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Introduction
[bookmark: _Hlk525462591]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]

This document, which covers the first objective related to group scheduling, mainly focuses on the topics for further study indicated as part of the agreements that were made as part of the RAN1-106-e meeting, and proposals that were discussed during the meeting and has not yet been agreed.

In section 2, we discuss our views on the above-mentioned agreements and proposals, 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.

Discussion on Group Scheduling Mechanism for 5G Multicast / Broadcast
MBS Common Frequency Region
In this section we will discuss aspects related to MBS common frequency region, specifically addressing further details, open issues and FFSs from the following agreements from RAN1-106-e meeting.
Agreement:
For indication of the starting PRB and the length of PRBs of CFR for multicast of RRC-CONNECTED UEs,
· the starting PRB is referenced to Point A, i.e., the starting PRB is a PRB determined by subcarrierSpacing of the associated BWP and offsetToCarrier corresponding to this subcarrier spacing, similar as how locationAndBandwidth of a BWP is indicated as described in TS 38.331.
· FFS: Indication mechanism.

Configurations Related to MBS Frequency Region:
Starting PRB and the number of PRBs
As presented in [2], 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) relative 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.
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.
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[bookmark: _Ref78886348]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.
Proposal-1: The key requirement for receiving multicast data using group common PDCCH is to signal the starting PRB as a frequency resource / PRB offset parameter, and the length of PRBs or CFR size for the MBS CFR.
Note: The signaling details of these parameters could be RAN2 decision.
Relation between MBS CFR, Broadcast CFR and Initial BWP:
It was agreed to further study the CFR association with the initial BWP and the scenario where CFR is larger than the initial BWP. Here it is important to clarify the fact that the initial BWP is configured using SIB1 and could be used for initial access RRC connection is established. Whereas, the CFR is configured using RRC configurations after initial access and establishing the RRC connection, in order to receive multicast traffic for RRC-CONNECTED UEs. Hence, the need to correlate CFR and initial BWP is not clear in the context of this working assumption. CFR could be overlapping in the frequency domain with initial BWP – in case UE is simultaneously receiving broadcast and multicast traffic. But such associations could be left to gNB implementation.
Observation-1: Initial BWP is configured using SIB1 and could be used for initial access RRC connection is established, and CFR is configured using RRC configurations after initial access and establishing the RRC connection, in order to receive multicast traffic.
Observation-2: If a case UE is simultaneously receiving broadcast and multicast traffic, the CFR could be overlapping in the frequency domain with initial BWP.
Proposal-2: The association between multicast CFR, broadcast CFR, and initial BWP should be left to gNB implementation.
If a UE is receiving only multicast traffic, the size of the CFR configured for the UE would depend on the requirements of the multicast traffic that is scheduled on the CFR. If the UE is receiving both multicast and broadcast traffic simultaneously, where the broadcast traffic is scheduled over the initial BWP there might be scenarios where the CFR is configured larger than the initial BWP. However, it is important to note that the association of CFR is with the UE’s dedicated unicast BWP and not the initial BWP. Thus, the size of the CFR relative to the initial BWP could also be left to gNB implementation. It is also important to note that even for broadcast traffic reception for UEs in idle/inactive the common frequency resources may not be mandated to be directly related to the initial BWP.
Observation-3: The association of CFR is with the UE’s dedicated unicast BWP and not the initial BWP.
Proposal-3: The size of the CFR relative to the initial BWP could also be left to gNB implementation.
Issues Related to Simultaneous Broadcast and Unicast Reception
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Figure 3 MBS CFR and BC MTCH/MCCH CFR.
As part of the RAN1 group scheduling discussions, it was agreed that MBS CFR for multicast would be confined within the UE’s dedicated unicast bandwidth part, which is configured after UE establishes RRC connection with the gNB. However, most of the discussions related to broadcast CFR has been in relation to the UE’s initial BWP, the configuration of which is received using SIB1 before RRC connection is established. A related agreement is as shown below:
Agreement: For broadcast reception, RRC_IDLE/RRC_INACTIVE UEs can use a configured/defined CFR with the same size as the initial BWP, where the initial BWP has the same frequency resources as CORESET0 (i.e., Case A), to receive GC-PDCCH/PDSCH carrying MCCH. 
· Note: GC-PDCCH/PDSCH transmission within a narrower portion of the Initial BWP (where the initial BWP has the same frequency resources as CORESET0) is possible by implementation via appropriate scheduling.
This raises the question whether for a UE receiving both multicast and broadcast services simultaneously, the broadcast CFR and multicast CFR need to be overlapping. Consider the scenario shown in the figure above where UE-1 and UE-2 are receiving only multicast services and hence are configured with the multicast CFR, UE-3 receives only broadcast service and hence is configured only with the initial / broadcast CFR and UE-4 receives both multicast and broadcast services. Here there are two possible alternatives for UE-4: (1) configure a single MBS CFR encompassing the initial / BC CFR and multicast CFR (shown as Alt1 in figure), or (2) configure two different CFRs and associated CORESETs where the UE could monitor BC CFR during DRX periods based on UE implementation (shown as Alt2 in figure). Using alternative (1) could lead to significantly wide BWPs configured for the UE, which might negate the energy saving benefits gained from using the BWP concept.
Observation-4: Broadcast and multicast or unicast can be on separate BWPs – with broadcast CFR associated with initial BWP / CORESET0, and multicast or unicast associated with UE’s dedicated unicast BWP, if a UE is receiving different services simultaneously.
Proposal-4: Agree to support independent configuration of CFRs and associated BWPs for simultaneous reception of broadcast and multicast / unicast.
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Figure 4 Autonomous BWP switching between MBS CFR / unicast BWP and initial BWP / BC CFR for simultaneous broadcast and multicast/unicast reception.
One possible alternative for UEs receiving broadcast and multicast/unicast traffic simultaneously is to configure the UE-dedicated BWP and associated MBS CFR for multicast separately from the initial BWP where BC CFR would be scheduled. Once the UE sends broadcast service interest indication to the gNB, the gNB would be aware of the fact that UE is receiving these service simultaneously and can configure DRX periods overlapping with the time periods where BC traffic is scheduled, thereby enabling the UE to autonomously switch between the unicast BWP / MBS CFR and initial BWP / BC CFR. Such an autonomous BWP switching could be left to UE implementation, and could be triggered using the inactivity timer or a new MAC CE DRX command. However, as shown in the figure above, if the broadcast transmission is stopped on the initial BWP / BC CFR while the UE is in the dedicated unicast BWP, it would be beneficial to inform UE within the unicast BWP in order to avoid unnecessary BWP switching.
Proposal-5: Autonomous switching between broadcast CFR and unicast dedicated BWP which might also contain the multicast CFR could be left to UE implementation.
Proposal-6: Support for independent configuration of broadcast CFR and unicast BWP require enhanced signaling to avoid unnecessary BWP switching.
Semi-Persistent Scheduling for MBS
In this section we will discuss aspects related to MBS support of SPS, specifically addressing further details, open issues and FFSs from the following agreements from RAN1-106-e meeting.
Agreement:
If a SPS-config for MBS is configured in CFR, one G-CS-RNTI is associated with the SPS-config.
· FFS: Multiple G-CS-RNTIs associated with one SPS-config

[High] Updated Proposal 4-3: 
For reliability of the group-common PDCCH activation of SPS group-common PDSCH, both Alt 1 and Alt 2 are supported.
· Alt 1: retransmit the activation command via group-common PDCCH.
· Alt 2: retransmit the activation command via UE-specific PDCCH.
· For SPS GC-PDSCH corresponding to a SPS activation PDCCH and SPS release PDCCH, only ACK/NACK based HARQ-ACK feedback is supported, irrespective of the HARQ-ACK feedback method used for SPS GC-PDSCH without PDCCH scheduling

Association of SPS Config and G-CS-RNTI(s):
Currently 5G / NR supports up to 8 semi-persistent scheduling configurations per bandwidth part (BWP). The configurations (SPS-config) mainly includes the 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. Assuming that a unique G-CS-RNTI is defined for multicast SPS for a particular multicast service, currently there is no limitation in the specifications that would prevent the same SPS-config index to be used by different G-CS-RNTIs to activate a particular SPS pattern.
Observation-5: Currently there is no limitation in the specifications that would prevent the same SPS-config index to be used by different G-CS-RNTIs to activate a particular SPS pattern.
Proposal-7: Multiple G-CS-RNTIs can be associated with one SPS-config index.

Missed Activation/Deactivation:
One of the key issues with the use of group-common PDCCH for activating or deactivating SPS group-common PDSCH is the possibility of missed PDCCH signaling messages. This issue could be handled using blind repetition of the SPS group-common PDCCH activation / deactivation messages – in case NACK-only feedback is utilized, or using UE-specific PDCCH for SPS group-common PDSCH – if ACK/NACK feedback option is used. If the UE-specific PDCCH is used for SPS group-common PDSCH, there needs to be an association between the CS-RNTI and group-common G-CS-RNTI using higher layer signaling.
Proposal-8: For reliability of the group-common PDCCH activation of SPS group-common PDSCH, support Alt 1 whereby missed SPS activation/deactivation could be handled using blind repetition of the SPS group-common PDCCH activation / deactivation messages – in case HARQ NACK-only feedback is utilized, and both Alt 1 and Alt 2 using UE-specific or group-common PDCCH for SPS group-common PDSCH – if HARQ ACK/NACK feedback option is used.
Observation-6: If the UE-specific PDCCH is used for SPS group-common PDSCH, there needs to be an association between the CS-RNTI and group-common G-CS-RNTI using higher layer signaling.
Proposal-9: RAN2 to consider how to associate CS-RNTI and group-common G-CS-RNTI using higher layer signaling when UE-specific PDCCH is used for SPS group-common PDSCH.

UE-specific PDCCH for SPS and Dynamic Scheduling:
One of the key issues raised from the working assumption from RAN1-104e was related to the support of UE-specific PDCCH for SPS. 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. Similar arguments could be applied to SPS as well, where both group-common and UE-specific PDCCH could be used to active the SPS configuration. 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-7: 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 signaling 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
4. For SPS, it ensures the reliable reception of the SPS activation, deactivation and modification messages.
Observation-8: In order to support both signaling options to access the same group-common PDSCH, new signaling 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 signaling the PDCCH information associated with the group-common PDSCH in an optimal manner. 
Proposal-9: For RRC_CONNECTED UEs, support UE-specific PDCCH with CRC scrambled by a C-RNTI for dynamic scheduling and CS-RNTI for SPS, to schedule a group-common PDSCH, where the scrambling of the group-common PDSCH is based on a common RNTI.
Proposal-10: The same group-common PDSCH for PTM transmission can be simultaneously accessed by:
· A set of UEs using the same group-common PDCCH with CRC scrambled by a group-common RNTI – such as G-CS-RNTI / G-RNTI, or
· A set of UEs, where each UE uses a UE-specific PDCCH with CRC scrambled by a C-RNTI or CS-RNTI
Proposal-11: The network can dynamically modify the signaling using Alt 1 / group-common or Alt 2 / UE-specific PDCCH to configure a UE to access a group-common PDSCH.

Uplink Feedback for SPS:
In our opinion, there is no necessity to specify anything specifically for HARQ feedback for semi-persistently scheduled 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 on UE-specific or group-common PUCCH resources, cf. [3]. The indication of a PUCCH resource for PTM HARQ feedback should as usual be based on n1PUCCH-AN and be timed via PDSCH-to-HARQ_feedback timing indicator (K1) or dl-DataToUL-ACK field relative to the corresponding PDSCH transmission. However, mechanisms to reliably activate / deactivate SPS for MBS are required and discussed in [3].
Observation-9: Configuration of uplink HARQ feedback for SPS-based MBS can be inherited from SPS for unicast in combination with uplink feedback for non-SPS-based MBS.
Optimized Handling of SPS Retransmissions:
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 5 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.
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, i.e., link adaptation is performed so as to control the BLER after the first transmission and before HARQ retransmissions; in particular, the 1st transmission BLER of the worst UE in a cell is controlled to not exceed 30%. However, even here, 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, the link adaptation controls the residual BLER, i.e., after the last HARQ transmission, of the worst UE in the cell to not exceed 1%. With this configuration, approximately 80% of all PDSCH transmissions are in fact HARQ retransmissions, i.e., for every transport block there are on average 4 HARQ retransmissions. 
Observation-10: 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 also in case of SPS, 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. It is to be emphasized that the above-mentioned 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, thereby limiting the loss in efficiency that may appear due to potentially unused resources that were reserved for SPS retransmissions in case of limited rate traffic.
Proposal-12: Support HARQ retransmissions on SPS-allocated resources.
Specifically, we imagine that splitting the downlink grant signaling into two parts as follows would be beneficial, cf. Figure 2:
· 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 been decoded
Proposal-13: Support in-band control signaling on PDSCH to facilitate retransmissions on SPS-allocated PDSCH resources.
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[bookmark: _Ref79065693]Figure 5 Spectral Efficiency of PTM with different AMC strategies.
In particular, we feel that a slightly modified definition of the new data indicator would be superior to the conventional definition that toggles between 1 and 0 for 1st transmissions and HARQ retransmissions, respectively. We propose to instead toggle the NDI from transmissions belonging to one MAC PDU to transmissions belonging to the next MAC PDU and to do that on a per-HARQ process basis. For illustration of the scheme—for one HARQ process only—and its advantages see Figure 2 and Figure 3, respectively. The advantages of the modified NDI definition lie in the consequences of an NDI decoding error: [bookmark: _Ref58838750]Figure 6 Proposed scheme of split control signaling for retransmissions in SPS.

· If an error occurs on the NDI in the first PDSCH of a TB, this PDSCH is lost, but it doesn’t do any other harm, in particular not to the previous TB. (The UE would never succeed in trying to decode that previous TB anyway, as the gNB apparently has no intention to send any more retransmissions on the preceding TB.)
· Here lies the clear advantage over the conventional NDI design. In the latter case, the UE would not be able to decode the TB, because it missed the point indicating PDSCH transmissions corresponding to a new TB.
· If an NDI in some PDSCH other than the 1st or the last for a given TB is in error, e.g., the 2nd PDSCH for a TB, the preceding PDSCH transmissions (in our example the 1st) for the current TB is wasted for the decoding process of the given UE if the TB has not been decoded by the UE based on the preceding PDSCH(s), yet.
· The PDSCH with the wrong NDI will also be wasted, as the UE would attempt a fresh decoding attempt based on this PDSCH assuming that it is the 1st HARQ transmission of a new PDU. However, this does not do any terminal harm to the UE’s attempt to decode the TB that this PDSCH actually belongs to, because when the NDI is correct in the subsequent PDSCH(s) decoding effectively starts from the next (in our example the 3rd) PDSCH of the TB. In this case, of course, the number of PDSCHs based on which the UE can try to decode the TB is reduced (by 2 in our example). In case a UE succeeds in decoding the PDSCH when the NDI is an error or based on PDSCHs prior to the NDI error, then duplicates occur that will be filtered out at higher layers.
· If the NDI error occurs in the last PDSCH of a TB then there will be a problem with decoding the next TB, because the UE would always include some completely wrong soft bits from a PDSCH belonging to the previous TB in the decoding.
· Accordingly, the UE will keep sending NACKs and hence receiving more HARQ retransmissions until the maximum number  of allowed HARQ transmissions is reached.
· If the UE knows , the UE realizes eventually that it has received too many subsequent PDSCHs with the same NDI value and can then attempt decoding using only the buffered signals / soft bits of the last valid  PDSCHs. Probability of decoding would not be impacted by the original NDI error. The only harm done was that this NDI error might have triggered a number of HARQ retransmissions that would not have been needed if there had not been that NDI error on the last PDSCH of the previous TB.[bookmark: _Ref59002776]Figure 7 Illustration of operation with modified NDI with multiple receiving UEs.


Observation-11: The conventional NDI definition is not ideal in terms of the impact that an NDI decoding error has on the reliability of the MBS data delivery via SPS, especially when the NDI error occurs on the first transmission of a MAC PDU.
Proposal-14: At least for delivery of MBS traffic over SPS allocated resources, a new NDI definition is used that is toggled between HARQ transmissions belonging to one MAC PDU to HARQ transmissions belonging to the next MAC PDU on the same HARQ process. Further enhancements of in-band control signaling in case of SPS are FFS.
Additional discussions related to the reliability and uplink feedback topics have been presented in [3].
DCI Formats and Size Budget
In this section we will discuss aspects related to DCI formats for MBS, specifically addressing further details, open issues and FFSs from the following agreements from RAN1-106-e meeting.
Agreement:
The second DCI format for GC-PDCCH uses the same fields as DCI format 1_1 with the following modifications:
· At least ‘Identifier for DCI formats’ and ‘SRS request’ are not needed.
· FFS whether the fields should be ignored and reserved, or should be removed.
· Note: At least the configurable fields in DCI format 1_1 remain configurable for the second DCI format

Agreement:
For FDRA determination of the first DCI format for GC-PDCCH, down-select from Option 2 and updated Option 3.
· Option 2:
· 
 is given by
· the size of CORESET 0 if CORESET 0 is configured for the cell; and
· the size of initial DL bandwidth part if CORESET 0 is not configured for the cell.
· For resource indication value (RIV) of downlink resource allocation type 1, the similar scheme as for the case that the DCI size for DCI format 1_0 in USS is derived from the size of DCI format 1_0 in CSS but applied to an active BWP is used.
· FFS details, e.g., if the size of CFR (i.e. ) is larger than the size of CORESET0/initial DL bandwidth part, the resource indication value (RIV) is defined as in section 5.1.2.2.2 in TS38.214, where K is the maximum value from set {1, 2, 4, 8} which satisfies ;otherwise, 
· 
Option 3:  is given by the size of CFR in the active DL BWP
· If the size of the first DCI format for GC-PDCCH prior to truncation is larger than the size of DCI format 1_0 monitored in CSS, the bit width of the FDRA field in the first DCI format for GC-PDCCH is reduced by truncating the first few most significant bits such that the size of the first DCI format for GC-PDCCH equals the size of DCI format 1_0 monitored in CSS.
· FFS: Whether the removed/reserved fields can be repurposed for FDRA
· FFS: Solution for the case where the size of the first DCI format for GC-PDCCH prior to padding is smaller than the size of DCI format 1_0 monitored in CSS.

Configurable Field Size for second DCI format for GC-PDCCH:
From our perspective, we do support the need for configuring the size of the second DCI format due to different size estimates for different UEs, as proposed during the email discussions in RAN1-106.
[High] Updated Proposal 2-8: The size of the second DCI format for multicast can be configured by RRC signaling for RRC_CONNECTED UEs (similar as the configuration for the size alignment among DCI format 2_0/2_1/2_4/2_5/2_6).
· It is up to network implementation to ensure different UEs in the same MBS group have the same understanding on the configurable DCI fields of the second DCI format for multicast.
This is due to the fact that different UEs receiving multicast traffic might have different higher layer configurations, and it would be sub-optimal for the gNB to align these configurations simply for aligning the size of the estimated multicast DCI size. However, we do not support the use of network implementation for ensuring all the UEs within a multicast group having a common understand on the configurable DCI fields. 


If we consider a scenario where UE-A has number of DL BWPs  configured by higher layers = 3 and UE-B has the same parameter as 1. This would imply that UE-A and UE-B has two different understanding regarding the BWP indicator field (‘bitwidth for this field is determined as bits’ [4]). Thus, even when the overall size of the second DCI format – which could included padded bits is signaled by to the UE, different UEs receiving the DCI would have different understanding of the individual fields within the received DCI.
If UE-A is part of an ongoing multicast session to which UE-B joins at a later point in time, either (a) the gNB should (re-)configure via RRC UE-B with two additional BWPs, just so that both UEs have the same interpretation of the size of the DCI field ‘Bandwidth part indicator’; or (b) the gNB could configure the size of these variable size fields separately for multicast, as compared to unicast, so that all UEs have the same understanding of the payload bits within the configured overall DCI size. Due to these considerations, we believe that the configurable fields in the second DCI format should either be configured separately for multicast as compared to unicast or a fixed size needs to be signaled to the UE for these fields so that all the UEs receiving the multicast DCI will have the same estimated size for the second DCI format.
Proposal-15: The size of the second DCI format for multicast can be configured by RRC signaling for RRC_CONNECTED UEs, with the size of configurable fields within the DCI format configured separately for multicast.
Bitlength of FDRA Field:
The following agreement was made as part of RAN1-103-e meeting:
Agreements: For PTM transmission scheme 1, if Option 2A or Option 2B for common frequency resource for group-common PDCCH/PDSCH is agreed, the FDRA field of group-common PDCCH is interpreted based on the common frequency resource.
Thus, it has already been agreed that the bitlength of the FDRA field needs to be interpreted based on the CFR size. However, there is an issue when DCI format 1_0 is used since based on the current specifications, it is defined that for this particular DCI format monitored using a common search space, the size of the FDRA field is determined by the size of CORESET 0 (if configured) or initial DL BWP [4]:

-	Determine DCI format 1_0 monitored in a common search space according to clause 7.3.1.2.1 where  is given by
-	the size of CORESET 0 if CORESET 0 is configured for the cell; and
-	the size of initial DL bandwidth part if CORESET 0 is not configured for the cell.
However, it is important to note that the search space type agreed for multicast group-common PDCCH has slightly different characteristics than common search space – in terms of monitoring priorities. Such a search space could be considered as a multicast search space rather than the traditional common search space. Hence, it could be straightforward to assume that if the UE is configured to monitor DCI format 1_0 using multicast search space, the UE should assume that the FDRA field of the DCI scheduled using this search space could have different characteristics as compared to the one currently defined. Also, there are unused fields within the DCI that could be reused for the FDRA field.
Observation-12: Search space defined for multicast has different characteristics in terms of monitoring priority as compared to currently defined common search space.
Proposal-16: UE should assume that the FDRA field of the DCI format 1_0 scheduled within a multicast search space is dimensioned based on the size of the CFR located within the active DL BWP.
Proposal-17: Unused or reserved fields that are used for the first DCI format of GC-PDCCH could be repurposed for FDRA field.
Differentiating PTP and PTM Retransmissions:
As presented in [2], in our opinion the fields ‘Identifier for DCI formats’, ‘TPC command for scheduled PUCCH’ are not required for both DCI formats 1_0 and 1_1 which are agreed as baseline for the group-common PDCCH. Furthermore, the fields such as ‘Carrier indicator’ and ‘Bandwidth part indicator’ are not necessary for DCI format 1_1 since cross-carrier scheduling and bandwidth part switching will not be utilized for group-common PDCCH, since it was agreed that the CORESET for multicast would be confined within the CFR which in turn is located within the UE’s unicast BWP.
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[bookmark: _Ref78886208]Figure 8 HARQ feedback issue for missed PTM scheme 1 initial transmission.
However, an issue related to the use of PTP retransmission for PTM scheme 1 initial transmission was highlighted during the previous meeting, in the context of using certain HARQ-ACK codebooks which might cause the gNB to erroneously assume the reception of a NACK feedback from the UE when the UE missed the reception of the initial PTM scheme 1 transmission [5]. The issue is as summarized in Figure 8 above, where UEs 1 and 2 are receiving PTP transmissions using the same HARQ process ID. UE-1 sends NACK for its initial PTP transmission and sends NACK for the retransmission. At this same time instance, UE-2 receives PTP initial transmission for which it sends an ACK. The gNB then reuses the same HARQ process ID 1 to send an initial transmission using PTM scheme 1 and sends retransmission based on the erroneous assumption that UE-2 sent NACK feedback. In order to address this issue, the following agreement was made:
Agreement:
For HARQ process management, further study whether/how to differentiate the HARQ process ID used for PTP (re)transmission for unicast and PTP retransmission for multicast.
As discussed here, considering the fact that there are several fields within DCI formats 1_0 and 1_1 that are currently unused, such as ‘Identifier for DCI formats’, ‘TPC command for scheduled PUCCH’ for both DCI formats 1_0 and 1_1, and fields such as ‘Carrier indicator’ and ‘Bandwidth part indicator’ are not necessary for DCI format 1_1, these fields could be repurposed to indicate to the UE whether the HARQ process ID is used for PTP (re)transmission for unicast and PTP retransmission for multicast.
Proposal-18: Repurpose existing unused fields such as ‘Identifier for DCI formats’, ‘TPC command for scheduled PUCCH’ for both DCI formats 1_0 and 1_1, and ‘Carrier indicator’ and ‘Bandwidth part indicator’ for DCI format 1_1, for indicating PTP retransmission of PTM initial transmission.
[bookmark: _Hlk78634279]Here it is important to note that the NDI toggling in the DCI between transmissions and retransmissions cannot be applied for multicast. In the figure, UE-1 and UE-2 would have different values for NDI if toggling is applied. Thus, a mechanism similar to SPS where NDI=1 indicates new transmission and NDI=0 indicating retransmission needs to be utilized.
Observation-13: NDI toggling between transmissions and retransmissions within the group-common DCI having the same HARQ process ID cannot be applied for multicast.
Proposal-19: For multicast, mechanism similar to SPS needs to be utilized where NDI=1 in the group-common DCI indicates new transmission and NDI=0 indicating retransmission.
The scheduling of DCI format 1_0 using a common search space is already supported, however DCI format 1_1 is always scheduled using UE-specific search space. For PTM scheme 1, both DCI formats 1_0 and 1_1 would be scheduled using the new common / multicast search space. Currently it is unclear whether the PTP retransmissions of the PTM scheme 1 initial transmission would be scheduled using UE-specific search space or the new common / multicast search space. If DCI format 1_1 is used for PTP retransmissions of the PTM scheme 1 initial transmission and the new common / multicast search space is used for scheduling the retransmissions, then it would be straightforward for the UE to assume that the received TB is actually the PTP retransmission of PTM traffic.
Observation-14: In the scenario where DCI format 1_1 is used for PTP retransmissions of the PTM scheme 1 initial transmission and the new common / multicast search space is used for scheduling the retransmissions, it would be straightforward for the UE to assume that the received TB is actually the PTP retransmission of PTM traffic.
Proposal-20: Clarify whether PTP retransmission of PTM scheme 1 initial transmission would be scheduled using CSS or USS.
MBS SS Type and Monitoring Priority
In this section we will discuss aspects related to MBS SS types and monitoring priority related issues, specifically addressing further details, open issues and FFSs from the following agreements from RAN1-106-e meeting. We also consider a proposal that was made during the email discussions, but has not yet been agreed.
Agreement:
For CSS of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, Alt 2 is supported:
· Alt 2: support a Type-x CSS
· The monitoring priority of Type-x CSS is determined based on the search space set indexes of the Type-x CSS set and USS sets, regardless of which DCI format of group-common PDCCH is configured in the Type-x CSS.
FFS: Whether the Type-x CSS is a Type-3 CSS
[High] Updated Proposal 2-3: 
For type-x CSS for GC-PDCCH in RRC_CONNECTED state, Option 2 is supported.
· Option 2: The type-x CSS is a new type CSS

As discussed before, one of the most important ways in which the CSS type is relevant is related to DCI format 1_0 and associated FDRA field size determination. Since currently defined CSS creates a specific interpretation for the FDRA field for the fallback DCI format 1_0, it would be beneficial to define a new type of CSS which could be also called a multicast search space, allowing the definition of the FDRA field for this search space when DCI format 1_0 is used.
Proposal-21: Define a new type-x CSS or multicast search space with differentiated monitoring priority based on SS index and FDRA field size of the downlink DCIs associated with this search space calculated based on the size of the CFR.
Alternative Means of Configuring Type-x CSS:
[image: ]
[bookmark: _Ref83817484]Figure 9 Alternative means for configuring type-x CSS without defining new CSS type
While defining a new search space type to be signaled using RRC to the UE is the most straightforward approach to enable the UE to apply the differentiated monitoring priority, since there was some opposition to agreeing on this proposal during the RAN1-106e email discussions, we considered some alternate approaches for configuring type-x CSS, without defining a new SS type. The approaches summarized in Figure 9 are as follows:
1. Apply monitoring priority based on type-x for SS indexes configured using pdcch-config, with GC-PDCCH DCI formats with associated CORESETs fully contained within MBS CFR
2. Apply monitoring priority based on type-x for SS indexes configured using pdcch-config-mbs, assuming pdcch-config-mbs will configure only multicast SS sets.
3. Reserve specific SS indexes as type-x CSS using higher layer signaling 
[image: ]
Figure 10 CORESET location based monitoring priority determination.
For the first and second approach, if the gNB does not have any additional signaling related to monitoring priority rules, the UE would apply the type-x CSS based monitoring priority rule, as long as the first and second DCI formats for GC-PDCCH are configured for a given SS set. The third approach has the limitation that specific SS indexes need to be reserved for multicast, with the type-x CSS based monitoring priority.
Observation-15: The UE could interpret type-x CSS based monitoring priority based on the DCI formats configured for a SS set, the CORESET resources overlapping with MBS CFR or based on explicit SS set reservation using higher layer signaling.
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: Initial BWP is configured using SIB1 and could be used for initial access RRC connection is established, and CFR is configured using RRC configurations after initial access and establishing the RRC connection, in order to receive multicast traffic.
Observation-2: If a case UE is simultaneously receiving broadcast and multicast traffic, the CFR could be overlapping in the frequency domain with initial BWP.
Observation-3: The association of CFR is with the UE’s dedicated unicast BWP and not the initial BWP.
Observation-4: Broadcast and multicast or unicast can be on separate BWPs – with broadcast CFR associated with initial BWP / CORESET0, and multicast or unicast associated with UE’s dedicated unicast BWP, if a UE is receiving different services simultaneously.
Observation-5: Currently there is no limitation in the specifications that would prevent the same SPS-config index to be used by different G-CS-RNTIs to activate a particular SPS pattern.
Observation-6: If the UE-specific PDCCH is used for SPS group-common PDSCH, there needs to be an association between the CS-RNTI and group-common G-CS-RNTI using higher layer signaling.
Observation-7: 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 signaling 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
4. For SPS, it ensures the reliable reception of the SPS activation, deactivation and modification messages.
Observation-8: In order to support both signaling options to access the same group-common PDSCH, new signaling 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-9: Configuration of uplink HARQ feedback for SPS-based MBS can be inherited from SPS for unicast in combination with uplink feedback for non-SPS-based MBS.
Observation-10: 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-11: The conventional NDI definition is not ideal in terms of the impact that an NDI decoding error has on the reliability of the MBS data delivery via SPS, especially when the NDI error occurs on the first transmission of a MAC PDU.
Observation-12: Search space defined for multicast has different characteristics in terms of monitoring priority as compared to currently defined common search space.
Observation-13: NDI toggling between transmissions and retransmissions within the group-common DCI having the same HARQ process ID cannot be applied for multicast.
Observation-14: In the scenario where DCI format 1_1 is used for PTP retransmissions of the PTM scheme 1 initial transmission and the new common / multicast search space is used for scheduling the retransmissions, it would be straightforward for the UE to assume that the received TB is actually the PTP retransmission of PTM traffic.
Observation-15: The UE could interpret type-x CSS based monitoring priority based on the DCI formats configured for a SS set, the CORESET resources overlapping with MBS CFR or based on explicit SS set reservation using higher layer signaling.

Proposal-1: The key requirement for receiving multicast data using group common PDCCH is to signal the starting PRB as a frequency resource / PRB offset parameter, and the length of PRBs or CFR size for the MBS CFR.
Note: The signaling details of these parameters could be RAN2 decision.
Proposal-2: The association between multicast CFR, broadcast CFR, and initial BWP should be left to gNB implementation.
Proposal-3: The size of the CFR relative to the initial BWP could also be left to gNB implementation.
Proposal-4: Agree to support independent configuration of CFRs and associated BWPs for simultaneous reception of broadcast and multicast / unicast.
Proposal-5: Autonomous switching between broadcast CFR and unicast dedicated BWP which might also contain the multicast CFR could be left to UE implementation.
Proposal-6: Support for independent configuration of broadcast CFR and unicast BWP require enhanced signaling to avoid unnecessary BWP switching.
Proposal-7: Multiple G-CS-RNTIs can be associated with one SPS-config index.
Proposal-8: For reliability of the group-common PDCCH activation of SPS group-common PDSCH, support Alt 1 whereby missed SPS activation/deactivation could be handled using blind repetition of the SPS group-common PDCCH activation / deactivation messages – in case HARQ NACK-only feedback is utilized, and both Alt 1 and Alt 2 using UE-specific or group-common PDCCH for SPS group-common PDSCH – if HARQ ACK/NACK feedback option is used.
Proposal-9: RAN2 to consider how to associate CS-RNTI and group-common G-CS-RNTI using higher layer signaling when UE-specific PDCCH is used for SPS group-common PDSCH.
Proposal-9: For RRC_CONNECTED UEs, support UE-specific PDCCH with CRC scrambled by a C-RNTI for dynamic scheduling and CS-RNTI for SPS, to schedule a group-common PDSCH, where the scrambling of the group-common PDSCH is based on a common RNTI.
Proposal-10: The same group-common PDSCH for PTM transmission can be simultaneously accessed by:
· A set of UEs using the same group-common PDCCH with CRC scrambled by a group-common RNTI – such as G-CS-RNTI / G-RNTI, or
· A set of UEs, where each UE uses a UE-specific PDCCH with CRC scrambled by a C-RNTI or CS-RNTI
Proposal-11: The network can dynamically modify the signaling using Alt 1 / group-common or Alt 2 / UE-specific PDCCH to configure a UE to access a group-common PDSCH.
Proposal-12: Support HARQ retransmissions on SPS-allocated resources.
Proposal-13: Support in-band control signaling on PDSCH to facilitate retransmissions on SPS-allocated PDSCH resources.
Proposal-14: At least for delivery of MBS traffic over SPS allocated resources, a new NDI definition is used that is toggled between HARQ transmissions belonging to one MAC PDU to HARQ transmissions belonging to the next MAC PDU on the same HARQ process. Further enhancements of in-band control signaling in case of SPS are FFS.
Proposal-15: The size of the second DCI format for multicast can be configured by RRC signaling for RRC_CONNECTED UEs, with the size of configurable fields within the DCI format configured separately for multicast.
Proposal-16: UE should assume that the FDRA field of the DCI format 1_0 scheduled within a multicast search space is dimensioned based on the size of the CFR located within the active DL BWP.
Proposal-17: Unused or reserved fields that are used for the first DCI format of GC-PDCCH could be repurposed for FDRA field.
Proposal-18: Repurpose existing unused fields such as ‘Identifier for DCI formats’, ‘TPC command for scheduled PUCCH’ for both DCI formats 1_0 and 1_1, and ‘Carrier indicator’ and ‘Bandwidth part indicator’ for DCI format 1_1, for indicating PTP retransmission of PTM initial transmission.
Proposal-19: For multicast, mechanism similar to SPS needs to be utilized where NDI=1 in the group-common DCI indicates new transmission and NDI=0 indicating retransmission.
Proposal-20: Clarify whether PTP retransmission of PTM scheme 1 initial transmission would be scheduled using CSS or USS.
Proposal-21: Define a new type-x CSS or multicast search space with differentiated monitoring priority based on SS index and FDRA field size of the downlink DCIs associated with this search space calculated based on the size of the CFR.
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