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1 Introduction
The Rel17 WID on R17 NR Multicast and Broadcast Services includes following set of objectives: 
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:

·     Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]

· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.

·     Specify support for dynamic change of Broadcast/Multicast service delivery between multicast (PTM) and unicast (PTP) with service continuity for a given UE [RAN2, RAN3]
·     Specify support for basic mobility with service continuity [RAN2, RAN3]

·     Assuming that the necessary coordination function (like functions hosted by MCE, if any) resides in the gNB-CU, specify required changes on the RAN architecture and interfaces, considering the results of the SA2 SI on Broadcast/Multicast (SP-190625) [RAN3]
·      Specify required changes to improve reliability of Broadcast/Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application/service provided. [RAN1, RAN2]

·     Study the support for dynamic control of the Broadcast/Multicast transmission area within one gNB-DU and specify what is needed to enable it, if anything [RAN2, RAN3]
In this document, we will discuss our views about how dynamic switching can be supported between PTM and PTP. 

2 Discussion
An email discussion on MBS L2 architecture was carried out after RAN2#111-e [1] where dynamic PTP/PTM switching was one of the topics considered, and further discussions were made during RAN2#112-e [2]. 
In [1], there was a majority support for using PDCP as the anchor point for dynamic PTP/PTM mode switching, and it was proposed:

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.

However, during the RAN2-112-e meeting, it was not possible to get a consensus on these proposals, and two solutions are on the table regarding the anchor point for PTP/PTM switching [2]:

1) Common PDCP for PTP/PTM operation (based on split bearer architecture of DC)
2) Common RLC for PTP and PTM, with the RLC entity supporting AM mode 

The discussion of dynamic PTM/PTP switch is closely related to the provision of reliable service for the MRB, as that is one of the main reasons for switching the delivery mode. Ideally, PTM mode should be used as long as it fulfils the QoS requirements for the MRB, and a switch to PTP mode is made only when needed (e.g. PTM cannot provide the required reliability due to bad radio conditions for the UE). Thus, not only the switch from PTM to PTP mode is important, but also from PTP back to PTM mode, if/when radio conditions for the concerned UE improve and PTM delivery can fulfil the required QoS for the MRB.

Observation 1:
As one of the main objectives of MBS delivery is efficient resource utilization, PTM delivery using shared resources is the preferred mode whenever it is sufficient to fulfil the MRB’s QoS requirements.

Observation 2:
Optimal network resource utilization without sacrificing MRB QoS fulfilment can be realized by dynamically switching to PTP mode when PTM is not sufficient, and back to PTM when PTP is no more needed (e.g., based on radio conditions of the concerned UE).

As we have discussed in detail in our accompanying contribution regarding MBS reliability [3], the split bearer architecture with a common PDCP and a separate RLC for the PTM (operating in UM mode) and for the PTP (operating in AM mode), provides an optimal and simple way to provide reliability (by considering the need on a per UE level), as compared to enabling RLC-AM for PTM operation. Supporting RLC-AM for PTM not only leads to complexity at the gNB’s RLC implementation (to consider the RLC feedback from all the UEs), but also likely leads to inefficient use of UL resources and may even lead to performance degradation for the UEs that are experiencing good radio conditions on behalf of those that are not. 

Observation 3:
Having the anchor point for PTM/PTP switching at the PDCP provides an optimal and simpler solution than having a common RLC AM entity for both PTM/PTP operation.

Thus, we propose:

Proposal 1:
RAN2 to confirm that PDCP is the anchor for PTM/PTP switching. 

If a UE was receiving data for the MRB via the PTM RLC, the reception of a PDU via the PTP RLC can be considered as an implicit switch to PTP. Alternatively, it could be discussed whether an explicit signaling from the network is needed to indicate to the UE to perform PTM to PTP switching. The possible advantage of explicit switching is that the UE could stop monitoring the PDCCH for the G-RNTI and save UE battery. 

Proposal 2:
The PTM to PTP switch can be triggered either implicitly (i.e., reception of a PDU via the PTP RLC) or explicitly (i.e., a message from the gNB indicating the switch to PTP). 

For the switch to PTP to be lossless, the network needs to know which PDUs needs to be retransmitted via the PTP RLC, if any. PDCP status report from the concerned UE could readily be used for this purpose. 

Proposal 3:
The UE sends a PDCP status report on switching from PTM to PTP. 

If a UE was receiving data for the MRB only via the PTP RLC, the reception of a PDU via the PTM RLC (assuming the UE is monitoring the G-RNTI in the PDCCH) can be considered as an implicit switch to PTM. Alternatively, an explicit signaling from the network may be used to indicate to the UE to perform PTP to PTM switching. The possible advantage of explicit switching from PTP to PTM is that the UE does not need to keep monitoring the PDCCH for the G-RNTI while operating in PTP mode, unless instructed by the network, and thereby saving UE battery. 

Proposal 4:
The PTP to PTM switch can be triggered either implicitly (i.e., reception of a PDU via the PTM RLC, if the UE was monitoring the G-RNTI on PDCCH) or explicitly (i.e., a message from the gNB indicating the switch to PTM). 

In some cases, it may be difficult for the network to determine which UE needs the PTM to PTP switch (e.g., a group HARQ feedback is employed during PTM operation). Thus, it would be beneficial to have an assistance information from the UE experiencing bad PTM reception. Further discussion is required regarding the details of the assistance information to be sent and in what are the conditions at the UE to trigger the sending of this assistance information. 

Proposal 5:
UE can provide assistance information that can be used by the network to trigger PTM to PTP switch. The details of the assistance information and the conditions for triggering it are FFS. 
In the case of PTM to PTP switch, the PTP’s RLC state variables can either be initialized as in the case of RLC entity (re-)establishment or the UE can continue using the latest values (assuming the PTP RLC was used earlier). On the other hand, the switch from PTP to PTM is not as straightforward as the PTM RLC receiver state variables of the UEs under the same MBS session have to be in sync (at least RX_Next_Reassembly) 
The RX_Next_Reassembly is defined in 38.322 as:
a) RX_Next_Reassembly – UM receive state variable

This state variable holds the value of the earliest SN that is still considered for reassembly. It is initially set to 0. For groupcast and broadcast of NR sidelink communication, it is initially set to the SN of the first received UMD PDU containing an SN.
Adopting this definition/behaviour as may not be sufficient for supporting lossless PTP to PTM switch. To illustrate this, consider the RLC UM receiver behaviour (38.322, section 5.2.2.2):

When an UMD PDU is received from lower layer, the receiving UM RLC entity shall:

-
if the UMD PDU header does not contain an SN:

-
remove the RLC header and deliver the RLC SDU to upper layer.

-
else if (RX_Next_Highest – UM_Window_Size) <= SN < RX_Next_Reassembly:

-
discard the received UMD PDU.
-
else:

-
place the received UMD PDU in the reception buffer.

As shown in the highlighted part above, PDUs with SN less than the RX_Next_Reassembly are discarded. Thus, if the RX_Next_Reassembly is set to the first received RLC PDU on the PTM RLC during the PTP to PTM switch (as in the groupcast/broadcast of NR sidelink), there is a likelihood for packet loss if this PDU was received out of order. Thus, further discussion is required regarding the handling of the RLC UM receiver state variables to enable lossless PTP to PTM switch.
Observation 4:
Packet loss can happen during PTP to PTM switch, if the first RLC PDU received via PTM was received out of order.

Thus, we propose:
Proposal 6:
During PTM to PTP switch, the PTP RLC receiver’s state variables are reset to initial values. 

Proposal 7:
RAN2 to confirm that legacy RLC UM receiver behaviour cannot guarantee lossless switching from PTP to PTM. Further discussion is required on how that can be achieved. 

3 Conclusion
In this contribution, the following observation were made regarding dynamic PTM/PTP switch: 

Observation 1:
As one of the main objectives of MBS delivery is efficient resource utilization, PTM delivery using shared resources is the preferred mode whenever it is sufficient to fulfil the MRB’s QoS requirements.

Observation 2:
Optimal network resource utilization without sacrificing MRB QoS fulfilment can be realized by dynamically switching to PTP mode when PTM is not sufficient, and back to PTM when PTP is no more needed (e.g., based on radio conditions of the concerned UE).

Observation 3:
Having the anchor point for PTM/PTP switching at the PDCP provides an optimal and simpler solution than having a common RLC AM entity for both PTM/PTP operation.

Observation 4:
Packet loss can happen during PTP to PTM switch, if the first RLC PDU received via PTM was received out of order.

Based on these observations, the following proposals were made:

Proposal 1:
RAN2 to confirm that PDCP is the anchor for PTM/PTP switching. 

Proposal 2:
The PTM to PTP switch can be triggered either implicitly (i.e., reception of a PDU via the PTP RLC) or explicitly (i.e., a message from the gNB indicating the switch to PTP). 

Proposal 3:
The UE sends a PDCP status report on switching from PTM to PTP. 

Proposal 4:
The PTP to PTM switch can be triggered either implicitly (i.e., reception of a PDU via the PTM RLC, if the UE was monitoring the G-RNTI on PDCCH) or explicitly (i.e., a message from the gNB indicating the switch to PTM). 

Proposal 5:
UE can provide assistance information that can be used by the network to trigger PTM to PTP switch. The details of the assistance information and the conditions for triggering it are FFS. 
Proposal 6:
During PTM to PTP switch, the PTP RLC receiver’s state variables are reset to initial values. 

Proposal 7:
RAN2 to confirm that legacy RLC UM receiver behaviour cannot guarantee lossless switching from PTP to PTM. Further discussion is required on how that can be achieved. 

4 References

[1] R2-2009337, Summary of Email discussion Post111-e-904 MBS L2 Architecture (Huawei, HiSilicon), RAN2-112-e, November 2020
[2] RAN2-112-e Chairman Notes

[3] R2-2101316, MBS Reliability (Interdigital), RAN2-113-e, January 25 – February 5, 2021

1/4


