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[bookmark: _Hlk525462591]Based on the outcome of RAN1-103-e meeting, the following agreements have been made via email discussions for UEs in RRC_IDLE/INACTIVE state:
· Agreements: For RRC_IDLE/RRC_INACTIVE UEs, define/configure common frequency resource(s) for group-common PDCCH/PDSCH.
· the UE may assume the initial BWP as the default common frequency resource for group-common PDCCH/PDSCH, if a specific common frequency resource is not configured.
· FFS: the relation of the common frequency resource(s) (if configured) and initial BWP.
· FFS: whether to configure one/more common frequency resources
· FFS: configuration and definition details of the common frequency resource

· Agreements: From physical layer perspective, 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.
· FFS details.

· Agreements: For RRC_IDLE/RRC_INACTIVE UEs, support group-common PDCCH with CRC scrambled by a common RNTI to schedule a group-common PDSCH, where the scrambling of the group-common PDSCH is based on the same common RNTI.
· FFS details.

· Agreements: For RRC_IDLE/RRC_INACTIVE UEs, a CORESET can be configured within the common frequency resource for group-common PDCCH/PDSCH. 
· CORESET0 is used by default if the common frequency resource for group-common PDCCH/PDSCH is the initial BWP and the CORESET is not configured.
· FFS: configuration details of the CORESET for group-common PDCCH/PDSCH

· Agreements: For RRC_IDLE/RRC_INACTIVE UEs, CSS is supported for group-common PDCCH.
· FFS: reuse current CSS type, define a new CSS type, etc.
· FFS: other details.

Moreover, based on the outcome of RAN2-112-e meeting, it has been agreed that 5G NR broadcast is supported for all RRC states. And currently 5G NR multicast is supported for RRC_CONNECTED UEs, and whether it is supported for RRC_IDLE/RRC_INACTIVE UEs has not been agreed yet. By following the RAN2 agreement, to support of 5G NR broadcast for UEs in RRC_IDLE/RRC_INACTIVE state, in this document, we provide discussions and our views related to the above FFS RAN1 issues. And in our companion contribution, we provide the discussions related to group scheduling mechanism to support broadcast/multicast services for RRC_CONNECTED UEs in [1], discussions related to improve reliability of broadcast/multicast services for RRC_CONNECTED UEs in [2].

Considerations of 5G NR Broadcast for RRC_IDLE / RRC_INACTIVE UEs
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]CFR/BWP Considerations for broadcast services of RRC_IDLE/INACTIVE UEs
For 5G NR, the RRC_IDLE/RRC_INACTIVE UEs can only camp at the initial BWP. Before a UE reads the SIB1, the UE’s initial BWP has the same frequency range and numerology as those of CORESET#0. And after reading the SIB1, the UE follows the initial BWP configuration in the SIB1, where the SIB1 configures the initial downlink BWP via the IE InitialDownlinkBWP in DownlinkConfigCommonSIB. More specifically, the genericParameters_BWP in InitialDownlinkBWP is used to configure the initial downlink BWP properties, i.e. subcarrierSpacing, cyclicPrefix, and locationAndBandwidth. 
In the last RAN1-103-e meeting, it has been agreed that the initial BWP is the default common frequency resource (CFR) for (broadcast) group-common PDCCH/PDSCH, if no other specific common frequency resource for (broadcast) group-common PDCCH/PDSCH is configured, as shown in Case-1 of Figure-1. 
Practically, the initial downlink BWP configured via SIB1 contains the entire CORESET#0 in the frequency domain, which is a cell-specific configuration for all UEs in a cell. Furthermore, the configured initial BWP has rather limited bandwidth configuration for better achieving the power saving purpose for all camping UEs. Considering the support of diverse broadcast services in 5G NR, i.e. in-frequent large broadcast payload transmission or frequent small broadcast payload transmission, different broadcast services can be configured with different DRX pattern, as well as it can be considered to configure with different CFR applied, i.e. either the initial BWP or configured wider/narrower bandwidth CFR(s). Therefore, the flexible configuration of CFR to cope with the diverse NR broadcast applications seems necessary and practically beneficial. 
As discussed via the email discussion in RAN1-103-e meeting for broadcast services, the CFR can be configured either full-overlapping or non-overlapping with initial BWP, as shown in Figure-1.


Figure-1: Common Frequency Resource of 5G NR Broadcast
For the non-overlapping case, as shown in Case-4 of Figure-1, the CFR and initial BWP is physically configured apart. Practically, the RRC_IDLE/INACTIVE UEs need to keep tracking the update information, such as the Paging/SIBs/ETWS/CMAS in initial BWP, and if the group-common PDCCH/PDSCH is carried via physically apart CFR, the timing of switching issue between CFR and initial BWP needs to be discussed. To simplify the work in Rel17 MBS, we propose to focus only on the Case-2 and Case-3 in Figure-1 for the full-overlapping case, where the CFR can be either confined within the initial BWP shown in Case-2 of Figure-1, or the CFR can be configured to contain the entire initial BWP shown in Case-3 of Figure-1..

Proposal-1: Focus on either CFR confined within the initial BWP (Case-2 in Figure-1), or CFR can be configured to contain the entire initial BWP (Case-3 in Figure-1).

Practically, the DRX monitoring cycle and applied BWP/CFR can be configured based on the broadcast service types. Considering the Case-2, it can be beneficial when more frequent small payload of broadcast group-common PDCCH/PDSCH need to be monitored and received by RRC_IDLE/INACTIVE UEs. For instance, the time-domain multiplexing operation between CFR and initial BWP is shown in Figure-2 for Case-2, where the long DRX monitoring cycle for paging/SIBs, as well as in-frequent broadcast services can be performed via the initial BWP, and the more frequent monitoring of certain small payload broadcast services can be performed with even narrower bandwidth of CFR. In time, the periodic and less-frequent appeared initial BWP, which is associated with long DRX pattern configuration, does not have to occur in every narrower CFR occasion. The narrower bandwidth of CFR than initial BWP could provide even better power saving purpose for the frequent monitoring and reception UEs.


Figure-2: Operation of CFR Case-2 
On the other hand, considering the Case-3, it can be beneficial when large payload of broadcast services needs to be transmitted. In this capacity demanding case with large payload, it may require of larger bandwidth capacity than the configured initial BWP to carry group-common PDCCH/PDSCH. For instance, the time-domain multiplexing operation between CFR and initial BWP is shown in Figure-3 for Case-3, where the UE can keep tracking the information of paging/SIBs, as well as normal frequent broadcast services via the initial BWP with configured short DRX cycle. And the UE could only need to adapt to the wider CFR bandwidth when broadcast services with larger payload size is arriving. In time, the periodic and frequent initial BWP, which is associated with short DRX pattern configuration, may always occur with every wider CFR occasion. The wider bandwidth of CFR than initial BWP could provide more capacity for carrying of capacity demanding broadcast services, and it is only be applied when needed, which is also in favour of power saving from UE monitoring and reception perspective. 


Figure-3: Operation of CFR Case-3
Based on the above considerations, we propose to support CFR configuration of both Case-2 and Case-3 in Figure-1, meaning that if CFR is configured, either the CFR can be confined within the initial BWP or CFR can be configured to contain the entire initial BWP.

Proposal-2: If CFR is configured, it is proposed to support either the CFR can be confined within the initial BWP or the CFR can be configured to contain the entire initial BWP.

[bookmark: _GoBack]Moreover, the configured CFR that overlapped with initial BWP can be considered as a new additional MBS BWP for RRC_IDLE/INACTIVE UEs interested at broadcast services. For broadcast services, this new MBS BWP can be configured to UEs of RRC_IDLE/INACTIVE UEs, meaning that it contains the group-common PDCCH and the corresponding scheduled group-common PDSCH that can be received for broadcast reception. For Case-3 CFR configuration of this new MBS BWP, a new parameter, i.e. DownlinkBWP_CFR, can be introduced and carried either in a new introduced MBS SIBx or an existing SIB in NR. The generic MBS BWP properties, i.e. locationAndBandwidth, can be defined accordingly. And for Case-2 CFR configuration, the implicit way of frequency range indication can be specified based on the CORESET configuration of narrower CFR instead as described in Section 2.2. 
From the UE perspective, the legacy Rel15/16 UEs and Rel17 UEs are operated with initial BWP configured via legacy initialDownlinkBWP, and only the Rel17 UEs interested at MBS need to be further configured with CFR operation. 

Proposal-3: Propose to configure the CFR as a new additional BWP for RRC_IDLE/INACTIVE UEs for MBS services reception.
Proposal-4: For Case-3 configuration of this new MBS BWP with wider bandwidth, a new parameter, i.e. DownlinkBWP_CFR, can be introduced and carried either in a newly introduced MBS SIBx or an existing SIB in NR.

The switching between the configured initial BWP and CFR depends on the UE capability. The UE needs to indicate to gNB if it has the capability to support CFR configuration of new MBS BWP. If it is not supported, the UE could only receive the MBS services at default initial BWP. For UE capability that supports CFR configuration, the CFR can be configured by gNB based on MBS broadcast service types applied. The exemplary configuration of single CFR case is illustrated in Figure-2 and Figure-3, with switching either between initial BWP and narrower configured CFR, or between initial BWP and wider configured CFR. Technically, more than one CFRs that overlapped with initial BWP can be configured, as shown in Figure-4. And if more than one CFR configuration is supported. It is proposed to support either the CFR can be fully confined within the initial BWP and other configured CFR, or the CFR can be configured to contain the entire initial BWP and other CFR, as shown in Case-C of Figure-4, where CFR-1 is fully confined within the initial BWP and CFR-2, or the CFR-2 is configured to contain the entire initial BWP and CFR-1. For Case-A and Case-B in Figure-4, the CFR-1 and CFR-2 is either non-overlapped with each other, or partially overlapped. To simplify the design, it is proposed not to consider those in Rel17 MBS. 


Figure-4: Configurations of more than one CFRs

Proposal-5: If more than one CFRs are configured, either the CFR can be fully confined within the initial BWP and other configured CFR, or the CFR can be configured to contain the entire initial BWP and other CFR.


CORESET and Search Space considerations for broadcast services of RRC_IDLE/INACTIVE UEs
For 5G NR, the CORESET#0 and SearchSpace#0 carried via MIB is applied as default configuration of control channel in initial BWP. The specified CORESET#0 has size of either 24, 48, or 96 PRBs depending on the SS/PBCH block and CORESET multiplexing pattern configuration as well as sub-carrier space configuration. Besides, an additional common CORESET can be configured via commonControlResourceSet in SIB1 in initial BWP and used for information monitoring of OSI/RAR/Paging. 
For Rel17 MBS, it has been agreed that the CORESET#0 is used by default if the common frequency resource for group-common PDCCH/PDSCH is the initial BWP and the CORESET is not configured. And naturally by following the same legacy approach, if the common frequency resource for group-common PDCCH/PDSCH is the initial BWP, the additional common CORESET configured via commonControlResourceSet in SIB1 can also be used for monitoring of broadcast services. 
And similar as legacy search space defined for OSI/RAR/Paging in initial BWP via SIB1, a new search space configuration can be also introduced and used for broadcast services if the common CORESET is configured via legacy commonControlResourceSet in SIB1.

Proposal-6: If the common frequency resource for group-common PDCCH/PDSCH is the initial BWP, the additional common CORESET configured via commonControlResourceSet in SIB1 can also be used for monitoring of broadcast services.
Proposal-7: Similar as legacy search space defined for OSI/RAR/Paging via SIB1 in initial BWP, a new search space can be also specified specifically for broadcast services if the common CORESET is configured via legacy commonControlResourceSet in SIB1.

· CORESET and Search Space Configuration of Narrower CFR:
Considering if the CFR for group-common PDCCH/PDSCH is configured narrower than overlapped initial BWP (Case-2 in Figure-1), the frequency range of configured narrower CFR can be the same as legacy CORESET#0, or narrower than CORESET#0, or wider than CORESET#0. In order to provide the flexibility of common CORESET configuration for narrower CFR in initial BWP, it is proposed to introduce a new narrower CORESET in initial BWP and applied specifically for MBS of narrower CFR configuration. A new parameter, i.e. commonControlResourceSetMBS, can be introduced in SIB1 with controlResourceSetId = 2 in initial BWP for the configuration of this purpose. 
Furthermore, the frequency range (i.e. start PRB and number of PRBs) of narrower CFR can be implicitly indicated with the same frequency range as the new narrower MBS CORESET. The indication of frequency range can be conducted in two ways. In one way, it can be indicated via a bit-map approach, with each bit corresponding to a group of 6 PRBs and the bit-map size is corresponding to the configured initial BWP size in SIB1. And the other way is to provide the frequency range indication via the SLIV approach, where the start PRB of configured narrower CFR is relative to the start PRB of initial BWP configured in SIB1.
Regarding the search space configuration of narrower CFR, the time-domain monitoring periodicity can be configured via a new parameter, i.e. monitoringSlotPeriodicityAndOffset, under the new configured narrower CORESET, where the configured periodicity of search space monitoring of group-common PDCCH in narrower CFR can be different or more frequent than the configured search space monitoring periodicity of initial BWP, as shown in Figure-5.



Figure-5: CORESET configuration of Narrower CFR

Proposal-8: Propose to introduce a new narrower CORESET in initial BWP, which can be configured via a new parameter in SIB1 and applied for MBS of narrower CFR configuration.
Proposal-9: Frequency range (start PRB and number of PRBs) of narrower CFR can be implicitly indicated with the same frequency range as the configured new narrower MBS CORESET in initial BWP.
Proposal-10: The indication of frequency range can be conducted either via the bit-map approach or the SLIV approach, and with indicated parameters relatively to the configured initial BWP in SIB1. 

· CORESET and Search Space Configuration of Wider CFR:
Considering if the CFR for group-common PDCCH/PDSCH is configured wider than overlapped initial BWP (Case-3 in Figure-1), the frequency range of corresponding CORESET configuration can also be wider than the CORESET(s) configuration in initial BWP. Therefore, the CORESET configuration for wider CFR can be carried via a new parameter commonControlResourceSetMBS under the BWP configuration of wider CFR, which can be configured either in a new MBS SIBx or an existing NR SIB. 
Furthermore, there can be two options to configure the CORESET of wider CFR, with either to configure a single CORESET for the whole wider CFR frequency range, or to configure more than one CORESETs within the wider CFR frequency range, with one CORESET corresponding to the overlapped region with initial BWP, and other CORESETs for the non-overlapped region with initial BWP, as shown in Figure-6. And within the configured CORESET(s), the corresponding one or more search spaces can be configured via a new parameter, i.e. commonSearchSpace(List)MBS_WiderCFR.



Figure-6: CORESET configuration of Wider CFR

Proposal-11: CORESET configuration for wider CFR can be carried via a new parameter, i.e. commonControlResourceSetMBS, under the configuration of wider CFR, which is configured in a new MBS SIBx or an existing NR SIB.
Proposal-12: For CORESET configuration of wider CFR, either to configure a single CORESET for the whole wider CFR frequency range, or to configure more than one CORESETs within the wider CFR frequency range, with one CORESET corresponding to the overlapped region with initial BWP, and other CORESETs for the non-overlapped region with initial BWP.

Discussion on Beam Sweeping support for RRC_IDLE / RRC_INACTIVE UEs
Regarding beam sweeping for RRC_IDLE/INACTIVE UEs, since the gNB has no information regarding the beam location of RRC_IDLE/INACTIVE UEs, practically the gNB will have to perform the full beam sweeping with sacrificing of transmission spectrum efficiency, meaning that the gNB sends group-common PDCCH/PDSCH in all the beams, no matter whether there is any RRC_IDLE/INACTIVE UEs in a specific beam coverage or not.
For further enhancement on beam sweeping, it is proposed to consider only for the RRC_CONNECTED UEs, where the gNB may know the beam location information of RRC_CONNECTED UEs, as well as the number of RRC_CONNECTED UEs per beam. So that, to improve the transmission spectrum efficiency, the gNB may send the broadcast messages only in a subset of total SSB beams, so called partial beam sweeping. Or the gNB may also perform the PTP or PTM transmission per SSB beam based on the indicated number of UEs per beam. Since the RRC_IDLE/INACTIVE UE has limit capability to report its beam location, those enhancements should not be the focus for UEs in RRC_IDLE/INACTIVE state.

Proposal-13: For beam sweeping operation, it is proposed the full beam sweeping for broadcast services for RRC_IDLE/INACTIVE UEs.
Proposal-14: For further enhancement on beam sweeping, it is proposed to consider only for the RRC_CONNECTED UEs, and it should not be the focus for idle/inactive UEs.

Conclusions
In this contribution, we have discussed basic functions to support 5G/NR multicast/broadcast for RRC_IDLE/INACTIVE UEs, and we have the following observations and proposals: 

Proposal-1: Focus on either CFR confined within the initial BWP (Case-2 in Figure-1), or CFR can be configured to contain the entire initial BWP (Case-3 in Figure-1).
Proposal-2: If CFR is configured, it is proposed to support either the CFR can be confined within the initial BWP or the CFR can be configured to contain the entire initial BWP.
Proposal-3: Propose to configure the CFR as a new additional BWP for RRC_IDLE/INACTIVE UEs for MBS services reception.
Proposal-4: For Case-3 configuration of this new MBS BWP with wider bandwidth, a new parameter, i.e. DownlinkBWP_CFR, can be introduced and carried either in a newly introduced MBS SIBx or an existing SIB in NR.
Proposal-5: If more than one CFRs are configured, either the CFR can be fully confined within the initial BWP and other configured CFR, or the CFR can be configured to contain the entire initial BWP and other CFR.
Proposal-6: If the common frequency resource for group-common PDCCH/PDSCH is the initial BWP, the additional common CORESET configured via commonControlResourceSet in SIB1 can also be used for monitoring of broadcast services.
Proposal-7: Similar as legacy search space defined for OSI/RAR/Paging via SIB1 in initial BWP, a new search space can be also specified specifically for broadcast services if the common CORESET is configured via legacy commonControlResourceSet in SIB1.
Proposal-8: Propose to introduce a new narrower CORESET in initial BWP, which can be configured via a new parameter, i.e. commonControlResourceSetMBS, in SIB1 and applied for MBS of narrower CFR configuration.
Proposal-9: Frequency range (start PRB and number of PRBs) of narrower CFR can be implicitly indicated with the same frequency range as the configured new narrower MBS CORESET in initial BWP.
Proposal-10: The indication of frequency range can be conducted either via the bit-map approach or the SLIV approach, and with indicated parameters relatively to the configured initial BWP in SIB1.
Proposal-11: CORESET configuration for wider CFR can be carried via a new parameter, i.e. commonControlResourceSetMBS, under the configuration of wider CFR, which is configured in a new MBS SIBx or an existing NR SIB.
Proposal-12: For CORESET configuration of wider CFR, either to configure a single CORESET for the whole wider CFR frequency range, or to configure more than one CORESETs within the wider CFR frequency range, with one CORESET corresponding to the overlapped region with initial BWP, and other CORESETs for the non-overlapped region with initial BWP.
Proposal-13: For beam sweeping operation, it is proposed the full beam sweeping for broadcast services for RRC_IDLE/INACTIVE UEs.
Proposal-14: For further enhancement on beam sweeping, it is proposed to consider only for the RRC_CONNECTED UEs, and it should not be the focus for idle/inactive UEs.
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