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1. Introduction
At RAN#88-e, a new RAN2 work item on ‘NR Multicast and Broadcast Services’ [1] was agreed. The work item focuses on developing technical solutions for enabling multicast and broadcast services in NR. One of the objectives in the WID mentioned is to specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states. 
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:
· Specify required changes to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception. [RAN2, RAN1].

In this contribution, we will provide the potential solutions for enabling the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE sates. 
2. Discussion
[bookmark: _Ref40865202]To enable the reception of MBS service by UEs in RRC_IDLE/ RRC_INACTIVE states, the configuration of the MBS service(s) that the UE interested in shall be transmitted to UE. Generally speaking, the two applicable methods for the network to transmit information to the UEs are by: 1) ‘broadcasting’ message, i.e. SI or/and MCCH message; 2) dedicated RRC message. 
In this paper, we will discuss the basic working principles and potential issues on transmitting the MBS configuration to UEs in RRC_IDLE/ RRC_INACTIVE states in the above two methods. The discussion will focus on the following scenarios: new service starts, configuration modification and configuration acquisition of an ongoing MBS service. 
2.1. Content of the MBS service configuration
The MBS configuration information is the information to enable the reception of MBS service by the UEs. For the UEs in RRC_IDLE/ RRC_INACTIVE states, the MBS configuration information may include, but not limited to: 
· Service level: MBS service/ session ID such as TMGI, corresponding scheduling information and DRX, G-RNTI, power allocation for the physical and logical channels, etc.;
· Cell level: the configuration of the protocol stack/ radio bearer, including the configuration of PDCP, RLC, MAC, PHY; 
· Considering the NR features, the BWP for receiving the MBS service are also essential. 
In this paper, we will discuss how to deliver the above MBS service configuration (but not limited to) to the UEs in RRC_IDLE/ RRC_INACTIVE states at various scenarios. 
2.2. Broadcast-based mechanism
2.2.1. Overview of the Broadcast-based mechanism
The concept of the Broadcast-based mechanism is to transmit the configuration of the MBS service(s) to the UEs in RRC_IDLE/ RRC_INACTIVE state in the ‘broadcast’ method, i.e. via SI and/or MCCH messages. The SI and MCCH messages that carry the configuration of the ongoing MBS service(s) are transmitted periodically as standardised in LTE for SC-PTM. By applying the corresponding acquisition procedures, the UE in RRC_IDLE/ RRC_INACTIVE state could obtain the MBS configuration without changing the RRC state.
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Figure 1 Main procedures for Broadcast-based mechanism
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Figure 2 MBS service configuration carried by ‘broadcast’ message
2.2.2. New service notification 
In this broadcast-based mechanism, the configuration of the ongoing MBS services are transmitted by SI or/and MCCH message(s) periodically; when the new service starts, the network includes the configuration of the new MBS service into the SI and/or MCCH message(s) and informs the UE of the change. Once receiving the change notification, the UE acquires the updated SI or/and MCCH messages with applying to the associated modification rules. After acquisition of the updated message(s) that include the configuration of the new MBS service, the UE is able to apply the configuration for the reception of the MBS user data. 
2.2.3. Modification and configuration acquisition of an ongoing MBS service 
While the UE is receiving a MBS service, the network may change the configuration of this service. The new configuration shall be transmitted to the UEs to avoid the service interruption. For this Broadcast-based mechanism, the network updates the SI and MCCH update with applying the defined modification period. For the legacy MCCH mechanism, the UE that is receiving MBS service shall acquire the MCCH information at the start of each modification period. Therefore, the UE is able to obtain updated MBS configuration once it is modified. If the configuration is carried by SI message, the UE would be noticed by paging about the configuration modification; and then, the UE performs the normal SI acquisition procedure. 
At some scenarios, the UE in RRC_IDLE/ RRC_INACTIVE state may need to acquire the configuration an ongoing MBS service to enable the reception of this service, i.e. after cell selection/reselection or the UE did not receive the interested MBS service for some reasons. As the Broadcast-based mechanism transmits the configuration of the MBS service periodically, the UE that is interested in MBS service(s) could perform the normal acquisition procedure of SI and/or MCCH information. 
Given that LTE SC-PTM has already specified the SI/MCCH based solution for idle UE support, the broadcast-based mechanism is able to support the reception of MBS service by UEs in RRC_IDLE/ RRC_INACTIVE states without critical issues. 
2.3. Connected-first mechanism
2.3.1. Overview of the Connected-first mechanism
The Connected-first mechanism provides the solutions to transmit the MBS service configuration to the UEs via dedicated RRC message. To enable the reception of MBS service configuration by UEs in RRC_IDLE/ RRC_INACTIVE states, the UEs have to move to RRC_CONNECTED state. After the successful reception of the MBS service configuration, the UE is allowed to go back to RRC_IDLE/ RRC_INACTIVE state for the reception of MBS user data with the configuration received in RRC_CONNECTED. For this Connected-first mechanism, we will also analyse the basic working principle and the potential issues from the aspects of new service starts, configuration modification and configuration acquisition of an ongoing MBS service. The corresponding solution for different scenarios are shown in the following figures.
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Figure 3 Connected-first mechanism for new service starts and modification of an ongoing MBS service
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Figure 4 Connected-first mechanism for configuration acquisition of an ongoing MBS ongoing service
2.3.2. New service Notification 
In this solution, when a new MBS service starts, in order to enable the reception of the MBS service, the UEs that are interested in this service shall move to RRC_CONNECTED state to acquire the corresponding MBS configuration. Therefore, these UEs shall establish RRC connection by performing RACH. The RRC connection establishment could be trigger either by MO or MT. 
If the RRC connection establishment is triggered by MT, the UE performs RACH as the response of receiving a paging message. The paging is initiated by the CN to notify the UEs the start of a MBS service. With the assumption that the UEs have registered its MBS interests to the CN, the CN could page the UEs that are interested in this MBS service individually. However, as a MBS service is normally transmitted to multiple UEs, the individual paging is not efficient. To enhance the efficiency of paging and reduce the workload of the network, the group paging mechanism might be worth to be introduced. And to avoid bringing the UEs that are not interested in this service to RRC_CONNECTED state, assistant information, i.e. the service ID or TMGI of this service, might be included to the paging message.
If the RRC connection establishment is triggered by MO, the UE initiates the RACH procedure to acquire the configuration of the new MBS service. The RACH procedure could be initiated based on the MBS service information, i.e. service start time, the UE has obtained. 
Given the above analysis, no matter the RRC establishment is triggered by MO or MT, when a new service starts, the UEs that are interested in this service have to perform RACH to enable the reception of the MBS service. This will increase the workload of the network significantly as there might be multiple UEs. 
Once the RRC connection is established successfully, the configuration of the corresponding MBS service could be sent to the UE via dedicated RRC message(s). And then, the UE is allowed to move back to RRC_IDLE/ RRC_INACTIVE state for the reception of the MBS user data using the configuration received in RRC_CONNECTED.
2.3.3. Modification of an ongoing MBS service 
While a UE is receiving an ongoing MBS service, the configuration of this MBS might be changed. Unlike the Broadcast-based mechanism that transmits the configuration periodically, the Connected-first mechanism carries the configuration by dedicated RRC message(s). Therefore, the NG-RAN node shall send paging messages to bring the UE to RRC_CONNECTED state for reception of the update. Once the updated configuration is received, the UE could go back to RRC_IDLE/ RRC_INACTIVE state for receiving the MBS user data.
The modification of the MBS configuration is trigged by gNB node. However, the RAN node is not aware of the UEs that are camping on the cell. To deliver the new configuration to the UEs that are interested in this MBS service, the paging message shall be sent to all the UEs. To avoid the UEs that are not interested in this MBS service to perform RACH, similar to the solution for the new service notification, additional information, e.g. TMGI or service ID could be included to the paging message.  
Another issue might be worth to consider is the reliability of the RAN paging. The legacy paging mechanism requires the UE in RRC_IDLE/ RRC_INACTIVE to monitor paging during one PO per DRX cycle. If the UE miss the PO, it will miss the update of the MBS configuration and as a consequence the UE may not be able to receive the MBS service. The reliability could be enhanced by repeating the paging message several times. However, this solution increases the UE power consumption as more occasions shall be monitored. Furthermore, if a UE receives more than one paging for the same modification of MBS configuration, it will perform RACH for multiple times. The unnecessary RACH further increases the UE power consumption and the workload of the network. Therefore, solutions that compromise the paging reliability and the power consumption may need to be considered. 
2.3.4. Configuration acquisition of an ongoing MBS service
· Continue receiving a MBS service when after changing cell(s):
A UE may need to continue receiving a MBS service, i.e. when after changing its serving cell(s). In this circumstance, the UE in RRC_IDLE/ RRC_INACTIVE state may need to first acquire the availability of the interested MBS service(s). If the service is available in this cell, the corresponding configuration could also be acquired and transmitted via dedicated RRC message (s). To accomplish the above procedure, the UE has to perform RACH to establish the RRC connection. 
Considering the potential vast amount of the MBS service(s), there will be significant number of UEs perform RACH to check the availability of the MBS service(s) in the target cell. The workload of the network will be increased considerably. 
· Start to receive an ongoing MBS service:
In some scenarios, a UE may not enable the reception of the interested MBS service when the service begins for whatever reasons, e.g. the UE is not interested in this service at that moment. When the UE is willing/ enabled to receive this MBS service, it shall perform RACH to acquire the MBS configuration that is carried by dedicated RRC message(s). 
Once the configuration is obtained, the UE could come back to RRC_IDLE/ RRC_INACTIVE state for receiving the MBS user data. Necessary signalling and resources are consumed during these procedures
2.4. Summary
Regarding the above analysis, if the Connected-first mechanism is applied, a UE that is interested in MBS service(s) has to establish RRC connection for reception of the MBS configuration. 
Table 1 Comparison between Connected-first and Broadcast-based mechanism
	 
	Connected-first mechanism 
	Broadcast-based mechanism 

	New service notification
	MT: gNB initiates paging message UEs perform RACH.

MO: UEs perform RACH.

Issues: 
• enhancements of paging to be considered;
• Paging & RACH increase workload of UE & NW.
	gNB initiates a notification, and broadcast the configuration periodically;

UE performs legacy SI/MCCH acquisition procedure. 



	Modification of an ongoing MBS service
	gNB initiates paging, and UEs perform RACH.

Issues: 
• enhancements of paging to be considered;
• Paging & RACH increase workload of UE & NW.
	gNB updates the configuration and transmits it periodically;

UEs perform the legacy SI/MCCH acquisition procedure. 



	Configuration acquisition of an ongoing MBS service
	Continue receiving a MBS service :
The UE performs RACH to: 
1) acquire the availability of the interested MBS service(s);
2) acquire the configuration of the MBS service, if available.

Start to receive an ongoing MBS service:
UE performs RACH to acquire the configuration of the MBS service.

Issues: 
• RACH procedure needed for each UE upon each cell reselection, which increases workload of UE & NW significantly.
	gNB transmits the configuration periodically;

UEs perform the legacy SI/MCCH acquisition procedure. 





Above all, in the Connected-first mechanism, solutions to enhance the paging efficiency and paging reliability may need to be provided. Moreover, the Connected-first mechanism involves RACH at all the scenarios we discussed, and the paging is needed at most of the scenarios. This increases latency and the workload of the network significantly, especially when a new MBS service starts and the configuration of an ongoing MBS service is modified. 
Comparing with the Connected-first mechanism, the Broadcast-based mechanism could support the reception of MBS service by UEs in RRC_IDLE/ RRC_INACTIVE states by reusing the legacy SIB/MCCH approach, which should be sufficient to support the use cases of MBS reception in idle, e.g. public safety. 
[bookmark: _Ref46325821][bookmark: _GoBack]Proposal 1: To enable MBS reception in RRC_IDLE/ RRC_INACTIVE states, the network broadcasts the MBS configuration in SIB/MCCH.
Proposal 2: The legacy approach for LTE SC-PTM can be baseline, and enhancements can be considered.
3. Conclusion
Based on the above discussion, we make the following observations and recommend RAN2 to discuss and adopt the following proposals: 
Proposal 1: To enable MBS reception in RRC_IDLE/ RRC_INACTIVE states, the network broadcasts the MBS configuration in SIB/MCCH.
Proposal 2: The legacy approach for LTE SC-PTM can be baseline, and enhancements can be considered.
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