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1. Introduction
In RAN2#112-e meeting, the following agreements were made based on the discussion on MBS reception for Idle and Inactive mode UEs: 
UE receives the MBS configuration (for broadcast/delivery mode 2) by BCCH and/or MCCH (TBD), and this can be received in Idle / Inactive mode. Connected mode FFS (dep on UE cap and where service is provided etc.). A notification mechanism is used to announce the change of MBS Control information.

In this paper, we will further discuss the solutions for the MBS service reception in Idle and Inactive states, and compare the pros and cons of the different solutions.
2. Discussion
2.1. Review of change notification mechanism in LTE
In LTE, the change notification mechanisms were introduced to normal UEs and NB-IoT UEs, BL UEs or UEs in enhanced coverage to announce the changes related to MBMS service(s). 
· For normal UEs: ‘a notification mechanism is used to announce changes of SC-MCCH due to Session Start’
· For NB-IoT UEs, BL UEs or UEs in enhanced coverage:
· ‘Two notification mechanisms are used to announce changes of SC-MCCH due to Session Start;
· One notification mechanism is used to announce changes of SC-MCCH for the ongoing service.’ 
The above principles are described in section 15.3.5a of TS 36.300. In detail, for the normal UEs as standardised in Rel-13, the change notification is used for Session Start only. When the network sends the MBMS change notification to the UEs, the corresponding notification should be sent in the first subframe in a SC-MCCH repetition period. The notification is sent using the DCI that is scrambled by SC-N-RNTI. If the UE receives a notification, it acquires the SC-MCCH in the same subframe, as shown in Figure 1. 
Furthermore, a UE that is receiving MBMS service(s) shall acquire the SC-MCCH at the start of each modification period. Therefore, it is able to receive the updated the SC-MCCH of the ongoing MBMS service(s) without any notification. 
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[bookmark: _Ref60653806]Figure 1 Change notification mechanism for normal UEs
The notification mechanism for NB-IoT UEs, BL UEs or UEs in enhanced coverage was standardised in Rel-14. Similarly to the notification mechanism for normal UE, the network may announce changes of SC-MCCH due to a Session Start by a DCI scrambled with SC-RNTI. The UE acquires the SC-MCCH in the same modification period if the notification is received. 
However, regarding the requirements of coverage enhancement and power saving, the limited capability (i.e. some UEs cannot receive the PDCCH and PDSCH simultaneously etc.) of those UEs, new notification mechanism was introduced to NB-IoT UEs, BL UEs or UEs in enhanced coverage. The new notification mechanism can be used to notify the start of new MBMS service(s) or change of ongoing MBMS service(s). The notification is sent using a DCI scrambled by G-RNTI. The UE acquires the SC-MCCH in the next modification period if the notification is received.
[bookmark: _Ref60680903]Observation 1. In Rel-13, the change notification mechanism is used to announce the Session Start for normal UEs, and the UE already receiving MBMS service(s) shall acquire SC-MCCH at the start of each modification period and the change notification is not needed.
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Regarding the above analysis, it is clear that the notification mechanisms are different between Rel-13 and Rel-14. 
However, in the email discussion of [Post112-e][069][MBS] summarised in R2-2100177 [1], it is mentioned in Section 4 ‘Change notification for PTM configuration’ that ‘the legacy change notification mechanism for MBMS (including eMTC/NB-IoT SC-PTM) was designed to notify the changes of (SC-)MCCH due to session start and the changes of (SC-)MCCH due to other purpose (e.g. modification of the transmission cycle, counting request for a service, etc.’ The baseline of the discussion is not quite clear. 
As the notification mechanism introduced in Rel-14 was for NB-IoT UEs, BL UEs or UEs in enhanced coverage considering their specific requirements, in NR NBS which is mostly for normal UEs, it is better to consider the notification mechanism defined in Rel-13 SC-PTM as a baseline. 
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2.2. Solution B and B variant for UEs in idle and Inactive states
As it has been agreed in RAN2 112-e meeting, ‘UE receives the MBS configuration (for broadcast/delivery mode 2) by BCCH and/or MCCH (TBD), and this can be received in Idle / Inactive mode.’ This agreement corresponds to Solution B and B-variant in the email discussion that is summarised in R2-2008796 [2]. Both the Solution B and B-variant consider the SC-PTM mechanism as baseline. 
The details of the Solution B and B-variant are:
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	Solution B
	Solution B-variant

	Description
	Observation 5: There is a majority view on the following description of Solution B, 
Solution B: Use the SC-PTM solution as the baseline, including the following characteristics,
· A limited amount of MBS control information is provided on e.g. BCCH, to indicate how to acquire the MBS control channel, e.g. SC-MCCH;
· Most MBS Control information is provided on the MBS control channel, e.g. SC-MCCH;
· The MBS control channel carries a message to indicate the MBMS related information;
· MBS radio bearers are transmitted on respective MBS traffic channel, e.g. SC-MTCH(s);
· A notification mechanism is used to announce the change of MBS Control information.
	Observation 6: A variant of solution B could be further discussed, 
Solution B-variant: Use the variant of SC-PTM solution as the baseline, including the following characteristics,
· MBS Control information is provided on the broadcast channel, e.g. BCCH;
· MBS radio bearers are transmitted on respective MBS traffic channel, e.g. SC-MTCH(s);
· A notification mechanism is used to announce the change of MBS Control information.

	Impact analysis
	Observation 7: There is a majority view on the following impact analysis of solution B, 
By taking LTE SC-PTM as the baseline and some potential improvement, the complexity and overhead could be tolerable.
	Same as Observation 7

	Issues/enhancements to be considered
	Observation 13: There is a majority view that enhancements could be considered only after solution B is selected.
Issue B.1: Whether NR SIB mechanism could be considered in MBS SIB and MCCH signalling delivery?
Issue B.2: Whether to consider enhancement to the service change notification mechanism in SC-PTM?
	Same as Observation 13


2.3. Comparison of Solution B and B-variant 
In this subsection, we will provide an overview of the differences and commonalities of the Solution B and B-variant. The corresponding pros and cons of the two solutions will be analysed from different aspects.
2.3.1. Overview of the Solution B and B-variant
As shown in Table 1, the Solution B considers the Rel-13 SC-PTM mechanism as much as possible. The control information of the MBS service(s) is provided by a 2-layer structure. Limited control information is provided on BCCH, i.e. control channel configuration (MCCH). Further information required to receive MBS data, e.g. data channel configuration (MTCH) and scheduling information is acquired from the MBS control channel, i.e. MCCH. 
Different from the Solution B that provides the MBS control information via a 2-layer structure, the Solution B-variant provides all the control information on BCCH only. There is no MBS control channel needed. 
For both the Solution B and B-variant, it is proposed to deliver the MBS data via MBS radio bearers on respective MBS traffic channel, e.g. SC-MTCH(s). In RAN2#112-e meeting, it was also agreed to support a notification mechanism to announce the change of MBS Control information.
The differences and commonalities of Solution B and B-variant are shown in the following table.
Table 2 Solution B and B-variant differences and commonalities
	Differences:
Delivery of MBS control information
	Solution B
· A 2-layer structure;
· Limited control information used for acquiring MBS control channel is provided on e.g. BCCH;
· Detailed MBS Control information is provided on the MBS control channel;

Solution B-variant
· All of the MBS Control information is provided on the broadcast channel, e.g. BCCH;

	Commonalities:
MBS data delivery 
Notification
	· MBS radio bearers are transmitted on respective MBS traffic channel, e.g. SC-MTCH(s);
· A notification mechanism is used to announce the change of MBS Control information.



2.3.2. Notification of session start
For Solution B, regarding the previous discussion, there are two possible methods to announce the session start:
· Option 1: Reuse legacy MCCH change notification; or, 
· Option 2: Use paging mechanism.
In Solution B-variant, the configuration of the MBS service(s) is delivered in SI. Therefore, if the control information of MBS is changed, the network could notify the UE via the SI change notification mechanism, i.e., the paging mechanism. 
The pros and cons of Option 1 and 2 have been detailed in R2-2009342 [2]. 
2.3.3. Configuration modification for ongoing service(s)
The UE may be aware of the MBS configuration modification based on:
1. By requiring the UE to read the MBS control information at the beginning of each modification period, i.e. similarly as in LTE SC-PTM for normal UEs.
2. Using an explicit notification in the same way as for session start notification.

For option 1, Solution B can reuse LTE SC-PTM mechanism directly while for Solution B-variant the exact mechanism would be a bit different as MBS configuration would be included in a SIB. An advantage of this method is that it does not require any overhead signalling to inform the UEs about the modification of the MBMS configuration. However, monitoring of the SC-MCCH in each modification period results in increased power consumption of the UEs. 
An alternative would be to reuse the “session start” notification mechanism for any changes in the MBS control information. The notification could be carried either with a SC-MCCH change notification as in SC-PTM for LTE or via NR Paging mechanism.  A disadvantage of reusing the paging mechanism is an impact on other/ legacy UEs that are not receiving the MBMS service(s). This will increase the power consumption of those UEs. If paging mechanism is applied, enhancement with considering the group paging and reducing the impact on other / legacy UEs may worthy to be considered. SC-MCCH mechanism does not suffer from these disadvantages.
2.3.4. Complexity and latency
The main difference between the Solution B and B-variant is whether to introduce a separate logical channel for delivering the MBS control information. Introducing a new logical channel to the NR will increase the complexity of the network. However, the SC-MCCH has been studied and introduced in LTE, so the LTE design can be reused to a large extent, with some potential enhancements. The Solution B-variant reuses the SI mechanism with introducing MBS SIB, which does not increase the complexity of the system significantly. 
However, comparing with Solution B, the B-variant may introduce additional latency to the system. For Solution B, the scheduling of the control information transmitted via the separate MBS logical channel can be changed in a flexible and dynamic way as the SC-MCCH Repetition Period is configured between rf 2 and rf 256. It is then possible to configure the repetition period with considering the QoS requirement of the MBS service(s). 
In Solution B-variant, the MBS control information is scheduled along with other SIBs using the concept of SI window and scheduling of the SIBs is not that flexible as the minimum SI modification period is as long as 640 ms. Furthermore, the UE might need to read SIB1 before reading the MBS dedicated SIB, which may further increase latency to receive the MBS control information.  
2.4. Summary of the comparison 
The comparisons between the Solution B and B-variant in the previous subsection are summarised in Table 3. 
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	Solution B
	Solution B-variant

	Methods for notifying session start 
	· Option 1: Reuse legacy MCCH change notification; or,
· Option 2: Paging (with enhancement)

	· Paging (with enhancement) 
· Cons of paging: impact on other/ legacy UEs.

	Methods for informing configuration modification of an ongoing service
	· Option 1: reuse LTE, the SC-MCCH modification period is defined, and the UEs acquire the SC-MCCH at the start of each modification period.
· Pros: no signalling overhead;
· Cons: increase power consumption of the UE. 
· Option 2: Paging with enhancement 

	· Paging (with enhancement)
· Pros of paging: saving power of the UEs receiving MBS service(s)
· Cons are same as above


	Network complexity
	· Cons: Introducing a new MBS control channel to NR increases the network complexity;
· Pros: the SC-MCCH has been introduced in LTE, so it is not a new mechanism and its specification is straightforward. 
· Further enhancements as compared to LTE mechanism might be desired/needed. 
	· Pros: Does not increase the complexity of the network. 

	Latency
	· Using a separate MBS control channel is flexible, as channel could be scheduled by the network individually. In LTE, the MCCH Repetition Period is configured between rf 2 to rf 256.
· Pros:
· Flexible;
· More latency-proof than SI delivery;
· Shorter repetition period is possible to be specified in NR, if needed. 
	· The acquisition/modification of the SIBs has to follow the configured SI window/SI modification period;
· Cons: 
· Not flexible; 
· Brings additional latency.



Based on the analysis of pros and cons, we believe that it is most efficient to follow the Solution B, i.e. reuse LTE SC-PTM mechanism for MBS configuration in delivery mode 2.
[bookmark: _Ref60680910]Proposal 2: Solution B is adopted as the configuration mechanism for MBS delivery mode 2 in NR, i.e. a dedicated logical channel (e.g. SC-MCCH) is introduced.
When it comes to the session start notification mechanism, we also believe reusing the LTE approach is the most suitable solution.
Proposal 3: SC-MCCH change notification due to session start is indicated to the UEs using the DCI scrambled by a dedicated RNTI, e.g. SC-N-RNTI.  
3. Conclusion
Based on the above discussion, we make the following observations and recommend RAN2 to discuss and adopt the following proposals: 
Observation 1. In Rel-13, the change notification mechanism is used to announce the Session Start for normal UEs, and the UE already receiving MBMS service(s) shall acquire SC-MCCH at the start of each modification period and the change notification is not needed.
Observation 2. In Rel-14, other than the change notification mechanism in Rel-13, a new notification mechanism was introduced to announce the Session Start or changes of ongoing service for NB-IoT UEs, BL UEs or UEs in enhanced coverage
Proposal 1: MBS configuration change notification is used for announcing the Session Start only.
Proposal 2: Solution B is adopted as the configuration mechanism for MBS delivery mode 2 in NR, i.e. a dedicated logical channel (e.g. SC-MCCH) is introduced.
Proposal 3: SC-MCCH change notification due to session start is indicated to the UEs using the DCI scrambled by a dedicated RNTI, e.g. SC-N-RNTI.  

Reference 
[1] R2-2100177, Email Report of [Post112-e][069][MBS] Delivery mode 2, MediaTek Inc..
[2] R2-2009342, RRC states for MBS reception and Idle/Inactive UE support, Huawei, HiSilicon. RAN2#112.
[3] R2-2008796, Summary of Email Discussion Post111-e906 MBS Idle mode support, CATT, RAN2#112.
2
image1.png
SC-N-RNTI
| Acquire MCCH | Acquire MCCH

EEESEEENERSE

~<——— Modification period —— I

. SC-MCCH . Updated SC-MCCH




