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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. The concept of switching from PTP to PTM is ambiguous because it depends on the level involved.  This paper tries to lift the current ambiguity between the various aspects of the switching function when involved at the different levels: cell level, UE level, bearer type and RLC leg.  

It proposes a corresponding stage 2 text for TS 38.401.

PtM to PtP Switching
At last RAN3#113 meeting the following was agreed: 
WA: For the RAN2 agreed split MRB bearer with a common PDCP: the decision of using PTP (RLC leg) or PTM (RLC leg) is made by the gNB-DU

In the current RAN2/3 concept the DU does not notify the CU about the DUs (PTP/PTM) decision.
It is not currently clear if the second agreement refers to the first working assumption or is stand-alone.

· Dynamic PTP/PTM switching for split MRB bearer for a UE
Assuming that PTM has been configured in a particular cell, the gNB should configure the UEs in split MRB bearer in order for them to benefit from the PTM delivery. 

For UEs in split MRB bearer, the decision to switch between PTP RLC leg and PTM RLC leg can be very dynamic based on L1 measurements. The DU is the node better placed to make this dynamic decision via own scheduling means. 

We think that the working assumption above applies to this dynamic switching and we propose to turn it into an agreement, and also to associate the second sentence to this split MRB bearer case.

Proposal 1: turn into agreement:

For the RAN2 agreed split MRB bearer with a common PDCP: the decision of using PTP (RLC leg) or PTM (RLC leg) is made dynamically by the gNB-DU without notifying the CU about the DUs (PTP/PTM) decision (no F1 impact).
· Semi-static PTP/PTM switching of MRB bearer type for a UE
While PTM is active in a given cell, it may be so that some of the UEs in split MRB bearer never get scheduled by the DU via the PTM leg due to bad radio conditions but only via the PTP Peg. As per RAN2 agreement the PTP leg is never deactivated. However, if such situation lasts some time, it may be preferable for the gNB to switch the complete bearer type of that UE i.e. switch from split MRB bearer into non-split MRB PTP bearer. The same question then arises: which node between DU and CU should take the decision?

In this case also we think that the DU is better placed to take the decision of bearer type change. This is because it is the one to see that it constantly schedules the UE on the PTP leg and the L1 measurements are such that there is no hope in the short term to schedule again using PTM (e.g. UE at cell edge). The motivation for such decision could be to a save UE the monitoring effort of the group common PDCCH.  
But even if the decision is taken by the DU, in this case the action to reconfigure the UE into a different MRB bearer type can only be executed by the CU via an RRC reconfiguration. Therefore, in contrast to previous case, DU would then need to notify the CU.
This leads to a new proposal:
Proposal 2: agree

The DU may decide to switch the bearer type of a UE from/to split MRB bearer to/from non-split MRB PTP bearer. The gNB-DU notifies its decision to the CU which triggers the CU to perform an RRC reconfiguration.

· PTM switch off for a cell
Another yet distinct scenario is the PTM switch off at cell level.

As we have seen before, in a cell where PTM is configured, there could be a mix of UEs in non-split MRB PTP bearer and some other UEs in split MRB bearer.
Therefore, there could potentially be a situation where the number of UEs in the cell benefitting from PTM resources is below a threshold, the spectrum efficiency of using PTM may not be there anymore. gNB has 2 options:

· Keep the PTM resources in the cell and UEs in split MRB bearer but schedule all UEs with RLC PTP leg. PTM is not scheduled. Because PTM is not scheduled, the UEs detect no transmission of multicast and enter multicast DRX. (option1)

· Deconfigure the PTM resources from the cell: all UEs are reconfigured from split MRB bearer to non-split MRB PTP bearer and PTM is deconfigured in the cell.                                                                                                                                                                                                                                                      
Option 2 allows to free up the CFR resources and also avoid UEs to monitor DRX. On the hand  if the situation improves option 1 is faster to resume the full PTM operation.. 

Typically, selecting between option 1 and option 2 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-RANnode.

It would mostly depend on what is the expected evolution of the above criteria in the short term (e.g. based on L1 measurements) and for this the DU is in our view again better placed to decide. Then DU obviously then needs to notify the CU to execute the deconfiguration of PTM resources in the cell.

Proposal 3: agree

The DU may take the decision to deconfigure the PtM resources in a cell. The gNB-DU notifies its decision to the CU. Upon DU notification the CU reconfigures suitable UEs from split MRB bearer into non-split MRB PTP bearer before deconfiguring the PtM resources in the cell.

· PTM switch on for a cell
The dual scenario is the switch on of PTM resources in the cell. 
This can happen for example in a scenario where the operator starts MBS in the cell using only non-split MRB PTP bearer for all UEs. After some time, based on L1 measurements, DU can assess if a high enough number of UEs would benefit from PTM. When this threshold is crossed, it would be advantageous to configure PTM resources in the cell, and after that move the eligible UEs from non-split MRB PTP  bearer into split MRB bearer. 

As analysed above, DU is better placed once again to take a decision of PTM configuration in a cell in our view. But the execution would be in CU. Therefore, the need for DU to notify CU of such decision.

Proposal 4: agree
The DU may take the decision to configure the PtM resources in a cell is. The gNB-DU notifies its decision to the CU. Upon DU notification the CU configures the PtM resources in the cell and may reconfigure suitable UEs from non-split MRB PTP bearer PtP into split MRB bearer.

Conclusion and Proposals
This paper has tried to clarify the various function of PtP/PtM switch, especially to distinguish what is at cell level, UE level or bearer level. This leads to the following proposals:

Proposal 1: turn into agreement:

For the RAN2 agreed split MRB bearer with a common PDCP: the decision of using PTP (RLC leg) or PTM (RLC leg) is made dynamically by the gNB-DU without notifying the CU about the DUs (PTP/PTM) decision (no F1 impact).
Proposal 2: agree

The DU may decide to switch the bearer type of a UE from/to split MRB bearer to/from non-split MRB PTP bearer. The gNB-DU notifies its decision to the CU which triggers the CU to perform an RRC reconfiguration.

Proposal 3: agree

The DU may take the decision to deconfigure the PtM resources in a cell. The gNB-DU notifies its decision to the CU. Upon DU notification the CU reconfigures suitable UEs from split MRB bearer into non-split MRB PTP bearer before deconfiguring the PtM resources in the cell.

Proposal 4: agree

The DU may take the decision to configure the PtM resources in a cell is. The gNB-DU notifies its decision to the CU. Upon DU notification the CU configures the PtM resources in the cell and may reconfigure suitable UEs from non-split MRB PTP bearer PtP into split MRB bearer.

It is proposed to capture these agreements into the TP below.
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TP for TS 38.401
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.1
Support of dynamic PTP and PTM switching
NG-RAN supports dynamic switch between PTP and PTM for MBS as specified in TS 38.300 [2].

In case of split gNB architecture, for a split MRB bearer with common PDCP, upon receiving the MBS data from the gNB-CU via a shared F1-U tunnel, the gNB-DU makes decision of using PTP (RLC leg) or PTM (RLC leg).
Editor’s note: The above paragraph would be re-visited after there is conclusion on flow control mechanism for shared F1-U tunnel.
7.X.2
Support of PTM switch on/off
The gNB-DU may decide to switch on/off PTM resources in a cell and notify the gNB-CU. Upon switch on notification from gNB-DU the gNB-CU may configure the PTM resources in the cell and reconfigure suitable UEs from non-split MRB PTP bearer into split MRB bearer.  Upon switch off notification from gNB-DU the gNB-CU may reconfigure suitable UEs from split MRB bearer into non-split MRB PTP bearer before de-configuring the PTM resources in the cell.

When PTM resources are switched on in the cell, at any point in time the gNB DU may decide to switch the bearer type of a UE from/to split MRB bearer to/from non split MRB PTP bearer.   

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

8.xx
Overall procedures for NR MBS 

The following clauses describe the overall procedures for NR MBS involving E1 and F1.

8.x.y
MBS PTM Switch Notification
This procedure is used for the case that DU request CU to configure (or de-configure) the PTM resources in a cell for an MBS session, as shown in Figure 8.x.y-1.

[image: image1.emf]UE gNB-DU

gNB-CU

5.UE CONTEXT MODIFICATION REQUEST

6.UE CONTEXT MODIFICATION RESPONSE

1.Measurement report

7.DL RRC MESSAGE TRANSFER

8.RRCReconfiguration

9.RRCReconfigurationComplete

10.UL RRC MESSAGE TRANSFER

PTM mode is « on » in the cell X

2. Decide to switch off 

PTM mode in the cell X

4. Trigger reconfiguration 

of UEs of cellX from split 

common bearer to single 

common bearer

3. MBS PTM SWITCH NOTIFICATION (PTM off, cellX)

11. PTM RECONFIGURATION CONFIRM (PTM off, cellX)


· 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 resources 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 resources in cell X using the PTM RECONFIGURATION REQUIRED procedure. 
4.
The gNB-CU decides to switch off the PTM resources in cell X. In steps 5-10 it triggers reconfiguration of relevant UEs from split MRB bearer into non split MRB PTP.  

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 non-split MRB PTP bearer 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 Request message.

8.
The gNB-DU delivers the RRC Reconfiguration Request 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-----------------------------
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