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1. Introduction
SC-PTM was introduced in Rel.13 as a new mechanism of MBMS ([1] – [3]) especially for Mission Critical services as the main motivation ([4]).  It results in a situation where there are now two MBMS mechanisms (i.e. MBSFN and SC-PTM).  This also has implication on the overall operation of MBMS, possibly leading to a lack of cohesive operation of Mission Critical services.
This contribution proposes to capture the issues associated with the MBMS operation at system level, including interconnect and roaming. 
2. Reason for Change
2.1 Background

2.1.1
Introduction of SC-PTM as the 2nd MBMS mechanism
In Rel.13, SC-PTM was introduced as a second mechanism of MBMS in addition to MBSFN.  Specifically, unlike MBSFN, it dynamically allocates radio resource to distribute MBMS traffic per cell basis.  SC-PTM uses two newly defined logical channels (SC-MTCH, SC-MCCH) to carry MBMS control plane and user plane data.  In addition, SIB20 was introduced in RRC to carry the SC-MCCH scheduling information.  On the other hand, MBSFN uses the exisitng logical channels (MCCH, MTCH).  It is shown in the figure 1 below.
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Fig.1: TS 36.300 fig 6.1.3.2-1 (modified)

This shows that different logical and physical channels are used to convey MBMS control plane and user plane to UEs depending on which MBMS mechanism is used.
Observation 1: SC-PTM and MBSFN use different logical/transport/physical channels.

Observation 2: SC-PTM is a new and an UE-impacting feature in Rel.13 due to the introduction of 2 new logical channels. Thus appropriate UE implementation is required to support it.
2.1.2
MBMS message distribution and system configuation
The main motivation to introduce SC-PTM was to address the aspects of MBSFN, many of which are to meet the public safety needs as discussed in [4].  Therefore, we consider that the followings are reasonable assumptions:

1. In a given network, either one of the two MBMS mechanisms are used for Mission Critical services, and not both.
2. In a given network, when SC-PTM is used, MBSFN may not be configured in the system (i.e. MCCH, MTCH logical ch, and PMCH physical ch are not allocated in the radio resource), or at least, the network is not required to configure them unless it is needed for other type(s) of service.
2.1.3
UE polulation
If there are multiple UEs under the MBMS area, it may be possible that UEs with different MBMS capabilities co-exists. For example, in the figure below, UE1 may be a Rel.13 UE that supports SC-PTM, and UE2 may be an older one that only supports MBSFN. 
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Fig.2: multiple UEs under one cell coverage area
If MBSFN is used for the MBMS delivery (i.e. MBMS control plane information is sent over PMCH physical ch), both UEs can clearly decode it (with SC-PTM UE’s backward compatibility to support MBSFN). 

On the other hand, if SC-PTM is used (i.e. MBMS control plane information is sent over SC-MCCH over PDSCH), UE1 can decode it; but UE2 above clearly cannot, thus it cannot receive the MBMS delivery as a result.  In fact, UE2 is not even aware of MBMS delivery to commence or in progress.
Observation 3: Depending on the MBMS mechanism used, some UEs may not be able to receive the MBMS distribution due to the lack of support.
Observation 4: To cover all possible scenarios, UE needs to support both MBMS mechanisms.

2.1.4
Decision points of MBMS delivery mechanism and MBMS vs. unicast delivery
The following figure is used to aid the discussion (taken from GCSE_LTE stage2 [6]).  Note that in the original figure in [6], E-UTRAN is highly abstracted and does not explicitly show the separation of MCE and eNB.  The modified figure below shows their relationship as discussed below.
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Fig.4 : 23.468 fig.4.2.2-1 [6] (modified)

According to TS 36.300 subclause 15.1.1 ([5]), MCE is responsible for selecting whether SC-PTM or MBSFN is used for MBMS service.  MCE is connected to MME and eNB via M3 and M2 logical interfaces, respectively.  M3AP and M2AP protocols do not convey relevant information to aid the MCE to make informed decision in this regard.  In other words, MCE is not aware of the UE population (or type thereof) in a given service area or at cell-level in order to determine which of the two MBMS mechanisms should be used so that it can prevent one or more UEs not able to receive the MBMS service as discussed above.  To track the UE’s location at cell level and make MCE aware of it, UEs’ mobility will make it even more challenging.
Also, TS 23.468 (GCSE_LTE stage2) [6] subclause 4.1 states that GCS AS (a part of MCPTT Server) selects whether MBMS or unicast delivery should be used for a given UE in a group communication.  Similar to the discussion on MCE above, GCS AS is unaware of a given UE’s capability with respect to SC-PTM.  In addition, there is no information exchanged between MCE and GCS AS with respect to the former’s selection of MBMS mechanism. Thus, GCS AS is unaware of which of the two MBMS mechanisms the MCE has selected for the group communication.  Therefore, GCS AS cannot make an informed decision of whether MBMS or unicast should be used for a given UE.
Observation 5: GCS AS is unaware of the selection the MCE makes for the MBMS mechanism to use (MBSFN or SC-PTM).

Observation 6: GCS AS is unaware of a given UE’s capability of the MBMS mechanisms (i.e. whether it can support SC-PTM or not).

Observation 7: Due to observation 5 and 6 above, GCS AS cannot make an informed decision whether MBMS or unicast should be used for a given UE.

Observation 8: MCE is unaware of the UE population and their MBMS capabilities at cell level within the service area.

Observation 9: MCE is not able to make the informed decision of which of the two MBMS mechanisms should be used.

2.1.5
Possible solutions

To address the issue of ensuring cohesive MBMS operation, some possible solutions are as follows:

1. Top-down approach :

a. UE communicates its own MBMS capability and its location (cell) to the GCS AS over GC1 interface so that the latter can make a conscious decision of whether MBMS or unicast delivery should be used for a given UE.

b. GCS AS shares this information with the MCE so that the latter can make a conscious decision of which MBMS mechanism to use.

2. Bottom-up approach :

a. UE communicates its own MBMS capability to the eNB over RRC signaling.

b. The eNB combines this information with the cell the UE is located.

c. eNB shares this information with the MCE so that the latter can make a conscious decision of which MBMS mechanism to use.

d. The MCE shares this information with the GCS AS so that the latter can make a conscious decision of whether MBMS or unicast delivery should be used for a given UE.

2.1.6
Is there a real issue here?

After all this discussion , it can be said that there’s no real issue with this situation.  The only thing required is to ensure that the capability of all UEs and the network’s MBMS delivery mechanism match.  Also, if a given RAN implementation supports only one of the two MBMS mechanisms, then there is no need for the MCE to select anything.

There are two approaches to ensure the cohesive MBMS operation:

1. Ensure that all UEs are guaranteed to support both MBMS mechanisms.  
2. Ensure that the system’s usage of MBMS mechanism is the one that all UEs in that system support (e.g. MBSFN).

In the first approach, UEs will adapt to the MBMS mechanism used by the network, thus no compatibility issue would arise between the UEs and the system’s usage of MBMS mechanism.  Each MNO can deploy their MBMS mechanism to choice for Mission Critical services independently, and each Mission Critical Organization can use their UEs without concern of interoperability with MNO(s) and other Organizations.  This would be the simplest solution.  However, it should be noted that there is no explicitly acknowledged statement at the system level to mandate this point (i.e. there is no explicit requirement such as “all Mission Critical UEs shall support both SC-PTM and MBSFN.”).

On the other hand, the second approach has significant implications and draw backs thus not a practical approach.  Some of the key implications are as follows.  They imply that multiple Mission Critical Organizations and MNOs can be involved in deploying Mission Critical services, and thus have significant implications in the coordination at cross-Organizational and cross-MNO levels. 
1. A Mission Critical system needs to support multiple Mission Critical Organizations as stated in [R-5.18.2-001] in [7].  This may include scenarios such as multiple government entities within a country sharing the same system.  This implies that UEs used by different Organizations need to support the same MBMS capability so that they are interoperable under the system.
2. A group communication may consist of members of multiple Mission Critical Organizations.  An example scenario may be such as members of police and fire department are communicating in the same MCPTT group call to coordinate an emergency operation.
3. If the Mission Critical service deployment is sub-divided into multiple areas, e.g. due to separation of jurisdictions (e.g. national, regional, provincial, district levels, etc.), then the use of MBMS mechanism needs to be uniform across jurisdictions to ensure there is no interoperability issues arise at border areas and roaming scenarios. 
4. If the Mission Critical services are realized by leveraging one or more commercial LTE network (MNOs) using their infrastructure, coverage, and resources, then the MBMS mechanism used by these MNOs needs to be uniform so that Mission Critical UEs are interoperable under all of those MNOs.
5. Changing the MBMS mechanism to another in one network (MNO) require coordination with Mission Critical Organizations and other MNOs to avoid operational impact of the Mission Critical service. 

Observation 10: Mandating all Mission Critical UEs to support both MBMS mechanisms will ensure MBMS operation as the simplest approach, avoiding intra/inter-Organizational and inra/inter-MNO implications.
3. Conclusions

To maintain a level of autonomy at both Mission Critical Organization and MNO levels, it it desirable to ensure that Mission Critical service UE supports both MBMS mechanisms for the following reasons :

· It will allow various Mission Critical Organizations to share the same network without being concerned with the MBMS mechanism being used in a given MNO.

· It will allow each MNO to select the MBMS mechanism to deploy without being concerned with the one used by other MNOs.

4. Proposal

It is proposed to agree the following changes to 3GPP TR 23.780 (v0.2.0).
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5.X
Key issue X – Roaming, migration, and interconnect aspect

5.X.1
Description

In Release 13, SC-PTM was introduced as a second mechanism of MBMS delivery in addition to MBSFN.  The main motivation was specifically to meet the needs of Mission Critical services [X].  This results in the situation where there are now two MBMS mechanisms for Mission Critical services – MBSFN and SC-PTM.   Given that SC-PTM is an air-interface-impacting feature, specific support in the UE is required for its operation.  In other words, UE that only supports MBSFN cannot receive MBMS message if the network delivers it by SC-PTM.

There are two possible approaches to ensure cohesive MBMS operation:

1) Ensure that all UEs support both MBMS mechanisms
2) Ensure that the network’s usage of MBMS mechanism is the one that all UEs support
The first approach is the simplest one as this type of UE can adjust itself to either MBMS mechanism depending on which one the network uses, thus no compatibility issue would arise between UEs and system’s usage of MBMS mechanism.  It also implies that each MNO can deploy their MBMS mechanism of choice for Mission Critical communication independently.  However, it should be also noted that there is no explicitly acknowledged system level requirement that mandates Mission Critical UEs to support both MBMS mechanisms.
On the other hand, the second approach has significant implications and thus not a practical one.  The following aspects indicate that intra/inter-Mission Critical Organization and intra/inter-MNO coordination are required:

1. A Mission Critical system supports multiple Mission Critical Organizations.  This implies that Mission Critical UEs under different Organization need to support the same MBMS capability so that they are interoperable under the system.

2. A group communication may consist of members of multiple Mission Critical Organizations.  This implies that Mission Critical UEs from multiple Organizations need to be interoperable under the system, thus need to support the same MBMS capability.

3. A Mission Critical communication may be separated into multiple areas due to separation of jurisdictions (e.g. national, regional, provincial, district levels, etc.).  This implies the use of MBMS mechanism needs to be uniform across jurisdictions to ensure there is no interoperability issues arise at border areas and roaming scenarios. 

4. A Mission Critical services may leverage one or more commercial LTE network (MNOs) using their infrastructure, coverage, and resources.  This implies the MBMS mechanism used by these MNOs needs to be uniform so that Mission Critical UEs are interoperable under all MNOs.

5.X.2
Architectural requirements

To ensure all Mission Critical UEs are compatible with the MBMS mechanism used in the system, requiring all UEs to support both mechanisms (i.e. MBSFN and SC-PTM) is the simplest approach as it avoids intra/inter-Organizational, intra/inter-MNO deployment and coordiation of MBMS operation.  
* * * End of Change * * * *
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