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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 during RAN1#103. 
[bookmark: _Ref178064866]	Discussion
Transmission mode for MBS
This section follows up on the following agreement from RAN1#103e:
	Agreements: For RRC_CONNECTED UEs, if initial transmission for multicast is based on PTM transmission scheme 1, at least support retransmission(s) can use PTM transmission scheme 1.
· FFS: whether to support PTP transmission for retransmission(s).
· FFS: whether to support PTM transmission scheme 2 for retransmission(s).
· FFS: How to indicate the association between PTM scheme 1 and PTP transmitting the same TB.
· FFS: If multiple retransmission schemes are supported, then can different retransmission schemes be supported simultaneously for different UEs in the same group?


support of PTP transmission for retransmission(s)	
In previous meetings, it was agreed to support retransmissions based on PTM scheme 1 (i.e. group PDCCH scheduling group-PDSCH). While this scheme is well suited for retransmission beneficial to the majority of UEs, it could become inefficient if for example, only one UE needs be scheduled to receive a retransmission of PDSCH. Moreover, the network could leverage on PTP transmission to tailor the transmission to these UEs to increase the reliability and efficiency of these transmission with e.g specific beamforming and coding. Thus, there is a clear benefit from the system throughput and UE efficiency point of view in supporting retransmission via PTP. 
When the initial transmission is done via PTM, the network may dynamically select whether PTM or PTP is used for a retransmission, which is more efficient than semi-statically using either PTM for all transmissions or PTP for all transmissions. In this way PTP retransmission would only be used when needed. 
The connection between the initial transmission and the retransmission is done via the HARQ process number associated with the MBS payload. Since the HARQ processes used by PTP and PTM schemes are from the same pool (HARQ Entity), PTP retransmission of PTM-1 can be supported.
Note that the PTP retransmission does not have to interrupt the PTM transmission. As it was agreed to support time or frequency based multiplexing of PTP and PTM, the UE can simultaneously receive the retransmission of the failed HARQ process as well as the continuing PTM transmission, as illustrated in Figure 1. This contributes to make the retransmission of PTM1 using PTP more efficient, as it allows to avoid interrupting the PTM leg for all UEs, and allows the UEs sending NACK to catch up the missed HARQ processes via PTP. 
[image: ]
Figure 1 PTP retransmission of a NACK’d HARQ process while PTM transmission continues (note: HARQ processing delays are not included)
[bookmark: _Toc61912930]The UE HARQ process buffers are common for the PTP and PTM transmissions. 
[bookmark: _Toc61912904]For retransmission, the UE can receive the MBS PDSCH via PTP and/or PTM-1. The HARQ process indicated in DCI associates the PTM-1 transmission and the PTP retransmission. 
To address whether the network can use different (re-)transmission schemes over different UEs in the same group (e.g. PTP for a subgroup of UEs and PTM for another), It should be noted that according to current specifications, if the network chooses to do PTP retransmission with one UE, 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: _Toc61912931]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. 
There are, however, some cases where it may be beneficial for the UEs in the group to use different types of retransmission schemes to have more flexibility. Using multiple retransmission schemes  (PTM and PTP) schemes for different UEs  in a group means that 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. There are at least the following enhancements options
· 1) No change to specifications, i.e. the UE is not expected to receive two PDSCH with the same HARQ process number in the same PDSCH-to-HARQ time frame. The two retransmissions schemes are still allowed, but cannot happen at the same time and must be multiplexed following the PDSCH-to-HARQ timing constraints. 
· 2) The network is allowed to transmit PDSCH with the same HARQ process over PTP and PTM in the same PDSCH-to-HARQ time frame. The UE, by implementation, can choose to decode either or both. This allows the UE to combine the two transmissions, if it has the capability to do so. The UE may sends HARQ on either of the associated PUCCH resources of the PTM or PTP PDSCHs. The network monitors both PUCCH resources and expects at least one to be used.  
· 3) The network is allowed to transmit PDSCH with the same HARQ process over both PTP and PTM in the same PDSCH-to-HARQ time frame, but the UE always  applies a priority rule which could be configurable, i.e. drop PTP or PTM leg to send HARQ feedback. The network expects the HARQ feedback over the prioritized HARQ feedback loop. By implementation, the UE can decide whether and how to combine the two PDSCH with the same HARQ process in the decoding process.
· One example of a priority rule is that the UE always selects the PTP PUCCH resource, if a UE in a group based scheduling is also addressed with PTP for the same HARQ process The HARQ feedback is then according to the PTP DCI.

[bookmark: _Toc61464098][bookmark: _Toc61464099][bookmark: _Toc61912905]For the reception of PTP and PTM-based MBS data in parallel for the same UE, downselect between the following option
a. [bookmark: _Toc61912906]The UE is not expected to be configured to receive the same HARQ process over PTM and PTP within the same HARQ processing window. 
b. [bookmark: _Toc61912907]The network is allowed to transmit PDSCH with the same HARQ process over PTP and PTM in the same PDSCH-to-HARQ time frame. The UE, by implementation, can chose to decode either or both. The network monitors both PTP and PTM and expects to receive at least one of the two HARQ responses. 
c. [bookmark: _Toc61912908]The network is allowed to transmit PDSCH with the same HARQ process over both PTP and PTM in the same PDSCH-to-HARQ time frame, but the UE is configured with  a priority rule (i.e. it does not transmit on the PUCCH resources for both PTP and PTM leg) to send HARQ feedback. The network expects the HARQ feedback only over the prioritized PUCCH resource for HARQ feedback.  
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.    



Since PTM transmission scheme 2 has not been agreed for the initial transmission, we assume for the discussion that a retransmission using PTM-2 has been preceded by a PTM-1 initial transmission, with support of HARQ ACK/NACK (otherwise the network would not know which UE to retransmit to).
The main differentiator for PTM-2 retransmission compared to a PTP retransmission is the possibility to retransmit to multiple UEs with the same PDSCH. However, this is possible also with PTM-1 retransmission. Since PTM-1 already supports transmission to all UEs with HARQ ACK/NACK feedback the difficulty to transmit to a subset of these via PTM-1 is less, so should not be an issue.
Also, only with PTP can the retransmission 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 transmission. Our conclusion is therefore that there is no major benefit of supporting PTM-2 for retransmission in addition to supporting PTP and PTM-1 retransmissions, which are anyway needed.
Another aspect is that PTM2 retransmission cannot be, as of now, multiplexed with an ongoing PTM-1 transmission. Based on the current agreement, PTM-2 retransmission of PTM-1 initial transmission would essentially switch only the PDCCH part of the MBS scheme from a group PDCCH to a dedicated PDCCH.  Simultaneous reception of PTM-1 and PTM-2 was also discussed as “case 5” in one of the agreements in RAN1#103e. If the “case 5” mentioned above is agreed to be supported, one could consider supporting PTM-2 based retransmission of PTM-1. However, our view is that the PDCCH overhead would make the solution impractical and we do not see a motivation for it. As discussed above, PTM-1 and PTP already give choices to the scheduler between covering a wide range of UEs or optimizing the link for each UE. To support intermediate cases, we think the proposed generalized PTM scheme, described in section 2.1.3 below, is better suited. 
[bookmark: _Toc61464105][bookmark: _Toc61912909]PTM-2 based retransmission of PTM-1 based multicast is not supported. 
Generalization of PTM transmission scheme 1
We think that current PTM transmission schemes 1/2 can easily be harmonized and generalized to support a much wider and richer set of use cases by a very simple modification. A generalized PTM scheme will then support current PTM scheme 1 as a special case, but would also support many other cases, including (a variant of) PTM scheme 2.
Technically, the generalization would simply consist of allowing for the use of different G-RNTIs for PDCCH and PDSCH. A UE may thus be configured with a group-common G-RNTIx PDCCH, scheduling a group-common G-RNTIy PDSCH, see Fig. x. This is a trivial addition to RRC signaling and for UE behavior.


[image: ]

Fig. X – Generalized PTM transmission scheme
As a special case, with x=y, we have the existing PTM scheme 1. As another special case, the group size may be a single UE and we then have something equivalent to PTM scheme 2, although a G-RNTI is used instead of a C-RNTI for the PDCCH. 
One drawback with PTM scheme 2 is that it is not sufficiently scalable in terms of number of UEs, due to the UE-specific C-RNTI used for PDCCH. However, by allowing for a flexible group size, not limited only to the extreme cases of one UE or all UEs, the network could more flexibly optimize the transmission, including HARQ feedback, for different amounts of UEs and with no hard switch between two PTM schemes  (PTM-1 and PTM-2).
This generalized scheme may also be used as a very simple solution to the “2A/2B” multiple overlapping BWPs use case, which could be used instead of the “common frequency resource” configuration using Options 2A or 2B, see more detailed discussion in section 2.2.
[bookmark: _Toc61912932]The current PTM transmission schemes 1&2 may be harmonized and generalized by allowing different G-RNTIs for PDCCH and PDSCH. This single generalized scheme could cover a wider range of use cases than either of current PTM transmission scheme 1 and 2. It can also be used to solve the multiple overlapping BWPs use case in a much simpler way than the existing Options 2A and 2B.
[bookmark: _Toc61912910]Current PTM transmission schemes 1&2 are harmonized into a single generalized PTM transmission scheme characterized by the possibility to RRC configure UEs to use different G-RNTIs for PDCCH and PDSCH. As a special case the G-RNTI may also be the same, as in current PTM transmission scheme 1.


Bandwidth part operation for MBS 
This section discusses the unresolved issues of the following working assumption and agreement  agreed at RAN1#103e:
	
Working assumption: 
For multicast of RRC-CONNECTED UEs, a common frequency resource for group-common PDCCH / PDSCH is confined within the frequency resource of a dedicated unicast BWP to support simultaneous reception of unicast and multicast in the same slot
· Down select from the two options for the common frequency resource for group-common PDCCH/ PDSCH
· Option 2A: The common frequency resource is defined as an MBS specific BWP, which is associated with the dedicated unicast BWP and using the same numerology (SCS and CP)
· FFS BWP switching is needed between the multicast reception in the MBS specific BWP and unicast reception in its associated dedicated BWP
· Option 2B: The common frequency resource is defined as an ‘MBS frequency region’ with a number of contiguous PRBs, which is configured within the dedicated unicast BWP.
· FFS: How to indicate the starting PRB and the length of PRBs of the MBS frequency region
· FFS whether UE can be configured with no unicast reception in the common frequency resource
· FFS on details of the group-common PDCCH / PDSCH configuration
· FFS whether to support more than one common frequency resources per UE / per dedicated unicast BWP subjected to UE capabilities
Agreements: 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.




Options for common frequency resources for group PDCCH/PDSCH
Our analysis of the two options in the working assumption, Option 2A (“2A”) and Option 2B (“2B”) is presented here.
Analysis of Option 2A
With 2A, there is a conventional unicast BWP and in addition a dedicated multicast BWP covering the common frequency resource. Multicast is restricted to the multicast BWP whereas unicast may be transmitted anywhere in the unicast BWP. The unicast BWP is RRC configured with C-RNTI PDCCH and the multicast BWP with G-RNTI PDCCH. In addition, one may reasonably assume that the multicast BWP is also configured with C-RNTI PDCCH.
Keeping in mind that with the current BWP framework there may only be one active BWP at a time one can observe the following consequences, if the existing BWP framework is simply reused:
· The UE needs to dynamically switch active BWP between slots, which include multicast and unicast. This implies a change of center frequency.
· Currently BWP switching is only mandatory via RRC reconfiguration, which is not dynamic and would require very large overhead in RRC signaling, so is totally impractical for the present use case.
· To support dynamic BWP switching, DCI signaling is required, which would need to be an additional mandatory UE capability.
· According to the current BWP framework, a BWP switch with change of center frequency would require some switching delay, causing an interruption in both the downlink and the possibilities of UL HARQ feedback (affecting also unicast HARQ feedback).
· With only one active BWP at a time, when the multicast BWP is active the unicast BWP is inactive, so cannot receive unicast. Any unicast transmission during multicast slots would need to be squeezed into the multicast BWP, leaving the rest of the unicast BWP unused.
· Unicast transmissions in the multicast BWP would need to use another unicast PDCCH than the normal one, with FDRA field size and interpretation according to the multicast BWP. This means that the same unicast PDSCH will need to be scheduled by two different PDCCHs, one configured on the unicast BWP and the other on the multicast BWP.
To fix these issues one would need to provide very significant exceptions from the normal rules of operation of the BWP framework:
· Instead of switching BWPs, the UE would probably need to have two fixed active BWPs and no switching. This is necessary to allow unicast reception outside the multicast BWP for slots where the UE is receiving multicast. This would also avoid the requirements about switching delays in connection with switching. Since the common frequency resource of the multicast BWP is also part of the unicast BW this can in practice be done without issues – the UE simply keeps its FFT window and is able to get all unicast and multicast RBs within this.
· With two active BWPs, the UE would receive all unicast in the unicast BWP and all multicast in the multicast BWP. Since the unicast BWP is overlapping with the multicast BWP the unicast transmitted in the common frequency part would then be considered transmitted on the unicast BWP.
[bookmark: _Toc61912933] With Option 2A, the UE would need to have two simultaneously active BWPs, which is preferable to BWP switching.

Analysis of Option 2B
With 2B, there is only the unicast BWP, but also the specially configured common frequency resource. Both C-RNTI and G-RNTI are configured on the unicast BWP, but multicast is only transmitted in the common frequency resource and with a PDCCH and DCI which is, “as if” this would have been a dedicated multicast BWP.
In contrast to the 2A case, where the RRC configuration of BWPs can be reused, something entirely new is needed for 2B, although it can have similarities with the BWP configuration of 2A.
[bookmark: _Toc61912934]With Option 2B, there is significant specification work related to the configuration of the new common frequency resource
With 2B unicast can naturally be transmitted anywhere within the unicast BWP and multicast in the common frequency resource.
Although seemingly different, both 2A and 2B would in the end tend to be quite similar. 2A “pretends” to use a dedicated BWP, but the way the BWP is used is totally different from normal multiple BWP operation, so actually deviates away from the legacy BWP framework, highlighted by the fact that it requires in practice the UE to have two active BWPs, unlike anything specified yet.
As can be seen from the analysis above, it seems possible to make a 2A or 2B solution to work, but they would both have significant specification impact.
[bookmark: _Toc61912935]Option 2A and 2B can probably be made to work but both would imply significant specification work.

Alternative and simpler approaches

The principle assumption of the 2A/2B use case has been that PTM scheme 1 is used and with a single multicast PDCCH being transmitted to all UEs, irrespective of BWP. By deviating slightly from this assumption one can identify a whole class of much simpler solutions, to solve the same basic use case (“multiple BWPs with some common overlap with MBS”).

The principle deviation is to allow for the use of BWP-specific (sub-group-)-common PDCCHs, all scheduling the same group-common PDSCH. With N BWPs there would thus be N transmitted G-RNTI PDCCHs but only the usual single G-RNTI PDSCH. The total number of BWPs is likely to be quite limited, so the transmission of multiple PDCCHs would not significantly affect congestion.
Each UE would thus be configured with a G-RNTI PDCCH to schedule the PDSCH and could easily react accordingly, provided it can properly receive the intended PDCCH. For this to work there needs to be a way for the UE to discriminate just the configured PDCCH and not to confuse this with other PDCCHs, intended for UEs on other BWPs.
There are several simple ways to achieve such discrimination:
· PDCCHs may e.g. be discriminated according to their G-RNTI, which can be made BWP-specific. The G-RNTI for PDCCH is then different across different BWPs and also different from the group-common G-RNTI used for PDSCH. This is according to our proposed generalized PTM scheme, presented in section 2.1.3.
· There are also several other simple schemes to differentiate PDCCHs, when BWP-specific G-RNTI PDCCHs are transmitted. 

[bookmark: _Toc61912936]By using BWP-specific PDCCHs, the targeted use case, with multiple BWPs with MBS in the overlap, can be supported with very small specification impact (if any).

[bookmark: _Toc61912911]We propose that 3GPP studies solutions based on BWP-specific (sub-group-common) PDCCHs scheduling a single group-common PDSCH with the aim of selecting solutions at the next meeting.

Further details on multiplexing
This section discusses the unresolved issues in the following agreements:
	Agreements: Support TDM between one unicast PDSCH and one group-common PDSCH in a slot based on UE capability for RRC_CONNECTED UEs.

Agreements:For RRC_CONNECTED UEs, support inter-slot TDM between unicast PDSCH and group-common PDSCH in different slots (mandatory for the UE supporting MBS).
Agreements:Further study the following cases for simultaneous reception of unicast PDSCH and group-common PDSCH in a slot based on UE capability for RRC_CONNECTED UEs.
· Case 1: support TDM between multiple TDMed unicast PDSCHs and one group-common PDSCH in a slot
· Case 2: support TDM among multiple group-common PDSCHs in a slot [Note: on the same frequency resource]
· Case 3: support TDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot
· Case 4: support FDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot
· Case 5: support FDM among multiple group-common PDSCHs in a slot
· FFS: maximum number of PDSCHs in a slot simultaneous received per UE

Agreements:No specification enhancement in Rel-17 to support SDM between unicast PDSCH and group-common PDSCH in a slot for RRC_CONNECTED UEs.



Since inter-slot TDM between unicast and group common PDSCH is agreed, and since MBS may consist of multiple sessions in parallel, the UE can be expected to be configured to monitor multiple G-RNTI based transmissions, each with a different G-RNTI, at least with inter-slot TDM between these G-RNTIs. The limitation in number of G-RNTIs the UE may monitor is then limited by the number of scheduled configurations (PDCCH configs, CORESETs and search spaces) the UE is capable of handling. For instance, different constraints exist with respect to the capabilities of UE:
· Supporting more than one PDCCH CORESET in addition to the CORESET with CORESET-ID 0 in the BWP under consideration is optional to be supported by the UE in FR1 (while mandatory with capability signaling in FR2) [TS 38.306].  
· If we recall the PDSCH mapping types, i.e., slot-wise/type A and mini-slot/ type B, resource allocation in time domain is constrained by [cf. 5.1.2.1, TS 38.214]:
· The UE is not expected to receive a PDSCH with mapping type A in a  slot, if the PDCCH scheduling the PDSCH was received in the same slot and was not contained within the first three symbols of the slot.
· The UE is not expected to receive a PDSCH with mapping type B in a slot, if the first symbol of the PDCCH scheduling the PDSCH was received in a later symbol than the first symbol indicated in the PDSCH time domain resource allocation.
Therefore, within a slot, our view of the different cases is up to the UE capability. The total number of group-common PDSCHs to be handled should not exceed the total capability of the UE for PDCCH candidates monitored for MBS.  simultaneous received per UE.
[bookmark: _Toc61912937]The support of case 1-5 depends on the UE capabilities to monitor multiple PDCCH candidates with different G-RNTI and C-RNTI
[bookmark: _Toc61912938]The support of intra-slot TDM cases for MBS are up to UE capability. 

SPS for MBS 
The following sections discuss the unresolved issues in the following agreement:
	Agreements: Support SPS group-common PDSCH for MBS for RRC_CONNECTED UEs
· FFS: use group-common PDCCH or UE-specific PDCCH for SPS group-common PDSCH activation/deactivation
· FFS: whether to support more than one SPS group-common PDSCH configuration per UE
· FFS: whether and how uplink feedback could be configured
· FFS: retransmission of SPS group-common PDSCH



 SPS activation and deactivation 
SPS in unicast is activated/deactivated with a PDCCH that is scrambled with CS-RNTI. The activation/deactivation is acknowledged by the UE via sending HARQ feedback. For multicast, if UE specific PDCCH to activate/deactivate SPS for group common PDSCH is used, it means that we need a number of PDCCH equal to the number of UEs in the multicast group. This is apparently not desirables. Therefore, we prefer to use group-common PDCCH to activate/deactivate SPS group-common PDSCH. 
A challenge is how to handle UEs in a group that do not respond to activation or deactivation PDCCH message, i.e. missing PDCCH.
Group-based SPS must have a mechanism to allow UEs missing initial activation to catch up to the UEs which successfully decoded the activation PDCCH. One strategy would be to use a PTP-transmitted MAC-CE message to individually activate SPS for the MBS group. This MAC-CE message includes the necessary information, e.g. the slot and the MCS etc that are aligned with those in the original group-based SPS activation PDCCH.   The MAC CE message could be transmitted in PTP to each UE which did not respond to the PDCCH based activation. Alternatively, the MAC CE message could be transmitted to a group of UEs via PTM-1. 
Similarly, if some UEs do not respond to the PDCCH SPS deactivation (release), a MAC CE order can be sent to each of these UEs. 
[bookmark: _Toc61912939]Group-based SPS need to separately address UEs missing the original SPS activation PDCCH
[bookmark: _Toc61912940]The activation recovery message needs to contain slot, MCS information of the original activation
[bookmark: _Toc61912912]Group common PDCCH is used to activate/deactivate SPS group common PDSCH
[bookmark: _Toc61912913]For group based SPS, UEs missing the PDCCH activation message are sent an activation recovery message via MAC-CE containing the original PDCCH information and the slot number where it was transmitted.   For deactivation,  a MAC CE deactivation order can be sent to UEs not responding to the de-activation PDCCH. 
[bookmark: _Toc61912914]For group based SPS, UEs missing the PDCCH activation message can recover the PDSCH slots missed during the recovery procedure via C-RNTI based PTP. 
d. [bookmark: _Toc61912915]FFS: recover lost PDSCH(s) via group transmission (PTM-1 or PTM-2)

Number of SPS Configurations  
In principle, the network could schedule multiple SPS group-common PDSCH if the use case requires it. Unicast SPS is able to be configured with multiple SPS configurations, with the HARQ process number field in the activation DCI pointing to the configuration being activated. 
[bookmark: _Toc61912916]Multiple group-based SPS configuration are supported, conditioned to UE capability 
 UL feedback for SPS 
UL feedback for SPS can be split in two categories:
· Feedback for PDSCH with a corresponding PDCCH for activation and de-activation
· Feedback for PDSCH without a corresponding PDCCH
As previously stated, for SPS to work all PDCCH used for activation/deactivation  must be acknowledged by the UE to ensure reception of the SPS commands. One issue that needs to be solved is that one group-common PDCCH SPS activation/deactivation triggers HARQ feedback from all UE in a group. If the size of the group is large, then there may be not enough PUCCH resources for all UE in MBS group to send HARQ feedback at the same time. One solution to solve this issue is to configure UEs in the MBS group with a UE-specific additional time offset. The actual time to send HARQ feedback is the one designated in DCI plus this additional time offset. Then different UEs in the MBS group will acknowledge activation/deactivation at different times, and thereby the lack of PUCCH resource can be solved. This issue is similar for regularly scheduled (i.e. non-SPS) MBS in a group with a large amount of UEs monitoring the same group PDCCH.
For SPS PDSCH without PDCCH (i.e. all other SPS PDSCH slots), the situation is more flexible. The UE could be configured with or without HARQ feedback. Additionally, MAC CE messages could be used to toggle UEs between HARQ-less and HARQ feedback, and address what PUCCH resource to use for feedback. This is, however, an issue common with scheduled (non-SPS) MBS, and we propose to reuse the framework that will be agreed for scheduled MBS.  
[bookmark: _Toc61912917]The UE is expected to provide feedback via HARQ for all PDCCH associated with a PDCCH activation or deactivation order for SPS
[bookmark: _Toc61912918]RRC configures each UE in the group an additional time offset so that when UEs receive group common PDCCH activate/deactivate command, they can acknowledge this command in different slots to avoid PUCCH resource congestion.  
[bookmark: _Toc61912919]The UE can be configured to either transmit or not transmit HARQ for the SPS PDSCH not corresponding to a SPS PDCCH activation or deactivation.
[bookmark: _Toc61912941]For the SPS-PDSCH following an activation commands, the mechanism to support HARQ and HARQ less or NACK only can reuse what is designed for PDCCH based MBS PDSCH scheduling. 
[bookmark: _Toc61912920]The SPS UL feedback framework for the SPS scheduled PDSCH is the same as for PDCCH based MBS PDSCH scheduling. 

PDCCH configuration for MBS
Coresets for MBS
The following agreement was made in RAN1#103:
	Agreements: For PTM transmission scheme 1, the CORESET for group-common PDCCH is configured within the common frequency resource for group-common PDSCH.
· FFS: number of CORESET(s) for group-common PDCCH within the common frequency resource for group-common PDSCH



Our view is that the CORESET can be shared between PTP and PTM, therefore it is unnecessary to define number of CORESET for group-common PDCCH. The number of CORESETs just follow that defined for PTP in R15/R16. This includes CORESET-0 configured for common search space (CSS) obtained via master information block (MIB) on physical broadcast channel (PBCH) before any RRC is transmitted, and additional CORESETs configured for CSS(s) scheduling PDSCH carrying paging, RRC signaling etc., and for USS(s) scheduling user data, etc., and altogether the maximum number of CORESETs configured per BWP per cell is 3. If the CORESET0 is used for group-common PDCCH scheduling, then CORSET-0  must be in common MBS bandwidth. 
[bookmark: _Toc61912921]The CORESET for group common PDCCH is part of the already existing CORESET capability of the UE. No additional CORESET capability is defined for MBS only. 
Search spaces 
The following agreements were made in RAN1#103:
	 
Agreements: For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, the CCE indexes are common for different UEs in the same MBS group.
Agreements:For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, further study the following options.
· Option 1: Define a new search space type specific for multicast 
· Option 2: Reuse the existing CSS type(s) in Rel-15/16
· FFS: whether modifications are needed for multicast 
· Option 3: Reuse the existing USS in Rel-15/16 with necessary modifications for MBS
· FFS: detailed modifications 



In order for the group of UEs to be able to access the group-common PDCCH scrambled with G-RNTI, the PDCCH candidates have to be in CCEs “visible” to all UEs. This is not possible in the UE specific search space, where the hashing function defining the CCEs in the USS is dependent on the C-RNTI and randomized across slots according to the specifications. Of course, a straightforward modification would be to create a search space based on USS with the dependency on C-RNTI removed, but that would essentially become a common search space.  
One issue is that the common search space does not feature the non-fallback DCI in current specification. Our proposal is to introduce the non-fallback DCIs in the common search space definition, corresponding to option 2. 
[bookmark: _Toc61912942]The common search space can be reused for scheduling group common PDCCH of PTM-1
In the discussion in section 2.5.4, we established that the DCI used to schedule group-common PDSCH should be of a new format (DCI 1_3) and aligned with the non-fallback DCI 1_1, to avoid additional blind decodes. We note that the introduction of MBS means that the PTM transmission will occupy space in the CORESET where there would typically be other DCI. In our view, the candidates should be “borrowed” from the USS. That is to say, if the UE is configured with  PDCCH candidates in the USS when not configured with MBS, then it should be configured with  PDCCH candidates in the USS if at the same time it monitors  PDCCH candidates in MBS. With the non-fallback DCIs for MBS and unicast both present in the common search space, it is still possible for the network to setup  PDCCH candidates for unicast, since the USS and CSS still contain a total of  PDCCH unicast candidates. For the MBS fallback DCI, we suggest to follow legacy and have it located in the common search space. 

[bookmark: _Toc61912922]Non fallback DCI for MBS is configured in the common search space, together with the non-fallback DCI for unicast. Fallback DCI for MBS is also configured in the common search space. 


Monitoring priority of search spaces  
The following agreements were made in RAN1#103:
	Agreements: For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, further study the following options for the monitoring priority of search space set
· Option 1: The monitoring priority of search space set for multicast is the same as existing Rel-15/16 CSS
· Option 2: The monitoring priority of search space set for multicast is the same as existing Rel-15/16 USS
· Other options are not precluded 
· The monitoring priority is used at least for PDCCH overbooking case
· FFS for other cases (e.g., to prune PDCCH in terms of whether it’s unicast or multicast, etc.)


Since the priority of each search space is according to the search space ID, we believe it is not possible to have the same priority for two search spaces with different ID. Since group-common PDCCH needs to be transmitted in those CCE which are available to all UEs in MBS group, we think it is reasonable to set the priority of group-common PDCCH search space to be higher than that for existing UE specific search space, but lower than that of existing common search space
[bookmark: _Toc61912923]The priority of search space for multicast is higher than UE specific search space but lower than the existing common search space defined in R15/R16. 
[bookmark: _GoBack]BDs for PDCCH candidates
	Agreements: Down select from the two options for BDs/CCEs limit for Rel-17 MBS
· Option 1: the maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot per serving cell defined in Rel-15 is kept unchanged for Rel-17 MBS.
· Option 2: For UEs supporting CA capability, the budget of BDs/CCEs of an unused CC can be used for group-common PDCCH to count the number of BDs/CCEs, which is similar to the method used for multi-DCI based multi-TRP in Rel-16.




Regarding this limit for blind detection, our view is that as it is with high probability that one MBS group includes UE with different capability, some supporting CA, some does not, and DCI applies to all UEs in MBS group, i.e. the limit for blind detection is constraint by the UE with lower capability, it is meaningless to let some UE with CA capability have a larger BD budget considering that other UE not supporting CA in this group can not have a lager BD limit.
Therefore, we prefer Option 1. 
[bookmark: _Toc61912924]The maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot per serving cell defined in Rel-15 is kept unchanged for Rel-17 MBS.
In order to preserve the DCI “3+1” budget rule, it is desirable to align the DCI used for MBS with the ones used for unicast. For maximum flexibility, the DCI for MBS should functionally follow DCI 1_1. For the sake of discussion, we refer to this new DCI as DCI 1_3. Since DCI 1_3 is common to all UEs in a group scheduling, the size of this DCI must be common to all UEs. Therefore, the following procedure should be followed to align DCI 1_3 size with DCI 1_1. 
· When configuring the DCI 1_3 in each UE, The network will use a new field of dummy bits, the size of the field is configured by the network, so that DCI 1_3 size is the same as the largest DCI 1_1 configured in any of the UEs in the group. 
· Once the UE receives the DCI 1_3 configuration, the UE performs the DCI alignment procedure, by also considering that DCI_1_1 must have the same size as DCI 1_3, and assumes the required padding to the DCI 1_1 size.
When only basic PTM functionality is required the DCI size of legacy DCI format 1_0 is enough. This 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. 

[bookmark: _Toc61912943]A basic multicast DCI format, based on legacy DCI format 1_0, could be defined, which may be used in the CSS without requiring additional Blind decoding and without requiring DCI size alignment between unicast and multicast.

[bookmark: _Toc61912925]A new DCI format for MBS downlink scheduling is introduced e.g. DCI 1_3. 
e. [bookmark: _Toc61912926]The fields are the same as for DCI 1_1 , with the addition of a field for padding bits for the group scheduling DCI size alignment purpose. The number of padding bits ranges from 0 to , where  is the difference between the largest configurable size for DCI 1_1 and the smallest configurable size for DCI 1_1
[bookmark: _Toc61912927]FFS: Discuss MBS fallback DCI 
[bookmark: _Toc61912928]In the existing alignment procedure, an additional step is taken by the UE to align its DCI 1_1 with DCI 1_3 when DCI 1_3 is configured. 
f. [bookmark: _Toc61912929]FFS alignment for MBS fallback DCI
	Conclusion
In the previous sections we made the following observations: 
Observation 1	The UE HARQ process buffers are common for the PTP and PTM transmissions.
Observation 2	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 3	The current PTM transmission schemes 1&2 may be harmonized and generalized by allowing different G-RNTIs for PDCCH and PDSCH. This single generalized scheme could cover a wider range of use cases than either of current PTM transmission scheme 1 and 2. It can also be used to solve the multiple overlapping BWPs use case in a much simpler way than the existing Options 2A and 2B.
Observation 4	With Option 2A, the UE would need to have two simultaneously active BWPs, which is preferable to BWP switching.
Observation 5	With Option 2B, there is significant specification work related to the configuration of the new common frequency resource
Observation 6	Option 2A and 2B can probably be made to work but both would imply significant specification work.
Observation 7	By using BWP-specific PDCCHs, the targeted use case, with multiple BWPs with MBS in the overlap, can be supported with very small specification impact (if any).
Observation 8	The support of case 1-5 depends on the UE capabilities to monitor multiple PDCCH candidates with different G-RNTI and C-RNTI
Observation 9	The support of intra-slot TDM cases for MBS are up to UE capability.
Observation 10	Group-based SPS need to separately address UEs missing the original SPS activation PDCCH
Observation 11	The activation recovery message needs to contain slot, MCS information of the original activation
Observation 12	For the SPS-PDSCH following an activation commands, the mechanism to support HARQ and HARQ less or NACK only can reuse what is designed for PDCCH based MBS PDSCH scheduling.
Observation 13	The common search space can be reused for scheduling group common PDCCH of PTM-1
Observation 14	A basic multicast DCI format, based on legacy DCI format 1_0, could be defined, which may be used in the CSS without requiring additional Blind decoding and without requiring DCI size alignment between unicast and multicast.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For retransmission, the UE can receive the MBS PDSCH via PTP and/or PTM-1. The HARQ process indicated in DCI associates the PTM-1 transmission and the PTP retransmission.
Proposal 2	For the reception of PTP and PTM-based MBS data in parallel for the same UE, downselect between the following option
a.	The UE is not expected to be configured to receive the same HARQ process over PTM and PTP within the same HARQ processing window.
b.	The network is allowed to transmit PDSCH with the same HARQ process over PTP and PTM in the same PDSCH-to-HARQ time frame. The UE, by implementation, can chose to decode either or both. The network monitors both PTP and PTM and expects to receive at least one of the two HARQ responses.
c.	The network is allowed to transmit PDSCH with the same HARQ process over both PTP and PTM in the same PDSCH-to-HARQ time frame, but the UE is configured with  a priority rule (i.e. it does not transmit on the PUCCH resources for both PTP and PTM leg) to send HARQ feedback. The network expects the HARQ feedback only over the prioritized PUCCH resource for HARQ feedback.
Proposal 3	PTM-2 based retransmission of PTM-1 based multicast is not supported.
Proposal 4	Current PTM transmission schemes 1&2 are harmonized into a single generalized PTM transmission scheme characterized by the possibility to RRC configure UEs to use different G-RNTIs for PDCCH and PDSCH. As a special case the G-RNTI may also be the same, as in current PTM transmission scheme 1.
Proposal 5	We propose that 3GPP studies solutions based on BWP-specific (sub-group-common) PDCCHs scheduling a single group-common PDSCH with the aim of selecting solutions at the next meeting.
Proposal 6	Group common PDCCH is used to activate/deactivate SPS group common PDSCH
Proposal 7	For group based SPS, UEs missing the PDCCH activation message are sent an activation recovery message via MAC-CE containing the original PDCCH information and the slot number where it was transmitted.   For deactivation,  a MAC CE deactivation order can be sent to UEs not responding to the de-activation PDCCH.
Proposal 8	For group based SPS, UEs missing the PDCCH activation message can recover the PDSCH slots missed during the recovery procedure via C-RNTI based PTP.
a.	FFS: recover lost PDSCH(s) via group transmission (PTM-1 or PTM-2)
Proposal 9	Multiple group-based SPS configuration are supported, conditioned to UE capability
Proposal 10	The UE is expected to provide feedback via HARQ for all PDCCH associated with a PDCCH activation or deactivation order for SPS
Proposal 11	RRC configures each UE in the group an additional time offset so that when UEs receive group common PDCCH activate/deactivate command, they can acknowledge this command in different slots to avoid PUCCH resource congestion.
Proposal 12	The UE can be configured to either transmit or not transmit HARQ for the SPS PDSCH not corresponding to a SPS PDCCH activation or deactivation.
Proposal 13	The SPS UL feedback framework for the SPS scheduled PDSCH is the same as for PDCCH based MBS PDSCH scheduling.
Proposal 14	The CORESET for group common PDCCH is part of the already existing CORESET capability of the UE. No additional CORESET capability is defined for MBS only.
Proposal 15	Non fallback DCI for MBS is configured in the common search space, together with the non-fallback DCI for unicast. Fallback DCI for MBS is also configured in the common search space.
Proposal 16	The priority of search space for multicast is higher than UE specific search space but lower than the existing common search space defined in R15/R16.
Proposal 17	The maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot per serving cell defined in Rel-15 is kept unchanged for Rel-17 MBS.
Proposal 18	A new DCI format for MBS downlink scheduling is introduced e.g. DCI 1_3.
a.	The fields are the same as for DCI 1_1 , with the addition of a field for padding bits for the group scheduling DCI size alignment purpose. The number of padding bits ranges from 0 to , where  is the difference between the largest configurable size for DCI 1_1 and the smallest configurable size for DCI 1_1
FFS: Discuss MBS fallback DCI
Proposal 19	In the existing alignment procedure, an additional step is taken by the UE to align its DCI 1_1 with DCI 1_3 when DCI 1_3 is configured.
a.	FFS alignment for MBS fallback DCI
[bookmark: _In-sequence_SDU_delivery]
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