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[bookmark: _Ref165266342]Introduction
According to the WID [1] of the NR MBS, the MBS service of NR is to be provided to both the RRC IDLE/INACTIVE UEs and the RRC CONNECTED UEs. In this contribution, we provide our considerations on remaining issues for broadcast/multicast for RRC_IDLE/RRC_INACTIVE UEs, including MBS common frequency resource, PDCCH, HARQ feedback, and semi-persistent scheduling.
Discussion
MBS common frequency resource
[bookmark: _Hlk83559300]In RAN 1 #106-e meeting, one proposal for MBS common frequency resource (CFR) in terms of supporting case C, D, and E has been extensively discussed and the proposal was endorsed in RAN P #93-e meeting as shown below [2]: 
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]For a configured/defined CFR for GC-PDCCH/PDSCH carrying MCCH and MTCH for broadcast reception with 
UEs in RRC IDLE/INACTIVE state:
- Support Case-C
- Support at least one of Case D and Case E. Down-selection to be made at RAN1#106b-e
Note: Case C, D and E are defined in previous agreements.
In RAN1#106b-e, intensive discussions mainly fell into service continuity during transition from RRC IDLE/INACTIVE to RRC CONNECTED as well as first active BWP configuration in case D and E. Unfortunately, companies have not converged on these two issues yet and down-selection was not made. In the following, we further provide our views on these two issues for better clarification.
When UEs receiving broadcast switch from RRC IDLE/INACTIVE to RRC CONNECTED, generally it can be divided into three sub-states for easier understanding, i.e., in RRC IDLE/INACTIVE, in RRC CONNECTED before RRC (re)-configuration, in RRC CONNECTED after RRC (re)-configuration. Table 1 lists the working CFR/BWP and RF Bandwidth (BW) of UE, in each sub-state as well as the service continuity for case C, D, and E, respectively.
During transition from RRC IDLE/INACTIVE to RRC CONNECTED before RRC (re)-configuration, it is observed that service continuity could be kept in both Case-C and Cases-E, but there is always service interruption for Case-D. This is because in Case-C and Case-E, RF Bandwidth (BW) of UE can be kept to be the same as the frequency range of broadcast CFR and no RF tuning is needed during the transition and thus, both broadcast services and system information can be received. However, in case-D, RF BW of UE should be switched from broadcast CFR to initial downlink BWP configured by SIB-1, otherwise, system information will be lost, and thus, broadcast interruption happens. 
[bookmark: _Hlk86744136]Table 1 Service continuity: Case-C, Case-D, and Case-E
(a) Case-C
	[bookmark: _Hlk86745820]
	(1) RRC IDLE/INACTIVE 
	(2) RRC CONNECTED before RRC (re)-configuration
	Service continuity:
(1)(2)
	(3) RRC CONNECTED after RRC (re)-configuration
	Service continuity:
(2)(3)

	Working CFR/BWP
	Initial downlink BWP configured by SIB-1
	Initial downlink BWP configured by SIB-1
	/
	firstActiveDownlinkBWP-Id not configured
Initial downlink BWP configured by SIB-1
	/

	
	
	
	/
	firstActiveDownlinkBWP-Id configured
BWP indicated by the IE above
	/

	RF bandwidth (BW) of UE
	BW of Initial downlink BWP configured by SIB-1
	BW of Initial downlink BWP configured by SIB-1
	Yes 
	firstActiveDownlinkBWP-Id not configured
BW of Initial downlink BWP configured by SIB-1
	Yes 

	
	
	
	
	firstActiveDownlinkBWP-Id configured
BW of BWP indicated by the IE above
	No


(b) Case-D
	[bookmark: _Hlk86746063]
	(1) RRC IDLE/INACTIVE 
	(2) RRC CONNECTED before RRC (re)-configuration
	Service continuity:
(1)(2)
	(3) RRC CONNECTED after RRC (re)-configuration
	Service continuity:
(2)(3)

	Working CFR/BWP
	Broadcast CFR 
 (with smaller size than that of Initial downlink BWP configured by SIB-1)
	Initial downlink BWP configured by SIB-1
	/
	firstActiveDownlinkBWP-Id not configured
Initial downlink BWP configured by SIB-1
	/

	
	
	
	/
	firstActiveDownlinkBWP-Id configured
BWP indicated by the IE above
	/

	RF bandwidth (BW) of UE
	BW of broadcast CFR
	BW of Initial downlink BWP configured by SIB-1
	No
	firstActiveDownlinkBWP-Id not configured
BW of Initial downlink BWP configured by SIB-1
	Yes

	
	
	
	
	firstActiveDownlinkBWP-Id configured
BW of BWP indicated by the IE above
	No


(c) Case-E
	
	(1) RRC IDLE/INACTIVE state
	(2) RRC CONNECTED before RRC (re)-configuration
	Service continuity
(1)(2)
	(3) RRC CONNECTED after RRC (re)-configuration
	Service continuity
(2)(3)

	Working CFR /BWP
	Broadcast CFR (including Initial downlink BWP configured by SIB-1)
	Broadcast CFR
	/
	firstActiveDownlinkBWP-Id not configured
Initial downlink BWP configured by SIB-1
	/

	
	
	
	/
	firstActiveDownlinkBWP-Id not configured
Initial downlink BWP configured by SIB-1
	/

	RF bandwidth (BW) of UE
	BW of CFR
	BW of CFR
	Yes
	firstActiveDownlinkBWP-Id not configured
BW of Initial downlink BWP configured by SIB-1
	No

	
	
	
	
	firstActiveDownlinkBWP-Id configured 
BW of BWP indicated by the IE above
	Yes



During transition from RRC CONNECTED before RRC (re)-configuration to RRC CONNECTED after RRC (re)-configuration, it is observed that service continuity is kept for case C and D when firstActiveDownlinkBWP-Id is not configured, but not kept when firstActiveDownlinkBWP-Id is configured to indicate the first active downlink BWP. And for case E, service continuity is kept when firstActiveDownlinkBWP-Id is configured to indicate the first active downlink BWP to the broadcast CFR. but not kept when firstActiveDownlinkBWP-Id is not configured. Consequently, depending on conditions, whether service continuity could be kept or not is quite similar for the three cases.
[bookmark: _Hlk86758986]Another issue is how network identifies UEs having interest or not in broadcast services. One possible approach is via MBS interest indicator, even though it maybe optional from UE side, it helps network to ensure the broadcast performance of the UEs reporting their MBS interest. For the UEs not reporting, network may not have information for their interest and broadcast performance doesn’t have to be guaranteed in this case. When UE reports its MBS interest, network can configure it with first active DL BWP including the broadcast CFR, otherwise, network can configure it with first active DL BWP by considering unicast and multicast only. The network operation on this issue is common in case-C, -D, and -E. 
[bookmark: _Hlk83290293]At last, case E is beneficial as it provides flexibility for the network to configure CFR independent of SIB-1 configured initial downlink BWP, so that proper size of CFR can be freely configured to facilitate MBS services well. It is not wise to consider case E as an optimized solution over case C, on the contrary, case E is complementary to case C and is essential to be supported in Rel-17. For CFR defined for UEs in RRC IDLE/INACTIVE state, it targets for broadcast services, and thus, case C only works well when the bandwidth required by CFR in RRC IDLE/INACTIVE state match that of SIB-1 configured initial DL BWP, otherwise, a solution derived by taking union set in case C will cause impacts on the side with less bandwidth requirement. To get rid of such adverse impacts, case E could be used to provide appropriate CFR configuration without adopting any constraint on SIB-1 configured initial DL BWP.  
Proposal 1: For a configured/defined CFR for GC-PDCCH/PDSCH carrying MCCH and MTCH for broadcast reception with UEs in RRC IDLE/INACTIVE state:
- Support Case-C
[bookmark: _GoBack]- Support Case-E. 
Note: Case C and E are defined in previous agreements.
Among multiple MBS services, some RRC IDLE/INACTIVE UEs may be interested in only a subset of services while some other UEs are interested in another subset of services, thus, transmitting all MBS services in one CFR for RRC IDLE/INACTIVE UEs is not friendly to power saving purpose. If several CFRs are defined and only a subset of MBS services are transmitted in one CFR, UE can select one unique CFR depending on its interested services. As shown in figure 1, suppose there are four services: service 1-4. When only one CFR is defined, UE must perform RF tuning to the bandwidth of the CFR, no matter what the interested service is. While multiple CFRs are defined with each fully containing CORESET0 in frequency domain, UE can perform RF tuning to only the bandwidth of certain CFR, and thus, it is beneficial to define multiple CFRs for UEs in RRC IDLE/INACTIVE.    


Figure 1: multiple MBS CFRs
Proposal 2: For UEs in RRC_IDLE/RRC_INACTIVE, more than one common frequency resource can be defined/configured.
PDCCH
As agreed in previous meetings, common search space can be configured for RRC idle/inactive UEs besides searchSpace#0 for both MCCH and MTCH. Meanwhile, for the type of common search space configured for MBS services, a parallel discussion is ongoing for RRC connected UEs and specification impact of having a new Type-x CSS is under discussion. As no additional requirement is observed for CSS for RRC idle/inactive UEs over that for RRC connected UEs in MBS, the same type of CSS, i.e., type-x CSS can be used.
Proposal 3: The same type of CSS supported for multicast in RRC_CONNECTED can be reused for broadcast in RRC_IDLE/RRC_INACTIVE for GC-PDCCH scheduling MCCH and MTCH.
[bookmark: _Hlk83910472]Regarding the DCI field for broadcast in RRC_IDLE/RRC_INACTIVE, besides FDRA, TDRA, MCS, and RV, HARQ process number and new data indicator should also be included as slot-level repetition for MTCH has been already supported [3]. For UE in RRC_IDLE/RRC_INACTIVE, as no unicast and groupcast transmission is expected, HARQ processes defined for unicast and groupcast can be used for combing broadcast PDSCH repetition. And it is possible to leave it to RRC_IDLE/RRC_INACTIVE UE implementation to select one HPN without any indication in DCI. However, broadcast PDSCH with repetition can be also received by RRC_CONNECTED UE, if HPN and NDI is not indicated in DCI and RRC_CONNECTED UE randomly chooses a free HPN for combination, then it will cause chaos for further unicast and multicast reception. This is because network has no information about the HPN selected by UE for broadcast PDSCH combination and may indicate the same one for the subsequent unicast and multicast transmission.
Proposal 4: HARQ process number and new data indicator should be included in the DCI 1_0 format for GC-PDCCH scheduling a GC-PDSCH carrying MTCH.
HARQ feedback
Regarding the HARQ feedback for the MBS reception, we consider that the RRC IDLE/INACTIVE UE should not be required to provide the HARQ feedback at least for broadcast reception, as the received UEs are not known by gNB. Furthermore, they may even not be uplink synchronized with the network. And the reliability can be improved by MTCH repetition. Therefore, at least for broadcast reception, HARQ feedback is not supported.
Proposal 5: For RRC_IDLE/RRC_INACTIVE UEs, at least for broadcast reception, HARQ feedback is not supported.
[bookmark: _Hlk71292012]Semi-persistent scheduling
Semi-persistent scheduling (SPS) is beneficial for periodic transmissions. However, in broadcast, the received UEs are not known by gNB and HARQ feedback is not expected to be supported. If UE fails to detect the activation DCI for SPS MBS PDSCH, it will miss all the subsequent transmissions. Therefore, for RRC_IDLE/RRC_INACTIVE UEs, SPS PDSCH with DCI activation/deactivation is not supported at least for broadcast reception. On the other hand, SPS PDSCH without dynamic activation/deactivation which is similar to uplink configured grant type 1 can be considered instead. 
Proposal 6: For RRC_IDLE/RRC_INACTIVE UEs, at least for broadcast reception, SPS PDSCH with DCI activation/deactivation is not supported.
· [bookmark: _Hlk71359452]FFS: SPS PDSCH without DCI activation/deactivation. 
Conclusions
For RRC IDLE/INACTIVE UEs, this contribution provides our consideration on MBS common frequency resource, PDCCH, HARQ feedback, and semi-persistent scheduling, and the following proposals are proposed:
Proposal 1: For a configured/defined CFR for GC-PDCCH/PDSCH carrying MCCH and MTCH for broadcast reception with UEs in RRC IDLE/INACTIVE state:
- Support Case-C
- Support Case-E. 
Note: Case C and E are defined in previous agreements.
Proposal 2: For UEs in RRC_IDLE/RRC_INACTIVE, more than one common frequency resource can be defined/configured.
Proposal 3: The same type of CSS supported for multicast in RRC_CONNECTED can be reused for broadcast in RRC_IDLE/RRC_INACTIVE for GC-PDCCH scheduling MCCH and MTCH.
Proposal 4: HARQ process number and new data indicator should be included in the DCI 1_0 format for GC-PDCCH scheduling a GC-PDSCH carrying MTCH.
Proposal 5: For RRC_IDLE/RRC_INACTIVE UEs, at least for broadcast reception, HARQ feedback is not supported.
Proposal 6: For RRC_IDLE/RRC_INACTIVE UEs, at least for broadcast reception, SPS PDSCH with DCI activation/deactivation is not supported.
· FFS: SPS PDSCH without DCI activation/deactivation. 
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