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Introduction
In RAN1 #104-e meeting [1], the following agreements were reached:
	Agreement:
For multicast of RRC-CONNECTED UEs, a common frequency resource for group-common PDCCH / PDSCH is confined within the frequency resource of a dedicated unicast BWP to support simultaneous reception of unicast and multicast in the same slot
· Down select from the two options for the common frequency resource for group-common PDCCH/ PDSCH
· Option 2A: The common frequency resource is defined as an MBS specific BWP, which is associated with the dedicated unicast BWP and using the same numerology (SCS and CP)
· FFS BWP switching is needed between the multicast reception in the MBS specific BWP and unicast reception in its associated dedicated BWP
· Option 2B: The common frequency resource is defined as an ‘MBS frequency region’ with a number of contiguous PRBs, which is configured within the dedicated unicast BWP.
· FFS: How to indicate the starting PRB and the length of PRBs of the MBS frequency region
· FFS whether UE can be configured with no unicast reception in the common frequency resource
· FFS on details of the group-common PDCCH / PDSCH configuration
· FFS whether to support more than one common frequency resources per UE / per dedicated unicast BWP subjected to UE capabilities
· FFS whether the use of a common frequency resource for multicast is optional or not
· FFS whether the common frequency resource is applicable for PTM scheme 2 (if supported) or not

Agreement:
· If Option 2B is supported for common frequency resource for multicast of RRC-CONNECTED UEs, the starting PRB and the length of PRBs of the MBS frequency region within a dedicated unicast BWP are configured via UE-specific RRC signaling.
· The starting PRB is referenced to one of the two options:
· Option 1: Point A
· Option 2: the starting PRB of the dedicated unicast BWP
· FFS the detailed signaling
· If Option 2A is supported for common frequency resource for multicast of RRC-CONNECTED UEs, the configurations of the starting PRB and the length of PRBs of the MBS frequency resource reuse the legacy BWP configuration.

[bookmark: _Hlk62978278]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 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.

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.
 
Agreement: 
For RRC_CONNECTED UEs, more than one SPS group-common PDSCH configuration for MBS can be configured per UE subject to UE capability
· The total number of SPS configurations supported by a UE currently defined for unicast is not increased due to additionally supporting MBS.
· FFS: How to allocate the total SPS configurations between MBS and unicast.
 
Agreement: 
For RRC_CONNECTED UEs, support HARQ-ACK feedback for SPS group-common PDSCH for MBS
· FFS: The retransmission scheme(s)
· FFS: The HARQ-ACK details for SPS PDSCH and activation/deactivation, which can be discussed in AI 8.12.2

Agreement:
From RAN1 perspective, the CFR (common frequency resource) for multicast of RRC-CONNECTED UEs, which is confined within the frequency resource of a dedicated unicast BWP and using the same numerology (SCS and CP), includes the following configurations:
· Starting PRB and the number of PRBs 
· One PDSCH-config for MBS (i.e., separate from the PDSCH-Config of the dedicated unicast BWP)
· One PDCCH-config for MBS (i.e., separate from the PDCCH-Config of the dedicated unicast BWP)
· SPS-config(s) for MBS (i.e., separate from the SPS-Config of the dedicated unicast BWP)
· FFS: Other configurations and details including whether signaling of starting PRB and the length of PRBs is needed when CFR is equal to the unicast BWP
· FFS: Whether a unified CFR design is also used for broadcast reception for RRC_IDLE/INACTIVE and RRC_CONNECTED
· FFS: Whether Coreset(s) for CFR in addition to existing Coresets in UE dedicated BWP is needed
· Note: The terminology of CFR is only aiming for RAN1 discussion, and the detailed signaling design is up to RAN2
· Note: This agreement does not negate any previous agreements made on CFR

Agreement:
For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, at least support CSS
· FFS: reuse existing CSS type(s) in Rel-15/16 or define a new Type CSS
· FFS: Two options for monitoring priority:
· Option 1: the monitoring priority is the same as existing Rel-15/16 CSS
· Option 2: the monitoring priority is determined based on the search space set indexes of search space set(s) for multicast and USS sets.

Working assumption:
For activation/deactivation of SPS group-common PDSCH for MBS in RRC_CONNECTED state,
· At least group-common PDCCH is supported
· FFS: Whether and how to address the missed activation and deactivation
· FFS: Whether UE-specific PDCCH is supported for activation/deactivation



This contribution discusses the following items for group scheduling mechanism for RRC_CONNECTED UEs:
· Different group scheduling schemes
· [bookmark: _GoBack]MBS Common frequency resource (CFR)
· Initial transmission and retransmission(s)
· SPS group-common PDSCH
· CORESET design for NR MBS
· Blind decoding
· Simultaneous reception of unicast and multicast
Discussion
Group scheduling with different RNTI
According to the agreements in RAN1#102-e meeting, at least group-common PDCCH scheduling group-common PDSCH is supported for NR MBS RRC_CONNECTED UEs, and UE-specific PDCCH scheduling scheme is still under discussion.
· PTM transmission scheme 2: C-RNTI can be used to scramble UE-specific PDCCH for scheduling a common PDSCH. From UE’s perspective, C-RNTI based group scheduling is similar with unicast transmission. A UE specific C-RNTI is used to scramble the CRC in each PDCCH, and all these PDCCHs are used to schedule a group common PDSCH. C-RNTI based group scheduling can be used when the number of UEs for group scheduling is not large and HARQ-ACK feedback is enabled. UE-specific PDCCH scheduling mechanism can independently indicate PUCCH resources of HARQ-ACK feedback for each UE, which is more flexible; however, it requires a large number of PDCCH transmissions when there are many UEs.
· Multi-group PDCCHs scheduling: M-G-RNTI can be used to scramble a group-common PDCCH for each small group of a MBS group to schedule a common PDSCH. When the group is large, the whole group can be divided into several small groups with small number of UEs. An M-G-RNTI can be used to scramble a common PDCCH for a small group scheduling. Comparing with the UE-specific PDCCH scheduling scheme that discussed above, the number of PDCCH transmissions in M-G-RNTI scrambled PDCCH scheduling decreases largely. Although it consumes more PDCCHs than group-common PDCCH scheduling, it helps to improve the flexibility of HARQ-ACK indication due to the division.  
The X-RNTI (e.g. C-RNTI, M-G-RNTI) scrambled PDCCH can be selected to schedule the MBS group, according to different cases, e.g. the number of UEs, HARQ-ACK enable/disable.
Proposal 1: PTM transmission scheme 2 group scheduling is supported in NR MBS when the group is small.
Proposal 2: Multi-group-common PDCCH scheduling mechanism is supported in NR MBS to reduce PDCCH overhead when the group is large.


Figure 1. Group scheduling with different RNTI
Common frequency resource
1. 
Two options are agreed for further down selection on MBS CFR configuration for group-common PDCCH/PDSCH.
· Option 2A is to define a specific BWP for MBS associated with a unicast BWP with the same numerology. MBS specific BWP is an independent BWP which should be configured as same as a unicast BWP including MBS specific parameters, such as bandwidth. According to current Rel-16 NR mechanism, a UE can be configured no more than 4 BWPs on each carrier based on its capability. When supporting MBS specific BWP configuration and the maximum number of BWPs supported by a UE is not increased, the number of unicast BWPs supported by a UE is reduced. Furthermore, for a UE on a carrier, only one BWP is activated at a time, which means a MBS specific BWP and a unicast BWP cannot be activated simultaneously based on Rel-16 NR design. BWP switching time is needed because the switching is between two independent BWPs.
Observation 1: BWP switching is needed between MBS specific BWP and dedicated unicast BWP according to Rel-15/16 principle because they are two independent BWPs and configurations.
Observation 2: MBS specific BWP may not be feasible when a UE can support to be configured with only one BWP.
· Option 2B (MBS frequency region) is to configure a number of contiguous PRBs within a dedicated unicast BWP. From the perspective of configuration of BWP, MBS frequency region can be supported by adding several parameters to the dedicated unicast BWP configuration without introducing new BWP for MBS. The maximum number of BWPs for a UE on a carrier is not changed, and no BWP switching is needed. MBS frequency region can also be supported by the UEs which can support to be configured only one BWP. Therefore, Option 2B is preferred because it is simpler to be supported.
To indicate starting PRB of CFR, either point A (Option 1) or the starting PRB of the dedicated unicast BWP (Option 2) can be used as the reference. Since CFR is confined within a dedicated unicast BWP, it is flexible to indicate the starting PRB of CFR by referring to the dedicated unicast BWP. Furthermore, Option 2 has less candidates of starting PRB positions than Option 1, which consumes less indication effort in signaling.
The indication of MBS frequency region can reuse Rel-15 NR resource indicator value (RIV) to indicate the starting PRB and length of PRBs. Since a CFR is confined within a dedicated unicast BWP, the configuration of CFR should be within the configuration of this dedicated BWP. One field of MBS CFR indication can be added to the BWP-DownlinkDedicated information element (IE).
Proposal 3: Option 2B, MBS frequency region, is supported to define MBS common frequency resource for RRC_CONNECTED UEs.
Proposal 4: For MBS frequency region, the starting PRB is referenced to the starting PRB of the dedicated unicast BWP.
Proposal 5: RIV indication mechanism in Rel-15 NR can be reused to indicate MBS frequency region, and one field can be added to BWP-DownlinkDedicated IE.

1.1.1 Unicast reception in CFR
It is up to network implementation to configure that no unicast reception on MBS common frequency resource. However, there is no clear scenario and benefit why this configuration is needed. If it is configured on unicast in the CFR, the dedicated unicast BWP is divided by MBS CFR, which reduces the usable frequency resource for unicast. It also leads to unicast BWP fragmentation, which degrades the reception performance. Furthermore, disabling unicast reception in CFR requires extra technical complexity and specification work that is not desired.
Proposal 6: It is supported that a UE can receive unicast services in the common frequency resource.

1.1.2 PDCCH/PDSCH configuration in CFR
It is agreed that one PDSCH-Config for MBS which is separate from the PDSCH-Config of the dedicated unicast BWP. For PTM scheme 1 and PTM scheme 2 (if supported), PDSCH-Config is needed since a common PDSCH is supposed to be received by a group of UEs. When configuring PDSCH-Config for MBS, there are two kinds of configuration methods. One is that PDSCH-Config contains all the required fields. The other one is that PDSCH-Config only contains the fields which are different from the PDSCH-Config for unicast, which means that the common fileds in PDSCH-Config can be shared by MBS service and unicast. The latter PDSCH-Config is feasible and preferred because a CFR is always confined within a dedicated unicast BWP and it reduces the signaling payload size for MBS.
Proposal 7: PDSCH-Config for CFR can share the common fields in PDSCH-Config for unicast to reduce signaling payload size for MBS.
It is agreed that one PDCCH-Config for MBS which is separate from the PDCCH-Config of the dedicated unicast BWP. For PTM scheme 1, PDCCH-Config is needed since a group-common PDCCH is used to schedule all the UEs in the same group. Similar to PDSCH-Config with two configuration methods, PDCCH-Config for MBS can either contain all the required fields or share the common fields in PDCCH-Config for dedicated unicast BWP configuration. To reduce the signaling payload size for MBS, PDCCH-Config for CFR can share the common fields in PDCCH-Config for unicast. For PTM scheme 2, UE specific PDCCH is used for group scheduling, and PDCCH-Config for unicast can be reused for this case.
Proposal 8: PDCCH-Config for CFR can share the common fields in PDCCH-Config for unicast to reduce signaling payload size for MBS.

1.1.3 CFR configuration is optional for multicast
CFR for multicast can be configured as optional for UEs of receiving MBS services. When it is configured, the corresponding IEs and fields are required in the configurations, and UEs applies the configurations for MBS receptions. When it is not configured but UEs are required to receive MBS services, all the configurations for dedicated unicast BWP are reused by the UEs, which means that PTP is applied for MBS reception. When CFR is not configured, one of the dedicated unicast BWP can be used for MBS services reception. One way is to use the default unicast BWP for MBS reception whenever CFR is not configured. Another way is one of the dedicated unicast BWPs is configured/indicated by gNB for MBS reception. When a UE is working on an activated unicast BWP which is not configured for MBS reception, gNB can indicate the UE (e.g. by DCI) switching to the unicast BWP that can receive MBS services. It is beneficial that no CFR is configured; however, it requires BWP switching.
Proposal 9: Common frequency resource for multicast is optional.

1.1.4 One CFR per UE/per dedicated BWP
Based on UE capability, at most one MBS common frequency resource can be configured in a dedicated unicast BWP. It was proposed that more than one MBS common frequency resources can be configured per UE per dedicated unicast BWP to obtain more flexibility. However, the benefit is not clear with multiple MBS common frequency resource configurations. A wider common frequency resource, rather than multiple common frequency resources, is more feasible and beneficial in a dedicated unicast BWP for a UE when wide band is required.
Proposal 10: If configured, at most one MBS common frequency resource is supported per UE/per dedicated unicast BWP based on UE capability.

1.1.5 CFR configuration for PTM scheme 2
The configuration of CFR is originally intended for PTM scheme 1, since PDCCH and PDSCH are all group commonly shared by all the UEs on CFR. For PTM scheme 2, UE specific PDCCH is used to schedule group common PDSCH, which means PDCCH is transmitting on the activated dedicated unicast BWP. For PTM scheme 2, only PDSCH-Config is required since PDCCH-Config for PTM scheme 2 can reuse the PDCCH-Config for unicast. The issue is that PDCCH and the scheduled PDSCH are in different bands, which may lead to indication mismatch for UE. One possible solution is that DCI can be used to indicate that the scheduled PDSCH is for MBS service or unicast service, and UE knows to receive PDSCH on unicast BWP or CFR by reception of DCI. An indication field can be added in DCI, or specific USS candidates can be used for PDCCH of MBS services.
Proposal 11: Common frequency resource configuration can be used for PTM scheme 2. The bounding information between UE-specific PDCCH and group-common PDSCH should be further studied.

Initial transmission and retransmission(s)
1 
2 
2.1 
2.2 
2.3 
2.3.1 PTM transmission scheme 2 used for retransmission(s)
As it is discussed and beneficial analyzed in this contribution, PTM scheme 2 can be supported as a group scheduling mechanism for RRC_CONNECTED UEs.
When PTM transmission scheme 2 is supported for retransmission(s), it implies that PTM scheme 2 is supported as initial transmission. For example if ACK/NACK based feedback is enabled, PTM scheme 1 and PTM scheme 2 are used as initial transmission and retransmission for TB-1, respectively. When the DCI for initial transmission is missed by a UE who does not feedback anything on its specific PUCCH feedback resource (i.e. DTX), the retransmission using PTM scheme 2 for TB-1 is considered as initial transmission. It is because that from the receiving UE’s perspective, the missing initial transmission and retransmission for TB-1 with the DCIs has the same (non-toggled) NDI which is (toggled) different from the NDI used for the previous TB-X reception with the same HPN.
Observation 3: From UE’s perspective, PTM transmission scheme 2 used as retransmission is considered as initial transmission, if the DCI for initial transmission using PTM scheme 1 is missed by the UE.

2.3.2 Retransmission schemes
It is agreed that PTM scheme 1 and PTP can be used as retransmission schemes when PTM scheme 1 is used as initial transmission. PTM scheme 2 can be considered as another retransmission schemes. When ACK/NACK based feedback is enabled and a few of UEs report NACK to gNB (or DTX), PTM scheme 2 can be used for retransmission with limited PDCCH overhead, and PUCCH resource can be independently indicated to each UE with more flexibility
Proposal 12: When PTM transmission scheme 1 is used for initial transmission, PTM scheme 2 can be supported for retransmission(s) for the whole group of UEs.

When multiple types of retransmission schemes are supported by Rel-17 MBS, the following cases of different retransmission scheme combinations should be discussed, and the corresponding examples are shown in Figure 3.
· Case 1: Only one retransmission scheme is used per TB/per MBS service. PTM scheme 1, PTM scheme 2 (if supported) or PTP  is used for all the UEs in the same group.
· Case 2: For the same TB, each retransmission can independently select to use a scheme for all the UEs in the same group. For example, the first retransmission chance uses PTM scheme 2, and the second retransmission chance uses PTP. This case can be considered when many UEs report NACK after initial transmission, PTM scheme 2 can help to improve PDCCH transmissions for each UE. If few UE(s) report NACK after the first retransmission, PTP can be used for UE-specific retransmission(s) to further improve PDCCH/PDSCH retransmission(s).
· Case 3: For the same TB, each retransmission can use different schemes for different UEs in the same group. When UEs in the same group are dispersed located in a cell, gNB can select different retransmission schemes based on UEs’ different reception conditions.
Technically, all the three cases above can be realized. From system perspective processing, case 1 is simple that only one retransmission scheme is supported per MBS service. For case 2, PTM scheme 2 and/or PTP are/is used for retransmission(s) for UEs. From UE perspective, there is no difference because all the PDCCHs are UE-specific. The only difference is that PDSCH is group-common or UE-specific from system perspective. The only concerns is that PTP used for retransmission may consumes lots of DL resources for UE-specific PDCCH/PDSCH retransmission(s), but it is up to gNB to determine when to use this scheme, for example when the number of UEs requesting retransmission(s) is very small, and PTP can improve the retransmission performance. For case 3, retransmission schemes simultaneously support group-common PDCCH and UE-specific PDCCH, which increases PDCCH overhead and blind decoding burden, as well as DL resource consumption. For all three cases above, when initial transmission and retransmission(s) are using different schemes, how to align and utilize the HPN for the same TB for a UE is another complicated issue that needs to be considered. Therefore for simplicity of the design, case 1, the same retransmission(s) scheme should be used for all the UEs in the same group. It is up to gNB to determine which scheduling scheme is used for retransmission(s). For case 2, it can also be supported with further consideration of alignment between initial transmission and retransmission(s) for the same TB. For case 3, the corresponding scenarios and benefit should be discussed before it is supported.
Proposal 13: PTM scheme 2 and PTP can be combined as retransmission schemes for all the UEs in the same group for a TB.


Figure 3. MBS retransmission schemes from network perspective

2.3.3 Association between initial Tx and re-Tx(s) for the same TB
When initial transmission and retransmission(s) for the same TB use different schemes, e.g. initial transmission uses PTM scheme 1 and retransmission(s) use PTP, HPN and NDI should be used to align among initial transmission and retransmission(s) for a TB in MBS. From UE’s perspective, unicast and multicast can be supported for simultaneous reception. How to differentiate the received TBs with the same HPN between MBS service and unicast service is another issue which is needed to be discussed.
The following discussion is based on two scenarios, whether a HPN can be shared by multicast and unicast or not.
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]A HPN is shared by multicast and unicast
When a HPN is shared by MBS service and unicast service based on Rel-15/16 NR principle, extra buffer requirement is needed. Because MBS service and unicast service is transmitting different TBs with the same HPN, separate buffer should be used for differentiation in order to do further soft combinations separately by a UE. A UE can support up to 16 HARQ procedures simultaneously for unicast. In order to support both MBS and unicast based on shared HPN mechanism, a UE has to buffer capability with up to doubled buffer size. However, buffer requirement increasing is not desired.
Proposal 14: When supporting both MBS service and unicast service receptions by a UE, the total number of HARQ processes is not supposed to be increased.

· A HPN is only used for multicast
For this case, a HPN can only be used by a TB’s transmissions of either multicast service or unicast service. Once a HPN is occupied, it can be reused only when the previous (re)transmissions are terminated. MBS-specific HPNs. Some of the HPNs can be configured to be used only for MBS services but not unicast services. For example, HPN 0~3 are configured as a HPN set specifically for MBS service. A HPN can be selected from the candidates for a TB’s transmission(s), which can keep the PTP retransmissions align with initial transmission using PTM scheme 1. UE can differentiate the transmissions of a TB between unicast service and multicast service by the HPN. Furthermore, the HPN set can be re-configured by gNB when the number of MBS services and unicast services are changing.
Proposal 15: MBS services can be configured with specific HPNs, e.g. HPN#0~3.

Supporting SPS group-common PDSCH for MBS
· Retransmission schemes for SPS
It is agreed that HARQ-ACK feedback for SPS group-common PDSCH for MBS is supported. When NACK is reported by UEs, retransmissions are needed. From the system perspective, there is no difference for SPS and non-SPS on retransmission scheme. Therefore, PTM scheme 1 and PTP can be used as retransmission scheme(s) for SPS group-common PDSCH for MBS.
Proposal 16: PTM scheme 1 and PTP can be used as retransmission scheme(s) for SPS group-common PDSCH for MBS.
· SPS activation/deactivation
It was agreed during last meeting that SPS group-common PDSCH is supported for MBS for RRC_CONNECTED UEs. For unicast, the activation/deactivation mechanism is based on PDCCH. For multicast, the group scheduling mechanism is using group common PDCCH and potentially UE specific PDCCH. Besides, HARQ-ACK feedback is also supported in Rel-17 MBS to improve reliability. The activation/deactivation mechanism can be considered as follows:
· Activation: Both UE-specific PDCCH and group-common PDCCH can be supported to activate SPS. UE-specific PDCCH can be used to indicate PUCCH resource (e.g. ACK/NACK based feedback) per UE as well as activate SPS procedure(s). When group-common PDCCH is used to indicate the shared PUCCH resource (e.g. NACK-only based feedback), the group-common PDCCH can be used for activation of SPS for all the UEs in the same group.
· Deactivation: Group-common PDCCH is used for deactivation of SPS for all the UEs in the same group. No matter what PDCCH is used for activation, to release a SPS procedure for MBS service, one PDCCH containing the same deactivation message is enough for all the UEs in a group.
Proposal 17: Both group-common PDCCH and UE-specific PDCCH (if supported) can be used for SPS activation for MBS for RRC_CONNECTED UEs.
Proposal 18: Group-common PDCCH is used for SPS deactivation for MBS for RRC_CONNECTED UEs.

PDCCH configuration for MBS
2.4 
2.5 
2.5.1 CORESET design
In Rel-15 NR, CORESET is configured within each BWP, and a UE can be configured at most 3 CORESETs on each BWP. For NR MBS, it is still under discussion on how to design common frequency resource, so the CORESET configuration can be discussed based on the two options.
· Option 2A: MBS specific BWP. The CORESET(s) configuration on MBS specific BWP is independent from the CORESET(s) configuration on dedicated unicast BWP. The maximum number of CORESET can be configured for MBS specific BWP is as same as that of a dedicated unicast BWP, i.e. 3. Since only one BWP is activated at a time, no change is required on UE capability. However, it may require switching between MBS specific BWP and dedicated unicast BWP.
· Option 2B: MBS frequency region. The common frequency resource is configured as a frequency region within a dedicated unicast BWP, so the CORESETs are shared by MBS service and unicast service since the total number of CORESET in each BWP (i.e. up to 3) is not supposed to be increased. For example, when one CORESET is configured specifically for MBS service, at most 2 CORESET can be configured for unicast service on the same BWP for a UE. If more than one CORESET is configured on a BWP, the performance for unicast service may be degraded on this BWP. Therefore, at most one CORESET is configured for MBS service on each MBS common frequency resource. Another possible design is that a CORESET can be used by both MBS service and unicast. Without configuring MBS-specific CORESET, this shared method can have more efficient utilization of CORESETs.
Proposal 19: When MBS frequency region (Option 2B) is supported, up to one CORESET can be configured specifically for MBS service on a dedicated unicast BWP.
Proposal 20: When MBS frequency region (Option 2B) is supported, shared CORESET by MBS service and unicast service can be supported on a dedicated unicast BWP.

2.5.2 Search space
It was agreed that CSS is supported as the search space set for group-common PDCCH of PTM scheme1. There is no technical issue to reuse existing CSS type(s). For monitoring priority, the simple way is using the same rule as existing Rel-15/16 CSS. Besides CSS, USS can also be considered for group-common PDCCH for PTM scheme 1 and PTM scheme 2 (if supported). When some of the MBS services have higher priority/QoS requirement, USS can provide more spaces for MBS PDCCHs transmissions opportunities than that of CSS.
Proposal 21: For search space set of group-common PDCCH of PTM scheme 1, existing CSS type(s) in Rel-15/16 is reused.
Proposal 22: The monitoring priority is the same as existing Rel-15/16 CSS.
Proposal 23: USS can also be considered for group-common PDCCH of PTM scheme 1.

2.5.3 Blind decoding budget
It is agreed that 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. It is based on per UE’s capability whether the budget of BDs/CCEs of an unused CC can be used for the current occupied CC. When a UE supports multi-carrier and CA, this kind of BDs/CCEs budget sharing can be supported for MBS.
Proposal 24: Whether the budget sharing of DBs/CCEs of an unused CC can be supported is based on per UE capability.
The Rel-15 blind decoding rule of “3+1” DCI size is reused for Rel-17 MBS as a working assumption. In Rel-15, 3 different DCI sizes using C-RNTI are for time-critical and 1 DCI size using other RNTIs is for less time-critical. It is reasonable and preferable that G-RNTI is counted as “other RNTI” since multicast services are normally not as time-critical as unicast services. Furthermore, the number of blind decoded PDCCH using C-RNTI for unicast is reduced and affected if G-RNTI is counted as “C-RNTI”.
Proposal 25: G-RNTI is counted as one of the “other RNTIs” in 3+1 DCI size budget rule for group-common PDCCH.
Simultaneous reception of unicast and multicast
It was agreed that TDM is supported between one unicast PDSCH and one group-common PDSCH in a slot based on UE capability. The cases for TDM/FDM reception of multiple unicast PDSCH and group-common PDSCH in a slot are still for further studied. During last meeting, the discussion on the cases for simultaneous reception contains the maximum number of TDM/FDM receptions; however this number is based on UE capability. gNB has all the information of UEs’ capability and each scheduled PDSCH for unicast and multicast. gNB should take every UE’s capability into account when scheduling PDSCHs in one slot. When the scheduled PDSCH for MBS is group-common received by all the UEs in the same group, some UEs may not be able to receive it successfully because the number of simultaneous received PDSCH in the slot is beyond their capability. When this case happens, some solutions may be considered and studied, such as dropping principle by the UEs, or retransmission scheme can be used. Another issue is whether the TDM/FDM simultaneous reception of unicast and multicast affect HARQ-ACK codebook design. It is up to gNB scheduling PDSCHs in the same slot for a UE by considering its capability. Even simultaneous scheduled PDSCHs are beyond UE’s reception capability, the HARQ-ACK codebook design is not impacted when gNB and UE align the information of dropping rules.
Proposal 26: When the simultaneous reception of unicast and multicast is out of a UE’s capability, a dropping principle should be considered.

Conclusion
In this contribution, to support group scheduling mechanism for RRC_CONNECTED UEs, we have the following observations and proposals:
Observation 1: BWP switching is needed between MBS specific BWP and dedicated unicast BWP according to Rel-15/16 principle because they are two independent BWPs and configurations.
Observation 2: MBS specific BWP may not be feasible when a UE can support to be configured with only one BWP.
Observation 3: From UE’s perspective, PTM transmission scheme 2 used as retransmission is considered as initial transmission, if the DCI for initial transmission using PTM scheme 1 is missed by the UE.

Proposal 1: PTM transmission scheme 2 group scheduling is supported in NR MBS when the group is small.
Proposal 2: Multi-group-common PDCCH scheduling mechanism is supported in NR MBS to reduce PDCCH overhead when the group is large.
Proposal 3: Option 2B, MBS frequency region, is supported to define MBS common frequency resource for RRC_CONNECTED UEs.
Proposal 4: For MBS frequency region, the starting PRB is referenced to the starting PRB of the dedicated unicast BWP.
Proposal 5: RIV indication mechanism in Rel-15 NR can be reused to indicate MBS frequency region, and one field can be added to BWP-DownlinkDedicated IE.
Proposal 6: It is supported that a UE can receive unicast services in the common frequency resource.
Proposal 7: PDSCH-Config for CFR can share the common fields in PDSCH-Config for unicast to reduce signaling payload size for MBS.
Proposal 8: PDCCH-Config for CFR can share the common fields in PDCCH-Config for unicast to reduce signaling payload size for MBS.
Proposal 9: Common frequency resource for multicast is optional.
Proposal 10: If configured, at most one MBS common frequency resource is supported per UE/per dedicated unicast BWP based on UE capability.
Proposal 11: Common frequency resource configuration can be used for PTM scheme 2. The bounding information between UE-specific PDCCH and group-common PDSCH should be further studied.
Proposal 12: When PTM transmission scheme 1 is used for initial transmission, PTM scheme 2 can be supported for retransmission(s) for the whole group of UEs.
Proposal 13: PTM scheme 2 and PTP can be combined as retransmission schemes for all the UEs in the same group for a TB.
Proposal 14: When supporting both MBS service and unicast service receptions by a UE, the total number of HARQ processes is not supposed to be increased.
Proposal 15: MBS services can be configured with specific HPNs, e.g. HPN#0~3.
Proposal 16: PTM scheme 1 and PTP can be used as retransmission scheme(s) for SPS group-common PDSCH for MBS.
Proposal 17: Both group-common PDCCH and UE-specific PDCCH (if supported) can be used for SPS activation for MBS for RRC_CONNECTED UEs.
Proposal 18: Group-common PDCCH is used for SPS deactivation for MBS for RRC_CONNECTED UEs.
Proposal 19: When MBS frequency region (Option 2B) is supported, up to one CORESET can be configured specifically for MBS service on a dedicated unicast BWP.
Proposal 20: When MBS frequency region (Option 2B) is supported, shared CORESET by MBS service and unicast service can be supported on a dedicated unicast BWP.
Proposal 21: For search space set of group-common PDCCH of PTM scheme 1, existing CSS type(s) in Rel-15/16 is reused.
Proposal 22: The monitoring priority is the same as existing Rel-15/16 CSS.
Proposal 23: USS can also be considered for group-common PDCCH of PTM scheme 1.
Proposal 24: Whether the budget sharing of DBs/CCEs of an unused CC can be supported is based on per UE capability.
Proposal 25: G-RNTI is counted as one of the “other RNTIs” in 3+1 DCI size budget rule for group-common PDCCH.
Proposal 26: When the simultaneous reception of unicast and multicast is out of a UE’s capability, a dropping principle should be considered.
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