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1	Introduction
In RAN3#110e, the MBS bearer management over F1/E1 was discussed, and the following agreement were made [1]:
· Use a shared F1-U tunnel for PTM transmission of an MBS radio bearer for an MBS Session
· It is FFS whether a shared F1-U tunnel can be used for the same MBS Session established in multiple cells of the same DU. To be continued...
· Support the method that gNB-DU assigns the DL F1-U GTP-U tunnel info, provides it to gNB-CU-CP and then gNB-CU-CP forwards it to gNB-CU-UP. FFS if IP multicast method is supported or not
· Provide the MBS Session id, QoS profile from gNB-CU to gNB-DU
· Provide the MBS Session id, QoS profile from gNB-CU-CP to gNB-CU-UP
· F1/E1 MBS Bearer management procedure can be discussed, but details on e.g. information to signal are pending RAN2/SA2 progress
In this paper, we discuss the remaining open issues on MBS Bearer Management over F1/E1.
2	Discussion
Issue 1: MBS bearer management procedure over E1/F1
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In case of CU-DU split, the SDAP and PDCP functionalities resides in gNB-CU. The gNB-CU maps QoS flows to DRBs. The data transmission over F1 is per GTP-U tunnel per DRB. The gNB-CU determines aggregated DRB QoS profiles based on the QoS flow profile received from core network, and informs both DRB QoS profile and QoS flow profile to the gNB-DU. For MBS multicast session, the same principle should be also applied. When receives PDU Session Resource Setup or Modify Request message from core network, the gNB-CU determines the MBS QoS flows to MRB mapping and triggers F1AP UE Context Setup or Modification procedure for the MRB establishment. The gNB-CU may also send both MRB QoS profiles and MBS QoS flows QoS profiles to the gNB-DU.  
The F1AP UE Context Setup or Modification procedure is used for the multicast radio bearer establishment.
It was agreed to use a shared F1-U tunnel for PTM transmission of an MBS radio bearer for an MBS Session. When the gNB receives an MRB establishment request but the MRB resource does not exist for that MRB PTM transmission, the gNB uses the included MRB QoS profiles or MBS QoS flows to allocate resources to serve this MRB PTM transmission. Otherwise the gNB uses the existing allocated resource for the MRB PTM transmission. The shared GTP-U tunnel should also be established if there is no existing one. If there is existing shared GTP-U tunnel for the MRB, the shared GTP-U tunnel should be reused for the MRB. A common MRB ID or MRB context ID should be allocated by the gNB-CU so that the gNB-DU can identify the resource and shared GTP-U tunnel for the MRB PTM transmission.
A common MRB ID or MRB context ID should be allocated by the gNB-CU so that the gNB-DU can identify the resource and shared GTP-U tunnel for the MRB PTM transmission.
In case of gNB-CU-CP and gNB-CU-UP separation case, gNB-CU-CP setups bearer context with gNB-CU-UP first, then setups bearer context with gNB-DU. The E1AP Bearer Context Setup and Modification procedures can be used for the MRB setup over E1 interface. The gNB-CU-CP decides flow-to-MRB mapping and sends the generated SDAP and PDCP configuration to the gNB-CU-UP via a Bearer Context Setup Request message. After F1 MRB establishment procedure, the gNB-CU-CP sends a Bearer Context Modification Request message containing the DL TNL address information for the F1-U to the gNB-CU-UP.
The E1AP Bearer Context Setup and Modification procedures are used for the MRB context setup over E1 interface.
Issue 2: F1-U Tunnel for PTP transmission 
The F1-U tunnel issues rely on the discussion on the location of the PTM/PTP switching function. As discussed in [1], there are two solutions on the PTM/PTP switching and F1-U tunnel:
Solution 1: PTM and PTP Switch in gNB-DU with a shared GTP-U tunnel.
As shown in the Figure 1, the PTM and PTP switch function resides in the gNB-DU. A shared GTP-U tunnel is established between gNB-CU(-UP) and gNB-DU for data transmission of both PTM leg and PTP leg of UEs. In this solution individual GTP-U tunnel for PTP leg is not preferred to avoid unnecessary duplicated data transmission.
The gNB-CU transmits one copy of PDCP PDUs via the shared GTP-U tunnel to the gNB-DU.  After receiving the PDCP PDUs from the shared GTP-U tunnel, the gNB-DU decides the transmission leg based on scheduling strategy. If the gNB-DU decides to transmit the data in both PTM and PTP leg, the gNB-DU can duplicate the PDCP PDU into two PDCP PDUs and transmits one PDCP PDU to the PTM leg and the other to the PTP leg.  If the gNB-DU decides to transmit the data in PTM leg only, the gNB-DU can sends the packets to UE via PTM transmission. 
In this solution, in order to help the gNB-DU to make decision on PTM and PTP switch, the gNB-CU may provide some assistance information to gNB-DU, e.g. number of UEs that are receiving or interested in the MBS session, and etc. 


Figure 1. PTM and PTP Switch in gNB-DU with a shared GTP-U tunnel

Solution 2: PTM and PTP Switching in gNB-CU.
As shown in the Figure 2, the PTM and PTP switch function resides in the gNB-CU(-UP). In this solution, separate GTP-U tunnels are used for each PTM leg PTP leg of different UEs. If the gNB-CU decides both PTM and PTP legs are used for the UE, the gNB-CU may duplicate a PDCP PDU into two PDCP PDUs and transmit one PDCP PDU over a separate GTP-U tunnel of PTM leg and one over a separate GTP-U tunnel of PTP leg to the gNB-DU. When receiving the PDCP PDUs, the gNB-DU schedules the to the UE via PTM leg and PTP leg respectively.


Figure 2. PTM and PTP Switch in gNB-CU with separate GTP-U tunnels
Since the gNB-DU controlling PTM and PTP switching is more efficient and can support more dynamic switching based on scheduling strategies, it could be better to have PTM and PTP Switching in gNB-DU. A shared GTP-U tunnel enables the dynamic switch between PTM and PTP mode for a single UE within gNB-DU and it is also beneficial to reduce the overhead and avoid unnecessary duplicated data transmission. 
Assuming dynamic PTM and PTP Switching function resides in gNB-DU, a shared GTP-U tunnel is used between gNB-CU/CU-UP and gNB-DU for both PTM and PTP transmission corresponding to an MBS radio bearer.
Issue 3: the shared F1-U tunnel is per cell or per gNB-DU
For PTM, there may be two modes SC-PTM and MC-PTM. In SC-PTM mode, the gNB schedules the multicast traffic in a single cell via a cell specific G-RNTI. In the MC-PTM mode, the gNB schedules the multicast traffic among multiple cells using a same G-RNTI and radio resources among these cells. Taking MC-PTM mode into account, it would be better to have a shared F1-U tunnel for the same MBS Session established in multiple cells of the same gNB-DU.
A shared F1-U tunnel is used for the same MBS bearer in multiple cells of the same gNB-DU.
Issue 4: IP Multicast method for F1-U transport establishment
In RAN3#110e, it was agreed that DL GTP-U Tunnel method is supported for F1-U transport establishment. But it is FFS on whether IP multicast method is standardized or not. In the IP Multicast method, the gNB NB-CU assigns the multicast address and provides it to gNB-CU-CP, gNB-CU-CP forward it to gNB-DU, and then gNB-DU joins the IP multicast group. In order to align with the NG-U, it could be better to standardize the IP multicast method for F1-U transport. 
To support IP multicast method for F1-U transport establishment, gNB-CU assigns the multicast address, forwards it to gNB-DU, and then gNB-DU joins the IP multicast group.
Issue 5: G-RNTI allocation 
For PTM, there may be two modes SC-PTM and MC-PTM. In SC-PTM mode, the gNB schedules the multicast traffic in a single cell via a cell specific G-RNTI. In the MC-PTM mode, the gNB schedules the multicast traffic among multiple cells using a same G-RNTI and radio resources among these cells. For SC-PTM mode, the G-RNTI can be allocated in the gNB-DU. For MC-PTM mode, a same G-RNTI is used across multiple cells then it would be better that gNB-CU needs to coordinate the G-RNTI allocation for multiple cells.
In case of MC-PTM mode, gNB-CU needs to coordinate the G-RNTI allocation for multiple cells.
3	Conclusion
In this paper, we discuss the remaining open issues on MBS Bearer Management over F1/E1. The following proposals are proposed:
1. The F1AP UE Context Modification procedure is used for the multicast radio bearer establishment.
1. A common MRB ID or MRB context ID should be allocated by the gNB-CU so that the gNB-DU can identify the resource and shared GTP-U tunnel for the MRB PTM transmission.
1. The E1AP Bearer Context Setup and Modification procedures are used for the MRB context setup over E1 interface.
1. Assuming dynamic PTM and PTP Switching function resides in gNB-DU, a shared GTP-U tunnel is used between gNB-CU/CU-UP and gNB-DU for both PTM and PTP transmission corresponding to an MBS radio bearer.
1. A shared F1-U tunnel is used for the same MBS bearer in multiple cells of the same gNB-DU.
1. To support IP multicast method for F1-U transport establishment, gNB-CU assigns the multicast address, forwards it to gNB-DU, and then gNB-DU joins the IP multicast group.
1. In case of MC-PTM mode, gNB-CU needs to coordinate the G-RNTI allocation for multiple cells.
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