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[bookmark: _Ref4817]Introduction
During RAN#88-e meeting, the revised WI on NR MBS has been approved [1]. One of its objectives is to specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states. 
In this contribution, we provide our analysis and views on detailed design for MBS reception for RRC_IDLE/RRC_INACTIVE UEs, mainly focusing on the scheduling aspects.
Discussion
Common frequency resource
During RAN1#105-e meeting [2], CFR discussion was divided into CFR for MCCH and CFR for MTCH, respectively. Some agreements were reached on the case that CFR equals to CORESET#0. And some proposals were also discussed for cases that CFR is larger than CORESET#0 without conclusion. 
	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.
Proposal 2.1-3rev5: For broadcast reception, study the option of RRC_IDLE/RRC_INACTIVE UEs using a configured CFR with same size as the initial BWP, where the initial BWP has the frequency resources configured by SIB1 (i.e., Case C), 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 frequency resources configured by SIB1) is possible by implementation via appropriate scheduling.
· Note that according to current specification, RRC_IDLE/INACTIVE UEs only apply the configuration of the SIB-1 configured initial BWP except for broadcast reception until after the reception of RRCSetup/RRCResume/RRCReestablishment.
· RRC_IDLE/INACTIVE UEs apply the CFR with same size as the SIB-1 configured initial BWP before the reception of RRCSetup/RRCResume/RRCReestablishment.
Proposal 2.2-2rev4: For broadcast reception, study the following alternatives and identify which case(s) can be used to receive GC-PDCCH/PDSCH carrying MTCH: 
· Alt 1: RRC_IDLE/RRC_INACTIVE UEs using a configured CFR with same size as the initial BWP, where the initial BWP has the frequency resources configured by SIB1 (Case C).
· Note: GC-PDCCH/PDSCH transmission within a narrower portion of the Initial BWP (where the initial BWP has the frequency resources configured by SIB1) is possible by implementation via appropriate scheduling.
· Note that according to current specification, RRC_IDLE/INACTIVE UEs only apply the configuration of the SIB-1 configured initial BWP except for broadcast reception until after the reception of RRCSetup/RRCResume/RRCReestablishment.
· RRC_IDLE/INACTIVE UEs apply the CFR with same size as the SIB-1 configured initial BWP before the reception of RRCSetup/RRCResume/RRCReestablishment.
· Alt 2: RRC_IDLE/RRC_INACTIVE UEs can use a CFR defined based on a configured BWP (Case E).
· The configured BWP is different than the initial BWP where the frequency resources of this initial BWP are configured smaller than the full carrier bandwidth. 
· The CFR has the frequency resources identical to the configured BWP.
· The configured BWP needs to fully contain the initial BWP in frequency domain and has the same SCS and CP as the initial BWP. 
· The configured BWP is not larger than the carrier bandwidth
· Alt 3: RRC_IDLE/RRC_INACTIVE UEs using a configured CFR with smaller size than the initial BWP, where the initial BWP has the frequency resources configured by SIB1 (i.e., Case D) 
· Alt 4: Alt 1, Alt 2 and Alt 3 can be used.




CFR for MTCH
For broadcast services carried on MTCH, if they can only use the initial DL BWP defined by CORESET#0, it would be too restrictive. As we know, all the common signals/channels have to be squeezed into this initial DL BWP, which makes it difficult to accommodate common PDCCH/PDSCH for broadcast services. Thus, it is critical to configure a CFR that is larger than CORESET#0 for broadcast services. 
[bookmark: OLE_LINK7]Clarification of Case E
The essential difference between Case E and other cases is whether a high-layer signaling is introduced to configure a special BWP for the UE in RRC_IDLE/INACTIVE states for receiving broadcast services. 
Under Case C and Case D, the CFR configuration depends on the initial BWP configured by the existing signaling in the SIB1. 
For Case E, the CFR equals to a BWP configured by, e.g., SIBx or MCCH. For UEs in RRC_IDLE/INACTIVE states, broadcast services will be transmitted within the CFR, which is decoupled from the initial BWP configured by SIB1. However, in order to receive the broadcast services in the configured BWP and SIBs, paging and etc. transmitted within the CORESET#0 simultaneously, the configured BWP needs to full include CORESET#0 in the frequency domain. In this sense, all of the four configurations shown in Figure-1 can be supported under Case E. 
More specifically, Case C and Case D can be implemented under Case E through configuration 1 and configuration 2, respectively. 
[image: ]
Figure-1: Different configurations under case E
Proposal 1: Case E is clarified as follows, 
· A high-layer signaling is introduced to configure a special BWP for the UE in RRC_IDLE/INACTIVE states for receiving broadcast services.
· The CFR has the frequency resources identical to the configured BWP.
· The configured BWP needs to fully contain the initial BWP defined by CORESET#0 in frequency domain and has the same SCS and CP as the initial BWP. 
· The configured BWP is not larger than the carrier bandwidth. 

BWP switching issue under Case E
When the UE enters the RRC_CONNECTED state, some companies worry about BWP switching issue under the case E. That is, the UE will receive broadcast within the configured BWP, and switch to SIB1 configured initial BWP for receiving unicast. 
In our opinion, this problem is caused by a configuration error, which also exists under the Case C. More specifically, the first active BWP after the UE enters the RRC_CONNECTED state is configured through signaling firstActiveDownlinkBWP-Id. The gNB can configure any BWP as the first active BWP. For example, the BWP configured in the RRC_IDLE/INACTIVE states for broadcast is configured as the first active BWP. Thus, unicast and broadcast will be received within the configured BWP, and there will be no BWP switching problem. The first active BWP can also be configured to completely contain the BWP for broadcast service. Thus, the BWP configured under the RRC_IDLE/INACTIVE states will degrade into a frequency range within the first active BWP, which is also consistent with the definition of CFR in the RRC_CONNECTED state.
Similarly, if the configured first active BWP doesn’t contain the SIB1 configured initial BWP, the BWP switching problem also exists under Case C. That is, a UE who wants to receive both unicast and broadcast services needs to switch between the first active BWP and the SIB1 configured initial BWP. 
Observation 1: Potential BWP switching issue under Case E as well as Case C can be avoided through reasonable RRC configurations, i.e., a first active BWP containing the CFR. 

Issues caused by reuse of SIB1 configured initial BWP
The initial BWP configured in the SIB1 can be used only when the UE enters the RRC_CONNECTED state as described in Rel-15/16 specification TS38.331 as copied below. In other words, for IDLE/INACTIVE UEs, the CORESET#0 is still used as the frequency domain receiving range, even if initial BWP is configured by SIB1. Therefore, according to the existing receiving restriction, the CFR cannot be defined as the same as initial BWP configured in SIB1, which has not been activated yet. 
	TS 38.331
... ...
DownlinkConfigCommonSIB ::=     SEQUENCE {
    frequencyInfoDL                 FrequencyInfoDL-SIB,
    initialDownlinkBWP              BWP-DownlinkCommon,
    bcch-Config                         BCCH-Config,
    pcch-Config                         PCCH-Config,
    ...
}
	initialDownlinkBWP
[bookmark: OLE_LINK10]The initial downlink BWP configuration for a PCell. The network configures the locationAndBandwidth so that the initial downlink BWP contains the entire CORESET#0 of this serving cell in the frequency domain. The UE applies the locationAndBandwidth upon reception of this field (e.g. to determine the frequency position of signals described in relation to this locationAndBandwidth) but it keeps CORESET#0 until after reception of RRCSetup/RRCResume/RRCReestablishment.






Furthermore, another problem is that all UEs can receive SIB1, including legacy UE that does not support MBS. When the legacy UE enters RRC_CONNECTED state, this initial BWP will take effect. Then, it is difficult to guarantee the initial BWP configured for the MBS reception is also applicable to unicast reception after the legacy UE enters the connected state.
[bookmark: OLE_LINK8]Observation 2: Case C requires UE to activate the initial BWP configured by SIB1 in RRC_IDLE/INACTIVE states, which is conflicting with the Rel-15/Rel-16 legacy mechanism. Furthermore, Case C requires the same frequency bandwidth range for MBS and unicast, which is too restrictive.

According to the above analysis, Case E is the most direct way to expand the MBS transmission capacity by configuring a CFR larger than the initial BWP defined by CORESET#0. The CFR configuration is also decoupled from the initial BWP configured by existing signaling, i.e., SIB1 to avoid the impact on the legacy UE. The flexibility is reflected in the same effect as that of case C/case D by configuring the size of the CFR. Meanwhile, there is no need to change the existing rules, that is, the initial BWP configured in SIB1 is not required to take effect for UEs in RRC_IDLE/INACTIVE states.
As the CFR and the initial BWP use the same numerology, and the CFR fully contains the initial BWP. In addition, the UE's RF can always focus on the frequency range of the CFR. Undoubtedly, the MBS service transmitted within the CFR and the transmission within the initial BWP can be received at the same time. 
Proposal 2: Case E is supported for broadcast service carried on MTCH in R17 NR MBS.

Special case where the CFR doesn’t fully contain the CORESET#0 defined initial BWP
As shown in Figure-2, there are two sub-cases under Case D where the SIB1 configured initial BWP fully contains the CFR in the frequency domain. The sub-cases are divided according to different relationship between the CFR and the CORESET#0 defined initial BWP. That is, 
· Case D-1: the CFR fully contains the initial BWP defined by CORESET#0; 
· Case D-2: the CFR doesn’t fully contain the initial BWP defined by CORESET#0. 
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Figure-2: Sub-cases under Case D
Case D-1 has the same problem as Case C, that is, CFR is configured in an initial BWP (configured by SIB1) that has not yet taken effect. At this time, the initial BWP that the UE works on is still CORESET#0, and it is equivalent to configuring a frequency range beyond the reception range of the UE. This does not comply with the basic principle of using BWP as the working bandwidth in NR. 
In addition, the Case D-1 can be implemented through case E, that is, the CFR can be configured as MBS BWP, so as to comply with the NR rules. And the reception of MBS transmission beyond the frequency range of CORESET#0 in RRC_IDLE/INACTIVE states can be defined as a new UE feature for UEs with MBS receiving capability without affecting the legacy UE. 
Observation 3: Case D-1 (Initial DL BWP configured by SIB1 fully contains CFR, CFR fully contains CORESET#0) requires UE to activate the initial BWP configured by SIB1 in RRC_IDLE state, which is conflicting with the Rel-15/Rel-16 legacy mechanism. Furthermore, it can be implemented through case E.

The purpose of MBS capacity expansion can also be achieved through Case D-2. In addition, it can be compatible with some UEs with low bandwidth capability, that is, the bandwidth larger than CORESET#0 cannot be configured for them for MBS transmission. Similarly as BWP adaptation, the RF receiving range of these UEs can be switched between CFR and CORESET#0 without the need to align with a larger frequency range to ensure the reception of all transmission. Thus, the energy-saving effect can be achieved. For the UE that only has the MBS service, it can focus on the reception within CFR, and some broadcast signals, such as SSB/paging, can be transmitted within the CFR to prevent the UE from frequently switching back to CORESET#0.
Proposal 3: Case D-2 (Initial DL BWP configured by SIB1 fully contains CFR, CFR is not required to fully contain CORESET#0) can be used to increase the capacity of broadcast service on MTCH for bandwidth-restricted UEs, e.g., Redcap UE.
· FFS: other restrictions on CFR configuration.

CFR for MCCH
Compared with the broadcast service, the data capacity of broadcast control information carried on MCCH is relatively small. This has no serious problem by limiting its transmission resource to initial BWP defined by CORESET#0. Therefore, we don’t identify any strong motivation to support a CFR larger than CORESET#0 for broadcast control information carried on MCCH. 
Observation 4: The motivation of a CFR larger than CORESET#0 for broadcast control information carried on MCCH is not strong in R17 NR MBS.

Number of CFR for MTCH
· Power saving
To cover all MBS services within one CFR as Mode 1 shown in Figure-3, the frequency range of the CFR will be very large considering that there are some types of broadcast service with large data packet, e.g., video service. Thus, even if the switching between CFR and initial BWP is supported, the energy saving effect will not be achieved.
A reasonable way is to configure multiple CFRs as Mode 2 shown in Figure-3. The MBS services can be divided into different groups. The MBS services of each group are transmitted within one CFR, and the MBS services of different groups can occupy different CFRs. In this way, each CFR occupies a relatively narrow bandwidth, and UE switches among different CFRs for reception different MBS services. The switching does not occur frequently as subscribers are not frequently changing to receive different MBS services in a typical scenario. 
[image: ]
Figure-3: Mode 1 and Mode 2 of CFR configuration
Observation 5: It is beneficial for power saving by supporting more than one CFR.
· MBS service expansion
When MBS service expansion is required, that is, a new MBS service needs to be transmitted. Under mode 1, if the CFR capacity is full, the frequency range of CFR needs to be reconfigured to carry the new MBS service. In this process, the DCI size of the group common PDCCH needs to be re-determined, and the DCI size alignment needs to be restarted. In addition, the receiving configuration of other MBS services on the CFR may also be affected.
For the mode 2, a new CFR can be configured to support the new MBS service without any influence on the existing MBS transmission configuration.
[image: ]
Figure-4: Mode 1 and Mode 2 of CFR configuration
Observation 6: It is beneficial for MBS service expansion by supporting more than one CFR.
· [bookmark: OLE_LINK9]Redcap UE supporting
As for the maximum bandwidth capability of the Redcap UE, the following agreement was reached in RAN1#103-e meeting. It should be noted that the Redcap UE can support CORESET#0 defined initial BWP, but may not support the receiving of the bandwidth larger than CORESET#0.
	Agreement: 
· Maximum bandwidth of an FR1 RedCap UE is 20 MHz during and after initial access.
· FFS: Whether an FR1 RedCap UE can optionally support a maximum bandwidth larger than 20 MHz after initial access
· Maximum bandwidth of an FR2 RedCap UE is 100 MHz during initial access and 100MHz after initial access.



According to the above agreement, it is not always effective for increasing the CFR bandwidth to carry more MBS services, especially for Redcap UE. So it is particularly important for redcap UE to support multiple CFRs, which means that more MBS services can be received.
Observation 7: It is particularly important for redcap UE to support multiple CFRs, which means that more MBS services can be received.
Proposal 4: More than one CFR is supported for MTCH for UEs in RRC_IDLE/INACTIVE states.

PDCCH
CORESET
During previous RAN1 e-meetings, it was agreed that a CORESET can be configured within the common frequency resource for GC-PDCCH of MCCH and MTCH. 
	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
Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, the CORESET index can be the same for GC-PDCCH of MCCH and MTCH.
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.




Based on the above agreements, the following aspects are still not clear.
1. Whether the same CORESET can be applied for different MBS services;
2. Whether the same CORESET can be applied for both broadcast and multicast;
3. Whether the same CORESET can be applied for both broadcast/multicast and unicast;
From our perspective, it is too restrictive if the CORESET is specific to one particular MBS service. Thus, the CORESET should at least be applied to different MBS services.
Regarding whether the CORESET can be applied for broadcast, multicast and unicast, we can follow the same rule of CORESET#0. In Rel-15/Rel-16, CORESET#0 can be applied for both cell common information reception (e.g., SIB1) and unicast. Similarly, we can allow the CORESET to be applied to broadcast, multicast and unicast.
Furthermore, if MBS CORESET is configured, network can still have the flexibility to configure MBS CORESET or CORESET#0 for each MBS service. 
In Rel-15/Rel-16, except for CORESET#0, network can still configure another one common CORESET by commonControlResourceSet. Currently, it is still not clear whether network can apply the common CORESET configured by commonControlResourceSet for group-common PDCCH if MBS CORESET is not configured. From our perspective, it doesn’t hurt to have this flexibility to allow network to apply the common CORESET configured by commonControlResourceSet for group-common PDCCH.
Proposal 5: Regarding the CORESET configuration, 
· the CORESET configured within the CFR for GC-PDCCH can be applied for broadcast, multicast and unicast.
· networks configures CORESET#0 or common CORESET configured by commonControlResourceSet for GC-PDCCH if MBS CORESET is not configured.

SearchSpace
[bookmark: OLE_LINK11]During pervious RAN1 e-meetings, the following agreements were achieved. 
	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.
Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, both searchSpace#0 and common search space other than searchSpace#0 can be configured for GC-PDCCH scheduling MCCH.
Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, RAN1 confirms the following assumptions made by RAN2
· RAN2 assumes, in case searchSpace#0 is configured for MCCH (if allowed, pending RAN1 decision), the mapping between PDCCH occasions and SSBs is the same as for SIB1. 
· RAN2 assumes that if common search space other than searchSpace#0 is configured for MCCH (if allowed, pending RAN1 decision), the PDCCH monitoring occasions for MCCH message which are not overlapping with UL symbols are sequentially numbered from one in the MCCH transmission window and mapped to SSBs using the similar rule as defined for OSI in TS 38.331.
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.
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
[bookmark: OLE_LINK36]Agreement:
For CSS of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, Alt 2 is supported:
· Alt 2: support a Type-x CSS
· [bookmark: OLE_LINK2][bookmark: OLE_LINK24]The monitoring priority of Type-x CSS is determined based on the search space set indexes of the Type-x CSS set and USS sets, regardless of which DCI format of group-common PDCCH is configured in the Type-x CSS.
· FFS: Whether the Type-x CSS is a Type-3 CSS




Regarding the CSS type, either reusing the existing CSS type or defining a new CSS type is viable. Reusing the existing CSS type means search space for MBS has the same priority as search space for SIB/Paging in terms of PDCCH dropping, which means it cannot be dropped. On the other side, it is more flexible if we can define a new CSS type for search space for MBS. 
Considering the existing monitoring priority defined for multicast in RRC_CONNECTED state, the monitoring priority is determined based on the search space set indexes of the Type-x CSS set and USS sets. If the existing CSS type is defined for broadcast service carried on MTCH, it means that the monitoring priority of the broadcast PDCCH will be higher than that of the multicast PDCCH for a UE in the RRC_CONNECTED state, which does not match the service priority. 
In addition, it is reasonable for defining the priority of multicast control information carried on MCCH higher than multicast service information carried on MTCH. Therefore, it also make sense for further supporting the existing CSS type for MCCH. 
Furthermore, the following detailed aspects are now clear currently.
1. Whether the same search space can be applied for both MBS service and MBS control information;
2. Whether the same search space can be applied for different MBS services;
3. Whether the same search space can be applied for both broadcast and multicast;
4. Whether the same search space can be applied for both broadcast/multicast and unicast;
Basically, the same search space means the same MO periodicity and the same mapping rule between MO and beam. If the same MO periodicity and same mapping rule between MO and beam can be applied, it doesn’t matter whether the search space is for MBS service or MBS control information. Typically, broadcast service may require full beam sweeping in order to cover UEs in different regions. However, multicast service usually doesn’t need to perform full beam sweeping. From this perspective, it would be more appropriate to apply different search spaces for broadcast and multicast. Unicast service doesn’t require beam sweeping, thus the search space for broadcast or multicast cannot be applied to unicast.
Based on the above analysis, we have the following proposal.
[bookmark: OLE_LINK3]Proposal 6: For RRC_IDLE/RRC_INACTIVE UEs, a new CSS type can be used for MCCH and MTCH.
· The same search space can be applied for MBS control information and different broadcast service depending on network configuration. 
· For the new CSS type, the monitoring priority is determined based on the search space set indexes of the Type-x CSS set and USS sets
· FFS for further supporting existing CSS type for MCCH. 
MCCH change notification indication
During RAN1#105-e meeting [2], the following agreement was achieved. Two alternatives of MCCH change notification indication are on the table for further study. 
	Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, study the following alternatives for MCCH change notification indication due to session start:
· [bookmark: OLE_LINK12]Alt 1: Define a dedicated RNTI to scramble the CRC of a DCI indicating a MCCH change notification;
· Alt 2: Use of a field in a DCI format scheduling a MCCH without a dedicated RNTI for MCCH change notification;
Other solutions are not precluded and it is also not precluded whether to support both Alt1 and Alt2.



As also agreed in RAN1#105-e meeting, DCI format 1_0 is used as baseline for GC-PDCCH of MCCH and MTCH. For a UE receiving broadcast in RRC_CONNECTED state, potential DCI size alignment may be required between DCI format 1_0 with CRC scrambled with SC-RNTI/G-RNTI and DCI format 1_0 with CRC scrambled with P-RNTI/SI-RNTI If DCI size budget is exceeded. As DCI format 1_0 with CRC scrambled with P-RNTI/SI-RNTI should also be monitored by legacy UEs, the size of DCI format 1_0 with CRC scrambled with P-RNTI/SI-RNTI cannot be changed. This requires that size of DCI format 1_0 with CRC scrambled with SC-RNTI/G-RNTI should be smaller than size of DCI format 1_0 with CRC scrambled with P-RNTI/SI-RNTI. 
According to the information provided by RAN2 in LS [5], DCI size will add at least 2 bit under Alt.2, which may cause size of DCI format 1_0 with CRC scrambled with SC-RNTI/G-RNTI to be greater than size of DCI format 1_0 with CRC scrambled with P-RNTI/SI-RNTI. As a result, DCI size alignment cannot be executed. In addition, Alt.2 may also lead to a lower reliability. 
From this perspective, it seems Alt.1 is the most workable solution. 
Proposal 7: Define a dedicated RNTI to scramble the CRC of a DCI indicating a MCCH change notification.
PDSCH reception
PDSCH TDRA table
During RAN1#103-e and RAN1#105-e meetings [3][2], the following agreements were achieved. Both of searchspace#0 and search space other than searchspace#0 are supported for GC-PDCCH scheduling MCCH. In this section, the TDRA table for MBS PDSCH is analysed.
	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
Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, both searchSpace#0 and common search space other than searchSpace#0 can be configured for GC-PDCCH scheduling MCCH.
· 



As shown in Table 5.1.2.1.1-1 of TS38.214 (See Appendix 5.1 of this contribution), some rules of TDRA table determination are defined. Regarding the default TDRA tables, default table B and C are designed specifically for SSB and CORESET multiplexing pattern 2 and 3, respectively. For multiplexing pattern 2 or 3, paging/OSI transmission will be FDMed with the corresponding SSB. Then, the time domain resource allocation of paging/OSI PDSCH will be limited by its associated SSB. As shown in Figure-5, time domain resource allocation patterns in multiplexing pattern 2 with SCSs combination of {240kHz, 120kHz} are taken as an example. The recommended row indexes used by each PDCCH are shown in this Figure, e.g., SSB0 corresponds to row index 2. Note, the row index is quoted from default B table as defined in TS38.214 (See Appendix 5.2 of this contribution). Thus, a unified sweeping order can be achieved for both SSB and associated paging/OSI PDSCH transmission. 


[bookmark: OLE_LINK1]Figure-5: Time domain resource allocation patterns in multiplexing pattern 2 with SCSs combination of {240kHz, 120kHz}
If search space 0 is used for MBS reception, it is viable to reuse the same default B table and C table for MBS PDSCH under the corresponding multiplexing patterns with the above restriction as shown in Figure-5. However, if search space other than 0 is used for MBS reception, the above restriction is invalid. And it will seriously affect the flexibility and capacity of MBS transmission, because most of the entities only have a length of 2 or 4 symbols for PDSCH allocation. This does not meet the requirement of mass data transmission, e.g., video service under MBS.. The following approach is proposed to address this issue.
Proposal 8: Adding the following PDSCH TDRA table determination rule for MBS to Table 5.1.2.1.1-1 of TS38.214.
	RNTI
	PDCCH search space
	SS/PBCH block and CORESET multiplexing pattern
	pdsch-ConfigCommon includes pdsch-TimeDomainAllocationList
	pdsch-Config includes pdsch-TimeDomainAllocationList
	PDSCH time domain resource allocation to apply

	RNTI for MBS
	Search space type for MBS

	1
	No
	-
	Default A
(if SearchSpaceZero is configured)

	
	
	2
	No
	-
	Default B
(if SearchSpaceZero is configured)

	
	
	3
	No
	-
	Default C
(if SearchSpaceZero is configured)

	
	
	1,2,3
	No
	-
	Default A
(if SearchSpaceZero is NOT configured)

	
	
	1,2,3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon



PDSCH repetition
During RAN1#102-e meeting [4], the following agreements were achieved. It has been agreed to support slot-level repetition for group-common PDSCH for RRC_CONNECTED UEs.
	Agreements:
· For RRC_CONNECTED UEs, at least support slot-level repetition for group-common PDSCH. 
· FFS: whether enhancement is needed



Similarly, slot-level PDSCH repetition can also be supported for RRC_IDLE/RRC_INACTIVE UEs. To avoid complicating the system design, consecutive slot-level PDSCH repetition with repetition number configured by higher layer (e.g., via SIB) is preferred.
Proposal 9: For RRC_IDLE/RRC_INACTIVE UEs, consecutive slot-level PDSCH repetition with repetition number configured by higher layer (e.g., via SIB) is supported for MBS.

SPS PDSCH
During RAN1#103-e meeting [3], it was agreed to support SPS group-common PDSCH for MBS for RRC_CONNECTED UEs.
	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 group-common PDSCH for MBS can also be considered for RRC_IDLE/RRC_INACTIVE UEs for the following reasons. From this perspective, SPS PDSCH is a nature and straightforward solution to support broadcast service for RRC_IDLE/RRC_INACTIVE UEs.
1. Most of the broadcast service is periodic service;
2. The PDSCH scheduling for broadcast is more conservative in order to accommodate all UEs.
Proposal 10: Support SPS group-common PDSCH for MBS for RRC_IDLE/RRC_INACTIVE UEs.

Beam sweeping
During pervious RAN1 e-meetings, it has been agreed to support beam sweeping for group-common PDCCH/PDSCH. One issue is how to map different MOs to different beams.
	Agreements:(RAN1#103-e meeting)
· 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.
Agreement:(RAN1#104-e meeting)
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
[bookmark: OLE_LINK38]Agreement:(RAN1#105-e meeting)
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, RAN1 confirms the following assumptions made by RAN2
· RAN2 assumes, in case searchSpace#0 is configured for MCCH (if allowed, pending RAN1 decision), the mapping between PDCCH occasions and SSBs is the same as for SIB1. 
· RAN2 assumes that if common search space other than searchSpace#0 is configured for MCCH (if allowed, pending RAN1 decision), the PDCCH monitoring occasions for MCCH message which are not overlapping with UL symbols are sequentially numbered from one in the MCCH transmission window and mapped to SSBs using the similar rule as defined for OSI in TS 38.331.
Agreement:(RAN1#105-e meeting)
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




For search space of MCCH scheduling, it has been agreed to reuse the mapping between PDCCH occasions and SSBs for SIB1 if searchSpace#0 is configured for MCCH. If common search space other than searchSpace#0 is configured for MCCH, the PDCCH monitoring occasions for MCCH message which are not overlapping with UL symbols are sequentially numbered from one in the MCCH transmission window and mapped to SSBs using the similar rule as defined for OSI in TS 38.331.
[bookmark: OLE_LINK14]Meanwhile, it is straightforward, both searchSpace#0 and other common search space sets can be used for MTCH scheduling. The mapping between PDCCH occasions and SSBs for SIB1 can be reused if searchSpace#0 is configured. The similar rule as defined for OSI in TS 38.331 can be reused for mapping PDCCH occasions to SSBs in the MTCH transmission window if a common search space other than searchSpace#0 is configured for MTCH scheduling. 
Proposal 11: Regarding beam sweeping transmission of MTCH, 
· Both searchSpace#0 and common search space other than searchSpace#0 can be used for MTCH.
· The mapping between PDCCH occasions and SSBs for SIB1 can be reused if searchSpace#0 is configured. 
· The similar rule as defined for OSI in TS 38.331 can be reused for mapping PDCCH occasions to SSBs in the MTCH transmission window if a common search space other than searchSpace#0 is configured for MTCH scheduling.

Conclusion
In this contribution, analysis and views on detailed design for MBS reception for RRC_IDLE/RRC_INACTIVE UEs are presented with the following proposals.
Common frequency resource
Observation 1: Potential BWP switching issue under Case E as well as Case C can be avoided through reasonable RRC configurations, i.e., a first active BWP containing the CFR. 
Observation 2: Case C requires UE to activate the initial BWP configured by SIB1 in RRC_IDLE/INACTIVE states, which is conflicting with the Rel-15/Rel-16 legacy mechanism. Furthermore, Case C requires the same frequency bandwidth range for MBS and unicast, which is too restrictive.
Observation 3: Case D-1 (Initial DL BWP configured by SIB1 fully contains CFR, CFR fully contains CORESET#0) requires UE to activate the initial BWP configured by SIB1 in RRC_IDLE state, which is conflicting with the Rel-15/Rel-16 legacy mechanism. Furthermore, it can be implemented through case E.
Observation 4: The motivation of a CFR larger than CORESET#0 for broadcast control information carried on MCCH is not strong in R17 NR MBS.
Observation 5: It is beneficial for power saving by supporting more than one CFR.
Observation 6: It is beneficial for MBS service expansion by supporting more than one CFR.
Observation 7: It is particularly important for redcap UE to support multiple CFRs, which means that more MBS services can be received.

Proposal 1: Case E is clarified as follows, 
· A high-layer signaling is introduced to configure a special BWP for the UE in RRC_IDLE/INACTIVE states for receiving broadcast services.
· The CFR has the frequency resources identical to the configured BWP.
· The configured BWP needs to fully contain the initial BWP defined by CORESET#0 in frequency domain and has the same SCS and CP as the initial BWP. 
· The configured BWP is not larger than the carrier bandwidth. 
Proposal 2: Case E is supported for broadcast service carried on MTCH in R17 NR MBS.
Proposal 3: Case D-2 (Initial DL BWP configured by SIB1 fully contains CFR, CFR is not required to fully contain CORESET#0) can be used to increase the capacity of broadcast service on MTCH for bandwidth-restricted UEs, e.g., Redcap UE.
· FFS: other restrictions on CFR configuration.
Proposal 4: More than one CFR is supported for MTCH for UEs in RRC_IDLE/INACTIVE states.

PDCCH
Proposal 5: Regarding the CORESET configuration, 
· the CORESET configured within the CFR for GC-PDCCH can be applied for broadcast, multicast and unicast.
· networks configures CORESET#0 or common CORESET configured by commonControlResourceSet for GC-PDCCH if MBS CORESET is not configured.
Proposal 6: For RRC_IDLE/RRC_INACTIVE UEs, a new CSS type can be used for MCCH and MTCH.
· The same search space can be applied for MBS control information and different broadcast service depending on network configuration. 
· For the new CSS type, the monitoring priority is determined based on the search space set indexes of the Type-x CSS set and USS sets
· FFS for further supporting existing CSS type for MCCH. 
Proposal 7: Define a dedicated RNTI to scramble the CRC of a DCI indicating a MCCH change notification.

PDSCH reception
Proposal 8: Adding the following PDSCH TDRA table determination rule for MBS to Table 5.1.2.1.1-1 of TS38.214.
	RNTI
	PDCCH search space
	SS/PBCH block and CORESET multiplexing pattern
	pdsch-ConfigCommon includes pdsch-TimeDomainAllocationList
	pdsch-Config includes pdsch-TimeDomainAllocationList
	PDSCH time domain resource allocation to apply

	RNTI for MBS
	Search space type for MBS

	1
	No
	-
	Default A
(if SearchSpaceZero is configured)

	
	
	2
	No
	-
	Default B
(if SearchSpaceZero is configured)

	
	
	3
	No
	-
	Default C
(if SearchSpaceZero is configured)

	
	
	1,2,3
	No
	-
	Default A
(if SearchSpaceZero is NOT configured)

	
	
	1,2,3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon



Proposal 9: For RRC_IDLE/RRC_INACTIVE UEs, consecutive slot-level PDSCH repetition with repetition number configured by higher layer (e.g., via SIB) is supported for MBS.
Proposal 10: Support SPS group-common PDSCH for MBS for RRC_IDLE/RRC_INACTIVE UEs.

Beam sweeping
Proposal 11: Regarding beam sweeping transmission of MTCH, 
· Both searchSpace#0 and common search space other than searchSpace#0 can be used for MTCH.
· The mapping between PDCCH occasions and SSBs for SIB1 can be reused if searchSpace#0 is configured. 
· The similar rule as defined for OSI in TS 38.331 can be reused for mapping PDCCH occasions to SSBs in the MTCH transmission window if a common search space other than searchSpace#0 is configured for MTCH scheduling.
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Appendix
Applicable PDSCH time domain resource allocation
Table 5.1.2.1.1-1: Applicable PDSCH time domain resource allocation
	RNTI
	PDCCH search space
	SS/PBCH block and CORESET multiplexing pattern
	pdsch-ConfigCommon includes pdsch-TimeDomainAllocationList
	pdsch-Config includes pdsch-TimeDomainAllocationList
	PDSCH time domain resource allocation to apply

	SI-RNTI

	Type0 common
	1
	-
	-
	Default A for normal CP

	
	
	2
	-
	-
	Default B

	
	
	3
	-
	-
	Default C

	SI-RNTI
	Type0A common
	1
	No
	-
	Default A

	
	
	2
	No
	-
	Default B

	
	
	3
	No
	-
	Default C

	
	
	1,2,3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon

	RA-RNTI, TC-RNTI
	Type1 common
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon

	P-RNTI
	Type2 common
	1
	No
	-
	Default A

	
	
	2
	No
	-
	Default B

	
	
	3
	No
	-
	Default C

	
	
	1,2,3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon

	C-RNTI, MCS-C-RNTI, CS-RNTI
	Any common search space associated with CORESET 0
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon

	C-RNTI, MCS-C-RNTI, CS-RNTI
	Any common search space not associated with CORESET 0

UE specific search space
	1,2,3
	No
	No
	Default A

	
	
	1,2,3
	Yes
	No
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon 

	
	
	1,2,3
	No/Yes
	Yes
	pdsch-TimeDomainAllocationList provided in pdsch-Config




Default B table
Table 5.1.2.1.1-4: Default PDSCH time domain resource allocation B
	Row index
	dmrs-TypeA-Position
	PDSCH mapping type
	K0
	S
	L

	1
	2,3
	Type B
	0
	2
	2

	2
	2,3
	Type B
	0
	4
	2

	3
	2,3
	Type B
	0
	6
	2

	4
	2,3
	Type B
	0
	8
	2

	5
	2,3
	Type B
	0
	10
	2

	6
	2,3
	Type B
	1
	2
	2

	7
	2,3
	Type B
	1
	4
	2

	8
	2,3
	Type B
	0
	2
	4

	9
	2,3
	Type B
	0
	4
	4

	10
	2,3
	Type B
	0
	6
	4

	11
	2,3
	Type B
	0
	8
	4

	12 (Note 1)
	2,3
	Type B
	0
	10
	4

	13 (Note 1)
	2,3
	Type B
	0
	2
	7

	14 (Note 1)
	2
	Type A
	0
	2
	12

	
	3
	Type A
	0
	3
	11

	15 
	2,3
	Type B
	1
	2
	4

	16
	Reserved

	Note 1: If the PDSCH was scheduled with SI-RNTI in PDCCH Type0 common search space, the UE may assume that this PDSCH resource allocation is not applied
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