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Abstract of the contribution: This paper proposes a solution to support providing efficient multicast transmission to NB-IoT UEs under different coverage levels (Key Issue 4 - Reuse of existing multicast/broadcast architecture).
1. Discussion
For NB-IoT, in many cases, different multicast services are interested by UEs in different CE levels. For example, since water and electricity meters are usually deployed in the wall or in the basement, the transmission of software update services for these devices should use a higher CE level to guarantee the reception. On the contrary, for group controlling and software update for streetlights, the normal CE level seems to be enough because streetlights are usually under good coverage.

In RAN2#95 (R2-165842), it has been agreed that in order to guarantee the multicast reception of UEs in worse coverage level, the coverage enhancement of multicast service needs to be supported by repetition. To avoid wasting radio resources, it is reasonable to take CE level information of the interesting UEs into account to determine the CE level used for transmission of multicast service.
Proposal 1: We propose to extend the requirements for Key Issue 4 (Reuse of existing multicast/broadcast architecture) so that the aspect of coverage enhancement for multicast service is taken into account.
However, according the existing Rel-13 process and architecture, the eNB does not know which UEs will receive the multicast service. Besides, the eNB has no CE level information of UEs in RRC_IDLE mode either. Thus, without any CE level information about UEs and multicast services, the eNB may need to use the worst case CE level for multicast transmissions of all services. In this case, multicast services only interested by UEs in good CE level also need to take a very long time, which will obviously cause radio resource wasting, additional latency and power consumption for UEs in good CE level.
Observation 1: the eNB does not know which UEs will receive the multicast content and does not know their coverage enhancement levels, leading to either long delivery times or waste of radio resources.
This paper proposes a solution on coverage enhancement for multicast, and proposes that the core network can provide some assisting CE information to eNB to help it determining the CE level configuration for multicast transmission.

2. Solution on coverage enhancement for multicast
There are two existing architectures in core network for MBMS: with and without Group Communication Service Application Server (GCS AS). 
For group communication that comes from GCS AS such as group controlling service, the GCS AS can provide the CE assisting information based on pre-configuration. The CE assisting information is used to reflect the CE requirements of a multicast service, e.g., repetition number, CE level index or a more generic CE level indication such as deep, normal, etc.

The CE assisting information can be indicated to eNB together with other service control information such as cell list. Considering the signalling cost caused by Random Access procedure, the CE information can be reported together with location report.

The detailed procedure is depicted in Figure 1.
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Figure 1: GCS AS provides coverage level information to eNB
NOTE:
In case the coverage enhancement level configured in the GCS AS is not too low (i.e., most of the targeted UEs do not receive the broadcast content) the UEs not receiving the intended content can inform the GCS AS. Based on such indications, the CE level configured in the GCS AS may be increased to reach more UEs.

In this case, the CE assisting information may be configured in the BM-SC by OAM according to the usage of the multicast service. Then the BM-SC indicates the CE assisting information to E-UTRAN.
The detailed procedure is depicted in Figure 2.
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Figure 2: BM-SC provides the coverage level information to eNB
3. Text Proposal
Proposal 2: It is proposed to agree the following changes vs. TR 23.730 v1.1.0.

>>>Beginning of Changes<<<
5.4.2
Architectural Requirements

Following related requirement shall be supported:
-
The system should ensure the start time of downlink data delivery using MBMS for which UEs can be available to receive (i.e. ensure that they are not in "deep sleep mode", e.g. due to PSM or eDRX).

-
The system should support to confirm the location for the UEs in the group where the data can be delivered via MBMS.

-
The system should support for continuous reception of application data when a UE changes between reception of application data via EPS and MBMS bearer service.
-
The system shall support providing efficient multicast transmission to UEs under different coverage levels.
Editor's note: In order to support MBMS for NB-IoT UE, it needs to be investigated and confirmed by RAN WG.

In addition, the system needs to consider:

-
How the network entity or Application Server decides and triggers group message delivery over multicast/broadcast architecture.

-
How to confirm which UEs in the group can receive the multicast/broadcast data.
NOTE:
Application level interaction between the UE and Application Server is out of scope of this study.

>>>Next Change<<<
6.x
Solution A: Coverage enhancement for multicast

6.x.1
Description
This solution addresses Key Issue #4 (Reuse of existing multicast/broadcast architecture), in particular the aspect of providing efficient multicast transmission to UEs under different coverage levels.
In order to guarantee the multicast reception of UEs in worse coverage level, the coverage enhancement of multicast service has been agreed to be supported by repetition. Consequently, to avoid wasting radio resources, it is reasonable to take CE level information of the interesting UEs into account to determine the CE level used for transmission of multicast service. The core network can provide some assisting CE information to eNB to help eNB determining the CE level configuration for multicast transmission.
There are two existing architectures in core network for MBMS: with and without Group Communication Service Application Server (GCS AS). 
For group communication that comes from GCS AS such as group controlling service, the GCS AS can provide the CE assisting information based on pre-configuration. The CE assisting information is used to reflect the CE requirements of a multicast service. The CE assisting information is used to reflect the CE requirements of a multicast service, e.g., repetition number, CE level index or a more generic CE level indication such as deep, normal, etc.

The CE assisting information can be indicated to the eNB together with other service control information such as cell list. Considering the signalling cost caused by Random Access procedure, the CE information can be reported together with location report (see Figure 6.x.1-1).
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Figure 6.x.1-1: GCS AS providing coverage enhancement information to eNB
NOTE:
In case the coverage enhancement level configured in the GCS AS is too low (i.e., most of the targeted UEs do not receive the broadcast content) the UEs not receiving the intended content can inform the GCS AS. Based on such indications, the CE level configured in the GCS AS may be increased to reach more UEs.

For group communication without GCS AS, the CE assisting information may be configured in the BM-SC via OAM according to the usage of the multicast service. Then the BM-SC indicates the CE assisting information to E-UTRAN (see Figure 6.x.1-2).
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Figure 6.x.1-2: BM-SC providing coverage enhancement information to eNB
6.6.2
Impacts on existing nodes and functionality
The following nodes are impacted by this solution:

GCS AS (if deployed)

-
Coverage enhancement (CE) information to be configured per MBMS service;

-
CE information to be updated based on feedback from UEs;
-
CE information to be sent to BM-SC (impact on MB2-C interface).
BM-SC

-
CE information to be configured per MBMS service (if not done in GCS AS);

-
CE information to be sent to MBMS-GW (impact on SG-mb interface).
MBMS-GW

-
CE information to be sent to MME (impact on Sm interface).
MME

-
CE information to be sent to MCE (impact on M3 interface).

MCE

-
CE information to be sent to eNB (impact on M2 interface).

eNB

- 
CE information to be used to set repetition number, CE level index, etc. when multicasting the content for a specific MBMS service.
6.6.3
Solution Evaluation
The solution allows the system to provide an efficient multicast transmission to UEs under different coverage levels. The Solution requires that CE information (repetition number, CE level, etc.) is configured per MBMS service in either the GCS AS or the BM-SC (if the former is not present) and is sent to the eNB. To do so, existing messages over the MB2-C, SG-mb, Sm, M3 and M2 interfaces need to be extended. In that sense, the impact on existing nodes and functionality is rather limited.

>>>Next Change<<<
7
Overall Evaluation
>>>Skipped unchanged text<<<
7.4
Key Issue 4 - Reuse of existing multicast/broadcast architecture

Solution A addresses Key Issue 4 (Reuse of existing multicast/broadcast architecture), in particular it allows the system to provide an efficient multicast transmission to UEs under different coverage levels. The Solution requires the introduction of CE information (repetition number, CE level, etc.) per MBMS service. Such information can be configured in the GCS AS or in the BM-SC and is sent to the eNB. The impact on existing nodes/functionality is limited.
>>>Next Change<<<
8
Conclusions

>>>Skipped unchanged text<<<
8.4
Key Issue 4 - Reuse of existing multicast/broadcast architecture

Solution A is to be taken as baseline for normative work.
>>>End of Changes<<<
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