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	Introduction
[bookmark: _Ref178064866]In this contribution, we address the support for NR multicast and broadcast reception in RRC Inactive/Idle, following up on previous meeting outstanding issues. and considering the additional issue of reception of the same multicast transmission by UEs in all RRC states.
Discussion
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Reception of the same broadcast transmission by UEs in all RRC states
In RAN1#104-e, the following was agreed:
	Agreement:
For broadcast reception, the same group-common PDCCH and the corresponding scheduled group-common PDSCH can be received by both RRC_IDLE/RRC_INACTIVE UEs and RRC_CONNECTED UEs when UE-specific active BWP of RRC_CONNECTED UE contains the common frequency resource of RRC_IDLE/INACTIVE UEs and the SCS and CP are the same.
· FFS: the case when UE-specific active BWP of RRC_CONNECTED UE does not contain the common frequency resource of RRC_IDLE/INACTIVE UEs.




 
Reception of the same broadcast transmission by UEs in all RRC states

As discussed in paragraph 2.4 below, we think the BWPs that can be used for broadcast are restricted to the CORESET#0 Initial BWP and to a configured BWP that can belarger than the CORESET#0 Initial BWP but containing this.

For the case of broadcast transmitted in CORESET#0 Initial BWP, we note the legacy requirements for RRC Connected UEs to simultaneously receive unicast data in the active BWP and to monitor System Information and paging in the Initial BWP, when this is contained within the active BWP. 
We think therefore that it would be reasonable to require RRC Connected UEs to receive broadcast, transmitted with CORESET#0 Initial BWP, in parallel with unicast and multicast in the active BWP.

[bookmark: _Toc79185571]In legacy NR, RRC Connected UEs are expected to monitor System Information and paging in the Initial BWP in parallel with receiving unicast data, provided the Initial BWP is fully contained within the active BWP.

[bookmark: _Toc79185453][bookmark: _Toc79185544]RRC Connected UEs are expected to receive broadcast, transmitted with CORESET#0 Initial BWP, in parallel with unicast and multicast in the active BWP.

For the case of a configured broadcast CFR/BWP, which contains the CORESET#0 Initial BWP, we think a UE could be expected to receive this in parallel with unicast/multicast of the active BWP, provided the frequency range of the broadcast CDF/BWP is identical to the active BWP or to its configured multicast CFR.

[bookmark: OLE_LINK26][bookmark: _Toc79185454][bookmark: _Toc79185545]RRC Connected UEs are expected to receive broadcast, transmitted on a configured broadcast CFR/BWP, in parallel with unicast/multicast of the active BWP, provided the frequency range of the broadcast CFR/BWP is identical to the active BWP or to its configured multicast CFR/BWP. If no multicast CFR is configured, the UE is expected to receive the broadcast CFR/BWP, irrespective of frequency range, as long as it is contained within the active BWP and also contains the CORESET#0 Initial BWP.
Support of Beam sweeping in RRC Inactive/Idle 
The following agreement was made during RAN1#103[4]:
	Agreements:
· For RRC_IDLE/RRC_INACTIVE UEs, beam sweeping is supported for group-common PDCCH/PDSCH.
· FFS: Details for support of beam sweeping for group-common PDCCH/PDSCH.



In RAN1#104e the following was agreed:
	Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, the UE may assume that group-common PDCCH/PDSCH is QCL’d with SSB.
· It is up to UE implementation whether UE monitors monitoring occasions corresponding to all SSB indexes or monitoring occasions corresponding to a subset of all SSB indexes. 
· FFS: association rules between SSB indexes and UE monitoring occasions.
· FFS: group-common PDCCH/PDSCH is QCl’d with TRS if configured



In RAN1#105e the following was agreed:
	Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, the same beam can be used for group-common PDCCH and the corresponding scheduled group-common PDSCH for carrying MCCH or MTCH.
· UE may assume that DMRS ports of the group-common PDCCH/PDSCH for MCCH is QCL’d with SSB.
· UE may assume that DMRS ports of the group-common PDCCH/PDSCH for MTCH is QCL’d with SSB.
· FFS: group-common PDCCH/PDSCH for MTCH is QCL’d with periodic TRS if configured



The concept and benefit of beam sweeping for MBS in RRC inactive has not yet been broadly discussed. Assuming there are N narrow beams, then sweeping the beams over N slots, i.e. each beam is active only in one slot out of N, would provide the same received energy to each UE as if a broad beam would be used covering all the N narrow beams, and the broad beam would be active for all N slots. PDSCH-repetition may therefore be an alternative to beam sweeping. or enable the use of sweeping with wider beams. 
The spectral efficiency for a wide beam with PDSCH repetition can be larger than a narrow beam without repetition: 
Let us consider a normalized bandwidth B=1 and a transmission period T, during which a full beam-sweeping cycle need to occur. The total transmitted power is the same in both cases below (beam-sweeping and fixed wide beam). When beam-sweeping is used with N beams, we assume the SNR increases with a factor N (absolute). Regarding the total received signal energy at the UE, the beamforming gain N in the beam-sweeping case is balanced by the factor N lower SNR but N times longer integration period in the wide beam case. However, the reduction in time with a factor N is equivalent to a reduction in bandwidth with same factor. 

Here is an example with N=10 beams and SNR=1 (0 dB) in the case with a wide beam

Case 1 – Beam-sweeping with 10 beams.
Spectral efficiency S1 = (1/10)*log2(1+10)=0.3459 bps/Hz

Case 2 – No beam-sweeping (wide beam) 
Spectral efficiency S2 = log2(1+1)=1 bps/Hz

Non-beamforming spectral efficiency is here S2/S1=2.89 times higher than with beamforming. We acknowledge that the gain of wider beams decreases with the SNR operating point.


We further acknowledge that beam sweeping for MBS broadcast has additional benefits:

· Beam sweeping can be coordinated between cells such that the interference is reduced.

· When taking into account UE-RX beamforming, then there can be an additional gain in using narrow beams at the gNB in a sweep. The UE can have a good channel for multiple of the narrow beams, and if they are transmitted consecutively the UE can optimize its RX-beams separately whereas in the case of parallel transmission of multiple beams or a wide beam the UE has to form a compromise Rx-beam pattern.

Nevertheless, the opportunity should be supported to transmit MBS broadcast on wider beams than what may be used for PTP traffic and even wider than SSBs. It should be configurable whether beams sweeping is used in the MBS broadcast mode. The beamwidth should be able to adjust separately from the SSB beamwidth.

[bookmark: _Toc79185455][bookmark: _Toc79185546]It should be configurable whether beams sweeping is used in the MBS broadcast mode. The beamwidth of PDSCH carrying MTCH should be possible to adjust separately from the SSB beamwidth.
We acknowledge that the coverage of PDCCH is limited by the largest aggregation level and cannot benefit from aggregation in time domain. However, at least for SPSed PDSCH, wider beams could be usable. Furthermore it should be possible to apply beam sweeping only for the PDCCH and use wider beams for the PDSCH.

[bookmark: _Toc79185456][bookmark: _Toc79185547]For scheduling a PTM-PDSCH, we propose the following schemes:
a) PDCCH in the same beam as the PTM-PDSCH
b) Multiple PDCCH, one per narrower beam, each pointing to the same PTM-PDSCH in a different, potentially wider, beam.
c) SPS 
It should be understood that scheme b) should enable separate beams sweeps for PDCCH and PDSCH, with different beam width and beam spacing for each of them.
On SPS we elaborate more in the subsequent section.

Since spectral efficiency of the MCCH is of lower importance than that of MTCHs, the PDSCH carrying the MCCH should be able to be configured with more narrow beam than that of the MTCHs. Since MCCH is repeated periodically, the robustness of PDCCH and PDSCH for MCCH may be acceptable to be lower than that those for MTCH. 
[bookmark: _Toc79185457][bookmark: _Toc79185548]The beamwidth of PDSCH carrying MCCH should be possible to adjust separately from the beamwidth of PDSCH carrying MTCH.

Strictly speaking and Rel.15 behaviour, the PDCCH beam and the PDSCH beam must be the same, unless tci-PresentDCI-1-2 Is configured by RRC, in which case the PDCCH contains a 1,2, or 3 bit field that can point to another TCI state /beam for the PDSCH, i.e. decoupled from PDCCH. However, we think this can be loosened if the PDCCH beam is inside the beam covering angle of the wider PDSCH. 
We believe the UE RX beam is rather wide and selected based on the PDSCH beam, therefore it the UE can use use the same TCI state for the PDCCH and the PDSCH. I.e., the UE would have high enough SINR on at least one of the PDCCH overlapping the wider PDSCH, using the same RX beam, i.e. using the same TCI state.

The gNB can by implementation make sure the same TCI state can be used for PDCCH and PDSCH.

Beam sweeping for multicast in RRC Inactive could benefit from the knowledge of which beams can be received by a UE. Beam sweeping may then be performed only over the beams that are actually beneficial for the present group of UEs. An RRC Inactive group UE could transit to RRC Connected when the UE detects the active beams in the sweep degrade in reception quality below some configurable threshold. Beam management in RRC Connected can be used to activate additional beams and deactivate beams that have become inferior. If the UE has reception quality above a configurable threshold on the added beams, the UE could be moved to RRC Inactive again.
UEs in RRC inactive and in RRC connected should both be able to receive the same group-common PDCCH/PDSCH as RRC Connected UEs, so that the support of UEs in RRC inactive should not occupy additional resources in beams that are already active for UEs in RRC Connected.
[bookmark: _Toc61903233][bookmark: _Toc61903884][bookmark: _Toc61905339][bookmark: _Toc61905360][bookmark: _Toc61905382][bookmark: _Toc61905395][bookmark: _Toc61905422][bookmark: _Toc61905443][bookmark: _Toc61905484][bookmark: _Toc61905751][bookmark: _Toc71674882][bookmark: _Toc79185458][bookmark: _Toc79185549]When beam sweeping is used for unicast and/or multicast to RRC Connected UEs, the same beams may also carry multicast and/or broadcast, addressing Inactive/Idle UEs. 

TRS are beneficial for operation at low SINR, typically for SINR<3dB and at low bandwidth, typically <6 PRBs.

In a broadcast scenario SINR<3dB can easily happen for UEs close to the cell border, even with beam sweeping. Small bandwidth allocations for MBS services that do not exceed 6 PRBs are also easily conceivable, e.g. MCPTT voice service. Configuring TRS for MBS broadcast can make sense in such scenarios. 

[bookmark: _Toc71674883][bookmark: _Toc79185459][bookmark: _Toc79185550]Group-common PDCCH/PDSCH for MTCH is QCL’d with TRS if configured. 
We assume CSI-RS is not configured for UEs in RRC-idle/inactive for PDSCH carrying MCCH or MTCH that are scheduled, mainly because of standardization effort. 
Semipersistent Scheduling (SPS)
SPS for MTCH in idle/inactive (i/i) has not be widely discussed. For SPS in i/i, a one-time activation signalled in PDCCH does not make sense, because 1) UEs can "enter" the cell by cell-reselection and we believe it should be possible that SPS is active or inactive on a per-cell basis and 2) for i/i UEs there is no HARQ-ACK/NACK, so PDCCH-based activation could not use ACK/NACK either to confirm the activation.


[bookmark: _Toc79185460][bookmark: _Toc79185551]For SPS to UEs in RRC-Idle/Inactive, we propose configuration and activation is in the MCCH.
.

In SPS for RRC-Connected, the PDCCH containing the activation also implicitely specifies the "offset" of the periodically scheduled PDSCH, where the periodicity is given in SPS-Config IE, and the HARQ Process ID associated with the slot where the DL transmission starts is derived from the following equation:
HARQ Process ID = [floor (CURRENT_slot × 10 / (numberOfSlotsPerFrame × periodicity))] modulo nrofHARQ-Processes
where CURRENT_slot = [(SFN × numberOfSlotsPerFrame) + slot number in the frame] and numberOfSlotsPerFrame refers to the number of consecutive slots per frame as specified in TS 38.321.

Since we propose to not have SPS activation via PDCCH for RRC-idle/inactive, the slot offset and according HARQ Process ID needs to be defined by other means. We propose to include it in the SPS-Config IE and that this IE is carried in MCCH. 

[bookmark: _Toc79185461][bookmark: _Toc79185552]For SPS to UEs in RRC-Idle/Inactive, the slot offset is included in the SPS-Config IE and this IE is carried in MCCH.

For the dynamically scheduled PDSCH carrying MTCH that is intended to be receivable by i/i-UEs, there have been proposals to define a schedule of PDCCH MOs (monitoring occasions) with an offset and a period. We believe the SPS scheduling can be quite similar to the PDCCH-MO scheduling, the main difference being that for SPS the UE in a "scheduled" slot does not evaluate the search space for a possible PDCCH but directly decodes the PDSCH on the SPS-preconfigured resources.


Further details on the common frequency resource configured for RRC Inactive/Idle
The following are agreed in RAN1#105-e
Agreement:
For broadcast reception, RRC_IDLE/RRC_INACTIVE UEs can use a configured/defined CFR with the same size as the initial BWP, where the initial BWP has the same frequency resources as CORESET0 (i.e., Case A), to receive GC-PDCCH/PDSCH carrying MCCH.
· Note: GC-PDCCH/PDSCH transmission within a narrower portion of the Initial BWP (where the initial BWP has the same frequency resources as CORESET0) is possible by implementation via appropriate scheduling.

Agreement:
For broadcast reception, RRC_IDLE/RRC_INACTIVE UEs can use a configured/defined CFR with the same size as the initial BWP, where the initial BWP has the same frequency resources as CORESET0 (i.e., Case A), to receive GC-PDCCH/PDSCH carrying MTCH.
· Note: GC-PDCCH/PDSCH transmission within a narrower portion of the Initial BWP (where the initial BWP has the same frequency resources as CORESET0) is possible by implementation via appropriate scheduling.



Given that the CORESET#0 initial BWP is the frequency region used by the gNB to send the synchronization signals, system information and paging, gNB can always rely on the same CORESET#0 initial BWP for the transmission of broadcast data as well, unless another CFR/BWP has been configured for broadcast. 

Furthermore, with legacy unicast SIB1-configured initial BWP (that is configured to be different than the CORESET#0 initial BWP) is used by RRC_CONNECTED UEs only, but not by the RRC IDLE and RRC_INACTIVE UEs. 
Additionally, if there exists configured/defined CFR/BWP for broadcast, then that can be used for the scheduling of broadcast, where the size of the CFR/BWP can be equal or larger than the size of the initial BWP. Specifically, the latter is readily possible if the gNB has the knowledge about the UE capabilities in the broadcast group via 5G core network based on the premise that the UEs have been in connected mode already once.

[bookmark: _Toc79185462][bookmark: _Toc79185553]Overall, the gNB can utilize either the CORESET#0 initial BWP or the configured/defined CFR to serve the UEs in broadcast mode.
[bookmark: _Toc79185463][bookmark: _Toc79185554]Regarding the possibility to use SIB1-configured Initial BWP in all RRC states, this seems difficult since legacy unicast operation requires the UE to use the CORESET#0 Initial BWP while in Idle/Inactive to receive system information and paging. Assuming the UE cannot simultaneously use two different Initial BWPs, the UE can therefore not at the same time use the legacy-required Coreset#0 Initial BWP and a SIB1-configured Initial BWP, even with special spec changes for broadcast, assuming a UE receiving broadcast will also need to behave according to legacy unicast requirements.
[bookmark: _Toc79185464][bookmark: _Toc79185555]Regarding the mapping of MCCH and MTCH to CFRs/BWPs, we think the simplest solution is to use the same BWP for both MCCH and MTCH, and this may be the Coreset#0 Initial BWP or a configured BWP, which may have any frequency range within the active BWP of Connected UEs, as long as it contains the CORESET#0 Initial BWP. 
[bookmark: _Toc79185465][bookmark: _Toc79185556]One reason to map MCCH and MTCH to different BWPs could perhaps be power saving. However, most part of the power saving comes from the time-domain power saving using e.g. DRX. Some additional power saving could also be achieved if the frequency window of the UE could be dynamically changed depending on whether MCCH (smaller BWP) or MTCH (larger BWP) is received. If the actual frequency window is dynamically changed this implies true BWP switching, which has unacceptable consequences, especially considering that RRC Connected UEs also need to receive the transmissions, together with unicast and potentially multicast. Without such true BWP switching there is no frequency-domain power saving, since the UE then needs to keep the frequency window fixed to receive the BW of the largest BWP. The fact that MCCH is actually transmitted in a small BWP does then not allow for any power saving, since the large frequency window is anyway used all the time.
[bookmark: _Toc79185466][bookmark: _Toc79185557]When MCCH and MTCH are both transmitted in the CORESET#0 Initial BWP then “everything”, including also SI/paging, is received within that BWP, so there are no issues, other than the fact that the size of this BWP may be too limiting in the general case.
[bookmark: _Toc79185467][bookmark: _Toc79185558]When MCCH and MTCH are instead both transmitted in a configured BWP the UE still needs to receive SI/paging, transmitted in the CORESET#0 Initial BWP. This is similar to the case with RRC Connected UEs receiving data in the active BWP and at the same time monitoring SI in the CORESET#0 Initial BWP. Since Connected UEs have this required functionality it looks natural to require the same for UEs receiving broadcast data on a configured BWP at the same time as receiving SI/paging in the CORESET#0 Initial BWP.
[bookmark: _Toc79185468][bookmark: _Toc79185559]For broadcast, a configured CFR/BWP may be used, which contains the CORESET#0 Initial BWP.
[bookmark: _Toc79185469][bookmark: _Toc79185560]The MCCH and MTCH may be mapped to the same CFR/BWP (CORESET#0 or configured CFR/BWP)
[bookmark: _Toc79185470][bookmark: _Toc79185561]No support for a CFR smaller than (i.e. subset of) the CORESET#0 Initial BWP or smaller than (i.e. subset of) a configured BWP.
[bookmark: _Toc79185471][bookmark: _Toc79185562]Conclusion: SIB1-configured Initial BWP is not used for broadcast by RRC_IDLE/RRC_INACTIVE UEs

Further details on group common PDCCH for RRC Inactive/Idle
Number of CORESETs

The following was agreed during RAN1#105e:
Agreement:

For Rel-17, for broadcast reception, RRC_IDLE/RRC_INACTIVE UEs do not exceed the maximum number of CORESETs mandatorily (in the minimum capability) supported for Rel-15/Rel-16 UEs, i.e., 2 CORESETs. 
· If the CFR has the same frequency range as the initial BWP, where the initial BWP has the same frequency resources as CORESET0 or where the initial BWP has the frequency resources configured by SIB1, RRC_IDLE/RRC_INACTIVE UEs can be configured with the following options:
· CORESET#0 (default option if CFR is the initial BWP and CORESET is not configured); or
· CORESET configured by commonControlResourceSet; or
· CORESET#0 and CORESET configured by commonControlResourceSet.



During RRC IDLE/INACTIVE state, the gNB uses only CORESET#0 initial BWP, but not the SIB-1 configured initial BWP. Therefore, it is better to remove the term “or where the initial BWP has the frequency resources configured by SIB1” in the above proposal revise as follows.

[bookmark: _Toc79185472][bookmark: _Toc79185563]For Rel-17, for broadcast reception, RRC_IDLE/RRC_INACTIVE UEs do not exceed the maximum number of CORESETs mandatorily (in the minimum capability) supported for Rel-15/Rel-16 UEs, i.e., 2 CORESETs. 
· [bookmark: _Toc79185473][bookmark: _Toc79185564]If the CFR has the same frequency range as the initial BWP, where the initial BWP has the same frequency resources as CORESET0, RRC_IDLE/RRC_INACTIVE UEs can be configured with the following options:
· [bookmark: _Toc79185474][bookmark: _Toc79185565]CORESET#0 (default option if CFR is the initial BWP and CORESET is not configured); or
· [bookmark: _Toc79185475][bookmark: _Toc79185566]CORESET configured by commonControlResourceSet; or
· [bookmark: _Toc79185476][bookmark: _Toc79185567]CORESET#0 and CORESET configured by commonControlResourceSet.
DCI formats for broadcast reception
The following was agreed during RAN1#105e:
	Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, DCI format 1_0 is used as baseline for GC-PDCCH of MCCH and MTCH.
· FFS details of FDRA.

Agreement:
For broadcast reception, RRC_IDLE/RRC_INACTIVE UEs can use a configured/defined CFR with the same size as the initial BWP, where the initial BWP has the same frequency resources as CORESET0 (i.e., Case A), to receive GC-PDCCH/PDSCH carrying MCCH.
· Note: GC-PDCCH/PDSCH transmission within a narrower portion of the Initial BWP (where the initial BWP has the same frequency resources as CORESET0) is possible by implementation via appropriate scheduling.

Agreement:
For broadcast reception, RRC_IDLE/RRC_INACTIVE UEs can use a configured/defined CFR with the same size as the initial BWP, where the initial BWP has the same frequency resources as CORESET0 (i.e., Case A), to receive GC-PDCCH/PDSCH carrying MTCH.
· Note: GC-PDCCH/PDSCH transmission within a narrower portion of the Initial BWP (where the initial BWP has the same frequency resources as CORESET0) is possible by implementation via appropriate scheduling.




In legacy, the number of PRBs addressed by the FDRA for DCI 1_0 depends on whether CORESET#0 is configured. FDRA corresponds to 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 broadcast, a CFR can be configured either with the same frequency resources as CORESET#0, as agreed previously. However, the UE could also be configured with a broadcast BWP. The FDRA for DCI 1_0 should thus follow the following rules:
For the FDRA field in the DCI 1_0 for broadcast (i.e. scrambled with G-RNTI):
· The FDRA field size is given by the CFR size, i.e. one of the following
· the size of coreset#0 
· the size of the configured BWP. 
Coreset types for broadcast
The following was agreed at RAN1#105-e:
	Agreement:
For broadcast reception, RRC_IDLE/RRC_INACTIVE UEs support the same CSS type for MCCH and MTCH.
· FFS support of different CSS types for MCCH and MTCH channels for broadcast reception.




Regarding the FFS we see no reason to support different CSS types. Furthermore, the CSS type should be aligned with the agreed CSS type for multicast.
[bookmark: _Toc79185477][bookmark: _Toc79185568]Different CSS types not supported for MCCH and MTCH.
[bookmark: _Toc79185478][bookmark: _Toc79185569]The CSS type for broadcast should be the same as the CSS type for multicast.
Alignment with multicast solution
Considering both UE complexity and the limited remaining WI time, it would be advantageous to reuse as much as possible of the multicast functionality for broadcast. 
UEs would obviously be configured via different methods for broadcast (via broadcast signal) and unicast/multicast (UE-specific RRC configuration) but the basic way of operation of e.g. PDCCH and PDSCH can probably be directly reused from multicast (which itself is largely reused from unicast). 
As we have pointed out in earlier RAN1 and RAN2 contributions, there are technical possibilities to allow UEs in Idle/Inactive mode to receive multicast-transmitted data that are aimed primarily for RRC Connected UEs. The same PTM transmission could thus reach both Connected UEs and Idle/Inactive UEs – no need for duplication! 
Idle/Inactive UEs could thus piggy-back on PTM transmissions that are anyway going on aimed for Connected UEs. Such reception may e.g. include PDSCH repetition and/or HARQ retransmissions based on HARQ feedback from Connected UEs, resulting in PTM retransmissions. Idle/Inactive UEs would however not transmit any HARQ feedback or anything else in the UL – they would just listen to PTM.
Although this type of functionality for multicast to Idle UEs is not further discussed in Rel.17, the same type of transmission could of course also be used for broadcast, since the situation for the UE is identical, irrespective of whether the UE is a multicast or broadcast UE in Idle/Inactive – the only difference is the way the method by which the UEs are configured.
We therefore think that reusing a subset of the multicast functionality for broadcast would both save time and increase flexibility/performance of the broadcast solution, while also allow the largest possible alignment between unicast/multicast and broadcast and therefore maximize the probability of broadcast being implemented.
As an example, time diversity could be increased by using pre-scheduled retransmissions, exactly like multicast HARQ retransmissions and/or PDSCH repetitions, but not triggered by UE feedback, but pre-scheduled, as decided by the gNB to achieve a certain target broadcast coverage.
With such alignment it would also be easier in future releases to find possibilities for an even higher degree of integration of the overall MBS system solution for unicast/multicast/broadcast, allowing increased flexibility and performance with a minimized complexity footprint.
[bookmark: _Toc79185479][bookmark: _Toc79185570]The NR broadcast solution should target maximum commonality/alignment with the NR multicast solution. 

Conclusion
 In the previous sections we made the following observations: 
Observation 1	In legacy NR, RRC Connected UEs are expected to monitor System Information and paging in the Initial BWP in parallel with receiving unicast data, provided the Initial BWP is fully contained within the active BWP.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RRC Connected UEs are expected to receive broadcast, transmitted with CORESET#0 Initial BWP, in parallel with unicast and multicast in the active BWP.
Proposal 2	RRC Connected UEs are expected to receive broadcast, transmitted on a configured broadcast CFR/BWP, in parallel with unicast/multicast of the active BWP, provided the frequency range of the broadcast CFR/BWP is identical to the active BWP or to its configured multicast CFR/BWP. If no multicast CFR is configured, the UE is expected to receive the broadcast CFR/BWP, irrespective of frequency range, as long as it is contained within the active BWP and also contains the CORESET#0 Initial BWP.
Proposal 3	It should be configurable whether beams sweeping is used in the MBS broadcast mode. The beamwidth of PDSCH carrying MTCH should be possible to adjust separately from the SSB beamwidth.
Proposal 4	For scheduling a PTM-PDSCH, we propose the following schemes: a) PDCCH in the same beam as the PTM-PDSCH b) Multiple PDCCH, one per narrower beam, each pointing to the same PTM-PDSCH in a different, potentially wider, beam. c) SPS
Proposal 5	The beamwidth of PDSCH carrying MCCH should be possible to adjust separately from the beamwidth of PDSCH carrying MTCH.
Proposal 6	When beam sweeping is used for unicast and/or multicast to RRC Connected UEs, the same beams may also carry multicast and/or broadcast, addressing Inactive/Idle UEs. 
Proposal 7	Group-common PDCCH/PDSCH for MTCH is QCL’d with TRS if configured. 
Proposal 8	For SPS to UEs in RRC-Idle/Inactive, we propose configuration and activation is in the MCCH.
Proposal 9	For SPS to UEs in RRC-Idle/Inactive, the slot offset is included in the SPS-Config IE and this IE is carried in MCCH.
Overall, the gNB can utilize either the CORESET#0 initial BWP or the configured/defined CFR to serve the UEs in broadcast mode.
Regarding the possibility to use SIB1-configured Initial BWP in all RRC states, this seems difficult since legacy unicast operation requires the UE to use the CORESET#0 Initial BWP while in Idle/Inactive to receive system information and paging. Assuming the UE cannot simultaneously use two different Initial BWPs, the UE can therefore not at the same time use the legacy-required Coreset#0 Initial BWP and a SIB1-configured Initial BWP, even with special spec changes for broadcast, assuming a UE receiving broadcast will also need to behave according to legacy unicast requirements.
Regarding the mapping of MCCH and MTCH to CFRs/BWPs, we think the simplest solution is to use the same BWP for both MCCH and MTCH, and this may be the Coreset#0 Initial BWP or a configured BWP, which may have any frequency range within the active BWP of Connected UEs, as long as it contains the CORESET#0 Initial BWP.
One reason to map MCCH and MTCH to different BWPs could perhaps be power saving. However, most part of the power saving comes from the time-domain power saving using e.g. DRX. Some additional power saving could also be achieved if the frequency window of the UE could be dynamically changed depending on whether MCCH (smaller BWP) or MTCH (larger BWP) is received. If the actual frequency window is dynamically changed this implies true BWP switching, which has unacceptable consequences, especially considering that RRC Connected UEs also need to receive the transmissions, together with unicast and potentially multicast. Without such true BWP switching there is no frequency-domain power saving, since the UE then needs to keep the frequency window fixed to receive the BW of the largest BWP. The fact that MCCH is actually transmitted in a small BWP does then not allow for any power saving, since the large frequency window is anyway used all the time.
When MCCH and MTCH are both transmitted in the CORESET#0 Initial BWP then “everything”, including also SI/paging, is received within that BWP, so there are no issues, other than the fact that the size of this BWP may be too limiting in the general case.
When MCCH and MTCH are instead both transmitted in a configured BWP the UE still needs to receive SI/paging, transmitted in the CORESET#0 Initial BWP. This is similar to the case with RRC Connected UEs receiving data in the active BWP and at the same time monitoring SI in the CORESET#0 Initial BWP. Since Connected UEs have this required functionality it looks natural to require the same for UEs receiving broadcast data on a configured BWP at the same time as receiving SI/paging in the CORESET#0 Initial BWP.
Proposal 10	For broadcast, a configured CFR/BWP may be used, which contains the CORESET#0 Initial BWP.
Proposal 11	The MCCH and MTCH may be mapped to the same CFR/BWP (CORESET#0 or configured CFR/BWP)
Proposal 12	No support for a CFR smaller than (i.e. subset of) the CORESET#0 Initial BWP or smaller than (i.e. subset of) a configured BWP.
Conclusion: SIB1-configured Initial BWP is not used for broadcast by RRC_IDLE/RRC_INACTIVE UEs
Proposal 13	For Rel-17, for broadcast reception, RRC_IDLE/RRC_INACTIVE UEs do not exceed the maximum number of CORESETs mandatorily (in the minimum capability) supported for Rel-15/Rel-16 UEs, i.e., 2 CORESETs.
	If the CFR has the same frequency range as the initial BWP, where the initial BWP has the same frequency resources as CORESET0, RRC_IDLE/RRC_INACTIVE UEs can be configured with the following options:
	CORESET#0 (default option if CFR is the initial BWP and CORESET is not configured); or
	CORESET configured by commonControlResourceSet; or
	CORESET#0 and CORESET configured by commonControlResourceSet.
Proposal 14	Different CSS types not supported for MCCH and MTCH.
Proposal 15	The CSS type for broadcast should be the same as the CSS type for multicast.
Proposal 16	The NR broadcast solution should target maximum commonality/alignment with the NR multicast solution.
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