[bookmark: OLE_LINK137][bookmark: OLE_LINK138]3GPP TSG-RAN WG2 Meeting #111 electronic	R2-2007896
[bookmark: _GoBack]Online, August 17th - 28th, 2020

Agenda Item:	8.1.3 
Source: 	MediaTek Inc.
Title:  	Group Based MBS Notification for Idle/Inactive mode UEs

Document for:	Discussion and decision
[bookmark: OLE_LINK39][bookmark: OLE_LINK38][bookmark: OLE_LINK37]Introduction
A new work item on the support of NR Multicast and Broadcast (NR MBS) was approved at RAN#86. This document discusses group based notification for in Idle/Inactive mode UEs aiming at NR MBS receptions.  
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For both UMTS and EUTRAN, the traditional MBMS control information is carried by MCCH logical channel. The MCCH is transmitted with a fixed Repetition Period within a Modification Period. The MCCH is repeated at each Repetition Period within a Modification Period. The Modification Period is a multiple of the Repetition Period. Changes in MCCH information is only performed at the boundary of Modification Period and is not performed in the middle of a modification period. The mechanism is presented at Figure 1 as below.
In LTE based SC-PTM transmission, the change notification of the MBMS control information is sent in the first subframe in a Repetition Period where the SC-MCCH can be scheduled. The notification is sent using the DCI format 1C with SC-N-RNTI. For NB-IoT UEs, LTE BL UEs and LTE UEs in enhanced coverage, there are two notification mechanisms used to announce changes of SC-MCCH due to Session Start. 
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Figure 1: Provision of MCCH Information and its update in LTE
At first, a notification is sent in the DCI with SC-RNTI scheduling SC-MCCH. When the UE receives the notification, it acquires the SC-MCCH in the same modification period. Secondly, a notification is sent in the DCI with G-RNTI scheduling SC-MTCH. When the UE receives the notification, it acquires the SC-MCCH in the next modification period.  For NB-IoT UEs, LTE BL UEs and LTE UEs in enhanced coverage, the notification used to announce changes of SC-MCCH for the ongoing service is sent in the DCI with G-RNTI scheduling SC-MTCH. When the UE receives the notification, it acquires the SC-MCCH in the next modification period.
Shortage of legacy MCCH notification
The traditional MBMS control information (i.e. MCCH information) transmission obeys a fixed Repetition Period and Modification Period. During the Modification Period, the MCCH information is repeated until the next Modification Period.  MCCH repetition is meant to handle UEs, which just started monitoring the service on this cell. Time aligning MCCH modifications would give the knowledge to the UE when it would be useful to read the MCCH. This mechanism would come at the expense of some additional delays as well as some restrictions in applying modifications on the network side.
The definition of fixed Repetition Period and Modification Period for MCCH and MCCH change notification was specified to support the TV based broadcast transmission in 3GPP. The fixed timing for transmission of MCCH is not flexible, since all MTCHs and all UEs shares one MCCH repetition period and Modification period. One notification or MCCH change will cause all UEs to read the MCCH information. However, the NR multicast and broadcast service (i.e. MBS) mechanism is supposed to support a variety of applications such as V2X application, public safety, video streaming, software update, etc. Then fixed Repetition Period and Modification Period cannot cater for the scheduling and notification requirements of all of the services.  
In general, different MBS application and its services require different cycle for transmitting the control information. In a cell, a number of MBS services are supported, with each carried by an independent MTCH.  The configuration of only a single MCCH Repetition Period and Modification Period for these MBS services is not power consumption friendly and not flexible enough. On one hand, some UEs may experience delay when attempting to read the update of MCCH control information, on the other hand, some UEs may read the MCCH control information too often to save the UE power. Both cases are not desirable to the UE and the network for NR multicast and broadcast services. 
Observation 1: legacy MCCH notification is not flexible enough to support diverse NR MBS application transmission.  
Group based MCCH modification cycle and repetition cycle 
A desirable scenario is that the UE that is interested in a particular MBS service only monitors the PDCCH scheduling the control information of that interested MBS service. And the UE should only monitor the change of that interested MBS service and the start of other new MBS service(s) in their interest. This behavior can apply to a group of UEs that are interested in a particular MBS service. In practice, one cell may typically support the simultaneous transmission of a large number of MBS services. For example, 1024 services can be supported by LTE cell in SC-PTM manner. In reality, it would be difficult to assign a unique MCCH modification cycle to each MBS service in a cell.
One possibility to utilize is to group some of MBS services together to form a MBS service group to share the same MCCH modification cycle. For example, the same MBS services with same or similar QoS requirement can be grouped together. Then the control information of MBS services having same or close QoS requirement can be transmitted with the same MCCH modification cycle. 
Proposal 1: The network groups some of MBS services together to form a MBS service group to share the same MCCH modification cycle (a.k.a. MCCH modification period in LTE). 
The negative point of grouping different service together is that it increases the possibility of false alarm, when the UE checks the DCI but there is no modification notification for the MBS services that the UE is interested in receiving or is receiving. This means there may be a tradeoff between the MBS service grouping and the probability of false alarm caused by MBS service group based notification.
Within a cell, the control information and modification notification of different MBS service groups are scheduled with different length of MCCH modification cycle. The length of a MCCH modification cycle means the shortest cycle when the MCCH modification notification can be transmitted to the UE. The length of a MCCH modification cycle also means how often the UE needs to monitor PDCCH occasion for check if there is updated MCCH information. 
Following the explanation above, for the NR MBS service that changes slowly (e.g. for delay tolerant MBS service), a long MCCH modification cycle can be configured. For the NR MBS service that is subject to dynamic change, a short MCCH modification cycle can be configured. Then we can use group based MCCH modification cycle and repetition cycle in NR PTM. 
Proposal 2: Support group based MCCH modification cycle and repetition cycle in NR PTM.
As can be seen, the MBS control information (i.e. MCCH information) is transmitted with different cycles depending on the characteristics of the MBS services. Accordingly the notification of the modification of the MBS control information (i.e. MCCH information) obeys different cycles depending on the MBS service also. This means a number of MCCH logical channels are allocated within a particular cell to support different type of MBS service or MBS service groups. Each MCCH logical channel is configured with a specific MCCH modification cycle (in legacy terminology, modification period) serving a group of services. 
Proposal 3: MCCH logical channels are organized based on groups and Multiple MCCH logical channels are supported in NR MBS, with each providing the MCCH information to a group of MBS services.
The modification of MCCH information of specific MCCH only occurs at the boundary of each MCCH modification cycle like legacy operation. Then, independent modification notification is sent for each specific MCCH. In practice, there may be multiple notification messages sent over the air for the cell to support the announcement of the start of new MBS service(s) or the modification notification of the ongoing MBS service(s). Within the MCCH modification cycle, the MCCH transmission may be repeated with a repetition cycle. As shown in Figure 2, there are two MCCH depicted, which have different length of MCCH modification cycle and repetition cycle.
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Figure 2: Group based MCCH Information Provision and its update in NR MBS
Conclusion
Observation 1: legacy MCCH notification is not flexible enough to support diverse NR MBS application transmission.
Proposal 1: The network groups some of MBS services together to form a MBS service group to share the same MCCH modification cycle (i.e. MCCH modification period in LTE).
Proposal 2: Support group based MCCH modification cycle and repetition cycle in NR PTM.
Proposal 3: MCCH logical channels are organized based on groups and Multiple MCCH logical channels are supported in NR MBS, with each providing the MCCH information to a group of MBS services.
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