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Introduction

The work item on NR Multicast and Broadcast services has been agreed at RAN#88 in [2].

According to the Work Item in [2], PTP/PTM switching is the second big area to work on for RAN3. 
This paper provides a high level overview of the PTP/PTM switching function trying to lift the current confusion between what relates to cell level and what related to UE level.  

It already derives a few conclusions and principles for operating PTP-PTM switching. 

PtM to PtP Switching
So far the opinions of companies on this topic have been scattered. We think that this might be due to some confusion between two kinds of PTP-PTM switching as we describe below:
· PTP/PTM switching at cell level
We assume as a starting point that both PTP and PTM modes can co-exist in a given cell. 
In this case it has also been agreed by RAN2 and RAN3 that the NG-RAN node will then be the decision point for switching between PTP and PTM.

Whether it is worth switching on the PTM mode in a cell or not would be based on cell capacity, number of active users in cell, L1 measurements reports, and probably a mix of those like the number of active users benefitting from PTM mode according to the individual L1 measurements reports received by NG-RAN node.

Obviously, DU is better placed to decide this because DU can estimate the number of UEs benefitting from PTM in a cell thanks to the received individual L1 radio measurements.

For example, DU may see no benefit to switch on the PTM mode in a cell at a certain time, and no benefit also in the near term. In this case all UEs can operate in PTP. This decision would be rather semi-static and the resources associated to the PTM could then be advantageously released in the cell. Such semi-static disabling of PTM resources in the cell would then subsequently lead to (re) configuring all UEs which are in split common bearer configuration (UEs with both Ptp-Ptm legs configured) into single bearer configuration (Ptp leg only configured) via RRC reconfiguration, therefore by CU.

In summary, even if CU would trigger the RRC reconfiguration in this case, DU is better placed to decide. Therefore, for this semi-static case, we think that DU should decide and CU execute.

Proposal 1: DU may decide that it is beneficial to switch off (or switch on) the PTM mode in a cell and indicate this to CU. CU can then switch off (or on) PTM resources in the cell and trigger RRC reconfiguration from(to) split common bearer into(from) single common bearer for all UEs in the cell.
· PTP/PTM switching at UE level
A different question may be the co-existence of PTP-PTM for a given UE. For this question we assume that PTM resources have been switched on in the cell. This however doesn’t necessarily mean that all UEs in the cell benefit from using the PTM leg at a given time: for each particular UE using PTM leg may be advantageous at a given time, using the PTP leg can be advantageous at another time.

This per UE switching decision could be rather dynamic and can obviously again only be made by DU based on L1 measurements. We can call it “dynamic switching”.

In order to enable this dynamic switching we assume that UEs are configured with both PTP-PTM legs all the time (split common radio bearer) and DU dynamically activates the PTP or the PTM leg of the UE via own scheduling means. 

Such dynamic PTP-PTM switch by DU activation/deactivation does not involve CU nor does CU need to be aware of it.
Proposal 2: DU decides and executes autonomously the “dynamic” switch between PTP and PTM leg for a given UE configured in split common radio bearer. No F1 impact foreseen.
Conclusion and Proposals
This paper has tried to clarify the confusion behind the words of “PTP/PTM switch”. 

It has shown that DU can decide and execute the “dynamic” PTP/PTM switch of a given UE autonomously. 

However, the switch on/off of the PTM mode in general in a cell requires CU involvement and F1 signaling in order to switch UEs from/to split common bearer into/from non-split common bearer with PtP leg.

This translates into the following two proposals concerning the two types of switch:

Proposal 1: DU may decide that it is beneficial to switch off (or switch on) the PTM mode in a cell and indicate this to CU. CU can then switch off (or on) PTM resources in the cell and trigger RRC reconfiguration from(to) split common bearer into(from) single common bearer for all UEs in the cell.

Proposal 2: DU decides and executes autonomously the “dynamic” switch between PTP and PTM leg for a given UE configured in split common radio bearer. No F1 impact foreseen.
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TP for TS 38.300
16.x.4.y
PTP-PTM Switching

Editor’s Note: covers both PTP to PTM switching and PTM to PTP switching.
For Broadcast session only PTM mode is applicable. 

For Multicast session both PTP and PTM are applicable. PTP and PTM modes can be used simultaneously in the same cell. 
The PTP-PTM Switching function is only applicable for a Multicast session and resides in the NG-RAN node. It enables the NG-RAN node to:

· Decide whether PTM mode is configured or not in a given cell for the MBS session. The NG-RAN node takes its decision based on information such as MBS Session QoS requirements, number of joined UEs, UE individual feedback on reception quality, and other criteria. 
· When the PTM mode is configured in a cell, decide whether to schedule a particular UE using PTP leg or PTM leg (PTP, PTM to be defined with RAN2). The same QoS requirements apply regardless of the decision.


TP for TS 38.401

7
NG-RAN functions description

//skip unchanged part

7.x
Support for NR MBS

The Support of NR MBS in non-split gNB case is specified in TS 38.300 [2].

7.x
Support for PTP-PTM switching
The decision to configure (respectively de-configure) the PTM mode in a cell resides in the gNB-DU. The gNB-DU sends this PTM reconfiguration proposal to the gNB-CU-CP using the PTM Reconfiguration Required procedure. 
· If the gNB-CU accepts to configure the PTM resources for a cell it triggers the reconfiguration of appropriate UEs in the cell from single common bearer with PTP leg only into split common bearer.
· If the gNB-CU accepts to de-configure the PTM resources for a cell it triggers the reconfiguration of appropriate UEs in the cell from split common bearer into single common bearer with PTP leg only.
As long as PTM mode resources are configured in the cell, the gNB-DU may also decide to switch delivery of data of UEs which are configured in split common bearer from/to RLC PTP leg to/from RLC PTM leg dynamically and apply appropriate scheduling towards the UE.  
--------------------------------Start of the Next Change-----------------------------

8
Overall procedures in gNB-CU/gNB-DU Architecture

//skip unchanged part

8.2
Intra-gNB-CU Mobility

8.2.1
Intra-NR Mobility
//skip unchanged part

--------------------------------Start of the Next Change-----------------------------

8.xx
Overall procedures for NR MBS 

The following clauses describe the overall procedures for NR MBS involving E1 and F1.
8.x.y
PTM reconfiguration Required
This procedure is used for the case that DU request CU to configure (or de-configure) the PTM mode in a cell for an MBS session, as shown in Figure 8.x.y-1.
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· Figure 8.7.y-1: PTM Reconfiguration Required procedure
1.
Some UE(s) sends measurement reports to the gNB-DU. 
2.
The gNB-DU decides to switch off the PTM mode in the cell X of the UE based on criteria such as measurements reports of multiple UEs of cell X.
3.
The gNB-DU informs the CU that it is beneficial to switch off PTM mode in cell X using the PTM RECONFIGURATION REQUIRED procedure. 
4.
The gNB-CU decides to switch off the PTM mode in cell X. In steps 5-10 it triggers reconfiguration from split common bearer into single common bearer with PTP leg only for relevant UEs which are in split common bearer configuration.  
5.
The gNB-CU sends a UE CONTEXT MOFICATION REQUEST to gNB-DU for initiating the reconfiguration towards the gNB-DU. 
6.
The gNB-DU sends back the lower layer configuration for the single common bearer with PTP leg only within the UE CONTEXT MODIFICATION RESPONSE message.
7.
The gNB-CU sends a DL RRC MESSAGE TRANSFER to the gNB-DU including the RRC reconfiguration message.
8.
The gNB-DU delivers the RRC reconfiguration message to the UE.
9.
UE sends the RRC reconfiguration complete message to the gNB DU.

10.
The gNB-DU sends a UL RRC MESSAGE TRANSFER to gNB-CU including the RRC reconfiguration complete message.
11.
the CU acknowledges the request with the PTM RECONFIGURATION CONFIRM to the gNB DU.

--------------------------------End of the Changes-----------------------------

TP for TS 38.470
--------------------------------Start of the Next Change-----------------------------

5.2.x
NR MBS function
· Eidtor Notes: TBD
5.x.y
PTM Reconfiguration Request function 

The gNB-DU is responsible for deciding whether to switch on/off the PTM mode in a cell according to criteria such as number of UEs benefitting from the PTM delivery and associated radio measurements. The gNB-DU sends this PTM reconfiguration request to gNB-CU-CP using the PTM Reconfiguration Required procedure.
--------------------------------Start of the Next Change-----------------------------

6.1.x
NR MBS procedures 

The F1 MBS procedures are listed below:

· [TBD];
6.x.y
PTM Reconfiguration Required procedure 

The F1 PTM Reconfiguration Request procedures are listed below:

-
PTM Reconfiguration Required procedure.
--------------------------------End of the Changes-----------------------------
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