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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 which covers the first objective related to group scheduling, mainly focuses topics for further study indicated as part of the following agreements which were made as part of the RAN1-103-e meeting:

· Agreements: For convenience of discussion, consider the following clarification as RAN1 common understanding. 

· PTP transmission: For RRC_CONNECTED UEs, use UE-specific PDCCH with CRC scrambled by UE-specific RNTI (e.g., C-RNTI) to schedule UE-specific PDSCH which is scrambled with the same UE-specific RNTI. 

· PTM transmission scheme 1: For RRC_CONNECTED UEs in the same MBS group, use group-common PDCCH with CRC scrambled by group-common RNTI to schedule group-common PDSCH which is scrambled with the same group-common RNTI. This scheme can also be called group-common PDCCH based group scheduling scheme.

· PTM transmission scheme 2: For RRC_CONNECTED UEs in the same MBS group, use UE-specific PDCCH with CRC scrambled by UE-specific RNTI (e.g., C-RNTI) to schedule group-common PDSCH which is scrambled with group-common RNTI. This scheme can also be called UE-specific PDCCH based group scheduling scheme.    

· Note: The ‘UE-specific PDCCH / PDSCH’ here means the PDCCH / PDSCH can only be identified by the target UE but cannot be identified by the other UEs in the same MBS group with the target UE.

· Note: The ‘group-common PDCCH / PDSCH’ here means the PDCCH / PDSCH are transmitted in the same time/frequency resources and can be identified by all the UEs in the same MBS group.

· FFS whether or not to have additional definition of transmission scheme(s) 
· Agreements: For RRC_CONNECTED UEs, if initial transmission for multicast is based on PTM transmission scheme 1, at least support retransmission(s) can use PTM transmission scheme 1.

· FFS: whether to support PTP transmission for retransmission(s).

· FFS: whether to support PTM transmission scheme 2 for retransmission(s).

· FFS: How to indicate the association between PTM scheme 1 and PTP transmitting the same TB.

· FFS: If multiple retransmission schemes are supported, then can different retransmission schemes be supported simultaneously for different UEs in the same group?

· Working assumption: 

· 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
·  Agreements: Support SPS group-common PDSCH for MBS for RRC_CONNECTED UEs

· FFS: use group-common PDCCH or UE-specific PDCCH for SPS group-common PDSCH activation/deactivation

· FFS: whether to support more than one SPS group-common PDSCH configuration per UE

· FFS: whether and how uplink feedback could be configured

· FFS: retransmission of SPS group-common PDSCH

· Agreements: For PTM transmission scheme 1, the CORESET for group-common PDCCH is configured within the common frequency resource for group-common PDSCH.

· FFS: number of CORESET(s) for group-common PDCCH within the common frequency resource for group-common PDSCH

· Agreements: Down select from the two options for BDs/CCEs limit for Rel-17 MBS

· Option 1: 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.

· Option 2: For UEs supporting CA capability, the budget of BDs/CCEs of an unused CC can be used for group-common PDCCH to count the number of BDs/CCEs, which is similar to the method used for multi-DCI based multi-TRP in Rel-16.

· Agreements: Further study the following cases for simultaneous reception of unicast PDSCH and group-common PDSCH in a slot based on UE capability for RRC_CONNECTED UEs.

· Case 1: support TDM between multiple TDMed unicast PDSCHs and one group-common PDSCH in a slot

· Case 2: support TDM among multiple group-common PDSCHs in a slot

· Case 3: support TDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot

· Case 4: support FDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot

· Case 5: support FDM among multiple group-common PDSCHs in a slot

· FFS: maximum number of PDSCHs in a slot simultaneous received per UE

· Agreements: For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, further study the following options.

· Option 1: Define a new search space type specific for multicast 

· Option 2: Reuse the existing CSS type(s) in Rel-15/16

· FFS: whether modifications are needed for multicast 

· Option 3: Reuse the existing USS in Rel-15/16 with necessary modifications for MBS

· FFS: detailed modifications 

· Agreements: For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, further study the following options for the monitoring priority of search space set

· Option 1: The monitoring priority of search space set for multicast is the same as existing Rel-15/16 CSS

· Option 2: The monitoring priority of search space set for multicast is the same as existing Rel-15/16 USS

· Other options are not precluded 

· The monitoring priority is used at least for PDCCH overbooking case
· FFS for other cases (e.g., to prune PDCCH in terms of whether it’s unicast or multicast, etc.)
In section 2, we discuss our views on the above-mentioned agreement, mainly focusing on how to progress with the topics that are currently being further studied.
In section 3, we conclude the document by presenting the summary.
2 Discussion on Group Scheduling Mechanism for 5G Multicast / Broadcast
2.1 PTM Transmission Schemes
Regarding the PTM transmissions schemes – currently there are two schemes agreed PTM schemes 1 and 2 where the main difference is in terms of whether a group-common PDCCH is utilized or not. Our opinion is that the currently agreed common understanding provides a complete summary in terms of the possible schemes that need to be considered as part of this WID, and we do not see any motivation to define additional transmission schemes.
Proposal-1: Agree to limit the PTM transmission schemes to currently defined schemes 1 and 2, and not investigate further schemes for dynamic scheduling as part of this WID.

While it has been agreed that initial transmission for multicast can be done using PTM Scheme 1, the use of scheme 2 for initial transmission is yet to be agreed. As discussed in our previous contribution on group scheduling [2], we believe that there is a strong motivation to provide flexibility to the gNB to either use PTM scheme 1 or 2, depending on various implementation-specific criteria. As discussed in [2], for the 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, in this scenario the number of UEs that are served is low, and it is a possible 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 schedule 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 the use of either PTM schemes 1 or 2.
Taking these factors into account, it would be beneficial to have both PTM schemes 1 and 2 available to the gNB for scheduling the multicast transmission, where the gNB can determine the appropriate way of signalling the PDCCH information associated with the group-common PDSCH in an optimal manner. 

Proposal-2: 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-3: 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-4: The network can dynamically modify the signalling used to configure a UE to access a group-common PDSCH.

Regarding retransmissions, since UEs in the worst channel conditions would be requiring retransmissions possibly using the most robust modulation and coding scheme, the benefits from using PTP scheme for sending retransmissions is currently unclear. Further, it is our understanding that the use of PTM scheme-1 for initial transmission and PTP for retransmission would introduce significant complexity both at the gNB and UE for maintaining the association between the initial transmission and retransmission of the same TB. Hence it would be beneficial in terms of minimizing implementation complexity to utilize the same transmission scheme for the initial and retransmission of the same TB.
Observation-3: Use of different schemes for initial transmission and retransmission would introduce significant complexity both at the gNB and UE in order to maintain the association between the transmission and retransmission of the same TB.

Proposal-5: Agree to limit the transmission and retransmission of the same TB to using a single transmission scheme.

2.2 MBS Common Frequency Region
For RRC-CONNECTED UEs receiving multicast traffic, it was agreed as part of the working assumptions that: 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. We believe that the same agreement could be applied to broadcast traffic as well. One of the key tasks for RAN1-#104-e is to:
· 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
Based on our understanding, the key difference between options 2A and 2B is that: option 2A would require additional RRC signaling for the definition of the MBS specific BWP, possibly reusing parameters currently defined for BWP configurations; and option 2B would require possible RRC signaling indicating the MBS frequency region – in terms of the starting PRB and length of PRBs within each UE’s dedicated unicast BWP. Here RRC signaling is assumed to be used, since it is currently used for BWP related configurations.

Option 2A has the advantage that different PDSCH configurations such as DMRS and resource allocation types, PDSCH aggregation factor, rate match patterns, etc., could be configured specifically for the MBS CFR as compared to the unicast region, but also has the additional complexity of BWP switching in scenarios where the MBS common frequency region is not fully confined within the unicast BWP. For option 2A, it needs to be studied further whether the MBS specific BWP would impact the currently defined limits in terms of the total number of BWPs that can be configured. The need for BWP switching is not required for option 2B, since the MBS frequency region is simply a set of PRBs that are confined within the dedicated unicast BWP and is not classified as a dedicated BWP.
Observation-4: The key difference between option 2A and 2B is related to the RRC signalling of the common frequency resources:

· Option 2A requires the signalling of MBS specific BWP with parameters possibly taken from current BWP configurations.
· Option 2B requires the signalling of the MBS frequency region – in terms of the starting PRB and length of PRBs within each UE’s dedicated unicast BWP.
· The impact of option 2A on the number of BWPs that can be configured for a UE needs to be studied and clarified.
Proposal-6: Agree on selecting option 2B for configuring multicast common frequency resources, due to the additional complexities involved in the use of option 2A related to BWP switching.
Configurations Related to MBS Frequency Region:

For option 2B, since the MBS frequency region is defined essentially as a set of contiguous PRBs within the dedicated unicast BWP, the UE needs to be informed about the starting PRB and length of the MBS frequency region. Here the starting PRB could be defined as a frequency resource offset (FRO) related to the starting PRB of the UE dedicated BWP. The length of PRBs – which indicate the size of the MBS CFR – could also be signaled along with the frequency resource offset parameter. The UE can utilize these UE-specific parameters in combination with the UE-dedicated unicast BWP to compute the MBS frequency resources. These parameters also enable the use of group-common PDCCH signaling, since the FDRA parameter can be adapted using the UE-specific parameters to compute the exact frequency domain resource assignments.
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Figure-1: MBS CFR configurations for two UEs.
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Figure-2: Constructing UE-specific FDRA from group-common PDCCH using FRO / Start PRB and MBS CFR Size.
Considering the scenario shown in Figure-1 where UEs 1 and 2 have different UE-dedicated BWP configurations with the MBS CFR configured within BWP-2 for UE-1 and BWP-3 for UE-2. Using the start PRB / FRO and MBS CFR size parameter, the UEs can adapt the FDRA configurations received using the group-common PDCCH DCI into UE-dedicated BWP specific resource allocations, as illustrated in Figure-2. Here we have considered both resource allocation type-0 and type-1, and we can observe that with these two parameters the UE will be able to determine appropriate resource assignments based on the MBS CFR size and starting PRB information.

There are multiple ways in which this information could be signaled to the UE, depending on the scenario considered:
· In the scenario where there is a single MBS frequency region defined per UE or even per cell, the starting PRB and length of the MBS frequency region could be signaled to the UE as part of the BWP (re-)configuration message.
· In the scenario where there are multiple common frequency regions – e.g., depending on the multicast service – the parameters could be signaled together with the group-common RNTI configuration.
Proposal-7: The key requirement for option 2B is to signal the starting PRB and the length of PRBs for the MBS CFR, whereas the signalling details could be RAN2 decision.
Unicast Reception in MBS CFR:

One of the key areas that requires further study is related to the question whether UE can be configured with no unicast reception within the MBS CFR region. For multicast traffic, the UEs are expected to be in connected state and hence it would be logical to assume that there would be unicast traffic scheduled within the UE-dedicated BWP where MBS CFR is located. But this does not imply that the unicast traffic needs to be scheduled within the CFR region. The scheduling of unicast traffic within the MBS CFR region might impose some scheduling restrictions on the gNB if e.g., resource allocation type-1 is utilized for broadcast traffic and simultaneously RA type-0 is used to allocate a set of non-contiguous resources for unicast users within the MBS CFR. If the same RA type is utilized for all UEs and traffic types this issue would not be occurring. Apart from this limitation, we could not observe any other limitation from configuring unicast reception within the MBS CFR. Hence, it would be important to discuss further the need to configure UEs with no unicast reception within the MBS CFR.
Observation-5: The motivation for configuring UEs with no unicast reception within the MBS CFR needs to be further clarified.
Multiple MBS CFR per UE:

The configuration of multiple MBS CFRs per UE, per UE dedicated unicast BWP was yet another topic that was discussed in the last meeting, which we believe requires separate considerations for multicast and broadcast traffic. 
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Figure-3: Multiple MBS CFRs per UE for different MBS services.

For multicast traffic, the common frequency resources which are shared across multiple UEs receiving the MBS traffic could be located non-contiguously within a UE-dedicated BWP, as shown in Figure-3. Here these multiple CFRs could be considered as different MBS BWPs based on previously discussed option 2A – where the maximum limit could be based on the limits set for MBS BWP, or simply different sets of contiguous PRBs with a start PRB and CFR size parameters defined for different MBS services. As we mentioned in [2], the motivation for having multiple dedicated BWPs for MBS traffic is still not clear to us, and this perhaps requires further discussions.

Observation-6: 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.
The configuration of multiple CFRs for broadcast traffic, with non-contiguous resources in the frequency domain would introduce significant complexity for the idle and inactive mode UEs, since the configuration of CFR for such UEs would require either a wider initial BWP or utilizing other solutions. But, as discussed in [3], there are potential benefits for idle/inactive UEs receiving broadcast traffic to be configured with multiple fully overlapped CFRs in terms of power saving and only utilize larger bandwidth when required.
Observation-7: For multicast traffic, the motivation for configuring multiple CFRs per UE requires further clarification, and for broadcast traffic, there are potential benefits in terms of power savings from having multiple overlapping CFRs configured per UE, depending on UE capabilities and traffic characteristics.

2.3 Semi-Persistent Scheduling for MBS
One of the key agreements during the previous meeting is related to the support of SPS group-common PDSCH for MBS for RRC_CONNECTED UEs. Related to this, one of the key questions is the use of group-common PDCCH or UE-specific PDCCH for SPS group-common PDSCH activation / deactivation. This question could be considered similar to the support for PTM scheme 1 and 2 for initial transmission for the dynamic scheduling scenario. Similar to our proposal for that scenario, we think that gNB needs to have the flexibility to utilize both group-common and UE-specific PDCCH for SPS group-common PDSCH activation / deactivation. The underlying motivation here – apart from the reasons highlighted for dynamic scheduling – is related to new users joining or users leaving the already ongoing SPS MBS sessions. In such scenarios, the use of group-common PDCCH alone for activating and deactivating an MBS session might not be practical. A key question related to the use of group-common PDCCH in this context is whether there is a need for defining a special group-common RNTI for SPS, which could be different from the one utilized for dynamic scheduling – similar to C-RNTI and CS-RNTI for unicast.
Proposal-8: Support both group-common PDCCH and UE-specific PDCCH for SPS group-common PDSCH activation / deactivation.
Proposal-9: Investigate further whether a special group-common RNTI needs to be defined for SPS vs. dynamic scheduling.

Currently 5G / NR supports up to eight semi-persistent scheduling configurations per BWP. The configurations mainly including periodicity of scheduling in the data channel / PDSCH, number of HARQ processes, MCS table to be utilized, HARQ codebook, PDSCH aggregation factor – in case of data repetition, etc. These configurations are signaled to the UE using RRC signaling and each configuration is identified using SPS configuration index. Each SPS configuration is enabled using the DCI – scrambled using CS-RNTI – with the SPS configuration index value embedded within the DCI. Regarding the support for more than one SPS group-common PDSCH configuration per UE, it would be logical to assume similar limits as the one currently defined for unicast SPS. The limitation in terms of the total number of SPS indexes could depend on how the configurations are signaled to the UE.

Proposal-10: Utilize limitations such as eight SPS configurations per BWP for group-common PDSCH SPS configurations per UE.

· It needs to be further studied whether the total number of SPS configurations should be limited independently for unicast and MBS.
One aspect that was marked as for further study in the previous meeting is the configuration of uplink feedback in case of SPS scheduled MBS transmissions. In our opinion, there is no necessity to specify anything specifically for SPS for MBS deviating from what is specified for SPS for unicast, irrespective of whether ACK / NACK or NACK-only feedback is used and whether this is transmitted UE-specific or group-common PUCCH resources, cf. [4]. The DCI-based (e.g. K1 and PRI) indication of a PUCCH resource for PTM HARQ feedback should as usual be relative to the corresponding PDSCH transmission.
Proposal-11: Inherit uplink feedback configuration for SPS-based MBS in straightforward manner from SPS for unicast in combination with uplink feedback configuration for non-SPS-based MBS.
Another aspect regarding SPS-based MBS that was marked as for further study in the previous meeting is the handling of retransmissions. Conventionally, SPS only provides pre-allocated resources for first HARQ transmissions while retransmissions are scheduled dynamically, i.e., by sending PDCCHs to indicate individual retransmissions.
However, our studies have shown that PTM in NR can be much more spectrally efficient, when operating with several HARQ transmissions per transport block, cf. Figure-4 below for some results on spectral efficiency (SE) in a dense-urban (IMT-2020 evaluation) scenario with 20 UEs per cell and a maximum of 8 HARQ transmissions per transport block.
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Figure-4 Spectral Efficiency of PTM with different AMC strategies.
The green dotted line shows the reference case of running adaptive modulation and coding (AMC) to meet a target BLER of 1% without any retransmissions, i.e., e.g. using SPS only and no dynamic scheduling of HARQ retransmissions at all. The blue dash-dotted line shows the SE performance for AMC configured with conventional settings from unicast. Even here, it is to be noted that the BLER of 30% applies to the worst UE in the cell, however, in total—due to uncorrelated error events of different UEs—the overall rate of retransmissions in a cell will be typically considerably higher than 30%. Accordingly, while SE of the PTM transmission itself is improved considerably, PDCCH savings of SPS for first transmissions only would already be quite limited. Further considerable improvements in spectral efficiency are achieved with an AMC scheme that relies heavily on HARQ retransmissions, cf. red solid curve. Here, approximately 80% of all PDSCH transmissions are in fact HARQ retransmissions, i.e., for every transport block there are on average 4 HARQ retransmissions. It is to be emphasized that this high rate of retransmissions—when averaged over a time in the order of 100ms—is in fact quite stable due to the fact that multiple UEs with uncorrelated error events contribute to this. 
Observation-8: Significantly higher spectral efficiency can be achieved when relying heavily on HARQ retransmissions compared to operation with conventional first HARQ transmission BLER targets for the worst UE in the cell.

Accordingly, it is highly desirable to harvest these SE gains, but it is also clear, that the conventional approach of using SPS only for first transmissions and dynamic scheduling for all HARQ retransmissions will not be an efficient solution due to the large share of HARQ retransmissions. Instead, a scheme that allows for HARQ retransmissions to be sent on SPS-allocated resources would be highly desirable to fully exploit SPS’s potential savings on PDCCH resource consumption. At the same time, dynamic allocation of additional resources for first transmissions or HARQ retransmissions should not be precluded for the sake of flexibility and efficiency.
Proposal-12: There should be a way to transmit retransmissions on SPS-allocated resources.
Specifically, we imagine that splitting the downlink grant signalling into two parts as follows would be beneficial:
· The SPS grant, as known already from unicast, is sent to allocate resources that might be used for first HARQ transmissions or HARQ retransmissions or possibly blind retransmissions. This is conventionally transmitted on the PDCCH when there is a need to activate / deactivate / modify the SPS grant.

· Additional information, e.g. a new data indicator, is transmitted along with each MBS data transmission on the PDSCH such that the UEs can decide whether to
· Start a fresh decoding attempt based on this transmission only, this being the first transmission for a transport block, or

· Combine this retransmission with previous (re-)transmission(s) for the same transport block and attempt decoding, or

· Avoid unnecessary decoding attempts, because this transmission belongs to a transport block that this UE has already decoded

Proposal-13: Possibilities to add in-band control signalling on PDSCH to facilitate retransmissions on SPS-allocated PDSCH resources should be studied.

2.4 MBS CFR Limitations
2.4.1 CORESET Limitations

Regarding the agreement on the CORESET for PTM transmission scheme 1, that the group-common PDCCH is configured within the CFR for group-common PDSCH, a key open question is related to the number of CORESET(s) for group-common PDCCH that should be configured within the CFR for group-common PDSCH. Currently there are up to 10 search space (SS) sets that could be configured per UE per BWP, where each SS set is associated with a single CORESET, with a maximum of three CORESETs configured per BWP. In order to minimize UE and gNB complexity and to ensure backward compatibility, it would be beneficial to maintain these limits for MBS as well. Thus, it would also be preferable to not define any explicit limits in terms of the number of CORESETs for group-common PDCCH that is allowed within the CFR for group-common PDSCH. The number of CORESETs configured within the MBS CFR could be left to gNB implementation, to be determined based on the control channel load of the MBS traffic.
Observation-9: It would be beneficial to maintain currently defined limits for the number of CORESETs, in order to minimize UE and gNB complexity and to ensure backward compatibility.
Proposal-14: There need not be any explicit limits in terms of the number of CORESETs for group-common PDCCH that is allowed within the CFR for group-common PDSCH, and the number of CORESETs configured within the MBS CFR should be left to gNB implementation.
2.4.2 BD / CCE Limits

Regarding BD / CCE limits for Rel-17 MBS, it was agreed to down select from the two options: 

· Option 1: 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.

· Option 2: For UEs supporting CA capability, the budget of BDs/CCEs of an unused CC can be used for group-common PDCCH to count the number of BDs/CCEs, which is similar to the method used for multi-DCI based multi-TRP in Rel-16.
Regarding the two options, we believe that they are essentially orthogonal to each other, while agreeing on option-2 would still require further clarifications to be agreed on the maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot per serving cell for UEs that do not support CA. Thus, it would be beneficial to agree on option-1, while still studying further about the impacts of option-2 for rel-17 MBS.
Proposal-15: Agree on option 1 as the baseline option for Rel-17 MBS and further study the impacts and benefits of introducing option-2.
2.5 Multiplexing Options
Regarding the various options for time and frequency domain multiplexing for the simultaneous reception of unicast PDSCH and group-common PDSCH in a slot based on UE capability for RRC_CONNECTED UEs, it was agreed to further study the following options:
· Case 1: support TDM between multiple TDMed unicast PDSCHs and one group-common PDSCH in a slot

· Case 2: support TDM among multiple group-common PDSCHs in a slot

· Case 3: support TDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot

· Case 4: support FDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot

· Case 5: support FDM among multiple group-common PDSCHs in a slot

Regarding the cases 1 – 3 related to TDM between one or more unicast and group-common PDSCHs in a slot, we do not foresee specific limitations with respect to group-common PDSCH. For these cases, the number of PDSCHs that could be supported within a slot should depend on currently defined limitations. Regarding FDM cases 4 and 5, as discussed in our contribution on reliability [4], we foresee limitations in terms of semi-static HARQ-ACK codebook design. Also, there would be constraints in terms of feedback resource availability in terms of the number of NACKs that could be sent on the available resources. Due to these reasons, we would prefer the support of TDM between one or more unicast and group-common PDSCHs, as compared to FDM.
Proposal-16: Agree not to introduce any new limitations / requirements in terms of the maximum number of PDSCHs in a slot simultaneously received per UE.
Proposal-17: Prioritize the support for TDM between one or more unicast and group-common PDSCHs over the FDM options.
2.6 MBS SS Type
For the search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, it was agreed to study further the following options:
· Option 1: Define a new search space type specific for multicast 

· Option 2: Reuse the existing CSS type(s) in Rel-15/16

· FFS (1): whether modifications are needed for multicast 

· Option 3: Reuse the existing USS in Rel-15/16 with necessary modifications for MBS

· FFS (2): detailed modifications 

As we discussed in [2], we believe that the search space for PTM scheme 1 for RRC_CONNECTED multicast users is intricately linked with the monitoring priority considerations. 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. Due to these factors, there is a need to further discuss and agree whether a new SS type (Option 1) should be defined for multicast. Some of the advantages from this approach would be the added flexibility in terms of monitoring priority and possible definition of a simplified PDCCH candidate Hash function. The new multicast SS (MSS) type could have a configurable priority: for e.g., CSS < MSS < USS or CSS < USS < MSS, where the priorities could be defined purely based on the SS index. The simplified PDCCH candidate Hash function could be similar to CSS with Yp,ns = 0.
Proposal-18: Discuss and agree on a new search space type with flexible monitoring priority and simplified PDCCH candidate Hash function.
On one hand, it may be considered relying on existing SS set types with possible modifications, without introducing new multicast-specific SS type, where:
· Option 2 is utilized 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. 
· Option 3 is utilized 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.
Proposal-19: 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 – with no modifications for multicast, and low-priority multicast services are configured in USS – with modifications.
An overview of the different SS type options for Rel-17 MBS is as summarized in Figure-5.
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Figure-5: Overview of SS set for group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state.

2.7 MBS SS Monitoring Priority
Regarding the monitoring priority of MBS search space set, it was agreed to study further the following options:
· Option 1: The monitoring priority of search space set for multicast is the same as existing Rel-15/16 CSS

· Option 2: The monitoring priority of search space set for multicast is the same as existing Rel-15/16 USS
As mentioned in the previous section related to SS type discussion, we prefer to have the SS type defined depending on the multicast service type. Thus, we foresee the use of both CSS and USS and the possible definition of a new multicast search space (MSS) for the group scheduling of multicast traffic. For CSS and USS it would be beneficial to reuse currently defined monitoring priorities. For MSS, it would be beneficial to have additional flexibility in terms of monitoring priority, and the priority could depend on the SS index. Thus, MSS could have higher or lower priority as compared to USS, depending on the multicast / broadcast traffic type.
Proposal-20: Agree to reuse existing Rel-15/16 monitoring priority framework for CSS and USS.
Proposal-21: Monitoring priority for the new multicast search space could be flexibly configured and should be based on the SS index.
3 Conclusions

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

4. 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

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

6. 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 the use of either PTM schemes 1 or 2.
Observation-3: Use of different schemes for initial transmission and retransmission would introduce significant complexity both at the gNB and UE in order to maintain the association between the transmission and retransmission of the same TB.

Observation-4: The key difference between option 2A and 2B is related to the RRC signalling of the common frequency resources:

· Option 2A requires the signalling of MBS specific BWP with parameters possibly taken from current BWP configurations.
· Option 2B requires the signalling of the MBS frequency region – in terms of the starting PRB and length of PRBs within each UE’s dedicated unicast BWP.
· The impact of option 2A on the number of BWPs that can be configured for a UE needs to be studied and clarified.
Observation-5: The motivation for configuring UEs with no unicast reception within the MBS CFR needs to be further clarified.

Observation-6: 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-7: For multicast traffic, the motivation for configuring multiple CFRs per UE requires further clarification, and for broadcast traffic, there are potential benefits in terms of power savings from having multiple overlapping CFRs configured per UE, depending on UE capabilities and traffic characteristics.

Observation-8: Significantly higher spectral efficiency can be achieved when relying heavily on HARQ retransmissions compared to operation with conventional first HARQ transmission BLER targets for the worst UE in the cell.

Observation-9: It would be beneficial to maintain currently defined limits for the number of CORESETs, in order to minimize UE and gNB complexity and to ensure backward compatibility.

Proposal-1: Agree to limit the PTM transmission schemes to currently defined schemes 1 and 2, and not investigate further schemes for dynamic scheduling as part of this WID.

Proposal-2: 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-3: 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-4: The network can dynamically modify the signalling used to configure a UE to access a group-common PDSCH.

Proposal-5: Agree to limit the transmission and retransmission of the same TB to using a single transmission scheme.

Proposal-6: Agree on selecting option 2B for configuring multicast common frequency resources, due to the additional complexities involved in the use of option 2A related to BWP switching.

Proposal-7: The key requirement for option 2B is to signal the starting PRB and the length of PRBs for the MBS CFR, whereas the signalling details could be RAN2 decision.

Proposal-8: Support both group-common PDCCH and UE-specific PDCCH for SPS group-common PDSCH activation / deactivation.

Proposal-19: Investigate further whether a special group-common RNTI needs to be defined for SPS vs. dynamic scheduling.

Proposal-10: Utilize limitations such as eight SPS configurations per BWP for group-common PDSCH SPS configurations per UE.

· It needs to be further studied whether the total number of SPS configurations should be limited independently for unicast and MBS.
Proposal-11: Inherit uplink feedback configuration for SPS-based MBS in straightforward manner from SPS for unicast in combination with uplink feedback configuration for non-SPS-based MBS.
Proposal-12: There should be a way to transmit retransmissions on SPS-allocated resources.
Proposal-13: Possibilities to add in-band control signalling on PDSCH to facilitate retransmissions on SPS-allocated PDSCH resources should be studied.

Proposal-14: There need not be any explicit limits in terms of the number of CORESETs for group-common PDCCH that is allowed within the CFR for group-common PDSCH, and the number of CORESETs configured within the MBS CFR should be left to gNB implementation.
Proposal-15: Agree on option 1 as the baseline option for Rel-17 MBS and further study the impacts and benefits of introducing option-2.
Proposal-16: Agree not to introduce any new limitations / requirements in terms of the maximum number of PDSCHs in a slot simultaneously received per UE.
Proposal-17: Prioritize the support for TDM between one or more unicast and group-common PDSCHs over the FDM options.

Proposal-18: Discuss and agree on a new search space type with flexible monitoring priority and simplified PDCCH candidate Hash function.
Proposal-19: 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 – with no modifications for multicast, and low-priority multicast services are configured in USS – with modifications.
Proposal-20: Agree to reuse existing Rel-15/16 monitoring priority framework for CSS and USS.

Proposal-21: Monitoring priority for the new multicast search space could be flexibly configured and should be based on the SS index.
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