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 Introduction

The discussion of delivery mode switching for NR MBS had been focused on the user plane architecture. The signaling issues was mentioned in previous RAN3 109e meeting, however there has been a divergence in the signaling design for mode switching especially in case of disaggregated gNBs.

In this contribution, discussions about the the signaling issues for mode switching are provided. 

 Discussions
 Mode switching requirements

Delivery mode switching of Multicast session can enhance the service reliability which is of great help for some scenarios like MCPTT. Basically the requirements on delivery mode switching can be categorized into two aspects according to the requirements from operators or industries [1, 2]:

Lower switching delay, which means shorter service interruption, to minimize the perceivable service interruption in mode switching, e.g., voice call.
Less data lose, or even lossless, as in some data transmission scenarios it is pursued.
Therefore it is suggested to set the minimizing the the switching latency and data loss as the goal or requirements of the delivery mode switching.
The requirements of the delivery mode switching for NR MBS should at least include minimizing the switching latency and data loss.
 Switching procedure
As has been confirmed in last RAN3 109e meeting, gNB is in charge of the delivery mode for specific Multicast session.
RAN3 109e

gNB makes the decision on using PTP or PTM over the radio.

RAN node decides the delivery mode for the set of UEs associated with the MBS session based on the UE context and the MBS session context from CN. Figure 1 presents a general delivery mode switching procedure as below:

MBS session resource establishment or modification between RAN node and 5GC. Note this could happen anytime, e.g., in parallel with the RAN activities. RAN could update the resource allocation based on the latest MBS session context.
RAN decides the delivery mode for the set of UEs associated with the MBS session, based on the latest UE context, MBS session context, or the network resource.
According to the determined delivery mode, gNB allocates the radio resource associated with MBS data transmission.
UE interested in certain MBS service starts the MBS reception with the configured delivery mode.
UE may feedback or report of the MBS reception status or channel condition, such that the network can update the resource allocation based on the information provided by UE.
RAN may update the delivery mode for the set of UEs associated with the MBS session.
According to the updated delivery mode, gNB re-allocates the radio resource associated with MBS data transmission. 
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Figure 1. general delivery mode switching procedure
As analyzed above, we observe that:

RAN node's decision on the delivery mode for one or more UEs associated with the Multicast session could be based on the UE specific context (e.g., UE reception status), information provided from 5GC (e.g., MBS context), or the access network resource (e.g., network load).
 Assistant information

SA2 has been discussing that assistance information provided by 5GC as shown in Table 1 [3]. It will be helpful if assistance information is provided from 5GC to help gNB to decide which delivery method for specific MBS or UE, e.g., to indicate the suggested delivery mode or method for specific MBS session or QoS flow, or differentiated subscription of specific UE. However, it will be gNB who makes the final decision on the delivery method as agree in previous RAN2/RAN3 meeting.
RAN takes the assistant information from 5GC into consideration to determine the  delivery method over radio interface.

Table 1. MBS assistance information 
	MBS assistance information
	NF(s) generating this MBS assistance information
	Descriptions
	Recommended for specification in Rel-17

	Suggested number of UEs for multicast delivery
	PCF/SMF
	When the number of UEs receiving or interested in the MBS service in a cell or in the NG-RAN node reaches this number, multicast delivery mode is preferable.
Decided by the PCF based on e.g. local policy, analytics information, and provided to the SMF (if dynamic PCC is deployed); or decided by the SMF based on local policy
	Y. Centralized policy may simplify NG-RAN implementation.

	Number of UEs receiving or interested in the MBS service
	SMF
	The statistics or predicted number of UEs receiving or interested in the MBS service in a cell or in the NG-RAN node.
Decided by the SMF based on the report from the AMF or  analytics information from the NWDAF.
	N. Can be counted locally in NG-RAN.

	Delivery method information for an MBS session or QoS flow, e.g. whether PTP and/or PTM delivery mode are allowed
	PCF/SMF
	Only allowed delivery method can apply to the MBS Session or QoS flow.
Decided by the PCF based on e.g. service information from the AF and/or operator policy, and provided to the SMF (if dynamic PCC is deployed); or decided by the SMF based on local policy.
	Y. Service/operator specific requirements can be provided. 

	NG-RAN performance, e.g. congestion status, communication performance, based on the statistics or prediction by the CN
	NWDAF
	NG-RAN can decide the delivery mode based on NG-RAN preformance (and other information).
Generated by the NWDAF, e.g. based on the Network Performance analytics as defined in TS 23.288, and provide to the SMF and PCF.
	N. Can be measured locally in NG-RAN. (Prediction is unavailable.)

	Suggested delivery mode based on NG-RAN performance
	PCF/SMF
	Recommended delivery mode (PTP or PTM) based on NG-RAN preformance.
Decided by the PCF based on e.g. local policy and analytics information, and provided to the SMF (if dynamic PCC is deployed); or decided by the SMF based on local policy
	N. Can be decided by NG-RAN.

	Information of MBS services/groups subscribed by the UE, e.g. TMGI
	SMF
	Only allow the UE to join an MBS Session of the subscribed service(s)/group(s).
Decided by the SMF based on the MBS related subscription data from the UDM/UDR.
	Y. Related to whether PTM delivery method can be used for the UE.

	UE capabilities, e.g. whether the UE supports PTM delivery mode
	SMF
	The PTM delivery mode can be used only if the UE supports it.
Decided by the SMF, e.g. based on the UE MBS capability indicated in the NAS message.
	Y. Related to whether PTM delivery method can be used for the UE.


 F1 signaling

Currently there are two potential directions on enabling mode switch inside RAN in case of CU/DU split scenarios. Figure 2 presents an example procedures for CU and DU deciding the delivery mode respectively.  

For "CU decides" cases, one example message flow can be:

UE network interaction, e.g., UE report the reception status to CU, to assist CU to make the decision on delivery mode.
CU might decide to update the MBS configuration, e.g., mode switching for specific UE.
CU initiates the MBS context modification to DU
DU sent back the modification request response which includes the updated lower layer configuration.
CU initiates a dedicated RRC signaling to UE about the updated MBS configuration, e.g., mode switching.
For "DU decides" cases (assume DU has already been configured part of the MBS context beforehand),

UE network interaction, e.g., UE reports the reception status to DU directly, to assist DU to make the decision on delivery mode.
DU decide to update the MBS configuration, e.g., mode switching based on UE reception status and UE context in DU.
DU initiates the MBS context modification required signaling with the updated lower layer configuration.
4 & 5. CU responses to DU (e.g., ACK), and CU sends the dedicated RRC signaling to UE about the updated MBS configuration, e.g., mode switching.
Please note that the response from CU to DU in step 4 can happen simultaneously with step 5. However, the key procedure that affects the latency shall be of step1 (Uu) in both cases, considering that the latency in transport network can be negligible. From the moment that the reception status is getting worse and reaching the point that mode switching is needed, the "DU decides" solution can provide swifter response. And in cases that if both PTM and PTP transmission configuration are delivered to UE and activated or de-activated with lower layer signaling [4], the mode switching latency can be further reduced.

The solution of "DU decides the delivery mode" provides shorter switching latency.

[image: image2.emf]UE

DU CU

2. Decide delivery mode for 

the set of UEs

2. Decide delivery mode for 

the set of UEs

3. MBS context setup or modification

4. Response

5. reconfiguration (e.g., bearer reconfig)

1. UE reception status

3. MBS context modification required

5. reconfiguration (e.g., bearer reconfig)

CU 

decides

DU 

decides

1. UE reception status

4. Response


Figure 2. Delivery mode switching procedure in cases of CU decides and DU decides

The signaling difference in above two solutions differs in two aspects:

UE reception status reports. Such signaling can be in RRC level or in lower layer. Both can be based on the existing measurement mechanism, or any enhancements to better reflect the UE reception status to help the network on the scheduling.

F1-C signaling. In DU decides cases, some part of the key MBS context, e.g., associated UE list of the MBS shall be delivered to DU.

However, the impacts to the specification from the two solutions doe not show much difference, minor enhancement are anticipated for both solutions.
The spec impacts from the CU and DU decides solution are comparable.

Based on the above analyses from both spec impacts and latency perspective, we slightly prefer the DU decides solution, to enable lower latency mode switching.
DU decides the delivery mode for NR MBS.

 Conclusion
Based on the analysis provided above, we have the following observations:
Observation 1
RAN node's decision on the delivery mode for one or more UEs associated with the Multicast session could be based on the UE specific context (e.g., UE reception status), information provided from 5GC (e.g., MBS context), or the access network resource (e.g., network load).

Observation 2
The solution of "DU decides the delivery mode" provides shorter switching latency.

Observation 3
The spec impacts from the CU and DU decides solution are comparable.

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

Proposal 1
The requirements of the delivery mode switching for NR MBS should at least include minimizing the switching latency and data loss.

Proposal 2
RAN takes the assistant information from 5GC into consideration to determine the delivery method over radio interface.

Proposal 3
DU decides the delivery mode for NR MBS.
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