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 Introduction
In this contribution, a review about MBS reception on cells other than PCell, e.g., in DC or CA scenarios is presented, from the perspective of spec impacts, UE capability, and requirements. Scenarios including both MBS Broadcast and Multicast are covered. Various issues (some open issue that were already covered in the open issue list in pre-117e) were also expected to be addressed.
 Discussion
MBS reception on cells other than PCell, e.g., in DC or CA scenarios, potentially provide better deployment flexibility, resource efficiency, and load balancing.
MBS in dual connection scenarios were not ruled out when the WI was about to start. However MBS reception was limited in the MCG and MN is gNB.
Architecture: it is the one in Figure 4.1-1 in TR 23.757 v0.2.0: High level MBS architecture, with the further restriction that only NR in NG-RAN (i.e. connected to 5GC) is considered as RAT. Consequently, in addition to in NR SA, there should be no reasons preventing the use of the feature standardized in this WI in case of MR DC configurations in the MCG when the MN is a gNB (NE-DC, NR DC).

MBS reception in DC or CA scenarios had been rarely touched in previous RAN2 discussion (either in RAN1/3), due to its lower priority compared to other issues. Previously we had following agreements in RAN2/3:

202008 RAN3_109-e

First focus on standalone (i.e. non-MR-DC) scenarios. 

2020-08 RAN2 111-e

Focus initially on NR SA, TBD to what extent other scenarios NR DC, NE DC can be supported. 

2022-01 RAN2 116bis-e

Multicast MBS can be supported in MCG side in NE-DC and NR-DC scenarios, i.e., MN terminated MCG bearer kind of MRB.

Meanwhile few agreements were made on MBS reception in serving cell, or even non serving cell.
 MBS Broadcast 
RAN2 discussed about the MBS broadcast service from SCell in intra-PLMN case. An LS was sent to RAN1 about the MBS broadcast reception on SCell and non-serving cell for UE in RRC_CONNNECTED [1].  
During RAN2#116-e meeting, RAN2 discussed MBS broadcast reception on SCell and non-serving cell respectively by the UE in RRC Connected state and reached the following agreements:

- From RAN2 point of view, the UE may receive MBS broadcast service from SCell in intra-PLMN case and if supported this may be a separate UE capability. Send an LS to RAN1 to ask to check the feasibility of MBS broadcast reception on SCell. 

- From RAN2 point of view, the connected UE may if supported receive MBS broadcast service from non-serving cell in intra-PLMN case, under the condition this does not have any impact to operation on serving cell(s). This may be a separate UE capability. Send an LS to RAN1 to ask to check the feasibility.
In following RAN1 agreements, some requirement from RAN1 perspective were provided [2]:
Agreement
From RAN1 perspective, it is feasible for UE in RRC_CONNECTED state to receive MBS broadcast on an activated SCell as long as UE has capability of supporting MBS broadcast on SCell.

From RAN1 perspective, if a UE is to receive MBS broadcast on SCell,

• The capability of supporting MBS broadcast on SCell is separate capability from the one of CA for unicast.

• The UE is not required to monitor DCI formats associated with SI-RNTI, P-RNTI, RA-RNTI in SCell.

• Overbooking for SCell is not supported.

• MBS broadcast reception on SCell can be supported only for RRC_CONNECTED UEs only with self-scheduling.

• Type0-PDCCH CSS set is only configured on the primary cell of the MCG.

• Configuring the search space on SCell for PDCCH monitoring of MBS DCI formats is via unicast RRC signaling.

• The UE capability is expected to be defined by RAN2.

o E.g. the total number of component carriers for receiving broadcast on SCell may be subject to UE capability

• The UE is not required to receive broadcast on PCell and SCell simultaneously

Agreement

From RAN1 perspective, it is feasible for UE in RRC_CONNECTED state to receive MBS broadcast on non-serving cell, which is up to UE implementation and transparent to the network.

• It is assumed in RAN1 that UE receiving MBS broadcast on non-serving cell does not have any impact to operation on serving cell(s), e.g., does not require UE to obtain the related configuration from the serving cell, does not require the network to guarantee the scheduling doesn’t exceed UE’s capability on serving cell, etc.

• RAN1 assumes that receiving MBS broadcast on non-serving cell could be on the same or on a different band, but on a different carrier frequency than a UE’s serving cell

• No RAN1 spec impact and no optimization is pursued in Rel-17 for MBS broadcast reception on non-serving cell.

• The UE capability(ies), if any, is(are) expected to be defined by RAN2.

RAN1 assumes whether to support MBS broadcast reception on SCell and supporting MBS broadcast reception on non-serving cell will be up to RAN2.

For the serving cell cases, there are two lines that might need RAN2's attention:

"The UE is not required to monitor DCI formats associated with SI-RNTI, P-RNTI, RA-RNTI in SCell."
"Configuring the search space on SCell for PDCCH monitoring of MBS DCI formats is via unicast RRC signaling."
RAN1 suggests UE does not acquire the SIB by monitoring the related DCI, but through unicast RRC signaling.

In legacy specs about UE interest indication in 36.311, there is a note that indicates the for the frequency information reported in the MBS interest indication, UE supports the SIB15 and SIB20 acquisition for the concerned frequency.
NOTE 4:
Indicating a frequency implies that the UE supports SystemInformationBlockType13 or SystemInformationBlockType20 acquisition for the concerned frequency i.e. the indication should be independent of whether a serving cell is configured on that frequency.

Therefore in legacy it is required for UE to acquire the MBS configuration by the SIB as in PCell, rather through an dedicated RRC signaling. Since UE that is able to receive the MTCH on one serving cell, shall also be able to receive the related control information like SIB/MCCH, we suggest following the legacy and allowing UE to monitor the control info in serving cell other than PCell.

UE is able to acquire the MBS control info on the serving cell on the reported frequency in MBS interest indication.
RAN2 to define UE capability to support MBS Broadcast reception on serving cell.

For the non serving cell case, there will be no RAN1 spec impacts anticipated. All RAN2 needs to do is to define the UE capability to support MBS Broadcast reception on non-serving cell.
RAN2 to define UE capability to support MBS Broadcast reception on non-serving cell.

It is of similar benefit to allow UE to receive MBS Broadcast on serving cells of SCG, e.g., in case of network deploys the MBS Broadcast services on the cells of SN which is configured as the SCG for the UE. The related UE capability was also defined in LTE eMBMS as in Annex part, scptm-AsyncDC-r13. Therefore it is suggested to define UE capability of MBS reception for SCG, with no further optimization to ensure the service reception from network perspective.

RAN2 to define UE capability to support MBS Broadcast reception on SCG with no further spec optimization.
 MBS Multicast

When it comes to MBS Multicast reception on serving cell in the MCG, there is not much spec impacts but how the RRC signaling is designed. For example, 
cfr-ConfigMulticast, which defines UE specific common frequency resource configuration for MBS multicast for one dedicated BWP, and is associated with BWP-DownlinkDedicated in current running CR.
pucch-ConfigurationListMulticast1 which is further associated with BWP-UplinkDedicated
G-RNTI-Config that further defines the DRX of Multicast, and feedback options of the PTM reception.
If we can limit the Multicast reception in the MCG in the same cell group, the same MAC entity is able to flexibly allocate the resources in the cell group, and configure the UE by associating the PTM configuration to any cell in the cell group, e.g. for both PTP and for basic PTM transmission it follows the legacy.
With proper RRC signaling design, network is flexibly able to allocate the multicast scheduling in the cells of the MCG.
However there might be some scheduling limitation, especially in the case of PTP re-transmission for the initial PTM transmission. Considering RAN1 has ended officially the WI in current stage, it is suggested no RAN1 impacts shall be further introduced from RAN2.

Therefore we suggest that the RRC signaling design in RAN2 shall support the flexible scheduling of the Multicast service data in cells of MCG.

RRC signaling design in RAN2 shall support the flexible scheduling of the Multicast service data in cells of MCG.

While of MRDC support, although it features the same benefit as the MBS Multicast reception in serving cell other than PCell, there are some factors that might prohibit us to do so:

there might be Xn impacts, e.g., UE capability sharing/signaling between MN and SN;
the context of the UE and the MBS session are better to be in the same control plane entity, to fully utilize the mode switching and other advanced feature for Rel-17 NR MBS.
The spec impacts to enable UE to receive the MBS Multicast in SN needs in depth investigation.
Do not support MBS Multicast reception in SN or SCG.

 Conclusion
Based on the analysis provided above, we have following observations and proposals on DRX for NR MBS:

Observation 1
RAN1 suggests UE does not acquire the SIB by monitoring the related DCI, but through unicast RRC signaling.

Observation 2
With proper RRC signaling design, network is flexibly able to allocate the multicast scheduling in the cells of the MCG.

Observation 3
The spec impacts to enable UE to receive the MBS Multicast in SN needs in depth investigation.

Proposal 1
UE is able to acquire the MBS control info on the serving cell on the reported frequency in MBS interest indication.

Proposal 2
RAN2 to define UE capability to support MBS Broadcast reception on serving cell.

Proposal 3
RAN2 to define UE capability to support MBS Broadcast reception on non-serving cell.

Proposal 4
RAN2 to define UE capability to support MBS Broadcast reception on SCG with no further spec optimization.

Proposal 5
RRC signaling design in RAN2 shall support the flexible scheduling of the Multicast service data in cells of MCG.

Proposal 6
Do not support MBS Multicast reception in SN or SCG.

 Reference

R2-2111625 LS on MBS broadcast reception on SCell and non-serving cell
R1-2200798 LS reply to MBS broadcast reception on SCell and non-serving cell
 Annex/UE capability defined for LTE SC-PTM
36306/parameters defined for SC-PTM
4.3.22
SC-PTM parameters

4.3.22.1
scptm-ParallelReception-r13
This parameter defines whether UEs supporting SC-PTM support the parallel reception of DL-SCH transport block(s) associated with G-RNTI/SC-RNTI and DL-SCH transport block(s) associated with C-RNTI/Semi-Persistent Scheduling C-RNTI as well as the parallel reception of multiple DL-SCH transport blocks associated with G-RNTI/SC-RNTI in the same subframe. In SC-PTM operation, the DL-SCH processing capability is shared between the DL-SCH transport block(s) associated with G-RNTI/SC-RNTI and the DL-SCH transport block(s) associated with C-RNTI/Semi-Persistent Scheduling C-RNTI. A UE that supports scptm-ParallelReception-r13 shall also support SC-PTM reception in RRC_CONNECTED and in RRC_IDLE according to SC-PTM procedures as specified in TS 36.331 [5], TS 36.321 [4] and TS 36.304 [14].

4.3.22.2
Void

4.3.22.3
scptm-SCell-r13
This parameter defines whether UEs supporting SC-PTM support in RRC_CONNECTED, MBMS reception via SC-PTM on a frequency indicated in an MBMSInterestIndication message, when an SCell is configured on that frequency (regardless of whether the SCell is activated or deactivated), as specified in TS 36.331 [5].

4.3.22.4
scptm-NonServingCell-r13
This parameter defines whether UEs supporting SC-PTM support in RRC_CONNECTED, MBMS reception via SC-PTM on a frequency indicated in an MBMSInterestIndication message, where (according to supportedBandCombination and to network synchronization properties) a serving cell may be additionally configured, as specified in TS 36.331 [5]. If this is supported, the UE shall also support MBMS reception via SC-PTM on a frequency when an SCell is configured on that frequency (regardless of whether the SCell is activated or deactivated), as specified in TS 36.331 [5].

4.3.22.5
scptm-AsyncDC-r13
This parameter defines whether the UE in RRC_CONNECTED supports MBMS reception via SC-PTM on a frequency indicated in an MBMSInterestIndication message, where according to supportedBandCombination, the carriers are configured or can be configured as serving cells in the MCG and the SCG which are not synchronized, specified in TS 36.331 [5]. In this release of specification, it is mandatory to support this according to MBMSInterestIndication and indicated supportedBandCombination.

38331/UE capability parameter UE-EUTRA-Capability
SCPTM-Parameters-r13 ::=



SEQUENCE {


scptm-ParallelReception-r13




ENUMERATED {supported}

OPTIONAL,


scptm-SCell-r13







ENUMERATED {supported}

OPTIONAL,


scptm-NonServingCell-r13




ENUMERATED {supported}

OPTIONAL,


scptm-AsyncDC-r13






ENUMERATED {supported}

OPTIONAL

}
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