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1. [bookmark: _Toc120549591]Introduction
In this contribution, some remaining issues and specification corrections of group scheduling for NR multicast and broadcast service for RRC_CONNECTED/RRC_INACTIVE/RRC_IDLE UEs will be discussed.
2. Corrections on TS 38.214
2.1 Clarification on FDMed PDSCHs reception
In RAN1#102e-meeting, we agreed that UE can support FDM between unicast PDSCH and GC-PDSCH, which including both multicast and broadcast service. However, in current TS38.213 h10, only FDMed between unicast and multicast is captured without the broadcast service.
	Agreements:
· For RRC_CONNECTED UEs, at least support FDM between unicast PDSCH and group-common PDSCH in a slot based on UE capability.
· FFS: TDM or SDM in a slot.



Proposal 1. Adopt the following TP for TS 38.214 section 5.1:
· Reason for change: To reflect the agreement that RRC_CONNECTED UE can support FDMed between unicast PDSCH and broadcast PDSCH.
· Summary of change: Add UE capable of receiving FDMed unicast PDSCH and broadcast PDSCH per slot per carrier.
· Consequences if not approved: RRC_CONNECTED UE can not support FDMed between unicast PDSCH and broadcast PDSCH.
<Unchanged text is omitted>
[bookmark: _Hlk101270915]The maximum number of PDSCHs scheduled per slot per component carrier with C-RNTI/CS-RNTI and G-RNTI/G-CS-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/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/G-CS-RNTI/MCCH-RNTI that partially or fully overlap in time in non-overlapping PRBs
<Unchanged text is omitted>

Multicast SPS is supported in Rel-17 and we also had several discussions on the FDMed unicast and multicast SPS collision, but whether to support FDMed DG PDSCH and SPS PDSCH is not discussed. From our perspective, it is not suitable to introduce such new PDSCH simultaneous reception in maintenance phase, and FDMed between DG and SPS PDSCH is also not supported in unicast. 
Proposal 2. For RRC_CONNECTED UEs, the FDMed between unicast DG PDSCH and multicast SPS PDSCH or the FDMed between unicast SPS PDSCH and multicast/broadcast DG PDSCH are not supported.
In addition, during last RAN1#108-e meeting discussion on SPS collision, companies wanted to align the definitions of TDMed PDSCH and FDMed PDSCH, and most companies are aligned with the following definitions, which Case A is FDMed PDSCH, Case B and Case C are TDMed PDSCH. 
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Figure 1. Definitions of FDM/TDM PDSCHs
According to the above discussion, we think the following proposal is a good calcification on FDM/TDM PDSCHs reception.
Proposal 3. For RRC_CONNECTED UEs,
· FDM between unicast PDSCH and group-common PDSCH includes: 
· Case A: the unicast DG PDSCH and the multicast/broadcast DG PDSCH in a slot are overlapping in time domain and non-overlapping in frequency domain, and the unicast SPS PDSCH and the multicast SPS PDSCH in a slot are overlapping in time domain and non-overlapping in frequency domain.
· TDM between unicast PDSCH and group-common PDSCH includes: 
· Case B: the unicast DG PDSCH and the multicast/broadcast DG PDSCH in a slot are non-overlapping in time domain and non-overlapping in frequency domain, and the unicast SPS PDSCH and the multicast SPS PDSCH in a slot are non-overlapping in time domain and non-overlapping in frequency domain. 
· Case C: the unicast DG PDSCH and the multicast/broadcast DG PDSCH in a slot are non-overlapping in time domain and overlapping in frequency domain, and the unicast SPS PDSCH and the multicast SPS PDSCH in a slot are non-overlapping in time domain and overlapping in frequency domain.

After the clarification of FDMed and TDMed PDSCH cases, one issue still needs discussion is whether UE can support FDM+TDM capability. From our perspective, it is feasible for UE to support both two capabilities especially considering they are two independent UE features and whether the PDSCHs are FDMed or TDMed is up to gNB’s scheduling. That is if UE reports both FDM capability and TDM capability, all Case A Case B and Case C can be supported.
Proposal 4. For RRC_CONNECTED UEs,
· If a UE only reports the capability to support FDM between unicast PDSCH and group-common PDSCH, only Case A scheduling is admitted.
· If a UE only reports the capability to support TDM between unicast PDSCH and group-common PDSCH, only Case B and Case C scheduling are admitted.
· If a UE both reports the capability to support FDM and TDM between unicast PDSCH and group-common PDSCH, Case A, Case B and Case C scheduling are admitted.
2.2 Multicast SPS PDSCH collision
2.2.1 Unicast SPS and multicast SPS PDSCH collision
Generally, there are three PDSCHs collision cases in one slot, including Case 1: only multiple unicast SPS PDSCHs collision in one slot, Case 2: only multiple multicast SPS PDSCHs collision in one slot, and Case 3: multiple unicast SPS and multicast SPS PDSCHs collision in one slot.
For case 1 and case 2, whatever one UE is capable of FDMed between unicast and multicast or TDMed between unicast and multicast, the legacy Rel-16 procedure is used.
For case 3, different UE capabilities should be considered as the following:
· If one UE only supports TDMed between unicast and multicast (supporting Case B and Case C scheduling), the legacy Rel-16 procedure is reused as well;
· If one UE only supports FDMed between unicast and multicast (supporting Case A scheduling), a new rule should be defined. For example, UE first resolves collisions among unicast SPS PDSCHs resulting in one unicast SPS PDSCH and collisions among multicast SPS PDSCHs resulting in one multicast SPS PDSCH as in Rel-16, respectively. If the resulting unicast SPS PDSCH and multicast SPS PDSCH are overlapping in both time and frequency, or the resulting unicast SPS PDSCH and multicast SPS PDSCH are non-overlapping in time, the UE receives the one with lower configured sps-ConfigIndex, otherwise the UE receives both PDSCHs.
· If one UE both supports FDMed between unicast and multicast and TDMed between unicast and multicast (supporting Case A, Case B and Case C scheduling), similar rule as UE only supports FDMed case can be reused, e.g., UE first resolves the collisions among unicast SPS PDSCHs resulting in one unicast SPS PDSCH and collisions among multicast SPS PDSCHs resulting in one multicast SPS PDSCH as in Rel-16, respectively. If the resulting unicast SPS PDSCH and multicast SPS PDSCH are overlapping in both time and frequency, the UE receives the one with lower configured sps-ConfigIndex, otherwise the UE receives both PDSCHs.

According to the above discussion, we propose the following proposal and a draft TP.
Proposal 5. If more than one PDSCH include both unicast SPS PDSCH(s) and multicast SPS PDSCH(s) on a serving cell each without a corresponding PDCCH transmission are in a slot, and if a UE supports FDM reception between unicast SPS PDSCH and multicast SPS PDSCH in a slot, 
· [bookmark: _Hlk101351677]Step 1: the UE resolves collisions among unicast SPS PDSCHs resulting in one unicast SPS PDSCH and collisions among multicast SPS PDSCHs resulting in one multicast SPS PDSCH as in Rel-16, respectively. 
· Step 2: 
· [bookmark: _Hlk101351697]If the resulting unicast SPS PDSCH and multicast SPS PDSCH are overlapping in both time and frequency, the UE receives the one with lower configured sps-ConfigIndex;
· else if the resulting unicast SPS PDSCH and multicast SPS PDSCH are non-overlapping in time but UE doesn’t support TDM reception between unicast SPS PDSCH and multicast SPS PDSCH in a slot, the UE receives the one with lower configured sps-ConfigIndex;
· else, the UE receives both PDSCHs.
Adopt the following TP for TS 38.214 section 5.1:
· Reason for change: The UE behaviour of collision handling of FDMed unicast SPS PDSCH and multicast SPS PDSCH is missed in current TS 38.214.
· Summary of change: Add UE behaviour of collision handling of FDMed unicast SPS PDSCH and multicast SPS PDSCH.
· Consequences if not approved: Mis-alignment between gNB and UE about the collision handling of FDMed unicast SPS PDSCH and multicast SPS PDSCH.
<Unchanged text is omitted>
If more than one unicast PDSCH or multicast PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, or more than one unicast and multicast PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot and a UE is not capable of receiving FDMed unicast and multicast PDSCH, 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.
‒	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 
If more than one unicast and multicast PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot and a UE is capable of receiving FDMed unicast and multicast PDSCH, after resolving overlapping with symbols in the slot indicated as uplink by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated, the UE receives one or more PDSCHs without corresponding PDCCH transmissions in the slot as specified below.
‒	Step 0: Q1 is the set of activated unicast PDSCHs without corresponding PDCCH transmissions within the slot. Q2 is the set of activated multicast PDSCHs without corresponding PDCCH transmissions within the slot.
‒	Step 1: Designate one PDSCH with the lowest configured sps-ConfigIndex within Q1 as survivor unicast PDSCH. Designate one PDSCH with the lowest configured sps-ConfigIndex within Q2 as survivor multicast PDSCH.
‒	Step 2: If the survivor unicast PDSCH and survivor multicast PDSCH overlap in both time and frequency, or if the survivor unicast PDSCH and survivor multicast PDSCH not overlap in time but the UE is not capable of receiving one unicast PDSCH and one multicast PDSCH non-overlapping in time in one slot, the UE receives one PDSCH with lower configured sps-ConfigIndex, else the UE receives both the survivor unicast PDSCH and survivor multicast PDSCH.
<Unchanged text is omitted>
2.2.2 Unicast/multicast/broadcast DG and unicast/multicast SPS PDSCH collision
In Rel-15/16, only TDMed PDSCH is supported and the unicast dynamic grant PDSCH and unicast SPS PDSCH can not be overlapped, except the dynamic grant PDCCH is at least 14 symbols before the SPS PDSCH which UE receives the dynamic grant PDSCH in this case. 
As the discussion in section 2.1, the FDM between unicast DG PDSCH and multicast SPS PDSCH is not supported. Therefore, we only need to consider the TDM overleaping cases between unicast/multicast/broadcast DG PDSCH and unicast/multicast SPS PDSCH and Rel-15/16 rule on unicast DG PDSCH and unicast SPS PDSCH collision can be reused.
Proposal 6. For RRC_CONNECTED UEs, the unicast/multicast/broadcast DG PDSCH and unicast/multicast SPS PDSCH can not be overlapped partially or fully in time, except if the PDCCH scheduling the PDSCH ends at least 14 symbols before the earliest starting symbol of the SPS PDSCH(s) and UE receives the DG PDSCH in this case.
Adopt the following TP for TS 38.214 section 5.1:
· Reason for change: The UE behaviour of collision handling of unicast/multicast/broadcast DG PDSCHs and unicast/multicast SPS PDSCHs is missed in current TS 38.214.
· Summary of change: Add UE behaviour of collision handling of unicast/multicast/broadcast DG PDSCHs and unicast/multicast SPS PDSCHs.
· Consequences if not approved: Mis-alignment between gNB and UE about the collision handling of unicast/multicast/broadcast DG PDSCHs and unicast/multicast SPS PDSCHs.
<Unchanged text is omitted>
[bookmark: _Hlk101295580]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, G-RNTI, G-CS-RNTI or MCCH-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 the symbol duration is 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.
<Unchanged text is omitted>

[bookmark: _Hlk101270226][bookmark: _Hlk101294864]2.3 RRC_CONNECTED UE PDSCH simultaneously reception
There were some discussions about UE PDSCH simultaneously reception in post RAN1#106b-e meeting email discussion but cannot achieve consensus.
2.3.1 Broadcast PDSCH simultaneously reception
RRC_IDLE/INACTIVE UEs cannot support the FDMed between broadcast MCCH and MTCH or among MTCHs as the following agreements. Considering the same MCCH/MTCH PDSCH are shared by RRC_IDLE/INACTIVE UEs and RRC_CONNECTED UEs, these two cases are not supported for RRC_CONNECTED UEs as well.
	Agreement
For RRC_IDLE/INACTIVE UEs, a UE is not required to support reception of FDMed MCCH PDSCH and MTCH PDSCH in PCell.
Agreement
For RRC_IDLE/INACTIVE UEs, a UE is not required to support reception of FDMed multiple MTCH PDSCHs in PCell.



Proposal 7. For RRC_CONNECTED UEs, 
· a UE is not required to support reception of FDMed broadcast MCCH PDSCH and broadcast MTCH PDSCH in one slot.
· a UE is not required to support reception of FDMed multiple broadcast MTCH PDSCHs in one slot.
Adopt the following TP for TS 38.214 section 5.1:
· Reason for change: The RRC_CONNECTED UE cannot support reception of FDMed MCCH PDSCH and MTCH PDSCH, or FDMed multiple MTCH PDSCHs which is missed in current TS 38.214.
· Summary of change: Add UE behaviour of RRC_CONNECTED UE cannot support reception of FDMed MCCH PDSCH and MTCH PDSCH, or FDMed multiple MTCH PDSCHs.
· Consequences if not approved: Mis-alignment between gNB and UE about the FDMed broadcast MCCH PDSCH and broadcast MTCH PDSCH reception and FDMed multiple broadcast MTCH PDSCHs reception.
<Unchanged text is omitted>
For UE in RRC_IDLE and RRC_INACTIVE modes, it is not expected to support reception of FDMed MCCH PDSCH and MTCH PDSCH, or FDMed multiple MTCH PDSCHs, or FDMed MCCH/MTCH PDSCH and SIB PDSCH in Pcell that partially or fully overlap in time in non-overlapping PRBs.
For UE in RRC_CONNECTED mode, it is not expected to support reception of FDMed MCCH PDSCH and MTCH PDSCH, or FDMed multiple MTCH PDSCHs that partially or fully overlap in time in non-overlapping PRBs.
<Unchanged text is omitted>

[bookmark: _Hlk101723662]2.3.2 MBS PDSCH and RAR PDSCH simultaneously reception
In Rel-15/16, the unicast dynamic grant PDSCH can not be overlapped with RAR PDSCH, and the same principle can be reused for Rel-17 MBS as well.
Proposal 8. For RRC_CONNECTED UEs, a UE is not expected to decode a multicast or broadcast PDSCH overlapped with another PDSCH scheduled with RA-RNTI or MSGB-RNTI in time.
Adopt the following TP for TS 38.214 section 5.1:
· Reason for change: The UE behaviour of MBS PDSCH and RAR PDSCH collision handling is missed in current TS 38.214.
· Summary of change: Add UE behaviour of is not expected to decode a multicast or broadcast PDSCH overlapped with another PDSCH scheduled with RA-RNTI or MSGB-RNTI in time.
· Consequences if not approved: Mis-alignment between gNB and UE that whther UE can decode a multicast or broadcast PDSCH overlapped with another PDSCH scheduled with RA-RNTI or MSGB-RNTI in time.
<Unchanged text is omitted>
The UE is not expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI, G-RNTI, G-CS-RNTI or MCCH-RNTI if another PDSCH in the same cell scheduled with RA-RNTI or MSGB-RNTI partially or fully overlap in time.
<Unchanged text is omitted>

2.3.3 MBS PDSCH and SIB PDSCH simultaneously reception
In Rel-15/16, for RRC_CONNECTED UEs, UE can decode unicast dynamic PDSCH during a process of autonomous SI acquisition. But for P-RNTI triggered SIB PDSCH reception, RRC_CONNECTED UE can not decode unicast dynamic PDSCH on FR1 with Capability 2 processing time or FR2. For Rel-17 MBS, the same PDSCH reception restriction between unicast and SIB can be reused.
Proposal 9. For RRC_CONNECTED UEs, the simultaneously reception of SIB PDSCH and multicast/broadcast PDSCH reuse the same rule as Rel-15/16 simultaneously reception of SIB PDSCH and unicast PDSCH.
Adopt the following TP for TS 38.214 section 5.1:
· Reason for change: The UE behaviour of MBS PDSCH and SIB PDSCH collision handling is missed in current TS 38.214.
· Summary of change: Add UE behaviour of UE can decode multicast/broadcast dynamic PDSCH during a process of autonomous SI acquisition. But for P-RNTI triggered SIB PDSCH reception, RRC_CONNECTED UE can not decode multicast/broadcast dynamic PDSCH on FR1 with Capability 2 processing time or FR2.
· Consequences if not approved: Mis-alignment between gNB and UE about whether UE can decode a MBS PDSCH overlapped with another SIB PDSCH in time.
<Unchanged text is omitted>
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, G-RNTI, G-CS-RNTI or MCCH-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, G-RNTI, G-CS-RNTI or MCCH-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, G-RNTI, G-CS-RNTI or MCCH-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, G-RNTI, G-CS-RNTI or MCCH-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, G-RNTI, G-CS-RNTI or MCCH-RNTI during a process of autonomous SI acquisition. 
<Unchanged text is omitted>
3. Corrections on TS 38.213
3.1 Correction on multicast and broadcast search space configuration
The MCCH and MTCH search space on PCell/SCell are configured by searchSpaceMCCH and searchSpaceMTCH in PDCCH-ConfigCommon in current TS 38.331 without the pdcch-Config-MCCH and pdcch-Config-MTCH IE.

[bookmark: _Hlk101272519]PDCCH-ConfigCommon information element
-- ASN1START
-- TAG-PDCCH-CONFIGCOMMON-START

PDCCH-ConfigCommon ::=              SEQUENCE {
   
    [[
    searchSpaceMCCH-r17                     SearchSpaceId                                           OPTIONAL,   -- Need R
    searchSpaceMTCH-r17                     SearchSpaceId                                           OPTIONAL,   -- Need S
    commonSearchSpaceListExt2-r17       SEQUENCE (SIZE(1..4)) OF SearchSpaceExt2-r17            OPTIONAL    -- Need R
    ]]
}

-- TAG-PDCCH-CONFIGCOMMON-STOP
-- ASN1STOP
In addition, there is also no SearchSpace-Multicast IE in TS 38.331, which SearchSpace in PDCCH-ConfigMulticast is used to configure the multicast service. Therefore, the corresponded corrections are needed in TS 38.213 regarding the multicast and broadcast search space configuration.
Proposal 10. Adopt the following TP for TS 38.213 section 10.1:
· Reason for change: The RRC IEs for multicast and broadcast search space configuration in TS 38.213 are not aligned with TS 38.331.
· [bookmark: _Hlk101271242][bookmark: _Hlk101271124]Summary of change: To correct the RRC IEs for multicast and broadcast search space configuration.
· Consequences if not approved: UE can not be configured with multicast and broadcast search space using wrong RRC IEs.
<Unchanged text is omitted>
A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search space sets. A search space set can be a CSS set or a USS set. A UE monitors PDCCH candidates in one or more of the following search spaces sets
-	a Type0-PDCCH CSS set on the primary cell of the MCG configured by
-	pdcch-ConfigSIB1 in MIB or by searchSpaceSIB1 in PDCCH-ConfigCommon or by searchSpaceZero in PDCCH-ConfigCommon for a DCI format 1_0 with CRC scrambled by a SI-RNTI, or 
-	searchSpaceZero in PDCCH-ConfigCommon, when searchSpaceMCCHpdcch-Config-MCCH and searchSpaceMTCHpdcch-Config-MTCH are not provided, for a DCI format 4_0 with CRC scrambled by a MCCH-RNTI or a G-RNTI
-	a Type0A-PDCCH CSS set configured by searchSpaceOtherSystemInformation in PDCCH-ConfigCommon for a DCI format 1_0 with CRC scrambled by a SI-RNTI on the primary cell of the MCG
-	a Type0B-PDCCH CSS set configured by searchSpaceMCCHsearchSpaceBroadcast in pdcch-Config-MCCH and searchSpaceMTCHpdcch-Config-MTCH for a DCI format with CRC scrambled by a MCCH-RNTI or a G-RNTI, on the primary cell of the MCG
-	a Type1-PDCCH CSS set configured by ra-SearchSpace in PDCCH-ConfigCommon for a DCI format 1_0 with CRC scrambled by a RA-RNTI, a MsgB-RNTI, or a TC-RNTI on the primary cell
-	a Type1A-PDCCH CSS set configured by sdt-SearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a C-RNTI or a CS-RNTI on the primary cell as described in clause 19.1
-	a Type2-PDCCH CSS set configured by pagingSearchSpace in PDCCH-ConfigCommon for a DCI format 1_0 with CRC scrambled by a P-RNTI on the primary cell of the MCG
-	a Type2A-PDCCH CSS set configured by peiSearchSpace in DownlinkConfigCommonSIB for a DCI format 2_7 with CRC scrambled by a RNTI on the primary cell of the MCG
-	a Type3-PDCCH CSS set configured by 
-	SearchSpace in PDCCH-Config with searchSpaceType = common for DCI formats with CRC scrambled by INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, or CI-RNTI and, only for the primary cell, C-RNTI, MCS-C-RNTI, CS-RNTI(s), or PS-RNTI, or 
[bookmark: _Hlk101273096]-	SearchSpace-Multicast in PDCCH-Config-Multicast for DCI formats with CRC scrambled by G-RNTI, or G-CS-RNTI, or
-	searchSpaceMCCHsearchSpaceBroadcast in pdcch-Config-MCCH and searchSpaceMTCHpdcch-Config-MTCH on a secondary cell for a DCI format 4_0 with CRC scrambled by a MCCH-RNTI or a G-RNTI, and
-	a USS set configured by
-	SearchSpace in PDCCH-Config with searchSpaceType = ue-Specific for DCI formats with CRC scrambled by C-RNTI, MCS-C-RNTI, SP-CSI-RNTI, CS-RNTI(s), SL-RNTI, SL-CS-RNTI, or SL Semi-Persistent Scheduling V-RNTI, or 
-	sdt-CG-SearchSpace for DCI formats with CRC scrambled by C-RNTI or CS-RNTI as described in clause 19.1.
<Unchanged text is omitted>
If the active DL BWP and an MBS frequency resource provided by cfr-Config-MCCH-MTCH for a UE have same SCS and same CP length and the active DL BWP includes all RBs of the MBS frequency resource, and if the UE is provided searchSpaceMCCH or searchSpaceMTCHsearchSpaceBroadcast for Type0B-PDCCH CSS set on the primary cell or for Type3-PDCCH CSS set on a secondary cell, the UE monitors PDCCH for detection of broadcast DCI formats, as described in clause 18, on the active DL BWP.
<Unchanged text is omitted>
A UE does not expect to be configured CSS sets, except for CSS sets provided by searchSpaceMCCH, searchSpaceMTCHsearchSpaceBroadcast or by SearchSpace in PDCCH-ConfigMulticast for DCI formats with CRC scrambled by G-RNTI, or G-CS-RNTIsearchSpace-Multicast, that result to corresponding total, or per scheduled cell, numbers of monitored PDCCH candidates and non-overlapped CCEs per slot, per group of  slots for a corresponding combination , or per span that exceed the corresponding maximum numbers per slot, or per group of  slots for a corresponding combination , or per span, respectively.
For same cell scheduling or for cross-carrier scheduling, a UE does not expect a number of PDCCH candidates, and a number of corresponding non-overlapped CCEs per slot or per span on a secondary cell to be larger than the corresponding numbers that the UE is capable of monitoring on the secondary cell per slot or per span, respectively. If a UE is provided monitoringCapabilityConfig = r16monitoringcapability for the primary cell, except the first span of each slot, the UE does not expect a number of PDCCH candidates and a number of corresponding non-overlapped CCEs per span on the primary cell to be larger than the corresponding numbers that the UE is capable of monitoring on the primary cell per span. 
For cross-carrier scheduling, the number of PDCCH candidates for monitoring and the number of non-overlapped CCEs per span or per slot are separately counted for each scheduled cell.
For all search space sets that a UE monitors PDCCH on the primary cell within a slot , or within a group of  slots for a corresponding combination , or within a span in slot , denote by  a set of CSS sets, except for CSS sets provided by searchSpaceMCCH, searchSpaceMTCHsearchSpaceBroadcast or by SearchSpace in PDCCH-ConfigMulticast for DCI formats with CRC scrambled by G-RNTI, or G-CS-RNTIsearchSpace-Multicast, with cardinality of  and by  a set of USS sets and CSS sets provided by searchSpaceMCCH, searchSpaceMTCHsearchSpaceBroadcast or by SearchSpace in PDCCH-ConfigMulticast for DCI formats with CRC scrambled by G-RNTI, or G-CS-RNTIsearchSpace-Multicast with cardinality of  for scheduling on the primary cell. The location of search space sets , , in  is according to an ascending order of the search space set index. 
<Unchanged text is omitted>
4. RRC parameters alignment between RAN1 and RAN2
After review the TS 38.331, we also find that some mis-alignment about RRC parameter names between RAN1 specs and RAN2 specs about CFR, GC-PDCCH and GC-PDSCH configuration as the following table which can be updated by editors.
	RRC parameter used in RAN1 specs
	RRC parameter used in TS 38.331

	CFR-Config-Multicast
	CFR-ConfigMulticast

	CFR-Config-MCCH-MTCH
	CFR-ConfigMCCH-MTCH

	PDCCH-Config-Multicast
	pdcch-ConfigMulticast

	PDSCH-Config-Multicast
	pdsch-ConfigMulticast

	PDSCH-Config-MCCH
	pdsch-ConfigMCCH

	pdsch-Config-MTCH
	pdsch-ConfigMTCH

	SPS-Config-Multicast
	SPS-ConfigMulticast


Proposal 11. The following RRC parameters can be updated in RAN1 specs.
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5. Conclusions
In this contribution, some remaining issues and specification corrections of group scheduling for NR multicast and broadcast service for RRC_CONNECTED/RRC_INACTIVE/RRC_IDLE UEs are discussed, and the following proposals are made.
Proposal 1. Adopt the following TP for TS 38.214 section 5.1:
· Reason for change: To reflect the agreement that RRC_CONNECTED UE can support FDMed between unicast PDSCH and broadcast PDSCH.
· Summary of change: Add UE capable of receiving FDMed unicast PDSCH and broadcast PDSCH per slot per carrier.
· Consequences if not approved: RRC_CONNECTED UE can not support FDMed between unicast PDSCH and broadcast PDSCH.
<Unchanged text is omitted>
The maximum number of PDSCHs scheduled per slot per component carrier with C-RNTI/CS-RNTI and G-RNTI/G-CS-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/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/G-CS-RNTI/MCCH-RNTI that partially or fully overlap in time in non-overlapping PRBs
<Unchanged text is omitted>
Proposal 2. For RRC_CONNECTED UEs, the FDMed between unicast DG PDSCH and multicast SPS PDSCH or the FDMed between unicast SPS PDSCH and multicast/broadcast DG PDSCH are not supported.
Proposal 3. For RRC_CONNECTED UEs,
· FDM between unicast PDSCH and group-common PDSCH includes: 
· Case A: the unicast DG PDSCH and the multicast/broadcast DG PDSCH in a slot are overlapping in time domain and non-overlapping in frequency domain, and the unicast SPS PDSCH and the multicast SPS PDSCH in a slot are overlapping in time domain and non-overlapping in frequency domain.
· TDM between unicast PDSCH and group-common PDSCH includes: 
· Case B: the unicast DG PDSCH and the multicast/broadcast DG PDSCH in a slot are non-overlapping in time domain and non-overlapping in frequency domain, and the unicast SPS PDSCH and the multicast SPS PDSCH in a slot are non-overlapping in time domain and non-overlapping in frequency domain. 
· Case C: the unicast DG PDSCH and the multicast/broadcast DG PDSCH in a slot are non-overlapping in time domain and overlapping in frequency domain, and the unicast SPS PDSCH and the multicast SPS PDSCH in a slot are non-overlapping in time domain and overlapping in frequency domain.
Proposal 4. For RRC_CONNECTED UEs,
· If a UE only reports the capability to support FDM between unicast PDSCH and group-common PDSCH, only Case A scheduling is admitted.
· If a UE only reports the capability to support TDM between unicast PDSCH and group-common PDSCH, only Case B and Case C scheduling are admitted.
· If a UE both reports the capability to support FDM and TDM between unicast PDSCH and group-common PDSCH, Case A, Case B and Case C scheduling are admitted.
Proposal 5. If more than one PDSCH include both unicast SPS PDSCH(s) and multicast SPS PDSCH(s) on a serving cell each without a corresponding PDCCH transmission are in a slot, and if a UE supports FDM reception between unicast SPS PDSCH and multicast SPS PDSCH in a slot, 
· Step 1: the UE resolves collisions among unicast SPS PDSCHs resulting in one unicast SPS PDSCH and collisions among multicast SPS PDSCHs resulting in one multicast SPS PDSCH as in Rel-16, respectively. 
· Step 2: 
· If the resulting unicast SPS PDSCH and multicast SPS PDSCH are overlapping in both time and frequency, the UE receives the one with lower configured sps-ConfigIndex;
· else if the resulting unicast SPS PDSCH and multicast SPS PDSCH are non-overlapping in time but UE doesn’t support TDM reception between unicast SPS PDSCH and multicast SPS PDSCH in a slot, the UE receives the one with lower configured sps-ConfigIndex;
· else, the UE receives both PDSCHs.
Adopt the following TP for TS 38.214 section 5.1:
· Reason for change: The UE behaviour of collision handling of FDMed unicast SPS PDSCH and multicast SPS PDSCH is missed in current TS 38.214.
· Summary of change: Add UE behaviour of collision handling of FDMed unicast SPS PDSCH and multicast SPS PDSCH.
· Consequences if not approved: Mis-alignment between gNB and UE about the collision handling of FDMed unicast SPS PDSCH and multicast SPS PDSCH.
<Unchanged text is omitted>
If more than one unicast PDSCH or multicast PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, or more than one unicast and multicast PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot and a UE is not capable of receiving FDMed unicast and multicast PDSCH, 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.
‒	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 
If more than one unicast and multicast PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot and a UE is capable of receiving FDMed unicast and multicast PDSCH, after resolving overlapping with symbols in the slot indicated as uplink by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated, the UE receives one or more PDSCHs without corresponding PDCCH transmissions in the slot as specified below.
‒	Step 0: Q1 is the set of activated unicast PDSCHs without corresponding PDCCH transmissions within the slot. Q2 is the set of activated multicast PDSCHs without corresponding PDCCH transmissions within the slot.
‒	Step 1: Designate one PDSCH with the lowest configured sps-ConfigIndex within Q1 as survivor unicast PDSCH. Designate one PDSCH with the lowest configured sps-ConfigIndex within Q2 as survivor multicast PDSCH.
‒	Step 2: If the survivor unicast PDSCH and survivor multicast PDSCH overlap in both time and frequency, or if the survivor unicast PDSCH and survivor multicast PDSCH not overlap in time but the UE is not capable of receiving one unicast PDSCH and one multicast PDSCH non-overlapping in time in one slot, the UE receives one PDSCH with lower configured sps-ConfigIndex, else the UE receives both the survivor unicast PDSCH and survivor multicast PDSCH.
<Unchanged text is omitted>
Proposal 6. For RRC_CONNECTED UEs, the unicast/multicast/broadcast DG PDSCH and unicast/multicast SPS PDSCH can not be overlapped partially or fully in time, except if the PDCCH scheduling the PDSCH ends at least 14 symbols before the earliest starting symbol of the SPS PDSCH(s) and UE receives the DG PDSCH in this case.
Adopt the following TP for TS 38.214 section 5.1:
· Reason for change: The UE behaviour of collision handling of unicast/multicast/broadcast DG PDSCHs and unicast/multicast SPS PDSCHs is missed in current TS 38.214.
· Summary of change: Add UE behaviour of collision handling of unicast/multicast/broadcast DG PDSCHs and unicast/multicast SPS PDSCHs.
· Consequences if not approved: Mis-alignment between gNB and UE about the collision handling of unicast/multicast/broadcast DG PDSCHs and unicast/multicast SPS PDSCHs.
<Unchanged text is omitted>
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, G-RNTI, G-CS-RNTI or MCCH-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 the symbol duration is 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.
<Unchanged text is omitted>
Proposal 7. For RRC_CONNECTED UEs, 
· a UE is not required to support reception of FDMed broadcast MCCH PDSCH and broadcast MTCH PDSCH in one slot.
· a UE is not required to support reception of FDMed multiple broadcast MTCH PDSCHs in one slot.
Adopt the following TP for TS 38.214 section 5.1:
· Reason for change: The RRC_CONNECTED UE cannot support reception of FDMed MCCH PDSCH and MTCH PDSCH, or FDMed multiple MTCH PDSCHs which is missed in current TS 38.214.
· Summary of change: Add UE behaviour of RRC_CONNECTED UE cannot support reception of FDMed MCCH PDSCH and MTCH PDSCH, or FDMed multiple MTCH PDSCHs.
· Consequences if not approved: Mis-alignment between gNB and UE about the FDMed broadcast MCCH PDSCH and broadcast MTCH PDSCH reception and FDMed multiple broadcast MTCH PDSCHs reception.
<Unchanged text is omitted>
For UE in RRC_IDLE and RRC_INACTIVE modes, it is not expected to support reception of FDMed MCCH PDSCH and MTCH PDSCH, or FDMed multiple MTCH PDSCHs, or FDMed MCCH/MTCH PDSCH and SIB PDSCH in Pcell that partially or fully overlap in time in non-overlapping PRBs.
For UE in RRC_CONNECTED mode, it is not expected to support reception of FDMed MCCH PDSCH and MTCH PDSCH, or FDMed multiple MTCH PDSCHs that partially or fully overlap in time in non-overlapping PRBs.
<Unchanged text is omitted>
Proposal 8. For RRC_CONNECTED UEs, a UE is not expected to decode a multicast or broadcast PDSCH overlapped with another PDSCH scheduled with RA-RNTI or MSGB-RNTI in time.
Adopt the following TP for TS 38.214 section 5.1:
· Reason for change: The UE behaviour of MBS PDSCH and RAR PDSCH collision handling is missed in current TS 38.214.
· Summary of change: Add UE behaviour of is not expected to decode a multicast or broadcast PDSCH overlapped with another PDSCH scheduled with RA-RNTI or MSGB-RNTI in time.
· Consequences if not approved: Mis-alignment between gNB and UE that whther UE can decode a multicast or broadcast PDSCH overlapped with another PDSCH scheduled with RA-RNTI or MSGB-RNTI in time.
<Unchanged text is omitted>
The UE is not expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI, G-RNTI, G-CS-RNTI or MCCH-RNTI if another PDSCH in the same cell scheduled with RA-RNTI or MSGB-RNTI partially or fully overlap in time.
<Unchanged text is omitted>
Proposal 9. For RRC_CONNECTED UEs, the simultaneously reception of SIB PDSCH and multicast/broadcast PDSCH reuse the same rule as Rel-15/16 simultaneously reception of SIB PDSCH and unicast PDSCH.
Adopt the following TP for TS 38.214 section 5.1:
· Reason for change: The UE behaviour of MBS PDSCH and SIB PDSCH collision handling is missed in current TS 38.214.
· Summary of change: Add UE behaviour of UE can decode multicast/broadcast dynamic PDSCH during a process of autonomous SI acquisition. But for P-RNTI triggered SIB PDSCH reception, RRC_CONNECTED UE can not decode multicast/broadcast dynamic PDSCH on FR1 with Capability 2 processing time or FR2.
· Consequences if not approved: Mis-alignment between gNB and UE about whether UE can decode a MBS PDSCH overlapped with another SIB PDSCH in time.
<Unchanged text is omitted>
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, G-RNTI, G-CS-RNTI or MCCH-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, G-RNTI, G-CS-RNTI or MCCH-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, G-RNTI, G-CS-RNTI or MCCH-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, G-RNTI, G-CS-RNTI or MCCH-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, G-RNTI, G-CS-RNTI or MCCH-RNTI during a process of autonomous SI acquisition. 
<Unchanged text is omitted>
Proposal 10. Adopt the following TP for TS 38.213 section 10.1:
· Reason for change: The RRC IEs for multicast and broadcast search space configuration in TS 38.213 are not aligned with TS 38.331.
· Summary of change: To correct the RRC IEs for multicast and broadcast search space configuration.
· Consequences if not approved: UE can not be configured with multicast and broadcast search space using wrong RRC IEs.
<Unchanged text is omitted>
A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search space sets. A search space set can be a CSS set or a USS set. A UE monitors PDCCH candidates in one or more of the following search spaces sets
-	a Type0-PDCCH CSS set on the primary cell of the MCG configured by
-	pdcch-ConfigSIB1 in MIB or by searchSpaceSIB1 in PDCCH-ConfigCommon or by searchSpaceZero in PDCCH-ConfigCommon for a DCI format 1_0 with CRC scrambled by a SI-RNTI, or 
-	searchSpaceZero in PDCCH-ConfigCommon, when searchSpaceMCCHpdcch-Config-MCCH and searchSpaceMTCHpdcch-Config-MTCH are not provided, for a DCI format 4_0 with CRC scrambled by a MCCH-RNTI or a G-RNTI
-	a Type0A-PDCCH CSS set configured by searchSpaceOtherSystemInformation in PDCCH-ConfigCommon for a DCI format 1_0 with CRC scrambled by a SI-RNTI on the primary cell of the MCG
-	a Type0B-PDCCH CSS set configured by searchSpaceMCCHsearchSpaceBroadcast in pdcch-Config-MCCH and searchSpaceMTCHpdcch-Config-MTCH for a DCI format with CRC scrambled by a MCCH-RNTI or a G-RNTI, on the primary cell of the MCG
-	a Type1-PDCCH CSS set configured by ra-SearchSpace in PDCCH-ConfigCommon for a DCI format 1_0 with CRC scrambled by a RA-RNTI, a MsgB-RNTI, or a TC-RNTI on the primary cell
-	a Type1A-PDCCH CSS set configured by sdt-SearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a C-RNTI or a CS-RNTI on the primary cell as described in clause 19.1
-	a Type2-PDCCH CSS set configured by pagingSearchSpace in PDCCH-ConfigCommon for a DCI format 1_0 with CRC scrambled by a P-RNTI on the primary cell of the MCG
-	a Type2A-PDCCH CSS set configured by peiSearchSpace in DownlinkConfigCommonSIB for a DCI format 2_7 with CRC scrambled by a RNTI on the primary cell of the MCG
-	a Type3-PDCCH CSS set configured by 
-	SearchSpace in PDCCH-Config with searchSpaceType = common for DCI formats with CRC scrambled by INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, or CI-RNTI and, only for the primary cell, C-RNTI, MCS-C-RNTI, CS-RNTI(s), or PS-RNTI, or 
-	SearchSpace-Multicast in PDCCH-Config-Multicast for DCI formats with CRC scrambled by G-RNTI, or G-CS-RNTI, or
-	searchSpaceMCCHsearchSpaceBroadcast in pdcch-Config-MCCH and searchSpaceMTCHpdcch-Config-MTCH on a secondary cell for a DCI format 4_0 with CRC scrambled by a MCCH-RNTI or a G-RNTI, and
-	a USS set configured by
-	SearchSpace in PDCCH-Config with searchSpaceType = ue-Specific for DCI formats with CRC scrambled by C-RNTI, MCS-C-RNTI, SP-CSI-RNTI, CS-RNTI(s), SL-RNTI, SL-CS-RNTI, or SL Semi-Persistent Scheduling V-RNTI, or 
-	sdt-CG-SearchSpace for DCI formats with CRC scrambled by C-RNTI or CS-RNTI as described in clause 19.1.
<Unchanged text is omitted>
If the active DL BWP and an MBS frequency resource provided by cfr-Config-MCCH-MTCH for a UE have same SCS and same CP length and the active DL BWP includes all RBs of the MBS frequency resource, and if the UE is provided searchSpaceMCCH or searchSpaceMTCHsearchSpaceBroadcast for Type0B-PDCCH CSS set on the primary cell or for Type3-PDCCH CSS set on a secondary cell, the UE monitors PDCCH for detection of broadcast DCI formats, as described in clause 18, on the active DL BWP.
<Unchanged text is omitted>
A UE does not expect to be configured CSS sets, except for CSS sets provided by searchSpaceMCCH, searchSpaceMTCHsearchSpaceBroadcast or by SearchSpace in PDCCH-ConfigMulticast for DCI formats with CRC scrambled by G-RNTI, or G-CS-RNTIsearchSpace-Multicast, that result to corresponding total, or per scheduled cell, numbers of monitored PDCCH candidates and non-overlapped CCEs per slot, per group of  slots for a corresponding combination , or per span that exceed the corresponding maximum numbers per slot, or per group of  slots for a corresponding combination , or per span, respectively.
For same cell scheduling or for cross-carrier scheduling, a UE does not expect a number of PDCCH candidates, and a number of corresponding non-overlapped CCEs per slot or per span on a secondary cell to be larger than the corresponding numbers that the UE is capable of monitoring on the secondary cell per slot or per span, respectively. If a UE is provided monitoringCapabilityConfig = r16monitoringcapability for the primary cell, except the first span of each slot, the UE does not expect a number of PDCCH candidates and a number of corresponding non-overlapped CCEs per span on the primary cell to be larger than the corresponding numbers that the UE is capable of monitoring on the primary cell per span. 
For cross-carrier scheduling, the number of PDCCH candidates for monitoring and the number of non-overlapped CCEs per span or per slot are separately counted for each scheduled cell.
For all search space sets that a UE monitors PDCCH on the primary cell within a slot , or within a group of  slots for a corresponding combination , or within a span in slot , denote by  a set of CSS sets, except for CSS sets provided by searchSpaceMCCH, searchSpaceMTCHsearchSpaceBroadcast or by SearchSpace in PDCCH-ConfigMulticast for DCI formats with CRC scrambled by G-RNTI, or G-CS-RNTIsearchSpace-Multicast, with cardinality of  and by  a set of USS sets and CSS sets provided by searchSpaceMCCH, searchSpaceMTCHsearchSpaceBroadcast or by SearchSpace in PDCCH-ConfigMulticast for DCI formats with CRC scrambled by G-RNTI, or G-CS-RNTIsearchSpace-Multicast with cardinality of  for scheduling on the primary cell. The location of search space sets , , in  is according to an ascending order of the search space set index. 
<Unchanged text is omitted>
Proposal 11. The following RRC parameters can be updated in RAN1 specs.
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