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 Introduction

In this paper, based on the main issues of MBS Group scheduling which were summarized at last RAN2#112-e meeting[1] as well as RAN1 progress, we will give a further discussion on MBS Group scheduling and provide our views.

 Discussion

 Mapping between MBS QoS flow and MBS radio bearer

In NR QoS flow mapping, according to TS 23.501 QoS modeling, the gNB may map different flows from one PDU session to multiple DRBs or one DRB, i.e., both 1 to 1 mapping and many to 1 mapping between QoS Flows and DRBs are supported.
	The UPF conveys the classification of the User Plane traffic belonging to a QoS Flow through an N3 (and N9) User Plane marking using a QFI. The AN binds QoS Flows to AN resources (i.e. Data Radio Bearers of in the case of 3GPP RAN). There is no strict 1:1 relation between QoS Flows and AN resources. It is up to the AN to establish the necessary AN resources that QoS Flows can be mapped to, and to release them.


Both 1 to 1 mapping and N to 1 mapping between QoS Flows and DRBs are supported in NR.

When it comes to MBS QoS flow mapping, it is feasible to consider to apply the QoS mapping rule of NR for MBS. To be specific, multiple QoS flows of the same MBS session can be mapped to one or more MRBs. The reasons are twofold. On one hand, as agreed by RAN3 that "One or more QoS flows may be used within a single MBS session", there might be data flows which have distinct requirements on QoS. Therefore, it is natural to use more than one MRB to differentiate the packet dealing over the air interface, e.g., with separate SN (independent serial numbering and reordering operation), discard timer, mode switching, and reliability enforcement measures (e.g. HARQ feedback). Such mechanism allows the network to do prioritization among the MRBs associated with the MBS session. On one hand, it is better for the NR specification to keep consistency and simplification if a common QoS mapping rule is used for both MBS session and the PDU session. The solution can also provide better forward compatibility and the alignment with QoS model in NR Rel-15/16 with less spec impacts. Therefore, we propose that there can be multiple MBS radio bearers (MRBs) that serve the same MBS session. 

It is suggested to support mapping multiple QoS flows of the same MBS session to one or more MRBs.

 Logical channel mapping for MBS session
In LTE eMBMS, a control channel SC-MCCH (Single Cell Multicast Control Channel) was introduced to transmit MBMS control information from the network to the UE, while a traffic channel SC-MTCH (Single Cell Multicast Traffic Channel) was introduced for transmitting traffic data from the network to the UE. 

When it comes to NR MBS, the similar mechanism can be considered. As agreed in RAN2#113E meeting, the two-step based approach (i.e. BCCH and MCCH) as adopted by LTE SC-PTM is reused for the transmission of PTM configuration for NR MBS delivery mode 2. In this case, both MCCH and MTCH should be introduced at least for PTM transmission in NR MBS. Moreover, the issue of whether mapping of MCCH/MTCH to the DL-SCH or a newly introduced MCH should also be considered. As specified in TS36.300, DL-SCH support HARQ, dynamic and semi-static resource allocation as well as DRX, but the MCH only support semi-static resource allocation and MBSFN. In NR MBS, HARQ for retransmission and flexible resource allocation may be needed. DL-SCH seems to be a better choice than MCH for MBS. On the other hand, both SC-MCCH and SC-MTCH are mapped to the DL-SCH but not the MCH in LTE SC-PTM, the similar mechanism in LTE can be reused. Thus, we suggest both MCCH logical channel and MTCH logical channel should be mapped to the DL-SCH transport channel. 

Both MCCH and MTCH should be introduced at least for PTM transmission in NR MBS.

MCCH logical channel and MTCH logical channel should be mapped to the DL-SCH transport channel. 

 Multiplexing of Logical channels for MBS session
As analyzed above, for one specific MBS session, there might be more than one MRB associated with this MBS session. 

For PTM transmission, multiplexing among logical channels associated with same MBS service shall be allowed to enable flexible scheduling. For example, as in Figure 1, for MBS1 there might be 2 MRBs and 2 corresponding logical channels; for MBS2, there might be also 2 MRBs and 2 corresponding logical channels. Based on the QoS requirement of each MRB (e.g., based on the mapped QoS flows profile), network shall be able to multiplex the logical channels for the same MBS service based on the available radio resource and other factors freely.
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Figure 1 Multiplexing among logical channels from NW perspective
However, multiplexing among logical channels associated with different MBS services shall not be allowed due to the below reasons:

Even though it might be beneficial (e.g., multiplexing gain in physical layer) for UEs who are interested in all these different MBSs, but for other UEs which are only interested in one or part of these different MBS services, there will be overhead to receive the uninterested MBS data in PHY and discard the packet in higher layer.

Extra spec effort on MAC PDU format design is needed to identify the MBS data from different MBS service if such multiplexing within the same MAC PDU is allowed.

For PTP transmission, it is per UE scheduling and the multiplexing/de-multiplexing of different LCHs of similar QoS requirement shall be supported, as in NR that multiplexing data from DRBs of different PDU Session is allowed. In Figure 1, logical channel for unicast services, and PTP transmission for MBS1 are multiplexed into the same transport block identified by per UE C-RNTI1.

For PTM transmission, multiplexing among logical channels associated with same MBS service, if there are any, shall be allowed.

For PTM transmission, multiplexing among logical channels associated with different MBS service shall not be allowed.

For PTP transmission, multiplexing among logical channels associated with UE's interested MBS service and PDU Sessions shall be allowed.

 LCID space for MBS session
# PTP transmission for MBS
Based on the analysis above, for the multiplexing LCHs of PTP MBS session and PTP unicast PDU session scenario, UE may receive a DL MAC PDU including both PTP transmission for unicast and PTP transmission for MBS session. LCIDs are used to distinguish different LCHs for a certain MAC PDU. Therefore, two possible solutions may be considered.

- 
Option 1. Shared LCID space between PTP transmission of unicast PDU session and PTP transmission of MBS session;

- 
Option 2. Separate LCID space for PTP transmission of MBS session;

For option 1, it is easy for UE to distinguish different MRB from DRB by LCID. Moreover, in NR Rel-16, two-bytes eLCID was specified for logical channel extension. The LCID space for PTP transmission of MBS session is enough. For option 2, MBS Session or MRB associated information may need to be included in the MAC PDU sub-header to distinguish different MBS service data in the same TB, e.g., MBS ID information. We can see that it introduces specification work. 

For LCID allocation in PTP transmission for MBS, RAN2 to consider below options:

- Option 1. Shared LCID space between PTP transmission of unicast PDU session and PTP transmission of MBS session;

- Option 2. Separate LCID space for PTP transmission of MBS session;

# PTM transmission for MBS

For PTM transmission, since logical channels associated with different MBS services are not multiplexed, which means a DL MAC PDU can only belong to a specific PTM MBS session. The gNB will process DL MBS packet of each PTM MBS session separately. In this case, it is reasonable to consider assign a MBS specific LCID space for PTM transmission. That is to say, the MBS specific LCID space is per MBS session.

However, it is possible allocate per UE LCID for the PTM transmission to identify the LCH which processes the PTM transmission received from lower layer. To be specific, a RRC_CONNECTED UE may receive a MBS data in PTM, and a common LCID is used to identify different MRB data in different logic channel, while the LCID for the associated LCH which really process the data can be per UE configured. That is to say, for PTM transmission the LCID of the LCH who receives the MBS data in UE can be different from the LCID used in the MAC PDU. This makes sense that in current NR design, 

the LCID is per MAC entity/per cell group, and 

it is also assumed that from UE perspective it is the same MAC entity for both Unicast service and MBS service reception in the [Post113-e][054][MBS17] PTP/PTM dynamic switch and MRB type change. 

In this case, the mapping relationship between the LCID used in MAC sub-header and the LCID of the LCH which receives the MBS data should be configured to UE with dedicated signaling, which is feasible.

For LCID allocation in PTM transmission for MBS, RAN2 to consider the below options:

- Option 1. Separate LCID space for MBS session;

- Option 2. Sharing LCID space of PTP transmission with PTM transmission of MBS session.

 Mapping between group RNTI and MBS session 

As illustrated in the above sections, for PTM transmission, multiplexing among logical channels associated with same MBS service shall be allowed, and multiplexing among logical channels associated with different MBS service shall not be allowed. This conclusion indicates that different MBS session will be transmitted on different TBs (MAC PDUs). And we think different TBs should be associated with different group RNTI. Therefore, we suggest the group RNTI and MBS session have the one-to-one mapping relationship. 

For PTM MBS Session, the group RNTI and MBS session have the one-to-one mapping relationship.
 Conclusion

Based on the analysis provided above, we have the following observations:

Both 1 to 1 mapping and N to 1 mapping between QoS Flows and DRBs are supported in NR.

It is suggested to support mapping multiple QoS flows of the same MBS session to one or more MRBs.

Both MCCH and MTCH should be introduced at least for PTM transmission in NR MBS.

MCCH logical channel and MTCH logical channel should be mapped to the DL-SCH transport channel. 

For PTM transmission, multiplexing among logical channels associated with same MBS service, if there are any, shall be allowed.

For PTM transmission, multiplexing among logical channels associated with different MBS service shall NOT be allowed.

For PTP transmission, multiplexing among logical channels associated with UE's interested MBS service and PDU Sessions shall be allowed.

For LCID allocation in PTP transmission for MBS, RAN2 to consider below options:

- Option 1. Shared LCID space between PTP transmission of unicast PDU session and PTP transmission of MBS session;

- Option 2. Separate LCID space for PTP transmission of MBS session;

For LCID allocation in PTM transmission for MBS, RAN2 to consider the below options:

- Option 1. Separate LCID space for MBS session;

- Option 2. Sharing LCID space of PTP transmission with PTM transmission of MBS session.

For PTM MBS Session, the group RNTI and MBS session have the one-to-one mapping relationship.
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