3GPP TSG RAN WG1 Meeting #103e
R1-2008882
e-Meeting, October 26th – November 13rd, 2020
Agenda item:

8.12.1
Source:
Nokia, Nokia Shanghai Bell
Title:
Group Scheduling Mechanisms to Support 5G Multicast / Broadcast Services for RRC_CONNECTED UEs
Document for:

Discussion and Decision
1 Introduction

The Rel-17 WI on the support of NR Multicast and Broadcast Services [1], includes two RAN1 lead objectives to: 
· 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.
· Specify required changes to improve reliability of Broadcast / Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application/service provided. [RAN1, RAN2]
In this document，the first objective related to specifying group scheduling mechanisms that enable UEs to receive multicast / broadcast service (MBS) is covered. 
In Section 2, we discuss aspects related to the use of the group-common and UE-specific PDCCH, the details of common frequency resources for group-common PDSCH, and the simultaneous reception of unicast and multicast traffic in the same slot for UEs in RRC_CONNECTED mode. These discussions are based on the agreements and issues left for further study (FFS) at RAN1-102-e meeting, which are listed below.
Related agreements:

· For RRC_CONNECTED UEs, at least support group-common PDCCH with CRC scrambled by a common RNTI to schedule a group-common PDSCH, where the scrambling of the group-common PDSCH is based on the same common RNTI.
· FFS: whether to support UE-specific PDCCH to schedule a PDSCH for MBS.
· For RRC_CONNECTED UEs, define/configure common frequency resource for group-common PDSCH.
· FFS: whether to reuse the BWP framework or not 
· FFS: the relation between the common frequency resource and UE dedicated BWP, e.g., the common frequency resource is a MBS specific BWP, or the common frequency resource is confined within UE’s dedicated BWP, etc. 
· FFS: whether more than one common frequency resource can be configured per UE
· 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.
In Section 3, we conclude the document by presenting the summary of the main ideas.
2 Discussion on Group Scheduling Mechanisms for 5G Multicast / Broadcast Services
2.1 PDCCH Related Issues: Group Common vs. UE-specific PDCCH
As part of the discussions in RAN1#102-e, two options regarding the PDCCH signalling mechanisms for multicast / broadcast group-common PDSCH data were discussed [2], [3]: 
(1) Group-common PDCCH with CRC scrambled by a common RNTI to schedule a group-common PDSCH, where the scrambling of the group-common PDSCH is based on the group-common RNTI, and 
(2) UE-specific PDCCH with CRC scrambled by a C-RNTI to schedule a group-common PDSCH, where the scrambling of the group-common PDSCH is based on the group-common RNTI. 
As part of the discussions during email discussion, option (1) was agreed to be adopted and the need for option (2) is FFS. While it is obvious that it would be beneficial to have group-common PDCCH for scheduling group-common PDSCH data to minimize control signalling overhead, the need for UE-specific PDCCH for scheduling group-common PDSCH, option (2) might be less apparent. 
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Figure-1: Direct mapping between control and data channel signalling mechanisms in LTE.
In LTE, there has been a tight coupling between the mode of operation, i.e. unicast / multicast / broadcast, in the data channel, PDSCH (and PMCH in case of MBSFN), and the signalling of the related scheduling information in the control channel, as shown in Figure-1. For example, unicast data would require the use of the UE-specific control signalling with the CRC of the DCI scrambled with C-RNTI, whereas the multicast and single-cell broadcast data would require the use of group-common control signalling with CRC of the DCI scrambled with a common RNTI, and the multi-cell broadcast data would require semi-static or broadcast signalling of the related control information. But different services are expected to be supported in 5G, including URLLC with small data payload which might require small amount of PDSCH resources while utilizing higher amount of PDCCH resources to ensure high-reliability and low-latency. Such traffic could have significantly different requirements as compared to extended reality / XR traffic which would require larger amount of PDSCH resources with possibly lower amount of PDCCH resources. Therefore, depending on the traffic type, the scheduling mechanism used for PDSCH might not be fully correlated with the corresponding PDCCH signalling. 
For example, in a scenario where two UEs are receiving the same high-data rate, high-reliability virtual reality traffic, it would make perfect sense to utilize the group-common PDSCH. On the other hand, the number of UEs that are served is low, and there is a possible need for scheduling independent uplink feedback resources for each UE, as well as UE-specific downlink retransmissions that may be sent on UE-specific PDSCH resources. Thus, the benefits of using group-common PDCCH as compared to UE-specific PDCCH, might be limited in such a scenario. The selection among the options in this scenario could also depend on the overall PDCCH load experienced by the gNB. 
Other motivations for supporting both options could include 
(a) seamless mobility – when a UE is handed over from a cell which currently has an ongoing multicast session for an MBS service to a cell where the UE would anyway be scheduled unicast transmission due to lack of ongoing multicast session, and 
(b) in case current active BWP of a UE is not the same as the BWP where MBS PDSCH resources are scheduled, UE-specific PDCCH would enable the gNB to instruct the UE to switch its BWP, and to configure MBS PDSCH resources simultaneously on the same DCI.

Observation-1: Having a UE specific PDCCH that can schedule UEs to use a group common PDSCH is desirable for the following reasons:
1. In scenarios where there is a low density of users receiving multicast traffic with high data rates and requiring uplink feedback, gNB will have the flexibility to choose the appropriate control channel signalling mechanism
2. Enables the support of seamless mobility and switching from multicast-to-unicast 
3. Enables simultaneous BWP switching and scheduling of MBS PDSCH resources using the same DCI
Observation-2: In order to support both signalling options to access the same group common PDSCH, new signalling mechanisms will be required to allow the network to configure and modify on a dynamic basis these connections.
Taking these factors into account, it would be beneficial to have both options (1) and (2) available to the gNB, where the gNB can determine the appropriate way of signalling the PDCCH information associated with the group-common PDSCH in an optimal manner. 
Proposal-1: For RRC_CONNECTED UEs, support UE-specific PDCCH with CRC scrambled by a C-RNTI to schedule a group-common PDSCH, where the scrambling of the group-common PDSCH is based on a common RNTI.
Proposal-2: The same group-common PDSCH for PTM transmission can be accessed either by:
· A set of UEs using the same group-common PDCCH with CRC scrambled by a common RNTI
· A set of UEs, where each UE uses a UE-specific PDCCH with CRC scrambled by a C-RNTI 
· A mix of the UEs, where some of them use UE-specific PDCCH and others use group-common PDCCH 
Proposal-3: The network can dynamically modify the signalling used to configure a UE to access a group-common PDSCH.
2.2 Common MBS Frequency Resource and BWP Framework
Regarding BWP Framework:

BWP operation for NR multicast is another key aspect that has been discussed in the last RAN1-102-e meeting via email discussion. One of the open issues regarding BWP operation is whether to reuse the existing BWP framework – where the UE is configured via higher layer signalling with up to four dedicated BWPs, or use a different framework for MBS. In our view, the BWP framework is an important technical component of 5G NR in terms of UE power savings, and re-use of the BWP framework should be considered at Rel-17 MBS.

Proposal-4: BWP framework should be re-used at Rel-17 MBS.
Regarding BWP Options:

As stated in Sec. 2.1, different UEs may have different active BWPs for unicast transmission. Whereas for MBS transmission, different UEs in an MBS group need to receive the same common PDSCH in a common frequency resource. Regarding common frequency resource, there were two main options summarized in [2]. With Option-1, it is proposed to introduce an MBS specific BWP (henceforth be referred to as MBS BWP), and with Option-2, it is proposed to define a common frequency resource for MBS, confined within UE’s dedicated BWP and the common frequency resource is allocated to a group of UEs should be within the intersection of the dedicated BWPs of all the UEs in the MBS group. The pros and cons of Option-1 and Option-2 have also been discussed in [3].
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Figure-2: MBS BWP Option-1
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Figure-3: MBS BWP Option-2


Figure-2 and Figure-3 illustrate our consideration for Option-1 and Option-2 proposals, respectively. Figure-2 shows the Option-1 proposal, where 3 UEs are each configured with 4 bandwidth parts, and same BWP ID may indicate different frequency resources to each UE. A multicast-specific BWP (MBS BWP) is determined, namely BWP-2 in Figure 2, whose frequencies resources are considered as the common frequency resource for all UEs in the MBS group. UEs in a BWP other than the BWP-2 should perform BWP switching to the BWP-2 to receive the MBS services. Moreover, a common CORESET for multicast can be configured in the multicast-specific BWP, where the DCI / PDCCH is monitored in the common CORESET by the UEs for multicast DL control information. Further reception of MBS data / PDSCH is done in the common data resources in the multicast BWP. Currently, it is understood that the Option-1 is dedicated for multicast services, but it is still not clear whether the unicast traffic can be scheduled also in the MBS BWP or not. If the unicast is considered not part of MBS BWP, there is the drawback of limiting the overall capacity that is available for MBS and unicast. 
Observation-3: For Option-1, it is not clear whether the unicast traffic can be scheduled in the MBS BWP or not.

Observation-4: For Option-1, if the unicast is considered not part of MBS BWP, there is the drawback of limiting the overall capacity that is available for MBS and unicast.
Observation-5: For Option-1, if the unicast is considered not part of MBS BWP, it does not support multiplexing of unicast / multicast reception.

In Figure-3, MBS BWP Option-2 is provided, where the common frequency resource is determined to be utilized for multicast, and it is confined within a certain BWP configured to a UE. The remaining configured BWPs of the UEs are assumed to be targeted for unicast traffic, which can be scheduled in the same slot as multicast using FDM. For example, as shown in Figure-3, the determined common frequency resource is confined within the BWP-2 for UE-1, and it has exactly the same size as the BWP-2 of UE-1 (this case is similar to the Option-1 proposal). For UE-2, UE-3, and UE-4 in Figure-3, the determined common frequency resource is confined within either as part of BWP-1 or initial BWP-0. Having a large BWP configuration that contains the common frequency resource allows the UE to have both unicast and multicast reception in the same BWP without performing of BWP switching, although it may not fully avoid BWP switching for multicast reception. For instance, for UE-3 in Figure-3, sometimes it may be needed to stay in either initial BWP-0 for power saving purpose or in BWP-2 for the unicast traffic reception. In that case, BWP switching to BWP-1 for multicast reception would anyway be unavoidable. Furthermore, the initial BWP is mainly reserved for power savings, to which UE switches after the expiry of BWP inactivity timer in a BWP other than the initial BWP. Therefore, it may not be beneficial, in terms of power saving purposes, to always configure the initial BWP with a large size, such as in the case shown in Figure-3 of UE-4. 

Thus, in our view, the Option-2 can be considered as an implementation solution, where the common frequency resource can be configured by the gNB as the overlapping part (or a portion of the overlapping part) of the dedicated BWPs of the UEs in the multicast group and only when needed. And the Option-1 can be seen as a special case of configuration when Option-2 is supported, with the same dedicated BWP of common frequency resource configured by gNB for all MBS UEs in the group. Moreover, Option-2 has the benefit to allow simultaneous unicast and multicast reception within the same BWP for some UEs without the need of unfavorable BWP switching. However, from power savings perspective, sometimes it may be inefficient to configure large dedicated BWP for an MBS UE in the group in order to include such common frequency resources. If group-common PDCCH is used together with option-2 – with UEs having different dedicated BWPs, the FDRA field in the group-common / multicast DCI might not indicate the appropriate group-common PDSCH resources. There might be higher-layer signalling required to overcome this issue.
Observation-6: Option-2 does not fully avoid the BWP switching for multicast reception, but UEs would not be required to switch BWPs for receiving unicast and multicast traffic simultaneously.
Observation-7: Option-1 can be seen as a special case of configuration when Option-2 is supported.
Observation-8: From UE power savings perspective, it is not beneficial to configure a large dedicated BWP to a UE in the MBS group.

Proposal-5: For RRC_CONNECTED UEs Option-2 shall be supported 
· Option-1 is a special case of Option-2 and thus implicitly also supported.
· BWP where MBS data is provided must support multiplexing with unicast.
Regarding Multiple Common Frequency Resources per UE:

	
[image: image4]
Figure-4: MBS BWP Option-1 with multiple common frequency resources
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Figure-5: MBS BWP Option-2 with multiple common frequency resources


Another key topic related to common frequency resources for MBS discussed as part of the RAN1-102-e meeting email discussions is to study further whether more than one common frequency resource can be configured per UE. This could be interpreted as whether: (a) multiple MBS BWPs can be configured per UE – based on option (1); or (b) the common frequency resources which are shared across multiple UEs receiving the MBS traffic could be located non-contiguously within a UE-dedicated BWP or across different BWPs. These options are summarized in Figures-4 and Figure-5. For Option-1 where there is the specific MBS BWP, having multiple common frequency resources would imply the support for multiple BWPs where each BWP is dedicated for different groups of MBS. While the motivation for having multiple dedicated BWPs for MBS traffic is not clear, it is worth mentioning that this option would be limited by the maximum number of BWP configurations currently supported by the UEs, i.e. maximum four BWPs can be configured, leading to maximum four different common frequency resources defined for a UE. For Option-2, since multiple non-contiguous common frequency resources within a single BWP can be configured – in case there are different groups of UEs receiving different MBS traffic, the gNB can freely decide on the configuration of different common frequency resources.

Observation-9: Multiple common frequency resources can be configured per UE based on gNB implementation – even though the motivations for doing so are not clear, with the maximum limit dependent on UE capabilities and available system resources.
2.2.1 Search Space Configurations​

Within the configured common CORESET frequency resource for multicast, the search space set design for multicast services can be further considered. In Rel-15 / 16 two search space (SS) types, i.e., Common SS (CSS) and UE-specific SS (USS), are defined. On one hand, the CCE indexes for CSS are the same for different UEs in the cell, while CCE indexes for USS are different for different UEs in the cell. Moreover, the priority of CSS, which is always higher than USS in case of PDCCH overbooking, needs to be considered, and unicast URLLC traffic can only be monitored in USS. Additionally, only USS PDCCH can be monitored on SCell for carrier aggregation. How to consider the SS design for 5G NR multicast is one of the issues that need to be addressed and discussed. 
In our view, there is a need to discuss first on whether a new SS set type is required to be introduced specifically for multicast or not, and how to handle the SS monitoring prioritization between multicast and unicast, especially by considering the high-priority unicast URLLC traffic.
Considering the diverse multicast service types that the 5G NR is expected to be supporting, we propose to have the SS configuration and UE monitoring for 5G NR multicast to depend on multicast service types. 
On one hand, it may be considered relying on existing SS set types, without introducing new multicast-specific SS type, where:
· For high-priority multicast services, i.e. public safety and mission critical applications, e.g. for warnings related to a tsunami or an earthquake event, control signalling of multicast traffic is monitored by the UE in CSS with Type-3 PDCCH, where the DCI is scrambled with G-RNTI. The CCE index calculation for a group of multicast UEs using HASH function is performed with initial seed Yp,-1 equal to 0 similar as the legacy Rel-15 defined rule on CCE index calculation. 
· For low-priority multicast services, i.e. eMBB service with media streaming, control signalling of multicast traffic is monitored by the UE in USS. This may provide a way that the high-priority unicast URLLC service in USS can be prioritized to be monitored by the UE over low-priority multicast services in USS. Moreover, for lower-priority multicast traffic scheduling in the USS, the DCI can be scrambled with either UE-specific PDCCH associated with C-RNTI or Group-common PDCCH associated with G-RNTI. For DCI scrambled with G-RNTI, a modified HASH function can be applied to the CCE index calculation for a group of multicast UEs, where a “C-RNTI together with an offset value” or with a single fixed “offset value” for the initial seed Yp,-1 can be considered. That way, different multicast users have different “offset” values configured, so that CCE index calculations can result in the same common CCE index for the group of multicast UEs. The approach provides more flexibility on scheduling and benefits to the network/gNB on mapping of multicast PDCCH.
On the other hand, alternatively, a new SS set type can be specifically defined for multicast. Multicast Search Space (MSS) set for MBS may have similar characteristics with the CSS in terms of the HASH function for CCE index calculations. Contrary to CSS, the priority of the MSS can be linked to the SS set index, even when comparing the priorities with the USS. Currently. this priority rule already applies among CSS sets or among USS sets, but not among CSS and USS sets. 
Proposal-6: Need to discuss on how to handle the SS monitoring prioritization between multicast and unicast.
Proposal-7: RAN1 should discuss whether a new SS set type specific for MBS is needed or not.
Proposal-8: Propose to have the SS configuration and UE monitoring for 5G NR multicast to depend on the multicast service types, i.e. high-priority multicast services are configured in CSS and low-priority multicast services are configured in USS if no new SS set type introduced specifically for MBS.
According to rules defined in Rel-15, the maximum number of CORESETs configurable for a bandwidth part (BWP) in a cell for a UE is 3 and the maximum number of search space sets configurable for a BWP in a cell for a UE is 10. Moreover, the Rel-15 also defines the blind detection (BD) and CCE limits based on the subcarrier spacing by considering the device complexity and scheduling flexibility. In our view, the maximum supported CORESET/SS numbers and BD/CCE limits defined in Rel-15 should be maintained for Rel-17 MBS, simply by considering the cost-efficient commercial deployment of Rel-17 MBS in the future.
Proposal-9: Propose to maintain the maximum supported CORESET/SS sets numbers and BD/CCE limits defined in Rel-15 for Rel-17 MBS.
2.2.2 DCI Design

To limit the device complexity, Rel-15 NR defines that the UE expects to monitor PDCCH candidates for up to 4 DCI formats with different sizes (DCI size budget). DCI size budget includes up to 3 DCI formats with different sizes (latency sensitive) whose CRC are scrambled by a C-RNTI / CS-RNTI per serving cell and 1 DCI format (latency non-sensitive) with CRC scrambled by a “other RNTI”. 
Furthermore, for NR Uu-interface, two DL DCI formats are defined in Rel-15 and one additional DL DCI format is defined in Rel-16 for scheduling of PDSCH in one cell, i.e. DCI Format 1_0, DCI Format 1_1, and DCI Format 1_2, where the size of DCI Format 1_0 is fixed, and the size of DCI Format 1_1 and DCI Format 1_2 are configurable. The DCI Format 1_0 can be transmitted in a CSS set or a USS set, while DCI Format 1_1 and DCI Format 1_2 can only be transmitted in a USS set. To notify a single UE or a group of UEs, a set of DL DCI Format 2 are defined initially in Rel-15, where the DCI Format 2_x can only be transmitted in a CSS set.

For Rel-17 MBS, it is very likely that the Group-RNTI (G-RNTI) for a group of UEs that are receiving a specific MBS service is going to be introduced. The G-RNTI can be monitored in either CSS or USS similar as C-RNTI/CS-RNTI. If the DCI format scrambled with the G-RNTI is used to schedule the common PDSCH in USS, the G-RNTI could be counted as a C-RNTI / CS-RNTI for the DCI size budget, and the size of the DCI format that is scrambled with G-RNTI should be naturally aligned with the corresponding size of the DCI format of C-RNTI / CS-RNTI in order to minimize the BD attempts. Otherwise if the G-RNTI is utilized for the purpose of notification to a group of UEs, the G-RNTI could be counted as the “other RNTI”, where the DCI format size with G-RNTI should be aligned with the DCI size of “other RNTI”.
However as noted in [2], if the DCI size with G-RNTI is counted as the 3 DCI sizes budget with C-RNTI, it might be hard to keep the same DCI size with G-RNTI aligned to variable DCI sizes with C-RNTI of different UEs in the same MBS group. And in this case, it might easier to consider G-RNTI as “other RNTI” in general with DCI size independent from the DCI size with C-RNTI. 
Proposal-10: Propose to count G-RNTI as “other RNTI” when considering the (3+1) DCI size budget rule defined in Rel-15 NR.

However, if G-RNTI is considered as “other RNTI”, in one case the UE may need to decode both C-RNTI and G-RNTI intended for DL scheduling of PDSCH in the configured USS set of a monitoring occasion. Depends on if the UE have the capability to process both PDSCHs scheduled with different RNTIs in the same USS set. And if the UE do not have such capability, the RNTI prioritization information can be configured via SS set configuration, for instance a MBS UE can be configured to prioritize either C-RNTI or G-RNTI first for blind decoding in a USS set and use the RNTI with lower priority only in case the DCI information was not decoded successfully by using the higher priority RNTI.
Proposal-11: Propose to consider the RNTI prioritization between C-RNTI and G-RNTI in a configured SS set.

Regarding the DCI format to be used with G-RNTI, the question whether a New DCI format with G-RNTI should be introduced or to re-use the existing legacy DCI format need to be further discussed, especially when the issue of common frequency resource with BWP operation is clarified.
Proposal-12: Further discuss whether a New DCI format with G-RNTI is needed or not when the issue of common frequency resource with BWP operation is clarified.
2.3 Simultaneous Unicast / Multicast Reception​

One of the key agreements from RAN#102-e (see below) related to the simultaneous reception of unicast and multicast in the same slot is that the frequency domain multiplexing is possible – depending on UE capabilities. 

· 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.
When FDM is used to support slot level multiplexed unicast and group-common PDSCH, the active BWP will need to be dimensioned accordingly.  If the combined unicast and multicast traffic volume does not vary significantly, we would expect that the BW of this UE active BWP (see Figure 3, option-2 for a common frequency resource) remains fairly static.  Note, the network will need to determine the optimum active BWP size that is large enough to support the unicast traffic when present but small enough to minimize the power consumed when there is no/less traffic.  

Observation-10: For slot based FDM multiplexing of unicast and multicast traffic, the network will need to optimize the active BWP bandwidth to account for the expected combined unicast and multicast traffic capacity and to minimize power consumed when there is no/less traffic.

In the event when additional unicast traffic capacity is required, then subject to UE capability, the network may need to reconfigure/switch the active BWP and temporarily suspend slot based FDM multiplexing of unicast and multicast traffic. 
Observation-11: Slot based FDM multiplexing of unicast and multicast traffic, may need to be suspended temporarily if the active BWP needs to be reconfigured/changed.

NR supports type-B (or mini-slot) based PDSCH/PUSCH, whereby the network can schedule a sub-slot time allocation of PDSCH, e.g. 2, 4 or 7 symbols long for the normal Cyclic Prefix.  This was originally intended to lower latencies for URLLC services, as data transmissions are no longer limited to the slot boundaries.   For multicast services, the capability to schedule mini-slots, could allow more efficient TDM multiplexing of unicast and multicast services in the same BWP.  However, like FDM multiplexing of unicast and multicast, it is dependent on the UE capability.

Proposal-13: For RRC_CONNECTED UEs, support Type-B based TDM between unicast PDSCH and group-common PDSCH in a slot subject to UE capability.

3 Conclusions

In this contribution, we have discussed various aspects of simulations for this WI.  From those discussions we have the following proposals –
Observation-1: Having a UE specific PDCCH that can schedule UEs to use a group common PDSCH is desirable for the following reasons:

1. In scenarios where there is a low density of users receiving multicast traffic with high data rates and requiring uplink feedback, gNB will have the flexibility to choose the appropriate control channel signalling mechanism

2. Enables the support of seamless mobility and switching from multicast-to-unicast 

3. Enables simultaneous BWP switching and scheduling of MBS PDSCH resources using the same DCI

Observation-2: In order to support both signalling options to access the same group common PDSCH, new signalling mechanisms will be required to allow the network to configure and modify on a dynamic basis these connections.
Observation-3: For Option-1, it is not clear whether the unicast traffic can be scheduled in the MBS BWP or not.

Observation-4: For Option-1, if the unicast is considered not part of MBS BWP, there is the drawback of limiting the overall capacity that is available for MBS and unicast.
Observation-5: For Option-1, if the unicast is considered not part of MBS BWP, it does not support multiplexing of unicast / multicast reception.

Observation-6: Option-2 does not fully avoid the BWP switching for multicast reception, but UEs would not be required to switch BWPs for receiving unicast and multicast traffic simultaneously.
Observation-7: Option-1 can be seen as a special case of configuration when Option-2 is supported.
Observation-8: From UE power savings perspective, it is not beneficial to configure a large dedicated BWP to a UE in the MBS group.

Observation-9: Multiple common frequency resources can be configured per UE based on gNB implementation – even though the motivations for doing so are not clear, with the maximum limit dependent on UE capabilities and available system resources.
Observation-10: For slot based FDM multiplexing of unicast and multicast traffic, the network will need to optimize the active BWP bandwidth to account for the expected combined unicast and multicast traffic capacity and to minimize power consumed when there is no/less traffic.

Observation-11: Slot based FDM multiplexing of unicast and multicast traffic, may need to be suspended temporarily if the active BWP needs to be reconfigured/changed.

Proposal-1: For RRC_CONNECTED UEs, support UE-specific PDCCH with CRC scrambled by a C-RNTI to schedule a group-common PDSCH, where the scrambling of the group-common PDSCH is based on a common RNTI.
Proposal-2: The same group-common PDSCH for PTM transmission can be accessed either by:
· A set of UEs using the same group-common PDCCH with CRC scrambled by a common RNTI
· A set of UEs, where each UE uses a UE-specific PDCCH with CRC scrambled by a C-RNTI 
· A mix of the UEs, where some of them use UE-specific PDCCH and others use group-common PDCCH 
Proposal-3: The network can dynamically modify the signalling used to configure a UE to access a group-common PDSCH.

Proposal-4: BWP framework should be re-used at Rel-17 MBS.
Proposal-5: For RRC_CONNECTED UEs Option-2 shall be supported 

· Option-1 is a special case of Option-2 and thus implicitly also supported.
· BWP where MBS data is provided must support multiplexing with unicast.
Proposal-6: Need to discuss on how to handle the SS monitoring prioritization between multicast and unicast.
Proposal-7: RAN1 should discuss whether a new SS set type specific for MBS is needed or not.
Proposal-8: Propose to have the SS configuration and UE monitoring for 5G NR multicast to depend on the multicast service types, i.e. high-priority multicast services are configured in CSS and low-priority multicast services are configured in USS if no new SS set type introduced specifically for MBS.
Proposal-9: Propose to maintain the maximum supported CORESET/SS sets numbers and BD/CCE limits defined in Rel-15 for Rel-17 MBS.
Proposal-10: Propose to count G-RNTI as “other RNTI” when considering the (3+1) DCI size budget rule defined in Rel-15 NR.

Proposal-11: Propose to consider the RNTI prioritization between C-RNTI and G-RNTI in a configured SS set.

Proposal-12: Further discuss whether a New DCI format with G-RNTI is needed or not when the issue of common frequency resource with BWP operation is clarified.
Proposal-13: For RRC_CONNECTED UEs, support Type-B based TDM between unicast PDSCH and group-common PDSCH in a slot subject to UE capability.
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