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 Introduction

The support of delivery mode switching for the MBS bearer is one of the key objective in Rel-17 NR MBS. In the latest email discussion [1], a clear majority of the companies suggested PDCP as the anchor layer for mode switching.

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 switch.

Proposal 17: As baseline, L2 architecture with one PDCP entity associating with two RLC entities is used as baseline for further discussion on dynamic switch between PTP/PTM.

In this contribution, we discuss MBS bearer management based on above assumption of PDCP as the anchor layer.

 Discussion
User plane options (F1-U)
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Figure 1. Network perspective of F1-U tunnel
In CU/DU split scenarios, if there are more than one delivery instances (from network perspective), e.g., both PTP transmission and PTM transmission exist in the same cell or same DU, there will be two options to delivery the PDCP PDUs of the MRBs from CU to DU:

Single tunnel. The same PDCP PDU is only sent once to DU, duplicated and submitted to the corresponding RLC entities at DU side for specific delivery instances.

Multiple tunnels. The same PDCP PDU is duplicated for each delivery instance, submitted to the F1-U and sent once to DU, the PDUs are then submitted to RLC entities at DU side for specific delivery instances. As in current support of intra-gNB-DU CA, there are two separated GTP-U tunnels established for the corresponding DRB:
38470

To support packet duplication for intro-gnb-du CA as described in TS 38.300 [8], one data radio bearer should be configured with two GTP-U tunnels between gNB-CU and a gNB-DU.

We suggest applying the "Single tunnel" solution based on the rationale as below:

Resource efficient. Only one tunnel is needed for the corresponding MRB.

Scalability. There might be more than one PTP transmission and more than one PTM transmission in same cell or different cell associated with the same DU.

DU can minimize the transmission gap between cells and different modes. Therefore in cases of intra-DU mobility, the reception gap or "out of sync" can be minimized.

Reduce the signaling overhead in case of bearer setup or modification. A common MBS associated E1/F1 signaling is able to establish and modify the F1-U bearer. 

Single F1-U tunnel solution for one specific MRB is beneficial from better resource efficiency, less signaling and better scalability.
Single F1-U tunnel for one specific MRB between one specific DU and CU.

In case of retransmission in PDCP layer, the retransmission PDCP PDU is per UE per MRB. Therefore, a separate per UE per MRB tunnel shall be established, as depicted below. The retransmission PDCP PDU is submitted to a separate RLC entity (RLC entity 2 in figure) for a specific UE.

For specific UE with retransmission in PDCP level (in PTP manner), separated F1-U for the UE is established to transmitted the PDCP PDU.
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Figure 2. Two F1-U tunnels for PTM initial transmission and PTP re-transmission for specific UE
Bearer management over E1/F1 interface
In NR, UE-associated signaling is used for bearer setup/modification/release over E1/F1 interface. However, if the "Single tunnel" solution is used in MBS, only one bearer is established between CU-UP and DU to deliver MBS traffic. It is hard to say which UE-associated message should be used to configure the MBS bearer. So the signaling used to configure MRB over E1/F1 interface needs to be studied. In the following, we will discuss this issue under the "Single tunnel" solution.

Firstly we consider the cases without PDCP re-transmission. For a specific MRB, a single PDCP entity and a single F1-U tunnel are established for the specific MBS and common for all receiving UEs in the DU. So it is not suitable to use UE-associated signaling. On the other side, if using UE-associated message, CU-CP has to send several messages to CU-UP once the MRB configuration is modified, resulting in unnecessary overhead. In a sum, it is suggested that non-UE associated message is used for MRB management, e.g. MRB  setup/modification/release.

For the cases of PDCP re-transmission, a PDCP entity has to maintain all the UE-specific context for re-transmission. Such operation is UE-specific. There are two options:

UE associated operation. For example, enhancement to current UE associated E1 signaling to indicate CU-UP that re-transmission operation is needed for the UE for specific MBS.
MBS associated operation. For example, CU-CP indicate in the common signaling that for specific UE (e.g., identified by UE E1 APID) PDCP re-transmission is needed.
For the case of PTP delivery mode, there will be separate RLC entities established for a specific UE, to configure MRB over F1 interface, the following solutions can be considered:
UE associated operation. Enhancing the existing UE-associated signaling to indicate DU that PTP RLC entity is needed for a specific MBS.
MBS associated operation. For example, CU-CP indicates in the common signaling that for specific UE (e.g., identified by UE F1 APID) PTP RLC entity is needed.
The signaling overhead of the two operations are comparable, and it differs slightly on the signaling design. However for the purpose of common operation, we see the benefits of non-UE associated signaling with less overhead. Therefore, we suggest non-UE associated signaling is applied.

Non-UE associated E1/F1 signaling is used for the MBS context management.

 Conclusion
Based on the analysis provided above, we have the following observation:

Observation 1
Single F1-U tunnel solution for one specific MRB is beneficial from better resource efficiency, less signaling and better scalability.

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

Proposal 1
Single F1-U tunnel for one specific MRB between one specific DU and CU.

Proposal 2
For specific UE with retransmission in PDCP level (in PTP manner), separated F1-U for the UE is established to transmitted the PDCP PDU.

Proposal 3
Non-UE associated (or MBS associated) E1/F1 signaling is used for the bearer and MBS context management, respectively. FFS on the signaling details.
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