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 Introduction

In RAN2 111e meeting discussions were focused on the mode switching, reliability enhancement and mobility for NR MBS in Rel-17. Part of the discussion eventually went to the arguments on the L2 protocol stack functions for NR MBS: which layer works as the anchor layer for mode switching, which layer(s) are to ensure reliability, and which layer works as the mobility anchor layer if needed. 

In RAN3 109e meeting, there were certain working assumptions which can be helpful in making progress in L2 architecture for NR MBS for this RAN2 meeting:

WA pending SA2 progress (to progress discussion in RAN3):

- One or more QoS flows may be used within a single MBS session

- Each MB QoS flow belongs to one MBS Session

- Each MB QoS flow is associated with a QoS profile

- NR MBS supports both GBR and non-GBR QoS

- One Shared NG-U tunnel is used per MBS session.

And:
Use existing NG-RAN architecture to support NR MBS.

- No MCE entity/node in RAN architecture.

- gNB makes the decision on using PTP or PTM over the radio.

- No SYNC protocol for this release.

- MBS Session Resources: the term to denote NG-RAN resources for control and delivery of MBS user data, to be used on NG, Xn, F1 and E1.
Based on the above WAs, It is expected that for NR MBS the L2 architecture will be aligned with current NR, or be tailored based on current NR design. It could be anticipated that L2 architecture for NR MBS will be aligned with current NR design, or be tailored on the basis of current NR design.

Meanwhile, in the [Post111-e][904][MBS] L2 Architecture email discussion [1], there are a few issues still in FFS state:
Proposal 15: FFS if multiplexing/de-multiplexing of different logical channels are to be supported in MAC for NR MBS.

Proposal 16: PDCP acts as the anchor for PTP and PTM dynamic switch, i.e. the splitting and converging of MBS traffic transmitted via PTP and PTM is done at PDCP. FFS MAC/RLC based PTP/PTM dynamic swtich.

In this contribution, more detailed discussions on the L2 architecture for NR MBS, including bearer and protocol layers functionalities, and the FFS issues above are provided based on the above RAN3 WAs together with the requirement of the NR MBS.
 Radio bearer
Radio bearer configuration

In LTE eMBMS, the user plane of Unicast service and Broadcast services are of separated design, and user plane of eMBMS has the following characteristics:

One MRB or SC-MRB (with one RLC entity) per eMBMS service

No PDCP entity for user plane, ROHC is handled in BMSC or Application server [2]
No dynamic delivery mode switching in RAN side

In NR MBS, changes might be needed, e.g., MBS session may be associated with multiple radio bearers. As assumed by RAN3 that "One or more QoS flows may be used within a single MBS session", there might be data flows which own distinct requirements on QoS. Therefore, it is natural there are more than one MRB to differentiate the packet dealing in the air interface, e.g., with separated 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. Meanwhile, the solution can 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. 
One MBS session may be associated with multiple MBS radio bearers (MRBs).
SDAP

In current SDAP spec, the SDAP functions are listed as below:

The SDAP sublayer supports the following functions:

-
transfer of user plane data;

-
mapping between a QoS flow and a DRB for both DL and UL;

-
marking QoS flow ID in both DL and UL packets;

-
reflective QoS flow to DRB mapping for the UL SDAP data PDUs.
In the related email discussion, most of the companies think that it is necessary to keep SDAP at least in the network side. However there are debates on if SDAP header is needed.
We think there is no need to support the SDAP PDU format with header for reasons below:
QFI information included in SDAP header for downlink data packet is only beneficial in Reflective QoS, which however is not needed for downlink only MBS.
QoS flow remapping for NR MBS is a feature that can be supported by network implementation, as in current NR unicast and NR V2X Groupcast/Broadcast.
SDAP header adds extra UP processing overhead both in network and UE side. 
For DL only NR MBS, there is no need for Reflective QoS. Therefore the control bit to indicate the Reflective QoS is not needed.

It could be up to network implementation to realize in order delivery during QoS flow remapping, explicit indication of QFI and end marker in the SDAP header is not needed.

Based on the above observations, for NR MBS there is no need to include SDAP header. Therefore we suggest:

For NR MBS, only the SDAP PDU format without SDAP header applies.
PDCP

In current PDCP spec, the PDCP functions are listed as below:
The PDCP layer provides its services to the RRC or SDAP layers. The following services are provided by PDCP to upper layers:

-
transfer of user plane data;

-
transfer of control plane data;

-
header compression;

-
ciphering;

-
integrity protection.

For the ciphering functions, companies agreed that whether ciphering is needed depends on SA3 decision. As far as we know, majorities companies think PDCP will be the anchor layer for PTP/PTM mode switching and PDCP will be in charge of ciphering function if needed. It is not clear if two separated ciphering sub-entities should be supported in the PDCP entity for PTP and PTP transmission. It is suggested to send an LS to SA3 on this issue.

If ciphering is needed and the key is different for PTP and PTM transmission, two sets of security functions might need to be configured for the PDCP entity.
RAN2 send an LS to SA3 for NR MBS ciphering: 1) whether ciphering on Uu interface is needed for MBS; 2) If ciphering is needed, whether different keys for PTP and PTM apply, e.g., per UE key for PTP transmission and per MBS key for PTM transmission.

MAC

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. As in Figure 1, for MBS1 there might be 3 MRBs and 3 corresponding logical channels; for MBS2, there might be 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.
However, multiplexing among logical channels associated with different MBS service shall not be allowed for the below reason:

It might be beneficial (e.g., multiplexing gain in physical layer) for UEs who are interested in both MBSs, but for other UEs there will be overhead to receive the not interested 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.
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Figure 1 Multiplexing among logical channels from NW perspective
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.
With regard to the anchor layer for mode switching, majority companies think PDCP should be responsible for it. However, MAC layer was also mentioned discussed during the email discussion for mode switching anchor layer. To be specific, the two delivery modes share the same RLC/MAC instance and the same transport block is delivered to specific UE in PTP and to UE in PTM, dynamically decided by network. 

However, such solution poses extra complexity at the network side and the UE side:

UEs interested with the same Multicast session in one gNB might be in different cells or different connection status, maintaining the same segmentation/TB size from the same RLC instance might not be the optimal solution to satisfy all the interested UE or UE groups.

PTP and PTM transmission for the same multicast session have to be synchronized in the same cell.

UE will have to monitor the transmission of both group based PTM transmission (identified probably by G-RNTI as in eMBMS) and the UE based PTP transmission simultaneously, which is not the optimal solution from UE power consumption perspective.

For UEs interested with the same MBS session in one gNB but served by different gNB-DU, the user plane architecture falls back to PDCP as the anchor layer.

We have the below observation and proposal.

MAC as the anchor layer introduces implementation complexity and poses limits in scheduling flexibility.

PDCP as the anchor layer is a more universal solution for mode switching.

MAC is not used as the anchor layer for mode switching.

 Conclusion
Based on the analysis provided above, we have the following observations:
Observation 1
For DL only NR MBS, there is no need for Reflective QoS. Therefore the control bit to indicate the Reflective QoS is not needed.

Observation 2
It could be up to network implementation to realize in order delivery during QoS flow remapping, explicit indication of QFI and end marker in the SDAP header is not needed.

Observation 3
If ciphering is needed and the key is different for PTP and PTM transmission, two sets of security functions might need to be configured for the PDCP entity.

Observation 4
MAC as the anchor layer introduces implementation complexity and poses limits in scheduling flexibility.

Observation 5
PDCP as the anchor layer is a more universal solution for mode switching.
Based on the analysis provided above, we have the following proposals:

Proposal 1
One MBS session may be associated with multiple MBS radio bearers (MRBs).

Proposal 2
For NR MBS, only the SDAP PDU format without SDAP header applies.

Proposal 3
RAN2 send an LS to SA3 for NR MBS ciphering: 1) whether ciphering on Uu interface is needed for MBS; 2) If ciphering is needed, whether different keys for PTP and PTM apply, e.g., per UE key for PTP transmission and per MBS key for PTM transmission.

Proposal 4
For PTM transmission, multiplexing among logical channels associated with same MBS service, if there are any, shall be allowed.

Proposal 5
For PTM transmission, multiplexing among logical channels associated with different MBS service shall NOT be allowed.

Proposal 6
For PTP transmission, multiplexing among logical channels associated with UE's interested MBS service and PDU Sessions shall be allowed.

Proposal 7
MAC is not used as the anchor layer for mode switching.
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