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	Introduction
In this contribution, we provide our view on the outstanding issues for group scheduling for NR MBS, based on the agreements made up to RAN1#106b-e. 
[bookmark: _Ref178064866]	Discussion
Transmission mode for MBS
Rules for HARQ process NDI toggling and number of HARQ processes
Issue with HARQ processes and NDI for G-RNTI
As discussed at earlier RAN1 meetings, there is an issue with respect to the use of HARQ processed and NDI for G-RNTI. For HARQ processes that already been used by UEs it will often happen that UEs in the same multicast group will have different “latest NDI” for a given HARQ process. This HARQ process can then not be used for an immediately following G-RNTI transmission, since the NDI of the G-RNTI cannot be toggled for all UEs when required.
As we have also suggested at previous meetings, there is a simple way to completely solve this issue, which we repeat below. 
[bookmark: _Toc87046978]For a given G-RNTI, the NDI of a HARQ process is toggled when the G-RNTI contains new data with respect to the latest earlier transmission of the same G-RNTI using the same HARQ process. The NDI is otherwise untoggled, i.e. when the G-RNTI contains a retransmission.
· [bookmark: _Toc87046979]Note1: For C-RNTI, the NDI is toggled according to legacy rules, i.e. when C-RNTI contains new data with respect to the latest earlier use of the HARQ process, irrespective of RNTI.
· [bookmark: _Toc87046980]Note2: The UE can easily detect new data by checking the latest earlier transmission of the HARQ process. If it used the same G-RNTI, NDI toggling will indicate new data. If it used another RNTI, the change of RNTI as such indicates new data.
The above proposal is our preferred solution for the HARQ process/NDI issue.
However, since some companies expressed concerns at RAN1#106b about introducing such a new rule, we are also proposing an alternative way forward below, based on an increased signaling space for HARQ processes.

Extending the signaling space of HARQ processes for multicast and Broadcast
During the RAN1#104-e meeting, it was concluded that multicast did not require a change with respect to the maximum number of HARQ processes per cell currently agreed in NR:

	Conclusion:
The maximum number of HARQ processes per cell, currently supported for unicast, is kept unchanged for UE to support multicast reception.
· How to allocate HARQ processes between unicast and multicast is up to gNB.




However, the following was agreed during the NTN and beyond 52GHz WI/SI:
	NTN:
Conclusion:
For DCI 0-0/1-0, no enhancement to support indication of more than 16 HARQ processes is considered in Rel-17.
Agreement:
For enhancement on the HARQ process indication, extend the HARQ process ID field up to 5 bits for DCI 0-1/1-1 when the maximum supported HARQ processes number is configured as 32.
B52:
Agreement:
For NR FR2-2 at least for 480/960 kHz SCS, support 32 as the maximum number of HARQ processes for DL and UL, subject to UE capability.
· Note: Up to 32 maximal supported HARQ process number is already agreed in Rel-17 NTN WI.
· Working assumption: The same solution to support up to 32 HARQ process number in Rel-17 NTN WI is reused for NR FR2-2.




Based on these agreements, it will be possible to use up to 32 HARQ processes with unicast rel17 UEs. At the time of the conclusion captured for the MBS work item, the number HARQ process was understood to be limited to 16. However, in light of the current agreements in NTN and B52, the network will be able to address up to 32 HARQ processes for unicast in release 17.
This can also be applied to multicast to reduce/solve the identified issues related to UEs in a multicast group having different “latest NDI” for a given HARQ process. 
As discussed in earlier RAN1 meetings, without any specification support, there may be a shortage of HARQ processes since the gNB would need to ensure that it is always the case that all UEs in a multicast group have the same latest NDI of the HARQ process. Since HARQ processes that have been used already will tend to have different “latest NDI” for different UEs, there will be an increased demand of HARQ processes.
With enough number of HARQ processes to choose from this is possible, but keeping the current number 16 and with no other specification support, there may be issues with demanding scenarios, e.g. the allowed number of HARQ processes of a service may be severely limited or even that the required number of HARQ processes may exceed the currently supported value 16.  
[bookmark: _Toc87046917]With the number of HARQ processes extended to 32 for the second DCI format in multicast / broadcast, the issues related to NDI ambiguity, PTP retransmission of PTM and NDI toggling  between unicast and multicast can be reduced/eliminated by the network separating HARQ processes between unicast and multicast, and between different G-RNTIs, in its implementation.

[bookmark: _Toc87046981]For MBS, the number of HARQ processes that can be signaled via the DCI is set to:
· [bookmark: _Toc87046982]32 processes (i.e. 5 bits process ID field) for the second format of multicast and broadcast.
· [bookmark: _Toc87046983]16 processes (i.e. 4 bits process ID fields) for the first format of multicast and broadcast. To support PTP retransmission, the number of DCI bits to signal HARQ processes is the same for G-RNTI and C-RNTI for MBS UEs
· [bookmark: _Toc87046984]Note: The signaling of 5 bits is aligned with what is already agreed for NTN and B52
The extension of the number of HARQ bits will give the network more flexibility to schedule multicast or broadcast while ensuring no overlap between unicast and multicast in the HARQ process assignment. This will allow to reduce/eliminate issues related to missed PDCCH, NDI toggling between unicast and multicast, etc. The number of HARQ processes for the fallback DCI can be kept to 16 as agreed with NTN, since it is assumed that the usage of fallback DCI is infrequent. 
Keeping UE complexity unaffected
With unicast, the increased number of signaled HARQ processes also corresponds to an increase in number of HARQ buffers in the UE, which implies a complexity increase. For multicast, the reason to introduce an increase in number of signaled HARQ processes is not that there is a need for the UE to have an increased number of simultaneous HARQ processes, which could remain 16. The reason is instead to increase the gNB’s ability to signal different HARQ processes to allow the UEs in a group to have the same “latest NDI” and therefore be able to correctly detect new data 
If the maximum number of simultaneously used HARQ processes per UE is limited to 16 and with a signaling space of 32 HARQ processes, the UE will need to dynamically map each new HARQ process to an available HARQ buffer, which should not be an issue. The increase in signaling space reduces/eliminates the identified NDI issue, but does not increase hardware complexity. It therefore seems like a good solution to allow for this increase in signaling space, from 4 bits (16 HARQ processes) to 5 bits (32 HARQ processes), while at the same time keep the legacy limit of total number of simultaneously used HARQ processes to 16.
[bookmark: _Toc87046918]The total space of signaled HARQ processes can be increased to 32 without increasing UE complexity, by limiting the number of simultaneously used HARQ processes to 16.

[bookmark: _Toc87046985]The number of simultaneous HARQ processes can be RRC configured to be 16 or 32, with 32 being a UE capability.

In earlier RAN1 meetings another issue related to HARQ processes and NDI has been discussed. It relates to the case where a UE misses the initial PTM PDCCH transmission, sends NACK and receives a following PTP retransmission. If the NDI of the G-RNTI transmission could not be toggled with respect to the “latest earlier transmission” of the HPID, this could make the UE believe that the PTP retransmission was in fact a retransmission of an earlier received, already ACK’ed, transmission, so the UE would discard the PTP transmission and send a new ACK, which would not be the right operation.
However, if increasing the signaling space of HARQ processes can ensure that all UEs have the same “latest NDI” then there is no issue any longer, since the G-RNTI can then unambiguously be toggled and the PTP retransmission would use the same NDI value. The UE could then detect the NDI toggling on the C-RNTI DCI also when the initial PTM PDCCH is missed, so should be able to understand that this is indeed a retransmission of a missed PTM PDCCH. Following legacy rules, the UE would then detect new data via the toggled NDI, flush the HARQ buffer and start decoding, which is the optimum behavior.
[bookmark: _Toc87046919]The “missed PTM PDCCH” issue will vanish if the gNB can ensure that all UEs in a G-RNTI group has the same “latest NDI”. This is expected to be the case when HARQ process signaling space is increased to 5 bits (32 HARQ processes), so no specification support for this issue is required.
[bookmark: _Toc87046986]If an increase of the HARQ process signaling space to 5 bits is agreed, no specification support is required for the case where a UE misses a PTM PDCCH initial transmission.

[bookmark: _Toc79175268][bookmark: _Toc79175409][bookmark: _Toc79175269][bookmark: _Toc79175410][bookmark: _Toc79175270][bookmark: _Toc79175411][bookmark: _Toc79175271][bookmark: _Toc79175412][bookmark: _Toc79175272][bookmark: _Toc79175413][bookmark: _Toc79175273][bookmark: _Toc79175414][bookmark: _Toc79175274][bookmark: _Toc79175415][bookmark: _Toc79175275][bookmark: _Toc79175416][bookmark: _Toc79175276][bookmark: _Toc79175417][bookmark: _Toc79175277][bookmark: _Toc79175418][bookmark: _Toc79175278][bookmark: _Toc79175419][bookmark: _Toc79175279][bookmark: _Toc79175420][bookmark: _Toc79175280][bookmark: _Toc79175421][bookmark: _Toc79175281][bookmark: _Toc79175422][bookmark: _Toc79175282][bookmark: _Toc79175423][bookmark: _Toc79175283][bookmark: _Toc79175424][bookmark: _Toc79175284][bookmark: _Toc79175425][bookmark: _Toc79175285][bookmark: _Toc79175426][bookmark: _Toc79175286][bookmark: _Toc79175427][bookmark: _Toc79175287][bookmark: _Toc79175428][bookmark: _Toc79175288][bookmark: _Toc79175429][bookmark: _Toc79175289][bookmark: _Toc79175430][bookmark: _Toc79175290][bookmark: _Toc79175431][bookmark: _Toc79175291][bookmark: _Toc79175432][bookmark: _Toc79175292][bookmark: _Toc79175433][bookmark: _Toc79175293][bookmark: _Toc79175434][bookmark: _Toc79175294][bookmark: _Toc79175435][bookmark: _Toc79175295][bookmark: _Toc79175436][bookmark: _Toc79175296][bookmark: _Toc79175437][bookmark: _Toc79175297][bookmark: _Toc79175438][bookmark: _Toc79175298][bookmark: _Toc79175439][bookmark: _Toc79175299][bookmark: _Toc79175440][bookmark: _Toc79175300][bookmark: _Toc79175441][bookmark: _Toc79175301][bookmark: _Toc79175442]Support for combining of PTP and PTM transmissions
During RAN1#104e, it was agreed to support retransmission via PTM or PTP. The following FFS was noted during RAN1#103e but remains unresolved:
· FFS: If multiple retransmission schemes are supported, then can different retransmission schemes be supported simultaneously for different UEs in the same group?
According to current specifications, if the network chooses to do PTP retransmission with one UE which also belongs to a G-RNTI based scheduling group, it cannot use the same HARQ process in PTM in the same PDSCH to HARQ time frame, as this would cause collision in the receiving UEs HARQ buffers. To support multiple retransmission schemes in the same group of UEs, enhancements to the specification is thus required. 
[bookmark: _Toc87046920]In the current specification, the UE is not expected to receive another PDSCH associated with the same HARQ process before it has decoded that process and responded with HARQ-ACK if configured to do so.
If a UE has the capability to process both the PTM and PTP transmission with the same HARQ ID, there could be some benefits both to the network and the UE. Firstly, the UE may be able to use soft combining between the PTP and PTM transmissions. By soft combining PTM and PTP transmissions, the spectral efficiency and coverage may be improved over what is achieved with either of PTM and PTP separately. This applies to both initial transmission and retransmissions. A Transport Block (TB), that is transmitted as PTM initial transmission or PTM retransmission, may be complemented by a parallel PTP initial transmission or PTP retransmission of the same TB. This means that the PTP transmission alone does not need to provide all required robustness. Instead, when the PTM transmission – taken alone - is insufficient for a UE to decode the TB, the PTM transmission can still be exploited by the UE and contribute to the overall robustness of the reception when combined with the PTP transmission. Secondly, even if the UE is not able to perform soft combining, it can alternatively attempt to decode separately PTP and PTM and benefit from the transmission diversity of selection combining. 
It should be noted that the gNB may simultaneously transmit multiple beams and the beams for PTM and PTP may be quite different. The PTM beam may need to cover several/many UEs so may need to be wide, with consequent low beam gain, whereas the PTP beam may be very narrow and have a high gain. 
A UE in a critical position could, in addition to the low-gain wide PTM beam, also receive a high-gain narrow PTP beam. It is likely that such a UE can also receive some energy of the wide beam transmission, but it may happen that this is not enough to allow for correct data reception. This UE could in principle be reached via a dedicated (stand-alone) PTP transmission. However, from an overall optimization perspective, it is desirable not to spend too much power and time/frequency resources on the highly beamformed PTP transmission. Therefore, having the possibility for the UE to soft-combine the PTM and PTP transmissions can allow for an optimized trade-off between the beams, power and time/frequency resources spent on PTM and PTP respectively, allowing a more optimized transmission and a higher likelihood to reach all UEs in the cell. It is important to note that by soft-combining PTM and PTP, the PTP transmission would only need to provide the “delta” to move the UE above the SINR threshold, which may be much smaller in terms of resources than providing an independent PTP transmission. It might e.g. be the case that with the PTM transmission alone the SINR is just below the SINR threshold and that the “delta” can be provided by PTP with very limited resources, considering also the high PTP gain.
[bookmark: _Toc87046921]	Soft-combining PTM and PTP can be much more efficient than independent PTM and PTP transmissions.
[bookmark: _Toc87046987]Based on UE capability, a UE in a G-RNTI-based scheduling group may receive both PTM and PTP with same HARQ process, within the same HARQ-ACK feedback bundling window determined via dlDataToUL-ACK.
If, for the same group of UEs, utilization of multiple retransmission (PTM and PTP) schemes is allowed, the UEs receiving the PTP-based retransmission will also “see” the PTM retransmission, as they also monitor group PDCCH. Therefore, the UEs will have to deal with two PDSCHs with the same HARQ process, within the same HARQ-ACK feedback bundling window determined via dlDataToUL-ACK.
The PDSCHs of the PTP and PTM can be either scheduled in the same slot or in different slots. In either case, the UE can process these two PDSCHs, respectively, scrambled via C-RNTI and G-RNTI, either separately (one or both PDSCHs) or jointly via soft-combining according to the capability. In practice, there can be a situation where the soft-combined PDSCHs may result in a HARQ-ACK for the decoding, even if both individual PDSCH decoding would have resulted in HARQ-NACK. In such case, the UE can directly provide the feedback corresponding to the soft-combining of the two PDSCHs, instead of providing feedback corresponding to each individual PDSCH. The existing type-1 or semi-static HARQ codebook construction supports this operation of the HARQ-ACK feedback for different PDSCHs. 
[bookmark: _Toc87046922]The existing type-1 or semi-static HARQ codebook construction supports HARQ feedback for different PDSCHs, so no additional specification work is required for the HARQ reporting in the case of combined PTM/PTP reception of the same TB.
[bookmark: _Toc87046988]Within the same HARQ feedback cycle, a UE may assume that two PDSCH transmitted with the same HARQ process ID corresponds to the same transport block, irrespective of NDI or RNTI used, for the purpose of combining.
[bookmark: _Toc87046989]Support for combining of PTP and PTM transmissions

Support of PTM2-based retransmission
PTM-2 is defined by the following agreement excerpt:
	· 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.    



Current RAN1 agreements support PTM-1 initial transmission followed by PTM-1 retransmission and/or PTP retransmission based on UE HARQ-ACK feedback. The use of PTM-2 for initial transmission and/or retransmissions is FFS.
Since HARQ ACK is agreed for PTM-1 we see no added value of supporting PTM-2 for initial transmission – this would only cost more in PDCCH overhead. It has been argued that with PTM-2 the UE-specific PDCCH could be made more robust due to better potential for beamforming of the PDCCH. However, the robustness of PTM-1 and PTM-2 PDSCH is the same and for PTM-1 the PDCCH robustness will anyway be better than the PTM-1/2 PDSCH robustness, so there is little benefit of further increasing the PDCCH robustness. Since the set of all UE-specific PDCCHs, scheduling a group-common PDSCH, will together require much more resources than a single group-common PDCCH one can more easily use a robust aggregation factor with the group-common PDCCH. Therefore, for the same total CCE occupation, with increasing number of users in a PTM group, the use of PTM-2 would rather decrease than increase the robustness of PDCCH compared to group-common PDCCH. 
Similar arguments can be used for PTM-1 vs PTM-2 retransmissions to show that PTM-2 retransmissions would not provide any significant gains over PTM-1 retransmissions. 
When PTM-2 retransmission is compared with PTP, we note that with PTP the retransmission can be fully optimized to the target UEs (e.g. using MIMO, UE-optimized beamforming etc), which is not possible in the same way with a group retransmission such as PTM-2. 
Our conclusion is therefore that there is no significant benefit of supporting PTM-2 for either initial transmission or retransmission, in addition to supporting PTM-1 initial transmission, PTM-1 retransmission and PTP retransmission, which are already agreed.  Additionally, the work item is now approaching the end, with only two meeting remaining after the August meeting and it becomes increasingly difficult to introduce a new PTM-scheme, given the time left. We think therefore no further studies of PTM-2 are required.
[bookmark: _Toc68033412][bookmark: _Toc87046923]PTM-1 is more efficient than PTM-2 for initial transmission and retransmissions of group-common PDSCH 
[bookmark: _Toc87046924]PTP is more efficient than PTM-2 for retransmission to individual UEs
[bookmark: _Toc61464105][bookmark: _Toc87046990]PTM-2 based initial transmission is not supported. 
[bookmark: _Toc87046991][bookmark: _Toc68033432][bookmark: _Toc68033433][bookmark: _Toc68033434][bookmark: _Toc68033435][bookmark: _Toc68033436][bookmark: _Toc68033437][bookmark: _Toc68033438][bookmark: _Toc68033439][bookmark: _Toc68033440][bookmark: _Toc68033441][bookmark: _Toc68033442][bookmark: _Toc68033443][bookmark: _Toc68033444][bookmark: _Toc68033445][bookmark: _Toc68033446]PTM-2 based retransmission is not supported. 
Bandwidth part operation for MBS
CFR support when the active BWP is a RRC reconfigured initial BWP
The following agreement was captured in the chair notes for RAN1#106e 
	Agreement:
Confirm the working assumption with the following update:
Option 2B for CFR associated with UE active BWP other than initial DL BWP is supported at least for multicast of RRC-CONNECTED UEs.
· FFS: CFR associated with initial BWP
· FFS: CFR larger than initial BWP
Note: The deleted FFSs can be discussed in another AI.




Regarding the use of CFR in connection with the initial BWP, there were several proposals during RAN1#106e to potentially associate the CFR for broadcast with the initial BWP. 
In our understanding, there exist two options to configure initial BWP according to the Annex B.2 of TS 38.331:
BWP#0 configuration without dedicated configuration



BWP#0 configuration with dedicated configuration (RRC-configured BWP#0)


With both options, BWP#0 is the initial BWP. 
With option 1, RRC does not change the initial configuration of BWP#0, since only ServingCellConfigCommon is used. This means that with Option 1, BWP#0 cannot be used with multicast CFR.
With option 2, BWP#0 is further RRC configured with ServingCellConfig. If the CFR configuration is included in the ServingCellConfig of the BWP information element, then the UE can access multicast CFR when the UE is in RRC_connected state, independently of whether the BWP is the initial bandwidth part or another BWP. 

[bookmark: _Toc87046925]The network can configure the CFR of the connected UE to coincide with the initial BWP.
[bookmark: _Toc87046926]The network can configure the CFR ofthe initial bandwidth part when it is configured with option #2 for BWP configuration. 

When discussing the initial BWP, it is important to distinguish between the following three cases of initial BWP:
1. CORESET#0 Initial BWP used by UEs in RRC INACTIVE/IDLE
2. CORESET#0 or SIB1-configured initial BWP used by RRC CONNECTED UEs, “as is”, i.e. without further RRC reconfiguration
3. CORESET#0 or SIB1-configured initial BWP, used by RRC_CONNECTED UEs after RRC reconfiguration.

We wish to point out that with legacy NR, the CORESET#0 (Case 1) or SIB1-configured Initial BWPs (Case 2), cannot be used to receive unicast (at least not with the second DCI format). The initial BWP may however be used to receive unicast after RRC reconfiguration (Case 3), where UE specific configurations are added to the cell-specific configurations given by SIB1.
Since the initial BWP may, with such RRC reconfiguration, be used to receive unicast in the same way as any other RRC configured BWPs, for instance, this BWP can be configured to be the active BWP. we think it would be natural to also support multicast reception on such a BWP, at least for the case where the multicast CFR has identical frequency resources to the active BWP (=RRC reconfigured initial BWP).
It is easy to see a use case when multicast is used on the (Option 2) initial BWP and a CFR therefore needs to be configured on the initial BWP. In typical cases, it can be foreseen that the CFR would cover the same frequency resources as the initial BWP, since the frequency resources of the initial BWP is anyway common to all UEs in the cell, so these can also receive multicast in the same frequency region. It is therefore not clear what purpose a narrower CFR would serve. However, we see no reason to treat the initial BWP in any different way from other active BWPs when it comes to configuration of CFR, so we propose that the CFR can have any size within the active BWP (here initial BWP), and be configured for multicast like other active BWPs. 
To support this use case, we have the following proposal:

[bookmark: _Toc87046992]Option 2B for CFR, associated with UE active BWP equal to an RRC reconfigured initial DL BWP (Option#2), is supported at least for multicast of RRC-CONNECTED UEs, at least when the CFR has identical frequency resources to the active BWP. The CFR may also be smaller than the active BWP and contained within it.


Multicast with no configured CFR?
The following was agreed in RAN1#104b-e and RAN1#106b-e:
	Agreement:
One CFR is supported per dedicated unicast BWP for multicast of RRC-CONNECTED UEs.
· FFS: Whether more than one CFR is supported per dedicated unicast BWP
· FFS: Whether multicast can be supported or not in a dedicated unicast BWP when no CFR is configured for that BWP

Agreement:
The number of CFRs for multicast is no more than one per dedicated unicast BWP in Rel-17.



Regarding second FFS, “Whether multicast can be supported or not in a dedicated unicast BWP when no CFR is configured for that BWP”:
We think that, for multicast, a logical CFR is always required. However, when the frequency region of the multicast CFR is identical to that of the unicast BWP, there is no need to explicitly configure the CFR frequency region since the unicast BWP can be used as default. Similarly, if MBS were to reuse (one or more of) the same PDCCH/PDSCH/SPS configurations as in the unicast BWP there is no need to configure these for MBS. 
[bookmark: _Toc87046927]	If the frequency region of the unicast active BWP is considered default CFR for MBS BW, no CFR frequency region needs to be configured for the case where the frequency region of the unicast active BWP and the and MBS CFR are the same.
[bookmark: _Toc79175330][bookmark: _Toc79175469][bookmark: _Toc87046928]PDCCH-config, PDSCH-config and SPS-config for MBS that are partly or wholly the same as their unicast counterparts do not need to be explicitly configured, but can be inferred from unicast configurations. 
[bookmark: _Toc87046993]A CFR is always used for multicast, but is only explicitly configured for configurations that differ from those used for unicast.


SPS for MBS
Configuration of G-CS-RNTI

The following was agreed in RAN1#106b-e
	Agreement:
For multicast of RRC_CONNECTED UEs, the G-RNTI(s) is/are configured
· Opt.2: per serving cell.
· FFS G-CS-RNTI(s)

Agreement:
The association between a G-CS-RNTI and a SPS-Config-Multicast is indicated by the activation GC-PDCCH for SPS GC-PDSCH, i.e., a value of the HARQ process number field in a DCI format indicates an activation for a SPS GC-PDSCH configuration for multicast with a same value as provided by sps-ConfigIndex in a SPS-Config-Multicast.





CS-RNTI is configured per serving cell in PhysicalCellGroupConfig, and SPS configuration is made per BWP. For group multicast SPS, the SPS-multicast configuration is done in CFR. Similarly, we can also configure the G-CS-RNTI per cell or cell group. This will allow the UE to use the same group SPS across different BWP without additional signalling. A similar agreement was made for G-RNTI but restricted to a serving cell instead of a cell group. 

Note that the drawback is that UEs will have to monitor/receive all G-RNTIs in all CFRs. Considering the added cost is an extra CRC check, the added complexity can be considered moderate.


[bookmark: _Toc87046994]For multicast of RRC_CONNECTED UEs, the G-CS-RNTI(s) is/are configured per cell group.


SPS activation and deactivation
The following was agreed in RAN1#104b-e
	
Agreement:
Confirm the working assumption: 
For activation/deactivation of SPS group-common PDSCH for MBS in RRC_CONNECTED state,
· At least group-common PDCCH is supported
· FFS: Whether and how to address the missed activation and deactivation
· FFS: Whether UE-specific PDCCH is supported for activation/deactivation




The following was agreed in RAN1#105e regarding the recovery of the activation order:
	Agreement:
For reliability of the group-common PDCCH activation of SPS group-common PDSCH, support at least one of the following alternatives.
· Alt 1: retransmit the activation command via group-common PDCCH.
· Alt 2: retransmit the activation command via UE-specific PDCCH.
· Alt 3: retransmit the activation command via MAC-CE.
· FFS other details.
· Note: Down-selection can take into account the HARQ-ACK feedback scheme for SPS activation




During the RAN1#106e discussion, it was clarified that retransmission of activation via group common PDCCH was supported by the current SPS framework. For group PDCCH activation retransmission, UEs which have already received the activation will also see the re-activation, and should be expected to discard it. 

[bookmark: _Toc87046995]Group PDCCH SPS activation re-transmission is supported
[bookmark: _Toc87046996]Upon receiving a retransmission of the activation command for SPS group common PDSCH, a UE having already previously successfully received the activation command for the same SPS configuration should discard the activation command retransmission and proceed its SPS reception based on the first successfully received activation command. 

Retransmission of the missed PDSCHs due to missed activation can be done via scheduled unicast. This does not have any spec impact.

[bookmark: _Toc87046997]Conclusion: the network can retransmit the PDSCH(s) associated with any missed SPS activation command via unicast scheduled PDCCH/PDSCH. 

The SPS de-activation method should use group-based group PDCCH de-activation in a first step. If the group de-activation fails for some UEs, unicast (i.e. CS-RNTI) PDCCH carrying the de-activation message can be used. Since SPS deactivation command is just used to release SPS, it is fine to send UE specific PDCCHs with SPS deactivation commands to those UE who missed group-common deactivation PDCCH command. Since SPS configuration numbers are shared between PTP and PTM, and no data is associated with deactivation, the DCI content is a simple validation message for de-activation. Thus there is no need to create a specific DCI for PTP deactivation of group based SPS. 
The UE specific PDCCH de-activation command should use CS-RNTI and not G-CS-RNTI. This should not be a problem, as the identification of the SPS configuration is done with a configuration identifier in the PDCCH (contained in the same location as the HARQ field). We note that since the configuration identifier is common to PTP and PTM (there is a single pool of SPS configurations common to PTM and PTP), the group SPS transmission could also be deactivated via PTP, even in the first deactivation attempt. This could be useful when few UEs are receiving the SPS transmission.

[bookmark: _Toc79175333][bookmark: _Toc79175472][bookmark: _Toc68033420][bookmark: _Toc79175334][bookmark: _Toc79175473][bookmark: _Toc79175335][bookmark: _Toc79175474][bookmark: _Toc87046998]For deactivation, a further group deactivation order or a UE specific PDCCH deactivation order can be sent to UEs not responding to the group de-activation PDCCH. 
[bookmark: _Toc87046999]For deactivation, UE specific PDCCH deactivation order can be used to deactivate a group-based SPS. 

During RAN1#104b-e, an FFS was agreed for UE specific activation of a PDSCH scrambled with G-CS-RNTI. As this is essentially an SPS version of PTM-2 (unicast PDCCH scheduling a group PDSCH), we propose not to support it. It is preferable to align the SPS and scheduled PDCCH design for multicast.    

[bookmark: _Toc87046929]Unicast PDCCH scrambled with C-RNTI is not supported for group-common PDSCH
[bookmark: _Toc87047000]Do not support unicast PDCCH scrambled with CS-RNTI for activation of group SPS PDSCH. 


Simultaneous reception of PTP and PTM retransmission in SPS
In RAN1#104b-e, the following was agreed:
	Agreement:
The retransmission scheme for a given SPS group-common PDSCH can be either PTM scheme 1 or PTP.
· FFS: Whether PTM scheme 1 retransmission and PTP retransmission can be used simultaneously for different UEs in the same MBS group



The simultaneous reception of PTM1 and PTP retransmission is also discussed for scheduled transmission (i.e for multicast group-common PDSCH with G-RNTI and scheduled unicast with G-RNTI). A similar analysis can be done for SPS. Different UEs can receive either unicast or multicast retransmission of SPS group common PDSCH. However, since UEs will always monitor the group PDCCH scrambled with G-CS-RNTI for retransmissions, the UEs configured to detect unicast retransmission via a CS-RNTI will see both retransmissions. If the UE detects two PDCCH for retransmission of the same HARQ process according to the same mechanism, the two retransmissions could be received simultaneously by a UE with the capability. As previously mentioned for PDCCH-based for scheduled multicast simultaneous reception, simultaneous reception of the two PDSCHs in the same HARQ cycle will produce two separate HARQ feedback bits. It is up to UE implementation to decide how to populate the HARQ buffer once the PDSCHs have been received (e.g. combine the PDSCH, or discard one of them), since they correspond to the same harq process. 

[bookmark: _Toc87047001]PTM scheme 1 retransmission and PTP retransmission can be used simultaneously for different UEs in the same MBS group
[bookmark: _Toc87047002]The simultaneous reception of PTP and PTM retransmission for a given UE is up to UE implementation, pending a UE capability. 
[bookmark: _Toc79175349][bookmark: _Toc79175488]
[bookmark: _Toc79175346][bookmark: _Toc79175485]PDCCH configuration for MBS
CORESETs for MBS
Moreover, the following was agreed in RAN1#104b-e
	Agreement:
If a CFR is configured for multicast in RRC-CONNECTED state and confined within a dedicated unicast BWP, further study the following options.
· Option 1: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for multicast transmission if the CORESET is fully contained in the CFR in frequency domain, and the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission.
· Option 2: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP cannot be used for multicast transmission even if the CORESET is fully contained in the CFR in frequency domain, and the CORESET configured in PDCCH-config for MBS in the CFR cannot be used for unicast transmission.
· Option 3: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for multicast transmission if the CORESET is fully contained in the CFR in frequency domain, but the CORESET configured in PDCCH-config for MBS in the CFR cannot be used for unicast transmission.
· Option 4: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP cannot be used for multicast transmission even if the CORESET is fully contained in the CFR in frequency domain, but the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission.
 




The options discussed CORESETs configured in PDCCH-config, but should be extended to include CORESET#0. CORESET#0 is configured for common search space (CSS) obtained via master information block (MIB) on physical broadcast channel (PBCH) before any RRC is transmitted. If the CORESET#0 resides in the MBS bandwidth, it should be possible to use it for group-common PDCCH scheduling.  
[bookmark: _Toc87047003]Group common PDCCH for multicast can be configured in CORESET#0 if CORESET#0 is within a CFR. 
[bookmark: OLE_LINK12]Additionally, it should be clarified that search spaces for unicast and multicast can coexist in the same CORESET, as configuration parameters existing in the RRC information elements of CORESET can be shared by uncast and multicast. 
[bookmark: _Toc87047004]Group common PDCCH and unicast PDCCH can be configured within the same CORESET

Regarding the options to configure the CORESET to be used for PTM-1, the following proposal was discussed without reaching an agreement:

	[Low] Updated Proposal 2-2: 
If a CFR is configured in a dedicated unicast BWP for multicast in RRC-CONNECTED state,
· the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP and fully contained in the CFR in frequency domain can be used for multicast transmission when no CORESET is configured in PDCCH-config for MBS in the CFR
· the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission.
· FFS the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP and fully contained in the CFR in frequency domain can be used for multicast transmission when there is CORESET(s) configured in PDCCH-config for MBS in the CFR



Ericsson proposed during the RAN1#106-e discussion:
	If a CFR is configured in a dedicated unicast BWP for multicast in RRC-CONNECTED state,
· the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP and fully contained in the CFR in frequency domain can be used for multicast transmission only when no CORESET is configured in PDCCH-config for MBS in the CFR
· the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission.
· FFS the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP and fully contained in the CFR in frequency domain can be used for multicast transmission when there is CORESET(s) configured in PDCCH-config for MBS in the CFR
· Note: A CORESET ID is unique across all BWPs and CFRs for a serving cell.



One comment was that it should be clarified how the UE knows the multicast parameters if it monitors a CORESET in a unicast PDCCH-config. One proposal was to allow the unicast CORESETs to also be used in multicast if there are no CORESETs configured in the CFR. 
Since the working assumption that the number of CORESETs monitored by a UE will not be increased has been confirmed and that the share of these CORESETs to be used for multicast is up the gNB implementation, having a split between unicast and multicast CORESETs with no possibility of sharing the CORESETs unless no CORESETs are configured in CFR results in less available unicast CORESETs. For this reason, it is desirable to have the possibility to have the flexibility to schedule unicast and multicast PDCCHs in any CORESET available. 
Given the limited amount of CORESETs available to the UE, it is preferable to allow them to be used both for unicast and multicast, independently of their location in CFR or in unicast configuration. The usage of the CORESET (for multicast or unicast purpose) depends on what search space is configured (and what DCI is configured in that search space).  Based on this, it is not necessary to configure specifically a CORESET for MBS in a CFR configuration. The network will (by implementation) simply make sure PDCCH candidates for multicast fit the common CCEs location on the grid for all the UE’s CORESET configuration. Specification could specify that the UE does not need to monitor the multicast formats in CCEs not present in the CFR frequency resources, if such optimization is necessary. 

[bookmark: _Toc87047005]Support option 1 from RAN1#104b regarding using CORESETs from unicast with multicast:
a. [bookmark: _Toc87047006]If a CFR is configured in a dedicated unicast BWP for multicast in RRC-CONNECTED state, the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for PTM-1 transmission  
b. [bookmark: _Toc87047007]the CORESET configured in PDCCH-config for MBS in the CFR can be used for PTP transmission.
Search spaces
The discussion on CSS yielded the following agreement in RAN1#105-e and RAN1#106e:
	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

Conclusion:
The specification impact of having a new Type-x CSS for GC-PDCCH in RRC_CONNECTED state can be studied and discussed further.




Regarding whether type-x CSS can be a Type-3 CSS, we believe that Type 3 CSS can be reused. During release 16, the type3 CSS was extended to include the new DCI formats 2_4, 2_5, 2_6 in the common search space. For release 17, we propose to extend it further to support the DCI(s) used by group common PDCCH.
[bookmark: _Toc79175357][bookmark: _Toc79175496][bookmark: _Toc87047008]Type-x CSS is a Type3 CSS. Extend the existing type3 CSS from Rel-15/16 to support additional DCIs for scheduling via group common PDCCH



Content of New DCI formats for multicast and broadcast:
In RAN1#105-e, the following was agreed:
	Agreement:
As a baseline, reuse existing fields in DCI format 1_0 with CRC scrambled by C-RNTI for the fields of first DCI format with CRC scrambled with G-RNTI.
· FFS: how to determine the bitlength of FDRA field.
· FFS: Whether ‘Identifier for DCI formats’, ‘TPC command for scheduled PUCCH’ are needed.
· FFS: How to perform DCI size alignment
· FFS: Whether to include new DCI fields
· Note: All of the fields may not be reused and the size of the fields may not be the same

Agreement:
As a baseline, reuse existing fields in DCI format 1_1 for the fields of the second DCI format with CRC scrambled with G-RNTI.
· FFS: whether ‘Identifier for DCI formats’, ‘TPC command for scheduled PUCCH’, ‘Carrier indicator’ and ‘Bandwidth part indicator’ are needed.
· FFS: How to perform DCI size alignment
· FFS: Whether to include new DCI fields for the second DCI format
· Note: All of the fields may not be reused and the size of the fields may not be the same



	106e:
Agreement:
For multicast of RRC-CONNECTED UEs, align the size of the first DCI format for GC-PDCCH with DCI format 1_0 with CRC scrambled by C-RNTI monitored in CSS.

Agreement:
The first DCI format for GC-PDCCH uses the same fields as DCI format 1_0 with CRC scrambled by C-RNTI with the following modifications:
· At least ‘Identifier for DCI formats’ is not needed.
· FFS: Whether the field should be ignored and reserved, or should be removed.
· For FDRA determination, down-select from following options:
· Option 1:
· 
 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 resource blocks that can be indicated are
· the resource blocks in the CORESET 0 if CORESET 0 is configured for the cell; and
· the resource blocks in the initial DL bandwidth part if CORESET 0 is not configured for the cell.
· 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

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.



	Agreement:
For FDRA determination of the first DCI format for GC-PDCCH, Option 2 is supported.
· 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.
· 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, 6, 8, 10, 12} which satisfies ;otherwise, 

Agreement:
The ‘TPC command for scheduled PUCCH’ field is not needed for the first DCI format for multicast.
· FFS: Whether the field should be reserved or should be removed.

Agreement:
The ‘TPC command for scheduled PUCCH’ field is not needed for the second DCI format for multicast.
· FFS: Whether the field should be reserved or should be removed.





Based on the existing agreement, the first DCI format for multicast (fallback DCI) and its equivalent for broadcast consists of the following:

Table 1 list of fields for first DCI format for multcast and broadcast, based on DCI 1_0
	Field
	Needed for multicast
	Needed for broadcast
	Note

	DCI 1_0 fields
	
	
	

	Identifier for DCI formats – 1 bits
	no
	no
	There is no uplink multicast or broadcast format and G-RNTI can be used as to differentiate the format from unicast. 

	Frequency domain resource assignment
	Yes
	Yes
	

	Time domain resource assignment
	Yes
	Yes
	

	VRB-to-PRB mapping  
	Yes
	Yes
	

	Modulation and coding scheme
	Yes
	Yes
	

	New data indicator – 1 bit 

	Yes
	Yes
	

	RV
	Yes
	Yes
	

	HARQ process number
	Yes
	Yes
	

	DAI
	Yes
	No
	

	TPC command for PUCCH
	No
	No
	Agreed to be removed

	PRI
	Yes
	No
	

	PDSCH to HARQ feedback timing indicator
	Yes
	No
	

	Channel Access type and CP extention indicators
	Yes
	Yes
	0 bits if the cell is not a shared spectrum cell.

	New fields for release 17 
	
	
	

	Mcch change notification
	No
	Yes (new field in rel17)
	

	HARQ feedback mode indicator
	Yes
	No
	Number of bits is not yet agreed




For the second DCI format, the list of fields is as follow, considering the agreements and the limitation of broadcast in terms of uplink feedback:

Table 2 list of fields for first DCI format for multicast and broadcast, based on DCI 1_1
	Field
	Needed for multicast
	Needed for broadcast
	Note

	DCI 1_1 fields
	
	
	

	Identifier for DCI formats – 1 bits
	no
	no
	There is no uplink multicast format and G-RNTI can be used as to differienciate the format from unicast.

	Carrier indicator
	Yes
	No
	Not possible to support CA in broadcast

	BWP indicator
	Yes
	No
	Assuming a single BWP for broadcast in Rel-17

	Frequency domain resource assignment
	Yes
	Yes
	Meaning of FDRA to be discussed

	Time domain resource indicator
	Yes
	Yes
	

	VRB-to-PRB mapping  
	Yes
	Yes
	

	PRB bundling size indicator
	Yes
	Yes
	

	Rate matching indicator
	Yes
	Yes
	

	ZP CSI-RS trigger
	maybe
	no
	 Depends on conclusion regarding ZP CSI RS in group scheduling

CSI cannot be reported in broadcast (no uplink)

	Modulation and coding scheme (TB1)
	Yes
	Yes
	

	NDI (TB1)
	Yes
	Yes
	

	RV  (TB1)
	Yes
	Yes
	

	Modulation and coding scheme (TB2)
	Yes
	Yes
	Second TB DCI fields could be made optional if broadcast only supports a single TB. 

	NDI (TB2)
	Yes
	Yes
	Second TB DCI fields could be made optional if broadcast only supports a single TB. 

	RV  (TB2)
	Yes
	Yes
	Second TB DCI fields could be made optional if broadcast only supports a single TB. 

	HARQ process number
	Yes
	Yes
	

	DAI
	Yes
	Yes
	

	TPC command for PUCCH
	No
	No
	Agreed to be removed 

	PRI
	Yes
	no
	No HARQ feedback in broadcast

	PDSCH to HARQ feedback timing indicator
	Yes
	no
	Not useful for broadcast as no uplink feedback is possible

	One-shot HARQ-ACK request
	no
	No
	Can already be removed by configuration

	PDSCH group index
	maybe
	No
	Depends if enhanced dynamic codebook is supported.  Can be removed by configuration

	New feedback indicator
	maybe
	no
	Depends if enhanced dynamic codebook is supported. Can be removed by configuration

	Number of requested PDSCH group(s)
	maybe
	No
	Depends if enhanced dynamic codebook is supported. Can be removed by configuration

	Antenna port(s)
	Yes
	Yes
	

	Transmission configuration indication
	Yes
	Yes
	

	SRS request
	No
	No
	Could be handled by unicast

	CBG transmission information (CBGTI)
	Yes
	Yes
	Can already be removed by configuration

	CBG flushing out information (CBGFI)
	Yes
	Yes
	Can already be removed by configuration

	- DMRS sequence initialization
	Yes
	Yes
	

	Priority indicator
	Yes
	no
	Not needed for broadcast

	ChannelAccess-CPext
	Yes
	yes
	Can be configured to be 0 bits

	Minimum applicable scheduling offset indicator
	maybe
	maybe
	Can be removed by configuration

	SCell dormancy indication
	No
	No
	Can be handled by unicast


For the sake of maximizing alignment of multicast and broadcast and for simplifying the specification of MBS, it is proposed to create a common first DCI format and a common second DCI format for multicast and broadcast. For each format, both multicast-only and broadcast only fields are made optional, and only used for their respective application. 

[bookmark: _Toc87047009]DCI formats for multicast and broadcast are common, although with partly different configurations.

Based on the list of fields required for either multicast or broadcast, the first DCI for multicast and broadcast  is detailed in table 3 below. Optional fields are either already optional for unicast, configurable, or only useful to either multicast or broadcast:

Table 3 proposed first DCI format for multicast and broadcast
	Field
	optional
	Note

	DCI 1_0 fields
	
	

	Frequency domain resource assignment
	No
	

	Time domain resource assignment
	No
	

	VRB-to-PRB mapping  
	No
	

	Modulation and coding scheme
	No
	

	New data indicator 

	No
	

	RV
	No
	

	HARQ process number
	No
	

	DAI
	Yes
	

	PRI
	Yes
	

	PDSCH to HARQ feedback timing indicator
	Yes
	

	Channel Access type and CP extention indicators
	Yes
	0 bits if the cell is not a shared spectrum cell.

	New fields for release 17 
	
	

	Mcch change notification
	Yes
	

	HARQ feedback mode indicator
	yes
	Number of bits is not yet agreed




Similarly, the second DCI formats for multicast and broadcast consist of:

Table 4 second DCI format for multicast and broadcast
	Field
	optional
	Note

	DCI 1_1 fields
	
	

	Carrier indicator
	Yes
	Not possible to support CA in broadcast

	BWP indicator
	Yes
	Not possible to use BWPs in broadcast

	Frequency domain resource assignment
	No
	Needed for both multicast and broadcast

	Time domain resource indicator
	No
	Needed for both multicast and broadcast

	VRB-to-PRB mapping  
	No
	Needed for both multicast and broadcast

	PRB bundling size indicator
	No
	Needed for both multicast and broadcast

	Rate matching indicator
	No
	Can be configured to 0 bits. 

	ZP CSI-RS trigger
	Yes, maybe
	 Depends on conclusion regarding ZP CSI RS in group scheduling, the field could be removed. 

CSI cannot be reported in broadcast (no uplink)

	Modulation and coding scheme (TB1)
	No
	

	NDI (TB1)
	No
	

	RV  (TB1)
	No
	

	Modulation and coding scheme (TB2)
	No
	Number of TBs for multicast was not discussed, but 2 TBs could be supported. Second TB DCI fields could be made optional if broadcast only supports a single TB. 

	NDI (TB2)
	No
	Number of TBs for multicast was not discussed, but 2 TBs could be supported. Second TB DCI fields could be made optional if broadcast only supports a single TB. 

	RV  (TB2)
	No
	Number of TBs for multicast was not discussed, but 2 TBs could be supported. Second TB DCI fields could be made optional if broadcast only supports a single TB. 

	HARQ process number
	No
	

	DAI
	Yes
	

	PRI
	Yes
	PRI is not needed for broadcast

	PDSCH to HARQ feedback timing indicator
	Yes
	Not useful for broadcast as no uplink feedback is possible

	One-shot HARQ-ACK request
	Yes
	Can already be removed by configuration

	PDSCH group index
	Yes
	Depends if enhanced dynamic codebook is supported.  Can be removed by configuration

	New feedback indicator
	Yes
	Depends if enhanced dynamic codebook is supported. Can be removed by configuration

	Number of requested PDSCH group(s)
	Yes
	Depends if enhanced dynamic codebook is supported. Can be removed by configuration

	Antenna port(s)
	No
	

	Transmission configuration indication
	No
	

	CBG transmission information (CBGTI)
	Yes

	Can already be removed by configuration

	CBG flushing out information (CBGFI)
	Yes

	Can already be removed by configuration

	- DMRS sequence initialization
	Yes
	Can already be removed by configuration

	Priority indicator
	Yes
	Not needed for broadcast

	ChannelAccess-CPext
	Yes
	Can be configured to be 0 bits

	Minimum applicable scheduling offset indicator
	Yes
	Can be removed by configuration

	New fields for release 17 
	
	

	Mcch change notification
	Yes
	

	HARQ feedback mode indicator
	yes
	Number of bits is not yet agreed



Based on the recommended field, the following field can be removed, on top of the already agreed removed field of TPC command for PUCCH:
 
[bookmark: _Toc87047010]For the first and second  DCI for multicast and broadcast, the following fields from DCI 1_1 are not needed: 
c. [bookmark: _Toc87047011]UL DL identifier bit  
d. [bookmark: _Toc87047012]SRS request  
e. [bookmark: _Toc87047013]SCell dormancy indication

[bookmark: _Toc87047014]For the first and second  DCI for multicast and broadcast, the following fields are introduced as optional fields 
f. [bookmark: _Toc87047015]MCCH change notification  
g. [bookmark: _Toc87047016]Harq feedback mode indicator

There was an FFS on treating the fields that are not needed as reserved or removed. Since the formats for MBS are new, we don’t see the need to use reserved bits. Therefore, we support removing the fields without reserving them
[bookmark: _Toc87047017] For the first and second  DCI for multicast and broadcast, the fields that are not needed from the unicast formats are removed and not reserved.   

DCI alignment and Counting of G-RNTI in the DCI budget

  Regarding the 3+1 budget for DCI sizes, the following was agreed in RAN1#105e:
	
Agreement:
Confirm the working assumption: 
Keep the “3+1” DCI size budget defined in Rel-15 for Rel-17 MBS.
· FFS: Whether the G-RNTI is counted as “C-RNTI” or as “other RNTI” when considering the “3+1” DCI size budget rule for group-common PDCCH.




In order to preserve the DCI “3+1” budget rule, the DCI alignment sequence need to be amended to include the new DCIs for multicast.  In release 16, the alignment procedure was extended to allow alignment to include the DCIs 1_2 and 0_2. In that case, fallback DCIs 0_0 and 1_0 are aligned in both CSS and USS, and non-fallback DCI 1_1 and 0_1 are aligned. The remaining DCI in the budget is used by the aligned DCI 1_2 and 0_2. 
We propose to reuse a similar procedure for the non-fallback multicast DCI (referred to as DCI 1_3).  This would mean inserting a “step 2B” in the alignment procedure and counting the G-RNTI as “C-RNTI” when considering the “3+1” DCI size budget rule for group-common PDCCH.
[bookmark: _Toc87047018]The  G-RNTI is counted as   “C-RNTI”  when considering the “3+1” DCI size budget rule for group-common PDCCH.
[bookmark: _Toc79175374][bookmark: _Toc79175513][bookmark: _Toc79175375][bookmark: _Toc79175514][bookmark: _Toc87047019]The determination of non-fallback multicast/broadcast DCI size, monitored in the common search space  is inserted as step ”2B” in the DCI alignment procedure 

For multicast fallback DCI, the DCI may be transmitted in the CSS without any increase of Blind Decoding and can thus avoid additional DCI size alignment procedures between multicast and unicast DCIs. The G-RNTI-based CRC check is used to differentiate the MBS fallback DCI from unicast fallback DCI. 

[bookmark: _Toc87047020][bookmark: _Toc79175378][bookmark: _Toc79175517][bookmark: _Toc79175379][bookmark: _Toc79175518][bookmark: _Toc79175380][bookmark: _Toc79175519][bookmark: _Toc79175381][bookmark: _Toc79175520][bookmark: _Toc79175382][bookmark: _Toc79175521]The fallback DCI for multicast/broadcast is aligned in size with DCI 1_0 and differentiated via the G-RNTI-based CRC check. 

Further details on Group PDSCH
The following was agreed in RAN1#106b-e
	Agreement:
Study the following options for the LBRM/TBS determination for PTP retransmission of multicast.
· Option 1: based on the LBRM/TBS determination of the PTM initial transmission using same HPID and NDI.
· Option 2: based on the LBRM/TBS determination of the legacy unicast PDSCH transmission.




Since the retransmission in PTP can use all the unicast features and can benefit from e.g. a larger number of available layers / better beamforming, it is advantageous to base the LBRM/TBS determination for PTP retransmission of multicast on the legacy unicast PDSCH determination.  We therefore support option 2. 

[bookmark: _Toc87047021]The LBRM/TBS determination for PTP retransmission of multicast is based on the LBRM/TBS determination of the legacy unicast PDSCH transmission.

	Conclusion
In the previous sections we made the following observations: 
Observation 1	With the number of HARQ processes extended to 32 for the second DCI format in multicast / broadcast, the issues related to NDI ambiguity, PTP retransmission of PTM and NDI toggling  between unicast and multicast can be reduced/eliminated by the network separating HARQ processes between unicast and multicast, and between different G-RNTIs, in its implementation.
Observation 2	The total space of signaled HARQ processes can be increased to 32 without increasing UE complexity, by limiting the number of simultaneously used HARQ processes to 16.
Observation 3	The “missed PTM PDCCH” issue will vanish if the gNB can ensure that all UEs in a G-RNTI group has the same “latest NDI”. This is expected to be the case when HARQ process signaling space is increased to 5 bits (32 HARQ processes), so no specification support for this issue is required.
Observation 4	In the current specification, the UE is not expected to receive another PDSCH associated with the same HARQ process before it has decoded that process and responded with HARQ-ACK if configured to do so.
Observation 5	Soft-combining PTM and PTP can be much more efficient than independent PTM and PTP transmissions.
Observation 6	The existing type-1 or semi-static HARQ codebook construction supports HARQ feedback for different PDSCHs, so no additional specification work is required for the HARQ reporting in the case of combined PTM/PTP reception of the same TB.
Observation 7	PTM-1 is more efficient than PTM-2 for initial transmission and retransmissions of group-common PDSCH
Observation 8	PTP is more efficient than PTM-2 for retransmission to individual UEs
Observation 9	The network can configure the CFR of the connected UE to coincide with the initial BWP.
Observation 10	The network can configure the CFR ofthe initial bandwidth part when it is configured with option #2 for BWP configuration.
Observation 11	If the frequency region of the unicast active BWP is considered default CFR for MBS BW, no CFR frequency region needs to be configured for the case where the frequency region of the unicast active BWP and the and MBS CFR are the same.
Observation 12	PDCCH-config, PDSCH-config and SPS-config for MBS that are partly or wholly the same as their unicast counterparts do not need to be explicitly configured, but can be inferred from unicast configurations.
Observation 13	Unicast PDCCH scrambled with C-RNTI is not supported for group-common PDSCH

Based on the discussion in the previous sections we propose the following:
Proposal 1	For a given G-RNTI, the NDI of a HARQ process is toggled when the G-RNTI contains new data with respect to the latest earlier transmission of the same G-RNTI using the same HARQ process. The NDI is otherwise untoggled, i.e. when the G-RNTI contains a retransmission.
-	Note1: For C-RNTI, the NDI is toggled according to legacy rules, i.e. when C-RNTI contains new data with respect to the latest earlier use of the HARQ process, irrespective of RNTI.
-	Note2: The UE can easily detect new data by checking the latest earlier transmission of the HARQ process. If it used the same G-RNTI, NDI toggling will indicate new data. If it used another RNTI, the change of RNTI as such indicates new data.
Proposal 2	For MBS, the number of HARQ processes that can be signaled via the DCI is set to:
-	32 processes (i.e. 5 bits process ID field) for the second format of multicast and broadcast.
-	16 processes (i.e. 4 bits process ID fields) for the first format of multicast and broadcast. To support PTP retransmission, the number of DCI bits to signal HARQ processes is the same for G-RNTI and C-RNTI for MBS UEs
-	Note: The signaling of 5 bits is aligned with what is already agreed for NTN and B52
Proposal 3	The number of simultaneous HARQ processes can be RRC configured to be 16 or 32, with 32 being a UE capability.
Proposal 4	If an increase of the HARQ process signaling space to 5 bits is agreed, no specification support is required for the case where a UE misses a PTM PDCCH initial transmission.
Proposal 5	Based on UE capability, a UE in a G-RNTI-based scheduling group may receive both PTM and PTP with same HARQ process, within the same HARQ-ACK feedback bundling window determined via dlDataToUL-ACK.
Proposal 6	Within the same HARQ feedback cycle, a UE may assume that two PDSCH transmitted with the same HARQ process ID corresponds to the same transport block, irrespective of NDI or RNTI used, for the purpose of combining.
Proposal 7	Support for combining of PTP and PTM transmissions
Proposal 8	PTM-2 based initial transmission is not supported.
Proposal 9	PTM-2 based retransmission is not supported.
Proposal 10	Option 2B for CFR, associated with UE active BWP equal to an RRC reconfigured initial DL BWP (Option#2), is supported at least for multicast of RRC-CONNECTED UEs, at least when the CFR has identical frequency resources to the active BWP. The CFR may also be smaller than the active BWP and contained within it.
Proposal 11	A CFR is always used for multicast, but is only explicitly configured for configurations that differ from those used for unicast.
Proposal 12	For multicast of RRC_CONNECTED UEs, the G-CS-RNTI(s) is/are configured per cell group.
Proposal 13	Group PDCCH SPS activation re-transmission is supported
Proposal 14	Upon receiving a retransmission of the activation command for SPS group common PDSCH, a UE having already previously successfully received the activation command for the same SPS configuration should discard the activation command retransmission and proceed its SPS reception based on the first successfully received activation command.
Proposal 15	Conclusion: the network can retransmit the PDSCH(s) associated with any missed SPS activation command via unicast scheduled PDCCH/PDSCH.
Proposal 16	For deactivation, a further group deactivation order or a UE specific PDCCH deactivation order can be sent to UEs not responding to the group de-activation PDCCH.
Proposal 17	For deactivation, UE specific PDCCH deactivation order can be used to deactivate a group-based SPS.
Proposal 18	Do not support unicast PDCCH scrambled with CS-RNTI for activation of group SPS PDSCH.
Proposal 19	PTM scheme 1 retransmission and PTP retransmission can be used simultaneously for different UEs in the same MBS group
Proposal 20	The simultaneous reception of PTP and PTM retransmission for a given UE is up to UE implementation, pending a UE capability.
Proposal 21	Group common PDCCH for multicast can be configured in CORESET#0 if CORESET#0 is within a CFR.
Proposal 22	Group common PDCCH and unicast PDCCH can be configured within the same CORESET
Proposal 23	Support option 1 from RAN1#104b regarding using CORESETs from unicast with multicast:
a.	If a CFR is configured in a dedicated unicast BWP for multicast in RRC-CONNECTED state, the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for PTM-1 transmission
b.	the CORESET configured in PDCCH-config for MBS in the CFR can be used for PTP transmission.
Proposal 24	Type-x CSS is a Type3 CSS. Extend the existing type3 CSS from Rel-15/16 to support additional DCIs for scheduling via group common PDCCH
Proposal 25	DCI formats for multicast and broadcast are common, although with partly different configurations.
Proposal 26	For the first and second  DCI for multicast and broadcast, the following fields from DCI 1_1 are not needed:
a.	UL DL identifier bit
b.	SRS request
c.	SCell dormancy indication
Proposal 27	For the first and second  DCI for multicast and broadcast, the following fields are introduced as optional fields
a.	MCCH change notification
b.	Harq feedback mode indicator
Proposal 28	For the first and second  DCI for multicast and broadcast, the fields that are not needed from the unicast formats are removed and not reserved.
Proposal 29	The  G-RNTI is counted as   “C-RNTI”  when considering the “3+1” DCI size budget rule for group-common PDCCH.
Proposal 30	The determination of non-fallback multicast/broadcast DCI size, monitored in the common search space  is inserted as step ”2B” in the DCI alignment procedure
Proposal 31	The fallback DCI for multicast/broadcast is aligned in size with DCI 1_0 and differentiated via the G-RNTI-based CRC check.
Proposal 32	The LBRM/TBS determination for PTP retransmission of multicast is based on the LBRM/TBS determination of the legacy unicast PDSCH transmission.
[bookmark: _In-sequence_SDU_delivery]
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