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1. Introduction
In this paper, group scheduling for NR multicast and broadcast services (MBS) for RRC_CONECTED UEs is discussed. The new work item on NR Support of Multicast and Broadcast Services [1] has the following objectives for normative work on NR MBS related to multicast scheduling:
	· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:
· Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]
· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.


Based on the agreements reached up to RAN1#104bis-e meetings [2][3], in this paper we provide further discussion on group scheduling to enable NR-MBS reception for RRC_CONNECTED UEs. 
2. Discussion 
In this section we provide details on system design considerations for group scheduling for NR MBS including transmission schemes, common frequency resource and control signaling.
2.1. 	Common Frequency Resource for MBS Reception
In RAN1#104bis-e the following working assumption was reached for the configuration of the MBS frequency resource for scheduling group common PDSCH in the downlink. 
	Agreement:
Confirm the working assumption with the following update:
Option 2B for CFR associated with UE active BWP other than initial DL BWP is supported at least for multicast of RRC-CONNECTED UEs.
· FFS: CFR associated with initial BWP
· FFS: CFR larger than initial BWP
Note: The deleted FFSs can be discussed in another AI.

Agreement:
For indication of the starting PRB and the length of PRBs of CFR for multicast of RRC-CONNECTED UEs,
· the starting PRB is referenced to Point A, i.e., the starting PRB is a PRB determined by subcarrierSpacing of the associated BWP and offsetToCarrier corresponding to this subcarrier spacing, similar as how locationAndBandwidth of a BWP is indicated as described in TS 38.331.
· FFS: Indication mechanism

Agreement:
For LBRM and TBS determination for GC-PDSCH:
· The maximum number of layers can be provided by maxMIMO-Layers in PDSCH-Config for MBS in CFR; if not provided, a default value is defined.
· FFS the default value 
· The maximum modulation order can be determined from mcs-Table in PDSCH-Config for MBS in CFR; 
· FFS: if mcs-Table in PDSCH-Config for MBS is not configured in CFR, a value determined from mcs-Table in PDSCH-Config for unicast in the active DL BWP is used; if the mcs-Table in PDSCH-Config for unicast is not configured, Table 5.1.3.1-1 in TS38.214 is used (similar as the default value in R16). 
· xOverhead can be provided in PDSCH-Config for MBS in CFR; if not provided, a default value of zero is used.
· The number of PRBs is determined based on the size of CFR.




While the details of CFR design for IDLE/INACTIVE mode UEs are still under discussion, RAN1 should strive to achieve a unified CFR design for CONNECTED and IDLE mode UEs. For example, if the default CFR of IDLE mode UEs is agreed to be CORESET#0, then CONNECTED mode UEs may also be configured with same CORESET#0. 
Proposal 1: RAN1 should strive for unified CFR for CONNECTED and IDLE mode UEs
From the agreement on Option 2B above, for the two listed FFS points, when the CFR is configured to be contained within the initial BWP or CORESET#0, there should be no additional specification necessary. The FDRA should be dimensioned based on the starting PRB index and length of the CFR as in the case of active UE BWP. Additionally, when CFR is larger than initial BWP, it can be assumed, that the UE is configured with a BWP larger than the CFR and it is up to the network to switch the UE to an active BWP which contains the CFR. 
Proposal 2: The UE does not expect a CFR larger than the initial BWP if the initial BWP is the active BWP of the UE. 
The above proposal also ensures are common design when Case A, C and E are supported for IDLE/INACTIVE UEs where in Case E the “configured BWP” is a new initial BWP for MBS capable UEs. 
The indication mechanism for starting PRB and length of CFR in PRBs should based on dedicated RRC signaling and the details can be left up to RAN2.
 Proposal 3: Dedicated RRC signaling is used to configure the starting PRB and length of PRBs of CFR
While it’s important to provide UE with necessary parameters via SIB or RRC signaling, a default assumption can also be defined where the default the MBS CFR is identical to active unicast BWP for the case when no configuration is provided to the UE. With this default CFR assumption, it is possible in principle to support multicast in a dedicated unicast BWP. However, the FDRA should be further discussed with respect to the reference point since multiple UEs will receive the same GC-PDCCH. Another point for further discussion is how to handle the case when some UEs in the group are provided a CFR configuration while some other UEs are not. One option is to assume that the it is up to the gNB to configure CFR for the other UEs in such a way that it aligns with the unicast BWP of the UE with the default CFR assumption. 
Proposal 4: A default CFR identical to active unicast BWP can be defined for UEs when no CFR configuration is provided
The MBS CFR is a tool for FDRA for UEs to receive MBS transmission, but the region is contained within the unicast BWP and therefore, there need not be any restriction on unicast reception within the CFR.
Proposal 5: The UE expects no restriction on unicast reception within the CFR since it is contained within the active DL BWP of the UE.
For LBRM and TBS determination, it was agreed that a default value for maxMIMO-Layers will be supported if it is not provided in the CFR configuration. The default value of maxMIMO-Layers can be determined from the PDSCH-Config of the unicast transmission in the active BWP which contains the CFR. 
Proposal 6: The default value of maxMIMO-Layers is determined from the BWP configuration of the active unicast BWP containing the CFR.

2.2. 	Support of PTM Schemes for NR MBS
In RAN1#104bis-e [2] and RAN1#104-e  [3] the following agreements were reached for support of different transmission schemes based on different control signaling mechanisms: 
	Agreement:
For RRC_CONNECTED UEs, if ACK/NACK based HARQ-ACK feedback is supported for PTM scheme 1, and if initial transmission for multicast is based on PTM transmission scheme 1, support retransmission(s) using PTP transmission.
· The HARQ process ID and NDI indicated in DCI is used to associate the PTM scheme 1 and PTP transmitting the same TB.

Agreement:
The same HARQ process ID and NDI are used for PTM scheme 1 (re)transmissions and PTP retransmissions of the same TB.




PTM Scheme 1 is the baseline scheme that enables group-common transmissions for MBS. PTM Scheme 2 is additionally defined wherein UE specific PDCCH can be used to transmit or retransmit the group-common MBS PDSCH. The utility of PTM Scheme 2 for initial transmission may be limited since scheduling group-common PDSCH using UE-specific PDCCH adds large control overhead. Since PTM scheme 2 uses UE-specific PDCCH, the utility of this scheme becomes apparent only when ACK/NACK based HARQ is supported similar to the case for PTP based retransmission which was agreed in RAN1#104-e. For the NACK only feedback case, the gNB cannot discern which UE within the group has the failed TB and therefore UE specific retransmission may not be ideal since it needs to retransmit the failed TB to the entire group. 
Proposal 7: PTM Scheme 2 should be supported when ACK/NACK based HARQ feedback is configured or enabled for the UEs within a group.
Since ACK/NACK based HARQ is supported for RRC_CONNECTED UEs which can receive high QoS MBS transmissions using delivery mode 1 based on RAN2 design, the support of PTP and PTM Scheme 2 simultaneously may not be mandated. Since both schemes are capable of scheduling individually to only UEs which transmitted a NACK, either one of the schemes can be supported and the support can be semi-statically configured via UE-specific RRC signaling. 
Proposal 8: Only one among PTP or PTM Scheme 2 can be supported for UE specific retransmission when the initial transmission was based on PTM Scheme 1. The support of PTP or PTM Scheme 2 can be configured by UE-specific RRC signaling. Different UEs in a group can potentially support different retransmission schemes but not both simultaneously. 
For the UE to associate the PTM scheme 2 based re-transmission to the initial transmission using PTM Scheme 1, the HARQ process ID can be used as an identifier similar to the PTP based retransmission case. Additionally, based on semi-static configuration of PTP or PTM scheme 2, the UE can identify whether to use C-RNTI (PTP) or the group common RNTI (PTM Scheme 2) to descramble the PDSCH. It is also assumed that the UE does not expect a unicast transmission with the same HARQ process ID as the ongoing MBS transmission.
Proposal 9: The HARQ process ID is used to associate PTM Scheme 2 based retransmission with the initial transmission using PTM Scheme 1. The UE does not expect to receive a unicast transmission using the same HARQ process ID as the ongoing MBS transmission. 
In case, PTP and PTM scheme 2 needs to be simultaneously supported from the perspective of a single UE, then the HARQ process ID does not suffice since the UE will need an additional signaling especially for the case of PTP to differentiate it from PTM Scheme 2 since different RNTIs are used to scramble the PDSCH. In this case, an additional bit may be required in DCI to indicate between PTP or PTM Scheme 2. However, since the utility of simultaneously supporting the two schemes is not clear, such options may not be needed in practice. 
In RAN1#105e, the following agreement was made with respect to HARQ process management for the case of PTM Scheme 1 and PTP based retransmissions:
	Agreement:
For HARQ process management, further study whether/how to differentiate the HARQ process ID used for PTP (re)transmission for unicast and PTP retransmission for multicast.



The agreement was based on discussion that the HPN and NDI cannot uniquely differentiate a PTP based retransmission of an MBS TB from a PTP unicast retransmission since the NDI field is not set independently for MBS and unicast. This is indeed a problem when the UE misses a PTM scheme 1 initial scheduling DCI for example, and then tries to combine a PTP retransmission MBS TB with a unicast TB. However, the underlying assumption here is that the same HPN is used for both the transmissions and that the UE has not sent an ACK for the unicast TB yet. In this case, one solution is to mandate a better HARQ process management by ensuring that the network can only release a HPN for allocation to a PTM Scheme 1 based initial transmission only after the unicast transmission is fully completed or timed out. In this case, there would no conflict in HPN between the MBS and unicast transmissions. 
Proposal 10: A UE does not expect PTM Scheme 1 based initial transmission or a PTP based retransmission of a MBS TB using a HARQ process number which is in use for an ongoing unicast transmission. 
2.3. 	PDCCH Related Enhancements for MBS
1   
2   
2.1   
2.2   
2.3   
2.3.1   	 CORESET Configuration
The following agreements were reached for NR MBS CORESET configurations:
	Agreement:
If a CFR is configured for multicast in RRC-CONNECTED state and confined within a dedicated unicast BWP, further study the following options.
· Option 1: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for multicast transmission if the CORESET is fully contained in the CFR in frequency domain, and the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission.
· Option 2: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP cannot be used for multicast transmission even if the CORESET is fully contained in the CFR in frequency domain, and the CORESET configured in PDCCH-config for MBS in the CFR cannot be used for unicast transmission.
· Option 3: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for multicast transmission if the CORESET is fully contained in the CFR in frequency domain, but the CORESET configured in PDCCH-config for MBS in the CFR cannot be used for unicast transmission.
· Option 4: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP cannot be used for multicast transmission even if the CORESET is fully contained in the CFR in frequency domain, but the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission.

Agreement:
The maximum number of CORESETs per BWP is not increased for support of MBS, and the number of CORESETs configured within the CFR is left to gNB implementation.




Since the UE doesn’t support any additional CORESETs for MBS reception, Option 1 from the agreement above should be supported wherein MBS and unicast can be configured in any CORESET which is contained within the configured CFR
Proposal 11: The CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for multicast transmission if the CORESET is fully contained in the CFR in frequency domain, and the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission.
For PTM Scheme 1, the CORESET for the group-common PDCCH is configured within the MBS frequency region, but for PTP or PTM scheme 2 which uses UE-specific PDCCH, the restriction is not required and the CORESET can be configured within the unicast BWP and outside the MBS frequency region.
Proposal 12: For PTP or PTM scheme 2, the CORESET scheduling MBS (re)transmission can be configured outside the MBS frequency region. 
2.3.2     Search Space Set Configuration
	Conclusion:
The specification impact of having a new Type-x CSS for GC-PDCCH in RRC_CONNECTED state can be studied and discussed further.


In our understanding, the Type-x CSS is a new CSS type since in the case of overbooking, the Type-x CSS can be treated similar to an existing USS and may be dropped based on the SS set index. Additionally, the same Type-x CSS can also be reused for IDLE/INACTIVE mode UEs.
Proposal 13: Type-x CSS is a new CSS type different from Type 3 CSS which can be treated similar to USS in case of PDCCH overbooking.
2.3.3     BD/CCE Limits
	Agreement:
The maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot per serving cell defined in Rel-15 is kept unchanged for Rel-17 MBS.
· FFS whether the budget of BDs/CCEs of an unused CC can be used for group-common PDCCH to count the number of BDs/CCEs for UEs supporting CA capability based on configuration, which is similar to the method used for multi-DCI based multi-TRP in Rel-16.


For determining the BD/CCE limits for MBS, similar methodology as in the of multi-DCI multi-TRP can be re-used for CA capable UEs as mentioned in the FFS above. For UEs without CA capability, the main bullet holds. 
Proposal 14: For determining BD/CEE limits for NR MBS in Rel-17, for CA capable UEs, the budget of BDs/CCEs of an unused CC can be used for group-common PDCCH to count the number of BDs/CCEs.
2.3.4   		DCI Formats
	Agreement:
The second DCI format for GC-PDCCH uses the same fields as DCI format 1_1 with the following modifications:
· At least ‘Identifier for DCI formats’ and ‘SRS request’ are not needed.
· FFS whether the fields should be ignored and reserved, or should be removed.
· Note: At least the configurable fields in DCI format 1_1 remain configurable for the second DCI format
Agreement:
For FDRA determination of the first DCI format for GC-PDCCH, down-select from Option 2 and updated Option 3.
· Option 2:
· 
 is given by
· the size of CORESET 0 if CORESET 0 is configured for the cell; and
· the size of initial DL bandwidth part if CORESET 0 is not configured for the cell.
· For resource indication value (RIV) of downlink resource allocation type 1, the similar scheme as for the case that the DCI size for DCI format 1_0 in USS is derived from the size of DCI format 1_0 in CSS but applied to an active BWP is used.
· FFS details, e.g., if the size of CFR (i.e. ) is larger than the size of CORESET0/initial DL bandwidth part, the resource indication value (RIV) is defined as in section 5.1.2.2.2 in TS38.214, where K is the maximum value from set {1, 2, 4, 8} which satisfies ;otherwise, 
· 
Option 3:  is given by the size of CFR in the active DL BWP
· If the size of the first DCI format for GC-PDCCH prior to truncation is larger than the size of DCI format 1_0 monitored in CSS, the bit width of the FDRA field in the first DCI format for GC-PDCCH is reduced by truncating the first few most significant bits such that the size of the first DCI format for GC-PDCCH equals the size of DCI format 1_0 monitored in CSS.
· FFS: Whether the removed/reserved fields can be repurposed for FDRA
· FFS: Solution for the case where the size of the first DCI format for GC-PDCCH prior to padding is smaller than the size of DCI format 1_0 monitored in CSS.




First DCI Format
Since it has been agreed that HARQ feedback can be enabled or disabled by RRC (and also DCI when enabled by RRC), for the case when RRC disables HARQ feedback, certain DCI 1_0 fields may be reserved.
Proposal 15: When HARQ feedback is disabled by RRC, the following fields of DCI format 1_0 can be assumed to be reserved:
· PUCCH resource Indicator
· PDSCH-to-HARQ timing indicator
· TPC command for scheduled PUCCH
· HARQ Process Number
· New Data Indicator
· Redundancy Version

For FDRA determination for the first DCI format, Option 3 should be supported since Option 2 is limiting for the cases when the CFR has bandwidth much wider than CORESET#0. For the final FFS point, the FDRA of the GC-PDCCH can be padded such that the DCI size can be aligned with DCI 1_0 in CSS. 
Proposal 16: For FDRA determination of first DCI format, Option 3 is supported.

Second DCI format:
The fields that are unused should be assumed to be reserved. These fields can be utilized in later releases. 
Proposal 17: The unused fields in second DCI format can be reserved

2.3.5   		DCI Size Budget and Alignment
Since DCI formats 1_0 and 1_1 have been agreed to be used, DCI size alignment either one of the 3 scheduling DCIs or to one other group-common DCI may be required based on the total size of the scheduling DCI. For the case of DCI 1_0, the FDRA field should be dimensioned based on the configured CFR. Depending on the size of the CFR with respect to the initial BWP or CORESET#0, the FDRA field may need to be truncated or padded with zeros to align the size of the MBS DCI 1_0 to the unicast DCI 1_0. 
If the size of the MBS DCI 1_0 is smaller than the DCI 1_0 associated with CORESET#0 or initial BWP, padding bits may be added to align the size of the MBS DCI to the larger DCI. In another case, if the MBS DCI 1_0 is larger than the DCI 1_0 corresponding to CORESET#0 and smaller than the DCI 1_0 associated with active DL BWP, the DCI size might be aligned to CORESET#0 so that all UEs in the MBS group with varying DL BWP size can align to a common value. In this case the FDRA field of the MBS DCI 1_0 can be truncated to match it to the size of smaller unicast DCI. In another case, DCI 1_0 or 1_1 may be size aligned to a DCI size which is configured by the network to the UEs. 
Proposal 18: For DCI 1_0 DCI size alignment can be performed by either zero-padding or truncating the MSBs of the FDRA field, depending on the relative size of the CFR with respect to CORESET#0 or the initial BWP, such that the DCI size aligns with that of unicast DCI format 1_0 corresponding to the CORESET#0 or the initial BWP. 
Proposal 19: For DCI format 1_0 and 1_1, the DCI size can be aligned to a size which is configured by the network to the UE. 
	Agreement:
Confirm the working assumption: 
Keep the “3+1” DCI size budget defined in Rel-15 for Rel-17 MBS.
· FFS: Whether the G-RNTI is counted as “C-RNTI” or as “other RNTI” when considering the “3+1” DCI size budget rule for group-common PDCCH.



For the question of whether the G-RNTI is counted as C-RNTI or as other RNTI when considering the 3+1 DCI size budget, it may depend on the current DCI sizes of the UEs in the active MBS group and it can be up to the network to configure the UEs in the MBS group to either count it as part of the 3 or as part of the other group-common DCIs. 
Proposal 20: For DCI size budget of “3+1”, the UE may be configured to align DCI size with either “3” scheduling DCIs or “1” other group-common DCI depending on network implementation. 

2.4. Multiplexing with Unicast Transmissions
	Agreement:
At least support the following cases for PDSCH reception for MBS in a slot based on UE capability for RRC_CONNECTED UEs
· Case 1: support TDM between M (M>1) TDMed unicast PDSCHs and one group-common PDSCH in a slot per CC
· FFS: the value(s) of M 
· Case 2: support TDM among N (N>1) group-common PDSCHs in a slot per CC
· FFS: the value(s) of N
· Case 3: support TDM between K (K>1) TDMed unicast PDSCHs and L (L>1) TDMed group-common PDSCHs in a slot per CC
· FFS: the value(s) of K and L



It has been agreed that TDM and FDM between one unicast and one group common PDSCH in a slot is supported based on UE capability. In the agreement to support simultaneous reception, the cases listed include support for receiving multiple group common PDSCHs in a slot either in TDM or FDM manner. However, the use case for the support of multiple PDSCHs is unclear. If the use case is for supporting delivery mode 1 and 2 receptions for the same UE, N, L = 2 should suffice. 
Observation 1: The use case for multiple simultaneous MBS PDSCH reception should be clarified further. If the intention is to support delivery modes 1 and 2, N, L =2 is sufficient. The total number of PDSCHs that can be simultaneously received may be subject to UE capability. 
2.5. Semi-Persistent Scheduling
	Agreement:
If a SPS-config for MBS is configured in CFR, one G-CS-RNTI is associated with the SPS-config.
· FFS: Multiple G-CS-RNTIs associated with one SPS-config 


For SPS activation for NR MBS, group common PDCCH with CRC scrambled by group RNTI can be used, where the HARQ ID field is set to all 0’s and the RV field is set to 00 for the TB being scheduled. PUCCH resource for carrying HARQ-ACK feedback of SPS PDSCH for MBS may be configured by higher layers via RMSI (SIB1), OSI or RRC signalling. The SPS release can be performed through a similar group common DCI with the HARQ ID set to all 0’s, MCS and FDRA field set to all 1s and RV set to 0. For the SPS release DCI, the UEs can send HARQ feedback through UE-specific (if ACK/NACK feedback is supported) or cell specific (if NACK only feedback is supported) PUCCH resource configured via dedicated RRC signalling. 
Proposal 21: For DL SPS configuration for NR MBS
· Group common PDCCH is used for SPS activation with HARQ ID field set to all 0’s and RV field set to 00 for the TB being scheduled
· PUCCH resource for HARQ feedback may be configured via RMSI, OSI or RRC
· For SPS release, similar group common PDCCH can be used with HARQ ID set to all 0s, MCS and FDRA set all 1’s and RV set 0. For SPS release DCI, UE can be configured with PUCCH resource via RRC
· The PUCCH resources for HARQ feedback for SPS PDSCH as well as the SPS release DCI can be UE-specific for ACK/NACK based feedback or a common PUCCH resource can be configured for the case when NACK-only feedback is configured. 

For the case of multiple G-CS-RNTIs, multiple SPS configurations can be used since they are possibly mapped to different services.
Proposal 22: Only one G-CS-RNTI is associated with one SPS-config
2.6. Other Issues
One of the major design updates in NR is the capability of transmitting front-loaded DM-RS symbols i.e., DM-RS transmission always occurs in the first data symbol of the PDSCH regardless of mapping types A or B. Furthermore, there are no specified transmission modes in NR and multi-layer transmission with rank adaptation is possible. NR multicast design should not be limited in terms of number of MIMO layers. Depending on whether CSI feedback is supported or not, the gNB should be able to transmit multi-layer downlink groupcast. If feedback is available, the transmission rank can be adapted such that the UE with the worst channel condition in the group has sufficient spectral efficiency to support the required higher layer QoS. Rank limitation for cases without feedback can also be further discussion.
Proposal 23: For NR MBS support of multi-layer MIMO transmission with rank adaptation (from UE perspective) is supported.
Since all UEs in the group are receiving the same transmission within a cell, they are expected to receive the groupcast PDSCH on the same DM-RS port(s). NR DM-RS was designed to support high dimensional MU-MIMO with up to 12 orthogonal DM-RS ports. Therefore, for a given slot, the gNB should be able to use the DM-RS ports not used by the groupcast transmission to multiplex other possibly unicast transmissions in multi-user mode. This would increase the overall efficiency of NR multicast by allowing resource sharing with unicast transmission in addition to TDM and FDM transmissions.
Proposal 24: For groupcast transmission, all UEs within the group share the same DM-RS port(s). Additionally, UEs receiving unicast transmission are multiplexed on remaining orthogonal DM-RS ports.
3. Conclusions 
In this paper, a high-level view of NR MBS design was presented. Group scheduling and transmission schemes were discussed, and the following proposals are made for further consideration
1. RAN1 should strive for unified CFR for CONNECTED and IDLE mode UEs
2. The UE does not expect a CFR larger than the initial BWP if the initial BWP is the active BWP of the UE
3. Dedicated RRC signaling is used to configure the starting PRB and length of PRBs of CFR
4. A default CFR identical to active unicast BWP can be defined for UEs when no CFR configuration is provided
5. The UE expects no restriction on unicast reception within the CFR since it is contained within the active DL
6. The default value of maxMIMO-Layers is determined from the BWP configuration of the active unicast BWP containing the CFR
7. PTM Scheme 2 should be supported when ACK/NACK based HARQ feedback is configured or enabled for the UEs within a group
8. Only one among PTP or PTM Scheme 2 can be supported for UE specific retransmission when the initial transmission was based on PTM Scheme 1. The support of PTP or PTM Scheme 2 can be configured by UE-specific RRC signaling. Different UEs in a group can potentially support different retransmission schemes but not both simultaneously 
9. The HARQ process ID is used to associate PTM Scheme 2 based retransmission with the initial transmission using PTM Scheme 1. The UE does not expect to receive a unicast transmission using the same HARQ process ID as the ongoing MBS transmission
10. A UE does not expect PTM Scheme 1 based initial transmission or a PTP based retransmission of a MBS TB using a HARQ process number which is in use for an ongoing unicast transmission
11. The CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for multicast transmission if the CORESET is fully contained in the CFR in frequency domain, and the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission
12. For PTP or PTM scheme 2, the CORESET scheduling MBS (re)transmission can be configured outside the MBS frequency region
13. Type-x CSS is a new CSS type different from Type 3 CSS which can be treated similar to USS in case of PDCCH overbooking
14. For determining BD/CEE limits for NR MBS in Rel-17, for CA capable UEs, the budget of BDs/CCEs of an unused CC can be used for group-common PDCCH to count the number of BDs/CCEs
15. When HARQ feedback is disabled by RRC, the following fields of DCI format 1_0 can be assumed to be reserved:
· PUCCH resource Indicator
· PDSCH-to-HARQ timing indicator
· TPC command for scheduled PUCCH
· HARQ Process Number
· New Data Indicator
· Redundancy Version
16. For FDRA determination of first DCI format, Option 3 is supported
17. The unused fields in second DCI format can be reserved
18. For DCI 1_0 DCI size alignment can be performed by either zero-padding or truncating the MSBs of the FDRA field, depending on the relative size of the CFR with respect to CORESET#0 or the initial BWP, such that the DCI size aligns with that of unicast DCI format 1_0 corresponding to the CORESET#0 or the initial BWP
19. For DCI format 1_0 and 1_1, the DCI size can be aligned to a size which is configured by the network to the UE
20. For DCI size budget of “3+1”, the UE may be configured to align DCI size with either “3” scheduling DCIs or “1” other group-common DCI depending on network implementation
21. For DL SPS configuration for NR MBS
· Group common PDCCH is used for SPS activation with HARQ ID field set to all 0’s and RV field set to 00 for the TB being scheduled
· PUCCH resource for HARQ feedback may be configured via RMSI, OSI or RRC
· For SPS release, similar group common PDCCH can be used with HARQ ID set to all 0s, MCS and FDRA set all 1’s and RV set 0. For SPS release DCI, UE can be configured with PUCCH resource via RRC
· The PUCCH resources for HARQ feedback for SPS PDSCH as well as the SPS release DCI can be UE-specific for ACK/NACK based feedback or a common PUCCH resource can be configured for the case when NACK-only feedback is configured. 
22. Only one G-CS-RNTI is associated with one SPS-config
23. For NR MBS support of multi-layer MIMO transmission with rank adaptation (from UE perspective) is supported
24. For groupcast transmission, all UEs within the group share the same DM-RS port(s). Additionally, UEs receiving unicast transmission are multiplexed on remaining orthogonal DM-RS ports
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