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	Reason for change:
	Corrections on NR Multicast and Broadcast Services

In clause 5.1, implemented a RAN1#109e agreement. 

In clause 5.1.2.1, implemented a RAN1#109e agreement. 

In clause 5.1.3.2, as summarized in R1-2205169, DCI format 4_2 can include DCI fields for two TBs, but the condition for disabling TB in DCI format 4_2 is undefined in TS 38.214 v17.1.0. The MCCH-RNTI is missed in the TB size determination procedure in TS 38.214 v17.1.0.

In clause 5.1.4.1, as summarized in R1-2205169, UE can be configured with separate rateMatchPatternToAddModList, rateMatchPatternGroup1 and rateMatchPatternGroup2 configured in PDSCH-Config-Multicast. However, it is unclear how many RateMatchPattern(s) can be configured per BWP for UE receiving MBS multicast.

In clause 5.1.4.1, as summarized in R1-2205169, the TS38.214 v17.1.0 seems to allow broadcast PDSCH rate matched around rateMatchPatternToAddModList configured for unicast, and unicast PDSCH rate matched around rateMatchPatternToAddModList configured for broadcast which would result in broadcast PDSCH cannot be decoded successfully for UEs in idle/inactive state.  

In clause 5.1.4.2, as summarized in R1-2205169, the RE-level rate mating procedure for PDSCH scheduled by PDCCH with DCI format 4_1 was undefined.

In clause 5.1.4.2, as summarized in R1-2205169, the agreement/specification restricts the RateMatchPatternLTE-CRS being configured to UEs receiving MBS broadcast in the RRC_IDLE/INACTIVE states specifically, which however should be applied to UEs receiving MBS broadcast in RRC_CONNECTED state as well.

In clause 5.1.4.2, as summarized in R1-2205169, The follow agreement is reflected in TS38.214 v17.1.0
	Agreement
For multicast RRC_CONNECTED UEs, sp-ZP-CSI-RS-ResourceSetsToAddModList can be configured in PDSCH-Config-Multicast for GC-PDSCH rate matching, subject to UE capability. For PDSCH resource mapping with RE symbol level granularity,
· the REs indicated by sp-ZP-CSI-RS-ResourceSetsToAddModList configured in PDSCH-Config-Multicast are declared as not available for GC-PDSCH when their activation delivered by unicast PDSCH is applied.
· sp-ZP-CSI-RS-ResourceSetsToAddModList configured in PDSCH-Config for unicast do not apply for GC-PDSCHs.
· sp-ZP-CSI-RS-ResourceSetsToAddModList in PDSCH-Config-Multicast for multicast do not apply for unicast PDSCHs.
· The total number of semi-persistent ZP-CSI-RS-ResourceSet that a UE can be configured with is the same as for unicast in Rel-16




In clause 5.1.5, as summarized in R1-2205169, added a description to match clause 7.3.1.5.3 of 38.212 which states that the existence condition for the TCI field in DCI format 4_2 is defined in clause 5.1.5 of 38.214.  

	
	

	Summary of change:
	In clause 5.1.3.2, as summarized in R1-2205169, added the condition for disabling TB in DCI format 4_2 uses the same rule as for DCI format 1_1. Add “MCCH-RNTI” in the TB size determination procedure.

In clause 5.1.4.1, as summarized in R1-2205169, added “The RateMatchPattern(s) configured for MBS multicast is counted into the ones that are configured per BWP.”

In clause 5.1.4.1, as summarized in R1-2205169, clarified that broadcast PDSCHs only rate match around rateMatchPatternToAddModList configured for broadcast.

In clause 5.1.4.2, as summarized in R1-2205169, deleted “in RRC_IDLE and RRC_INACTIVE modes”.

In clause 5.1.4.2, as summarized in R1-2205169, add the procedure for PDSCH scheduled by PDCCH with DCI format 4_1 is similar as that of DCI format 1_0, by applying the parameters of aperiodic-ZP-CSI-RS-ResourceSetsToAddModList, sp-ZP-CSI-RS-ResourceSetsToAddModList and p-ZP-CSI-RS-ResourceSet configured in PDSCH-Config-Multicast.

In clause 5.1.4.2, as summarized in R1-2205169, added “For the UE in RRC_CONNECTED mode for multicast reception, sp-ZP-CSI-RS-ResourceSet can be configured in PDSCH-Config-Multicast for GC-PDSCH rate matching, subject to UE capability. The REs indicated by sp-ZP-CSI-RS-ResourceSet are declared as not available for GC-PDSCH when their triggering and activation delivered by unicast PDSCH are applied. The REs indicated by sp-ZP-CSI-RS-ResourceSet configured in PDSCH-Config for unicast do not apply for GC-PDSCH and the REs indicated by sp-ZP-CSI-RS-ResourceSet configured in PDSCH-Config-Multicast for multicast do not apply for unicast PDSCH. The total number of semi-persistent ZP-CSI-RS-Resources that a UE can be configured with is the same as for unicast.”

In clause 5.1.5, as summarized in R1-2205169, added “If a UE is configured with the higher layer parameter tci-PresentInDCI that is set as ‘enabled’ for the CORESET scheduling the multicast PDSCH, the UE assumes that the TCI field is present in the DCI format 4_2 of the PDCCH transmitted on the CORESET.”

	
	

	Consequences if not approved:
	Incomplete support of NR Multicast and Broadcast Services as follows:

In clause 5.1.3.2, the condition for disabling TB in DCI format 4_2 would be unclear. UE doesn’t know how to determine the TB size for PDSCH scheduled by PDCCH with CRC scrambled by MCCH-RNTI.

In clause 5.1.4.1, UE is required to support additional number of RateMatchPattern(s) for MBS multicast reception configured per BWP in addition to the “up to 4” RateMatchPattern(s) per BWP for receiving unicast.

In clause 5.1.4.1, the broadcast PDSCH could not be decoded correctly for UEs in idle/inactive state.

In clause 5.1.4.2, RateMatchPatternLTE-CRS is not to be used by network for MBS broadcast transmission because RateMatchPatternLTE-CRS is not supported by UEs in RRC_CONNECTED state.

In clause 5.1.4.2, the RE-level rate mating procedure for PDSCH scheduled by PDCCH with DCI format 4_1 is unclear.

In clause 5.1.4.2, sp-ZP-CSI-RS-ResourceSetsToAddModList configured in PDSCH-Config-Multicast cannot be applied for multicast RRC_CONNECTED UEs for GC-PDSCH rate matching.

In clause 5.1.5, the condition for the existence of TCI field in DCI format 4_2  would be unclear.

	
	

	Clauses affected:
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	Y
	N
	
	

	Other specs
	X
	
	 Other core specifications	
	TS/TR ... CR ... 

	affected:
	
	X
	 Test specifications
	TS/TR ... CR ... 

	(show related CRs)
	
	X
	 O&M Specifications
	TS/TR ... CR ... 

	
	

	Other comments:
	

	
	

	This CR's revision history:
	



Page 1


<omitted text>
[bookmark: _Toc11352080][bookmark: _Toc20317970][bookmark: _Toc27299868][bookmark: _Toc29673133][bookmark: _Toc29673274][bookmark: _Toc29674267][bookmark: _Toc36645497][bookmark: _Toc45810542][bookmark: _Toc100147343]5.1	UE procedure for receiving the physical downlink shared channel
[bookmark: _Hlk498410788]For downlink, a maximum of 16 HARQ processes per cell are supported by the UE, or subject to UE capability, a maximum of 32 HARQ processes per cell as defined in [13, TS 38.306]. 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, 1_1, 4_0, 4_1, 4_2 or 1_2 decode the corresponding PDSCHs as indicated by that DCI. When the UE is scheduled with multiple PDSCHs by a DCI, HARQ process ID indicated by this DCI applies to the first PDSCH not overlapping with a UL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided, HARQ process ID is then incremented by 1 for each subsequent PDSCH(s) in the scheduled order, with modulo operation of nrofHARQ-ProcessesForPDSCH applied if nrofHARQ-ProcessesForPDSCH is provided, or with modulo operation of 8 applied, otherwise. HARQ process ID is not incremented for PDSCH(s) not received if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot overlaps with a UL symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated if provided. 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. When HARQ feedback for the HARQ process ID is not disabled, or for the HARQ process associated with the first SPS PDSCH when HARQ-feedbackEnablingforSPSactive is provided, 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 Clause 9.2.3 of [6, TS 38.213]. For HARQ-ACK subject to HARQ-ACK deferral described in Clause 9.2.5.4 of [6 TS 38.213], the expected transmission of HARQ-ACK corresponds to the expected transmission HARQ-ACK in a first slot. When HARQ feedback for the HARQ process ID is disabled, the UE is not expected to receive another PDCCH carrying a DCI scheduling a PDSCH or set of slot-aggregated PDSCH scheduled for the given HARQ process or to receive another PDSCH without corresponding PDCCH for the given HARQ process that starts until Tproc,1 after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process. Except for the case when a UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in ControlResourceSet and PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of coresetPoolIndex, in a given scheduled cell, the UE is not expected to receive a first PDSCH and a second PDSCH, starting later than the first PDSCH, with its corresponding HARQ-ACK assigned to be transmitted on a resource ending before the start of a different resource for the HARQ-ACK assigned to be transmitted for the first PDSCH, where the two resources are in different slots for the associated HARQ-ACK transmissions, each slot is composed of symbols [4] or a number of symbols indicated by subslotLengthForPUCCH if provided, and the HARQ-ACK for the two PDSCHs are associated with the HARQ-ACK codebook of the same priority. Except for the case when a UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in ControlResourceSet and PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of coresetPoolIndex, in a given scheduled cell, the UE is not expected to receive a first PDSCH, and a second PDSCH, starting later than the first PDSCH, with its corresponding HARQ-ACK assigned to be transmitted on a resource ending before the start of a different resource for the HARQ-ACK assigned to be transmitted for the first PDSCH if the HARQ-ACK for the two PDSCHs are associated with HARQ-ACK codebooks of different priorities. 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 on a scheduling cell, 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 of a scheduling cell,. When the PDCCH reception includes two PDCCH candidates from two respective search space sets, as described in clause 10.1 of [6, TS 38.213], the PDCCH ending in symbol i is determined based on the PDCCH candidate that ends later in time. 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, N=24 for =3, N=96 for m=5, and N=192 for m=6.
[bookmark: _Hlk497209675]When receiving PDSCH scheduled with SI-RNTI, P-RNTI, G-RNTI for broadcast or MCCH-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, or MSGB-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 as applicable, 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, or when receiving PDSCH in response to a PUSCH for Type-2 random access procedure, or a PUSCH scheduled by a fallbackRAR 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 in a serving cell scheduled by a PDCCH with C-RNTI, CS-RNTI or MCS-C-RNTI and one or multiple PDSCH(s) required to be received according to this Clause in the same serving cell without a corresponding PDCCH transmission if the PDSCHs partially or fully overlap in time except if the PDCCH scheduling the PDSCH ends at least 14 symbols before the earliest starting symbol of the PDSCH(s) without the corresponding PDCCH transmission, where m and the symbol duration are based on the smallest numerology between the scheduling PDCCH and the PDSCH, in which case the UE shall decode the PDSCH scheduled by the PDCCH. When the PDCCH reception incudes two PDCCH candidates from two respectvie search space sets, as described in clause 10 of [6, TS 38.213], for the purpose of determining the PDCCH with C-RNTI, CS-RNTI or MCS-C-RNTI scheduling the PDSCH ends at least 14 symbols before the earliest starting symbol of the PDSCH(s) without the corresponding PDCCH transmission, the PDCCH candidate that ends later in time is used.
The UE is not expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, G-RNTI, MCCH-RNTI, G-GS-RNTI or CS-RNTI if another PDSCH in the same cell scheduled with RA-RNTI or MSGB-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.
The UE in RRC_IDLE and RRC_INACTIVE modes:
-	is expected to decode PDSCH scheduled with MCCH-RNTI and PBCH in Pcell that partially or fully overlaps in time in non-overlapping PRBs in Pcell.
-	is not expected to decode PDSCH scheduled with broadcast G-RNTI and PBCH in Pcell that partially or fully overlaps in time in non-overlapping PRBs in Pcell.
-	is not expected to decode PDSCH scheduled with multicast G-RNTI and PBCH in Pcell that partially or fully overlaps in time in non-overlapping PRBs in Pcell.
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 clause 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. 
The maximum number of PDSCHs scheduled per slot per component carrier with C-RNTI/CS-RNTI and G-RNTI/G-CS-RNTI/MCCH-RNTI that the UE shall be able to decode is the same as the indicated UE capability for the number of unicast PDSCHs per slot per component carrier. If the UE is capable of receiving FDMed unicast and multicast PDSCH per slot per carrier, the UE shall be able to decode a PDSCH scheduled with C-RNTI/CS-RNTI and a PDSCH scheduled with G-RNTI for multicast/G-CS-RNTI that partially or fully overlap in time in non-overlapping PRBs. If the UE is capable of receiving FDMed unicast and broadcast PDSCH per slot per carrier, the UE shall be able to decode a PDSCH scheduled with C-RNTI/CS-RNTI and a PDSCH scheduled with G-RNTI for broadcast/MCCH-RNTI that partially or fully overlap in time in non-overlapping PRBs.
If the UE is configured by higher layers to decode a PDCCH with its CRC scrambled by a CS-RNTI or G-CS-RNTI, the UE shall receive PDSCH transmissions without corresponding PDCCH transmissions using the higher-layer-provided PDSCH configuration for those PDSCHs.
ForThe UE in RRC_IDLE and RRC_INACTIVE modes, it is not expected to support reception of FDMed MCCH PDSCH and MTCH PDSCH in PCell or SCell, or FDMed multiple MTCH PDSCHs in PCell or SCell, or FDMed MCCH/MTCH/multicast PDSCH and SIB PDSCH in Pcell, or FDMed multicast PDSCHs in Pcell or Scell, or FDMed multicast PDSCH and MCCH/MTCH for broadcast in Pcell or Scell, or FDMed MCCH/MTCH/multicast PDSCH and paging PDSCH, or FDMed MCCH/MTCH/multicast PDSCH and SIB1 PDSCH that partially or fully overlap in time in non-overlapping PRBs.
If a UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in ControlResourceSet, the UE may expect to receive multiple PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain. The UE may expect the reception of full/partially-overlapped PDSCHs in time, only when PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of coresetPoolIndex. For a ControlResourceSet without coresetPoolIndex, the UE may assume that the ControlResourceSet is assigned with coresetPoolIndex as 0. When the UE is configured with [NumberOfAdditionalPCI], ControlResourceSets corresponding to different coresetPoolIndex values may be associated with different physical cell IDs via activated TCI states of the ControlResourceSets, where ControlResourceSets corresponding to one coresetPoolIndex can be associated with one physical cell ID and ControlResourceSets corresponding to another coresetPoolIndex can be associated with another physical cell ID. When the UE is scheduled with full/partially/non-overlapped PDSCHs in time and frequency domain, the full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH, the UE is expected to be scheduled with the same active BWP and the same SCS. When the UE is scheduled with full/partially-overlapped PDSCHs in time and frequency domain, the UE can be scheduled with at most two codewords simultaneously. When PDCCHs that schedule two PDSCHs are associated to different ControlResourceSets having different values of coresetPoolIndex, the following operations are allowed: 
-	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 associated with a value of coresetPoolIndex ending in symbol i, the UE can be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH associated with a different value of coresetPoolIndex that ends later than symbol i. 
-	In a given scheduled cell, the UE can receive a first PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and a second PDSCH associated with a value of coresetPoolIndex different from that of the first PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK assigned to be transmitted in a slot before slot j.
If PDCCHs that schedule corresponding PDSCHs are associated to the same or different ControlResourceSets having the same value of coresetPoolIndex, the UE procedure for receiving the PDSCH upon detection of a PDCCH follows Clause 5.1. 
A UE does not expect to be configured with repetitionScheme if the UE is configured with higher layer parameter repetitionNumber for the same PDSCH. 
[bookmark: _Hlk23778132]When a UE is configured by higher layer parameter repetitionScheme set to one of 'fdmSchemeA', 'fdmSchemeB', 'tdmSchemeA', if the UE is indicated with two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication' and DM-RS port(s) within one CDM group in the DCI field 'Antenna Port(s)'.
-	When two TCI states are indicated in a DCI and the UE is set to 'fdmSchemeA', the UE shall receive a single PDSCH transmission occasion of the TB with each TCI state associated to a non-overlapping frequency domain resource allocation as described in Clause 5.1.2.3. 
-	When two TCI states are indicated in a DCI and the UE is set to 'fdmSchemeB', the UE shall receive two PDSCH transmission occasions of the same TB with each TCI state associated to a PDSCH transmission occasion which has non-overlapping frequency domain resource allocation with respect to the other PDSCH transmission occasion as described in Clause 5.1.2.3. 
-	When two TCI states are indicated in a DCI and the UE is set to 'tdmSchemeA', the UE shall receive two PDSCH transmission occasions of the same TB with each TCI state associated to a PDSCH transmission occasion which has non-overlapping time domain resource allocation with respect to the other PDSCH transmission occasion and both PDSCH transmission occasions shall be received within a given slot as described in Clause 5.1.2.1. 
When a UE is configured by the higher layer parameter repetitionNumber in PDSCH-TimeDomainResourceAllocation, the UE may expect to be indicated with one or two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication' together with the DCI field 'Time domain resource assignment' indicating an entry which contains repetitionNumber in PDSCH-TimeDomainResourceAllocation and DM-RS port(s) within one CDM group in the DCI field 'Antenna Port(s)'. 
-	When two TCI states are indicated in a DCI with 'Transmission Configuration Indication' field, the UE may expect to receive multiple slot level PDSCH transmission occasions of the same TB with two TCI states used across multiple PDSCH transmission occasions in the repetitionNumber consecutive slots as defined in Clause 5.1.2.1. 
-	When one TCI state is indicated in a DCI with 'Transmission Configuration Indication' field, the UE may expect to receive multiple slot level PDSCH transmission occasions of the same TB with one TCI state used across multiple PDSCH transmission occasions in the repetitionNumber consecutive slots as defined in Clause 5.1.2.1. 
[bookmark: _Hlk23074489]When a UE is not indicated with a DCI that DCI field 'Time domain resource assignment' indicating an entry which contains repetitionNumber in PDSCH-TimeDomainResourceAllocation, and it is indicated with two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication' and DM-RS port(s) within two CDM groups in the DCI field 'Antenna Port(s)' and it is not configured with higher layer parameter sfnSchemePdsch, the UE may expect to receive a single PDSCH where the association between the DM-RS ports and the TCI states are as defined in Clause 5.1.6.2. 
When a UE is not indicated with a DCI that DCI field 'Time domain resource assignment' indicating an entry which contains repetitionNumber in PDSCH-TimeDomainResourceAllocation, and it is indicated with one TCI states in a codepoint of the DCI field 'Transmission Configuration Indication', the UE procedure for receiving the PDSCH upon detection of a PDCCH follows Clause 5.1. 
When a UE is configured with higher layer parameter sfnSchemePdsch set to either 'sfnSchemeA' or 'sfnSchemeB' for a DL BWP and 
-	if the UE reports its capability of [dynamicSFN], the UE is indicated with one or two TCI state(s) in a codepoint of the DCI field 'Transmission Configuration Indication' in DCI format 1_1/1_2, or
-	otherwise, the UE is not expected to be indicated with one TCI state per any of TCI codepoint by MAC CE, and the UE is indicated with two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication' in DCI format 1_1/1_2, and
the UE procedure for receiving the PDSCH upon detection of a PDCCH follows clause 5.1 and the QCL assumption for the PDSCH as defined in clause 5.1.5.
When a UE is configured with both sfnSchemePdsch and sfnSchemePdcch, the UE shall expect that sfnSchemePdsch and sfnSchemePdcch are set to the same scheme, either 'sfnSchemeA' or 'sfnSchemeB'.
When a UE is configured with sfnSchemePdsch and/or sfnSchemePdcch, the UE shall expect that the sfnSchemePdsch and/or sfnSchemePdcch configuration are the same in all DL BWP within a CC other than initial BWP, and the UE shall expect that the sfnSchemePdsch and/or sfnSchemePdcch configuration are the same in all CCs in a same frequency band if the UE is configured with CA. 
If more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, after resolving overlapping with symbols in the slot indicated as uplink by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated, a UE receives one or more PDSCHs without corresponding PDCCH transmissions in the slot as specified below.
[bookmark: _Hlk39314234]‒	Step 0: set j=0, where j is the number of selected PDSCH(s) for decoding. Q is the set of activated PDSCHs without corresponding PDCCH transmissions within the slot
‒	Step 1: A UE receives one PDSCH with the lowest configured sps-ConfigIndex within Q, set j=j+1. Designate the received PDSCH as survivor PDSCH.
‒	Step 2: The survivor PDSCH in step 1 and any other PDSCH(s) overlapping (even partially) with the survivor PDSCH in step 1 are excluded from Q. 
‒	Step 3: Repeat step 1 and 2 until Q is empty or j is equal to the number of unicast/multicast PDSCHs in a slot supported by the UE 
<omitted text>
[bookmark: _Toc11352084][bookmark: _Toc20317974][bookmark: _Toc27299872][bookmark: _Toc29673137][bookmark: _Toc29673278][bookmark: _Toc29674271][bookmark: _Toc36645501][bookmark: _Toc45810546][bookmark: _Toc100147347]5.1.2.1	Resource allocation in time domain
<omitted text>
When configured with SCS m = 5 or m = 6, the UE does not expect to be scheduled with more than one unicast PDSCH in a slot, by a single DCI scheduling multiple PDSCHs or by multiple DCIs.
[bookmark: _Hlk55643093]When receiving PDSCH scheduled by DCI format 1_1 or 1_2 in PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1, if the UE is configured with pdsch-AggregationFactor in pdsch-config, the same symbol allocation is applied across the pdsch-AggregationFactor consecutive slots. When receiving PDSCH scheduled by DCI format 1_1 or 1_2 in PDCCH with CRC scrambled by CS-RNTI with NDI=0, or PDSCH scheduled without corresponding PDCCH transmission using sps-Config and activated by DCI format 1_1 or 1_2, the same symbol allocation is applied across the pdsch-AggregationFactor, in sps-Config if configured, or across the pdsch-AggregationFactor in pdsch-config otherwise, 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. For PDSCH scheduled by DCI format 1__1 or 1__2 in PDCCH with CRC scrambled by CS-RNTI with NDI=0, or PDSCH scheduled without corresponding PDCCH transmission using sps-Config and activated by DCI format 1_1 or 1_2, the UE is not expected to be configured with the time duration for the reception of pdsch-AggregationFactor repetitions, in sps-Config if configured, or across the pdsch-AggregationFactor in pdsch-config otherwise, larger than the time duration derived by the periodicity P obtained from the corresponding sps-Config. 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. 
[bookmark: _Hlk86246980]When receiving PDSCH scheduled by DCI format 4_0, 4_1, or 4_2 in PDCCH with CRC scrambled by G-RNTI or G-CS-RNTI with NDI=1, if the UE is configured with pdsch-AggregationFactor in the pdsch-Config-Multicast associated with the corresponding G-RNTI, the same symbol allocation is applied across the pdsch-AggregationFactor consecutive slots. When receiving PDSCH scheduled by DCI format 4_0, 4__1, or 4__2 for multicast reception in PDCCH with CRC scrambled by G-CS-RNTI with NDI = 0, or PDSCH without corresponding PDCCH transmission using associated [SPS-Config-Multicast] and activated by the DCI format 4_0, 4__1, or 4__2 in PDCCH with CRC scrambled by G-CS-RNTI, the same symbol allocation is applied across the pdsch-AggregationFactor, in associated SPS-Config-Multicast if configured, or 1 otherwise, consecutive slots. When receiving PDSCH scheduled by DCI format 4__0 in PDCCH with CRC scrambled by G-RNTI for MTCH, if the UE is configured with pdsch-AggregationFactor in the pdsch-Config-MTCH, the same symbol allocation is applied across the pdsch-AggregationFactor consecutive slots.
<omitted text>
[bookmark: _Toc11352092][bookmark: _Toc20317982][bookmark: _Toc27299880][bookmark: _Toc29673145][bookmark: _Toc29673286][bookmark: _Toc29674279][bookmark: _Toc36645509][bookmark: _Toc45810554][bookmark: _Toc100147356]5.1.3.2	Transport block size determination
In case the higher layer parameter maxNrofCodeWordsScheduledByDCI in PDSCH-config 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. In case the higher layer parameter maxNrofCodeWordsScheduledByDCI in PDSCH-Config-Multicast indicates that two codeword transmission is enabled, then one of the two transport blocks is disabled by DCI format 4_2 if IMCS = 26 and if rvid = 1 for the corresponding transport block. When the UE is configured with higher layer parameter [pdsch-TimeDomainAllocationListForMultiPDSCH-r17], either the first or the second transport block of all scheduled PDSCHs is disabled by the DCI format 1_1 if IMCS = 26 and if rvid = 2 for the corresponding transport block of all scheduled PDSCHs. 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, 1_1, 4_0, 4_1, 4_2 or 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI, G-RNTI, G-CS-RNTI, MCCH-RNTI or SI-RNTI, if Table 5.1.3.1-2 is used and , else if Table 5.1.3.1-4 is used and  or a table other than Table 5.1.3.1-2 and Table 5.1.3.1-4 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 Clause 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 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, MSGB-RNTI or P-RNTI,  is assumed to be 0. If the PDSCH is scheduled by PDCCH with a CRC scrambled by G-RNTI or G-CS-RNTI or PDSCH without PDCCH is activated by PDCCH with a CRC scrambled by G-CS-RNTI,  is the overhead configured by higher layer parameter xOverhead-Multicast in PDSCH-Config-Multicast. If the xOverhead-Multicast in PDSCH-Config-Multicast is not configured, the  is set to 0.


-	A UE determines the total number of REs allocated for PDSCH () by , where nPRB is the total number of allocated PRBs for the UE. 

2)	Unquantized intermediate variable (Ninfo) is obtained by .

If 
Use step 3 as the next step of the TBS determination
else
Use step 4 as the next step of the TBS determination
end if

3)	When , TBS is determined as follows


-	quantized intermediate number of information bits , where .

-	use Table 5.1.3.2-1 find the closest TBS that is not less than .

Table 5.1.3.2-1: TBS for 
	Index
	TBS
	Index
	TBS
	Index
	TBS
	Index
	TBS

	1
	24
	31
	336
	61
	1288
	91
	3624

	2
	32
	32
	352
	62
	1320
	92
	3752

	3
	40
	33
	368
	63
	1352
	93
	3824

	4
	48
	34
	384
	64
	1416
	
	

	5
	56
	35
	408
	65
	1480
	
	

	6
	64
	36
	432
	66
	1544
	
	

	7
	72
	37
	456
	67
	1608
	
	

	8
	80
	38
	480
	68
	1672
	
	

	9
	88
	39
	504
	69
	1736
	
	

	10
	96
	40
	528
	70
	1800
	
	

	11
	104
	41
	552
	71
	1864
	
	

	12
	112
	42
	576
	72
	1928
	
	

	13
	120
	43
	608
	73
	2024
	
	

	14
	128
	44
	640
	74
	2088
	
	

	15
	136
	45
	672
	75
	2152
	
	

	16
	144
	46
	704
	76
	2216
	
	

	17
	152
	47
	736
	77
	2280
	
	

	18
	160
	48
	768
	78
	2408
	
	

	19
	168
	49
	808
	79
	2472
	
	

	20
	176
	50
	848
	80
	2536
	
	

	21
	184
	51
	888
	81
	2600
	
	

	22
	192
	52
	928
	82
	2664
	
	

	23
	208
	53
	984
	83
	2728
	
	

	24
	224
	54
	1032
	84
	2792
	
	

	25
	240
	55
	1064
	85
	2856
	
	

	26
	256
	56
	1128
	86
	2976
	
	

	27
	272
	57
	1160
	87
	3104
	
	

	28
	288
	58
	1192
	88
	3240
	
	

	29
	304
	59
	1224
	89
	3368
	
	

	30
	320
	60
	1256
	90
	3496
	
	




4)	When , TBS is determined as follows.


-	quantized intermediate number of information bits , where and ties in the round function are broken towards the next largest integer.

-	if 


, where 
else

if 


, where 
else


end if
end if

else if Table 5.1.3.1-2 is used and , 


-	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 PDSCH for the same transport block is semi-persistently scheduled, the TBS shall be determined from the most recent semi-persistent scheduling assignment PDCCH.
else if Table 5.1.3.1-4 is used and , 
-	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 PDSCH for the same transport block is semi-persistently scheduled, the TBS shall be determined from the most recent semi-persistent scheduling assignment PDCCH.
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 PDSCH for the same transport block is semi-persistently scheduled, the TBS shall be determined from the most recent semi-persistent scheduling assignment PDCCH.
[bookmark: _Hlk512927540]The UE is not expected to receive a PDSCH assigned by a PDCCH with CRC scrambled by SI-RNTI with a TBS exceeding 2976 bits.





For a UE configured with the higher layer parameter repetitionScheme set to 'fdmSchemeB' and indicated with two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication' and DM-RS port(s) within one CDM group in the DCI field 'Antenna Port(s)', the TBS determination follows the steps 1-4 with the following modification in step 1: a UE determines the total number of REs allocated for PDSCH () by , where nPRB is the total number of allocated PRBs corresponding to the first TCI state, and the determined TBS of PDSCH transmission occasion associated with the first TCI state is also applied to the PDSCH transmission occasion associated with the second TCI state. For a UE configured with the higher layer parameter repetitionScheme set to 'tdmSchemeA' and indicated with two TCI states in a codepoint of the DCI field 'Transmission Configuration Indication' and DM-RS port(s) within one CDM group in the DCI field 'Antenna Port(s)', the TBS determination follows the steps 1-4 with the following modification in step 1: a UE determines the number of REs allocated for PDSCH within a PRB () by , where  is the number of symbols of the PDSCH allocation within the slot corresponding to the first TCI state, and the determined TBS of PDSCH transmission occasion associated with the first TCI state is also applied to the PDSCH transmission occasion associated with the second TCI state.

For the PDSCH assigned by a PDCCH with DCI format 1_0 with CRC scrambled by P-RNTI, or RA-RNTI, MsgB-RNTI, TBS determination follows the steps 1-4 with the following modification in step 2: a scaling  is applied in the calculation of Ninfo, where the scaling factor is determined based on the TB scaling field in the DCI as in Table 5.1.3.2-2.
Table 5.1.3.2-2: Scaling factor of Ninfo for P-RNTI, RA-RNTI and MSGB-RNTI
	TB scaling field
	Scaling factor S

	00
	1

	01
	0.5

	10
	0.25

	11
	



The NDI and HARQ process ID, as signalled on PDCCH, and the TBS, as determined above, shall be reported to higher layers.
<omitted text>
[bookmark: _Toc11352094][bookmark: _Toc20317984][bookmark: _Toc27299882][bookmark: _Toc29673147][bookmark: _Toc29673288][bookmark: _Toc29674281][bookmark: _Toc36645511][bookmark: _Toc45810556][bookmark: _Toc100147358][bookmark: _Toc11352096][bookmark: _Toc20317986][bookmark: _Toc27299884][bookmark: _Toc29673149][bookmark: _Toc29673290][bookmark: _Toc29674283][bookmark: _Toc36645513][bookmark: _Toc45810558][bookmark: _Toc100147360]5.1.4.1	PDSCH resource mapping with RB symbol level granularity
[bookmark: _Hlk22923381]The procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 1_2, by applying the parameters of rateMatchPatternGroup1DCI-1-2, rateMatchPatternGroup2DCI-1-2 instead of rateMatchPatternGroup1 and rateMatchPatternGroup2. The procedures for PDSCH scheduled by PDCCH with DCI format 1_0 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 4_0, by applying the parameters of rateMatchPatternToAddModList configured in PDSCH-Config-MCCH or PDSCH-Config-MTCH.
The procedures for PDSCH scheduled by PDCCH with DCI format 1_0 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 4_1, and the procedures for PDSCH scheduled by DCI format 1_1 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 4_2 by applying the parameters of rateMatchPatternToAddModList, rateMatchPatternGroup1 and rateMatchPatternGroup2 configured in PDSCH-Config-Multicast. 
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, PDSCH-ConfigMulticast by ServingCellConfig or by ServingCellConfigCommon, or by PDSCH-Config-MCCH or PDSCH-Config-MTCH and configuring up to 4 RateMatchPattern(s) per BWP and up to 4 RateMatchPattern(s) per serving-cell. The RateMatchPatterns configured for MBS multicast are counted into the ones that are configured per BWP. The RateMatchPattern(s) configured for MBS broadcast is counted into the ones that are configured 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, or by PDSCH-Config-MCCH or PDSCH-Config-MTCH, 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 40 msec. The first symbol of periodicityAndPattern every 40 msec/P periods is a first symbol in frame  mod 4 = 0, where P is the duration of periodicityAndPattern in units of msec. 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 rateMatchPatternGroup1 and 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 indices of RateMatchPattern(s) forming a union of resource-sets not available for a PDSCH dynamically if a corresponding bit of the 'Rate matching indicator' field of the DCI format 1_1 scheduling the PDSCH is equal to 1. The REs corresponding to the union of resource-sets configured by RateMatchPattern(s) that are not included in either of the two groups are not available for a PDSCH scheduled by a DCI format 1_0, a PDSCH scheduled by a DCI format 1_1, and PDSCHs with SPS. When receiving a PDSCH scheduled by a DCI format 1_0 or PDSCHs with SPS activated by a DCI format 1_0, the REs corresponding to configured resources in rateMatchPatternGroup1 or rateMatchPatternGroup2 are not available for the scheduled PDSCH or the activated PDSCHs with SPS. When receiving PDSCHs with SPS activated by a DCI format 1_1, the REs corresponding to configured resources in rateMatchPatternGroup1 or rateMatchPatternGroup2 are not available for the PDSCHs with SPS if a corresponding bit of the Rate matching indicator field of the DCI format 1_1 activating the PDSCHs with SPS is equal to 1.
[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;
-	when at least one of the PDCCH candidates of aggregation levels 8 and 16 linked as indicated by higher layer parameter searchSpaceLinking, the PDCCH candidates of aggregation level 16 and any other PDCCH candidate(s) linked with any of the PDCCH candidates of aggregation level 8 and 16 are not available for the PDSCH reception at the UE, if a detected PDCCH scheduling the PDSCH is associated with the PDCCH candidates of aggregation level 8 or 16.
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 the PDCCH reception includes two PDCCH candidates from two respective search space sets, as described in clause 10.1 of [6, TS 38.213], the resources corresponding to a union of the two PDCCH candidates scheduling the PDSCH and the associated PDCCH DM-RS are not available for the PDSCH. When precoderGranularity configured in a CORESET where the PDCCH was detected is set 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][bookmark: _Toc27299883][bookmark: _Toc29673148][bookmark: _Toc29673289][bookmark: _Toc29674282][bookmark: _Toc36645512][bookmark: _Toc45810557][bookmark: _Toc100147359]5.1.4.2	PDSCH resource mapping with RE level granularity
[bookmark: _Hlk22923417]The procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 1_2, by applying the parameters of aperiodicZP-CSI-RS-ResourceSetsToAddModListDCI-1-2 instead of aperiodic-ZP-CSI-RS-ResourceSetsToAddModList. 
The procedures for PDSCH scheduled by PDCCH with DCI format 1_0 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 4_1 and Tthe procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 4_2, by applying the parameters of aperiodicZP-CSI-RS-ResourceSetsToAddModList in PDSCH-Config-Multicast instead of aperiodic-ZP-CSI-RS-ResourceSetsToAddModList in PDSCH-Config.
A UE may be configured with any of the following higher layer parameters:
-	REs indicated by the 'RateMatchPatternLTE-CRS' in lte-CRS-ToMatchAround in ServingCellConfig or ServingCellConfigCommon configuring cell-specific 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. 
-	REs indicated by 'RateMatchPatternLTE-CRS' in lte-CRS-PatternList1-r16 in ServingCellConfig configuring cell-specific 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.
-	For the UE in RRC_IDLE and RRC_INACTIVE modes for broadcast reception, REs indicated by 'RateMatchPatternLTE-CRS' in PDSCH-Config-MCCH or PDSCH-Config-MCCH configuring cell-specific 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.
-	Each RateMatchPatternLTE-CRS 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 offset in units of 15 kHz subcarriers from (reference) point A to the LTE carrier centre subcarrier location, 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 Clause 6.10.1.2 in [15, TS 36.211], where slot corresponds to LTE subframe. 
-	If the UE is configured by higher layer parameter PDCCH-Config with two different values of coresetPoolIndex in ControlResourceSet and is also configured by the higher layer parameter lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16 in ServingCellConfig, the following REs are declared as not available for PDSCH:
-	if the UE is configured with crs-RateMatch-PerCoresetPoolIndex, REs indicated by the CRS pattern(s) in lte-CRS-PatternList1-r16 if the PDSCH is associated with coresetPoolIndex set to '0', or the CRS pattern(s) in lte-CRS-PatternList2-r16 if PDSCH is associated with coresetPoolIndex set to '1';
-	otherwise, REs indicated by lte-CRS-PatternList1-r16 and lte-CRS-PatternList2-r16, in ServingCellConfig.
-	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 in CSI-RS-ResourceMapping defines the number of CSI-RS ports, where the allowable values are given in Clause 7.4.1.5 of [4, TS 38.211].
-	cdm-Type in CSI-RS-ResourceMapping defines CDM values and pattern, where the allowable values are given in Clause 7.4.1.5 of [4, TS 38.211].
-	resourceMapping in ZP-CSI-RS-Resource defines the OFDM symbol and subcarrier occupancy of the ZP CSI-RS resource within a slot that are given in Clause 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. 
-	For the UE in RRC_CONNECTED mode for multicast reception, p-ZP-CSI-RS-ResourceSet can be configured in PDSCH-Config-Multicast for GC-PDSCH rate matching, subject to UE capability. The REs indicated by p-ZP-CSI-RS-ResourceSet are declared as not available for GC-PDSCH. The REs indicated by p-ZP-CSI-RS-ResourceSet configured in PDSCH-Config for unicast do not apply for GC-PDSCH and the REs indicated by p-ZP-CSI-RS-ResourceSet configured in PDSCH-Config-Multicast for multicast do not apply for unicast PDSCH. The total number of periodic ZP-CSI-RS-Resources that a UE can be configured with is the same as for unicast in Rel-16. If p-ZP-CSI-RS-ResourceSet is configured in both PDSCH-Config and PDSCH-Config-Multicast, it is subject to UE capability whether the p-ZP-CSI-RS-ResourceSet configured in PDSCH-Config-Multicast can be different from the p-ZP-CSI-RS-ResourceSet configured in PDSCH-Config.
-	For the UE in RRC_CONNECTED mode for multicast reception, sp-ZP-CSI-RS-ResourceSet can be configured in PDSCH-Config-Multicast for GC-PDSCH rate matching, subject to UE capability. The REs indicated by sp-ZP-CSI-RS-ResourceSet are declared as not available for GC-PDSCH when their triggering and activation delivered by unicast PDSCH are applied. The REs indicated by sp-ZP-CSI-RS-ResourceSet configured in PDSCH-Config for unicast do not apply for GC-PDSCH and the REs indicated by sp-ZP-CSI-RS-ResourceSet configured in PDSCH-Config-Multicast for multicast do not apply for unicast PDSCH. The total number of semi-persistent ZP-CSI-RS-Resources that a UE can be configured with is the same as for unicast.
[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-ResourceSetId' set to '1', the DCI codepoint '10' triggers the resource set with 'ZP-CSI-RS-ResourceSetId' set to '2', and the DCI codepoint '11' triggers the resource set with 'ZP-CSI-RS-ResourceSetId' set to '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 or in aperiodicZP-CSI-RS-ResourceSetsToAddModListDCI-1-2 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 or the PDSCHs with SPS activated by the PDCCH containing the trigger.
For a UE configured with a list of semi-persistent ZP-CSI-RS-ResourceSet(s) provided by higher layer parameter sp-ZP-CSI-RS-ResourceSetsToAddModList: 
-	when the UE would transmit a PUCCH with HARQ-ACK information in slot n corresponding to the PDSCH carrying the activation command, as described in clause 6.1.3.19 of [10, TS 38.321], for ZP CSI-RS resource(s), 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  where  is the SCS configuration for the PUCCH and is the subcarrier spacing configuration for  with a value of 0 for frequency range 1, and  is provided by K-Mac or  if K-Mac is not provided.
-	when the UE would transmit a PUCCH with HARQ-ACK information in slot n corresponding to the PDSCH carrying the deactivation command, as described in clause 6.1.3.19 of [10, TS 38.321], for activated ZP CSI-RS resource(s), 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  where  is the SCS configuration for the PUCCH and is the subcarrier spacing configuration for  with a value of 0 for frequency range 1, and  is provided by K-Mac or  if K-Mac is not provided.
5.1.5	Antenna ports quasi co-location
<omitted text>
If a UE is configured with the higher layer parameter tci-PresentInDCI that is set as 'enabled' for the CORESET scheduling a 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-PresentDCI-1-2 for the CORESET scheduling the PDSCH, the UE assumes that the TCI field with a DCI field size indicated by tci-PresentDCI-1-2 is present in the DCI format 1_2 of the PDCCH transmitted on the CORESET. If a UE is configured with the higher layer parameter tci-PresentInDCI that is set as ‘enabled’ for the CORESET scheduling the multicast PDSCH, the UE assumes that the TCI field is present in the DCI format 4_2 of the PDCCH transmitted on the CORESET. If the PDSCH is scheduled by a DCI format not having the TCI field present, and the time offset between the reception of the DL DCI and the corresponding PDSCH of a serving cell 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 within the active BWP of the serving cell. 
<omitted text>
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