrofPorts in PTRS-UplinkConfig. The UE is not expected to be configured with a larger number of UL PT-RS ports than it has reported need for.
If a UE has reported the capability of supporting full-coherent UL transmission, the UE shall expect the number of UL PT-RS ports to be configured as one if UL-PTRS is configured.
For codebook or non-codebook based UL transmission, the association between UL PT-RS port(s) and DM-RS port(s) is signalled by PTRS-DMRS association field in DCI format 0_1.
For non-codebook based UL transmission, the actual number of UL PT-RS port(s) to transmit is determined based on SRI(s). A UE is configured with the PT-RS port index for each configured SRS resource by the higher layer parameter ptrs-PortIndex configured by SRS-Config if the UE is configured with the higher layer parameter phaseTrackingRS in DMRS-UplinkConfig. If the PT-RS port index associated with different SRIs are the same, the corresponding UL DM-RS ports are associated to the one UL PT-RS port.
For partial-coherent and non-coherent codebook based UL transmission, the actual number of UL PT-RS port(s) is determined based on TPMI and/or TRI in DCI format 0_1:
[bookmark: _Hlk512520180]-	if the UE is configured with the higher layer parameter maxNrofPorts in PTRS-UplinkConfig set to 'n2', the actual UL PT-RS port(s) and the associated transmission layer(s) are derived from indicated TPMI as:
-	PUSCH antenna port 1000 and 1002 in indicated TPMI share PT-RS port 0, and PUSCH antenna port 1001 and 1003 in indicated TPMI share PT-RS port 1.
[bookmark: _Hlk500758550][bookmark: _Hlk500758849]-	UL PT-RS port 0 is associated with the UL layer [x] of layers which are transmitted with PUSCH antenna port 1000 and PUSCH antenna port 1002 in indicated TPMI, and UL PT-RS port 1 is associated with the UL layer [y] of layers which are transmitted with PUSCH antenna port 1001 and PUSCH antenna port 1003 in indicated TPMI, where [x] and/or [y] are given by DCI parameter PTRS-DMRS association as shown in DCI format 0_1 described in Subclause 7.3.1 of [5, TS38.212].

When the UE is scheduled with Qp={1,2} PT-RS port(s) in uplink and the number of scheduled layers is ,





-	If the UE is configured with higher layer parameter ptrs-Power, the PUSCH to PT-RS power ratio per layer per RE  is given by , where  is shown in the Table 6.2.3.1-3 according to the higher layer parameter ptrs-Power, the PT-RS scaling factor  specified in subclause 6.4.1.2.2.1 of [4, TS 38.211] is given by and also on the Precoding Information and Number of Layers field in DCI.
-	The UE shall assume ptrs-Power in PTRS-UplinkConfig is set to state "00" in Table 6.2.3.1-3 if not configured or in case of non-codebook based PUSCH.

Table 6.2.3.1-3: Factor related to PUSCH to PT-RS power ratio per layer per RE 
	
UL-PTRS-power / 
	
	
The number of PUSCH layers ( )

	
	1
	2
	3
	4

	
	All cases
	Full coherent
	Partial and non- coherent and non-codebook based
	Full coherent
	Partial and non- coherent and non-codebook based
	Full coherent
	Partial coherent
	Non-coherent and non-codebook based

	00
	0
	3
	3Qp-3
	4.77
	3Qp-3
	6
	3Qp
	3Qp-3

	01
	0
	3
	3
	4.77
	4.77
	6
	6
	6

	10
	Reserved

	11
	Reserved



[bookmark: _Toc11352164][bookmark: _Toc20318054]6.2.3.2	UE PT-RS transmission procedure when transform precoding is enabled	Comment by Mihai Enescu - RAN1#99: Editors note: 
Changes in the section will still be needed – pending final understanding of how to use the new dm-RS parameters for 0_2 (always configured or not) – which leads to different clauses to be added here!


Agreements:
For “Antenna port” in DCI format 0_2 
Introduce new RRC parameters dmrs-UplinkForPUSCH-MappingTypeA-ForDCIFormat0_2 and dmrs-UplinkForPUSCH-MappingTypeB-ForDCIFormat0_2. 
If none of the above two RRC parameters is configured, then 0 bit for “Antenna port” in DCI format 0_2 (the port follows the same port index as in the fallback DCI)
Otherwise, the number of bits for “Antenna port” in DCI format 0_2 is determined in the same way as Rel-15 DCI format 0_1.
When transform precoding is enabled and if a UE is configured with the higher layer parameter transformPrecoderEnabled in PTRS-UplinkConfig,
-	the UE shall be configured with the higher layer parameters sampleDensity and the UE shall assume the PT-RS antenna ports' presence and PT-RS group pattern are a function of the corresponding scheduled bandwidth in a corresponding bandwidth part, as shown in Table 6.2.3.2-1. The UE shall assume no PT-RS is present when the number of scheduled RBs is less than NRB0 if NRB0 > 1 or if the RNTI equals TC-RNTI.
-	and the UE may be configured PT-RS time density LPT-RS = 2 with the higher layer parameter timeDensityTransformPrecoding. Otherwise, the UE shall assume LPT-RS = 1.
-	if the higher layer parameter sampleDensity indicates that the sample density thresholds NRB,i = NRB,i+1, then the associated row where both these thresholds appear in Table 6.2.3.2-1 is disabled.
Table 6.2.3.2-1: PT-RS group pattern as a function of scheduled bandwidth
	Scheduled bandwidth
	Number of PT-RS groups
	Number of samples 
per PT-RS group

	
NRB0 NRB < NRB1
	2
	2

	
NRB1  NRB < NRB2
	2
	4

	
NRB2  NRB < NRB3
	4
	2

	
NRB3  NRB < NRB4
	4
	4

	
NRB4  NRB
	8
	4



[bookmark: _Hlk11336166]When transform precoding is enabled and if a UE is configured with the higher layer parameter transformPrecoderEnabled in PTRS-UplinkConfig, the PT-RS scaling factor β' specified in Subclause 6.4.1.2.2.2 of [4, TS 38.211] is determined by the scheduled modulation order as shown in table 6.2.3.2-2.
Table 6.2.3.2-2: PT-RS scaling factor (β') when transform precoding enabled. 
	Scheduled modulation
	PT-RS scaling factor (β')

	π/2-BPSK
	1

	QPSK
	1

	16QAM
	


	64QAM
	


	256QAM
	




<omitted text>
[bookmark: _Toc11352165][bookmark: _Toc20318055]6.3	UE PUSCH frequency hopping procedure
6.3.1	Frequency hopping for PUSCH repetition Type A
For PUSCH repetition Type A (as determined according to procedures defined in Subclause 6.1.2.1 for scheduled PUSCH, or Subclause 6.1.2.3 for configured PUSCH), Aa UE is configured for frequency hopping of scheduled or configured PUSCH transmission by the higher layer parameter frequencyHopping-ForDCIFormat0_2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, and by frequencyHopping provided respectively in pusch-Config for PUSCH transmission scheduled by a DCI format other than 0_2or in configuredGrantConfig, and by frequencyHopping provided in configuredGrantConfig for configured PUSCH transmission. One of two frequency hopping modes can be configured:	Comment by Mihai Enescu - RAN1#99: RRC parameter:
frequencyHopping-ForDCIFormat0_2

{intraSlot, interSlot} if PUSCHRepTypeIndicator-ForDCIFormat0_2 is set to ‘pusch-RepTypeA’;

{interRepetition, interSlot, [FFS intraRepetition]} if PUSCHRepTypeIndicator-ForDCIFormat0_1 is set to ‘pusch-RepTypeB’
-	Intra-slot frequency hopping, applicable to single slot and multi-slot PUSCH transmission.
-	Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission.
In case of resource allocation type 1, whether or not transform precoding is enabled for PUSCH transmission, the UE may perform PUSCH frequency hopping, if the frequency hopping field in a corresponding detected DCI format or in a random access response UL grant is set to 1, or if for a Type 1 PUSCH transmission with a configured grant the higher layer parameter frequencyHoppingOffset is provided, otherwise no PUSCH frequency hopping is performed. When frequency hopping is enabled for PUSCH, the RE mapping is defined in subclause 6.3.1.6 of [4, TS 38.211].
For a PUSCH scheduled by RAR UL grant or by DCI format 0_0 with CRC scrambled by TC-RNTI, frequency offsets are obtained as described in subclause 8.3 of [9, TS 38.213]. Otherwise, fFor a PUSCH scheduled by DCI format 0_0/0_1 or a PUSCH based on a Type2 configured UL grant activated by DCI format 0_0/0_1 and for resource allocation type 1, frequency offsets are configured by higher layer parameter frequencyHoppingOffsetLists in pusch-Config. For a PUSCH scheduled by DCI format 0_2 or a PUSCH based on a Type2 configured UL grant activated by DCI format 0_2 and for resource allocation type 1, frequency offsets are configured by higher layer parameter frequencyHoppingOffsetLists-ForDCIFormat0_2 in pusch-Config.:
-	Wwhen the size of the active BWP is less than 50 PRBs, one of two higher layer configured offsets is indicated in the UL grant
-	Wwhen the size of the active BWP is equal to or greater than 50 PRBs, one of four higher layer configured offsets is indicated in the UL grant.
For PUSCH based on a Type1 configured UL grant the frequency offset is provided by the higher layer parameter frequencyHoppingOffset in rrc-ConfiguredUplinkGrant.
In case of intra-slot frequency hopping, the starting RB in each hop is given by:

	,




where i=0 and i=1 are the first hop and the second hop respectively, and  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Subclause 6.1.2.2.2) and is the frequency offset in RBs between the two frequency hops. The number of symbols in the first hop is given by , the number of symbols in the second hop is given by , where  is the length of the PUSCH transmission in OFDM symbols in one slot.

In case of inter-slot frequency hopping, the starting RB during slot  is given by:

	, 



where  is the current slot number within a radio frame, where a multi-slot PUSCH transmission can take place,  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Subclause 6.1.2.2.2) and is the frequency offset in RBs between the two frequency hops.
6.3.2	Frequency hopping for PUSCH repetition Type B
For PUSCH repetition Type B (as determined according to procedures defined in Subclause 6.1.2.1 for scheduled PUSCH, or Subclause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHopping-ForDCIFormat0_2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, by frequencyHopping-ForDCIFormat0_1 provided in pusch-Config for PUSCH transmission scheduled by DCI format 0_1, and by frequencyHopping-PUSCHRepTypeB provided in configuredGrantConfig for [Type 1] configured PUSCH transmission. [The frequency hopping mode for Type 2 configured PUSCH transmission follows the activating DCI format]. One of two frequency hopping modes can be configured:	Comment by Mihai Enescu - RAN1#99: Agreements: (RAN1#98bis Chongqing)
In case frequency hopping is enabled for Rel-16 PUSCH, to determine the frequency locations of the two hops, reuse Rel-15 RRC parameters and equations for format 0_1, and introduce new RRC parameters (same as those of Rel-15) for new DCI UL format. 
FFS time domain hopping pattern
Agreements: (RAN1#99 Reno)
For Type 1 CG with PUSCH repetition type B, introduce a new RRC parameter frequencyHopping-PUSCHRepTypeB per CG configuration to indicate the frequency hopping scheme, and reuse Rel-15 parameter frequencyHoppingOffset to determine the frequency locations.
For Type 1 CG with PUSCH repetition type B, if frequencyHopping-PUSCHRepTypeB is not configured, frequency hopping is not enabled.	Comment by Mihai Enescu - RAN1#99: Editor’s note:
There is no RAN1 agreement on this, but this seems to be the reasonable behaviour because the PUSCH repetition type of Type 2 CG follows the activating DCI format.
-	Inter-repetition frequency hopping
-	Inter-slot frequency hopping
In case of resource allocation type 1, whether or not transform precoding is enabled for PUSCH transmission, the UE may perform PUSCH frequency hopping, if the frequency hopping field in a corresponding detected DCI format is set to 1, or if for a Type 1 PUSCH transmission with a configured grant the higher layer parameter frequencyHopping-PUSCHRepTypeB is provided, otherwise no PUSCH frequency hopping is performed. When frequency hopping is enabled for PUSCH, the RE mapping is defined in subclause 6.3.1.6 of [4, TS 38.211].
For a PUSCH scheduled by DCI format 0_1 or a PUSCH based on a Type 2 configured UL grant activated by DCI format 0_1 and for resource allocation type 1, frequency offsets are configured by higher layer parameter frequencyHoppingOffsetLists in pusch-Config. For a PUSCH scheduled by DCI format 0_2 or a PUSCH based on a Type 2 configured UL grant activated by DCI format 0_2 and for resource allocation type 1, frequency offsets are configured by higher layer parameter frequencyHoppingOffsetLists-ForDCIFormat0_2 in pusch-Config.
-	When the size of the active BWP is less than 50 PRBs, one of two higher layer configured offsets is indicated in the UL grant.
-	When the size of the active BWP is equal to or greater than 50 PRBs, one of four higher layer configured offsets is indicated in the UL grant.
For PUSCH based on a Type1 configured UL grant the frequency offset is provided by the higher layer parameter frequencyHoppingOffset in rrc-ConfiguredUplinkGrant.
In case of inter-repetition frequency hopping, [details to be added when agreements become available].

In case of inter-slot frequency hopping, the starting RB during slot  follows that of inter-slot frequency hopping for PUSCH Repetition Type A in Subclause 6.3.1. 
<omitted text>
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