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Abstract: This contribution is provided to assist SA2 with the expected incoming RAN3 Liaison on MBMS Congestion solutions. It provides a brief analysis of the Solutions and proposes a Way forward.
1 Background 

GCSE LTE was defined in Rel-12 as a mixed MBMS and unicast system for mission critical applications which requires the ability to rapidly switch from MBMS to unicast when MBMS traffic is disrupted or about to be disrupted by congestion, overload (defined as high congestion level that leads to packets actually being dropped) and/or other causes. SA2 has tried to address these issues repeatedly, including sending inquiry liaisons to RAN2 and RAN3, but the discussions in SA2 ended up being focused on whether this was Rel-12 or Rel-13 functionality. No final or explicit decision was made by SA2 on any aspects of the issue,  leaving it unsolved and the result of the situation in SA2 open to interpretation.
Finally, at the June TSG RAN plenary, a Rel-12 WID was approved tasking RAN3 to try to solve the problem. RAN3 held a meeting in August and another meeting between October 6 and 10. RAN3 has collected proposals and spent limited time trying to analyze the issues, which turned out to be quite controversial, but it is apparent that not all technical comments and contributions have been considered or addressed to everyone’s satisfaction. RAN3 identified about 8 solutions including variants and then proceeded to down select by voting. Three solutions (referred to as Sol 1, Sol 2 and Sol 2bis) received more than 1 vote, and, as of the time of the writing this contribution, are planned to be communicated to SA2 via liaison, with questions and request for advice.
2 How to evaluate solutions from Mission Critical point of view 

RAN3 has performed and provided its own evaluation subject to their point of view and their biases. Given the Mission Critical orientation of the project, the evaluation has to look primarily at the suitability of each solution for Public Safety situations. The following points need to be considered:

1. Latency / response time (key issue): with typical talk burst running between 3 and 15 seconds, and data loss unacceptable, the reaction time cannot be of the order of seconds, but more of the order of 100-200 ms.

2. Control of Decision (key issue): The selection of bearers on which traffic needs to be stopped or modified to prevent congestion has to be made in an application aware fashion, taking in consideration many application level parameters, including  some that can change dynamically. In particular, inadvertently suspending TMGIs engaged in emergency calls is a fatal error. Control of Decision on selection of bearers to stop needs to be done at the GCS AS, not at MCE, which can have only some limited and potentially outdated information on ARP and UE counts. 

3. Corrective Action (key issue): Clearly the traffic on a bearer can be stopped or redirected to unicast or a different MBMS space. However, if informed on time,  the GCS AS can take actions that the MCE cannot take: for example, advising the source of the traffic that there is no longer an audience,  removing the video packets from a combined video and audio multiplexed on the same TMGI, to reduce the size of the transmission; dropping non-essential members of the group to reduce the number of unicast connections, etc.   

4. On which path to notify the GCS AS (non essential). Congestion is a user plane condition that cannot be detected at the MCE, as MCE is not in the user plane ( the M1 interface goes directly to the eNB). The GCS AS can be notified on the network path via the MME, MBMS-GW and BM-SC or on the over-the-air path via the eNB and UE. Either path is fine as long as the messaging can carry enough information and  be rapid and reliable.
5. Developmental impact (non essential). This evaluates the effort, complexity, impact  involved in the solutions as well as dependency on other groups and work plan schedules.

3 Brief description and evaluation of the solutions 

Solution 1: The eNB detects congestion/dropping and immediately reports this information and potentially unicast load info upward on the chain consisting, in order, of the MCE, MME, MBMS-GW, BMSC and GCS AS. Once notified, the GCS AS can use various techniques in the user plane to reduce and prevent congestion including gating the traffic redirecting it, modifying it. If traffic is gated off the source is advised. When congestion clears the GCS AS can open the gate and the traffic resumes.  There is no suspension/preemption/removal of TMGIs from the MCCH and no need or problem restoring them. The solution is simple, straightforward , fast and reliable (wireline, rather than wireless) and requires that only a simple new message be defined for each interface traversed. The main critique is that it traverses many interfaces and thus requires many changes.
Solution 2: The selection of bearers to suspend/pre-empt is made by MCE, based on some ARP and potentially UE count information and the TMGIs are removed from the MCCH. There is a chance that an emergency bearer is inadvertently removed if the request to change its ARP does not arrive in a given 5.12s window. The UE can detect the disapearence of the TMGIs from the MCCH and take further action (e.g  start unicast operations, notify the GCSE AS, etc.) . The TMGIs can be restored but guaranteeing that they are connecting back with the same traffic is problematic. Solution 2 is simple, uses existing functionality, does not rely on GCS AS, but it has high latency in suspenion and restoration and does not allow decision control where most information resides (GCS AS). It is NOT a mission critical solution.  
Solution 2bis: It is basically Solution 2, except that it prescribes a notification from the MCE to the eNB and then to the UE and the GCS AS prior to the bearers being suspended by the MCE. The intent is to notify the GCS AS of the upcoming changes sooner rather than later, to allow it to take intelligent steps. Unfortunately it may not work properly, has all the problems of Solution 2, seriously limits the capability of the GCS AS, adds complexity and race conditions by running the control plane and user plane in parallel,  and requires standards modifications in the air interface (RAN2). Specifically:
· The decision communicated  by the MCE to the eNB on what TMGIs will be suspended is not reliable since the suspensions occur any 5.12s. Between the time the eNB/UE/GCS AS are informed and the next 5.12s boundary many changes can occur in the system which will make the MCE perform different suspensions than those communicated. Lack of guarantee makes the early notification of the GCS AS useless versus Solution 2, as it cannot take proper action.
· Even if the MCE keeps its commitment, it is possible that an activation of the red button on a regular active group will transform it in an emergency group;  UE will generate a session update to update the priority in the ARP. It is unclear how long it will take to perform the update and it is possible that the emergency TMGI may end up being suspended. Suspending an emergency call is a grave error.
· The GCS AS cannot choose which TMGIs to stop traffic on: it will be told after the suspension was done by the MCE.

· As the TMGI is suspended, the GCS AS loses some of the capabilities to mitigate congestion: e.g. it cannot remove the video but keep the audio on a TMGI since it is suspended (gone!)
· Sol 2bis has a proposal requiring a simple but non-backwards compatible change on the air interface that will allow the eNB to signal packet drop to the UE. It is not clear how the eNB can signal simple user plane congestion (i.e. traffic buildup before congestion occurs).  That will prevent the GCS AS from attempting overload (data loss) avoidance and prevention.

· Because restoration involves the broadcast of the updated TMGI on the MCCH, restoration has an intrinsic latency of at least 5.12 s. That makes it hard for the system to respond fast by adding a new group/bearer as the situation changes rapidly.

· As in Sol 2, the fact that MCE has restored the same TMGI value on MCCH, it does not guarantee that the group and bearers initially associated with the suspended TMGI did not change during the suspension period. Therefore the restoration is not automatic, and essentially requires another start (from the beginning) of the TMGI

· Sol 2bis runs the control plane (suspending bearers) and the user plane (acting upon traffic) in parallel; this generates the potential of many race conditions. 
4 Conclusion 

Solution 2 is appropriate for NON MISSION CRITICAL traffic. Solution 2bis does NOT solve the problems that make Solution 2 inappropriate for mission critical. As proposed and described, Solution 2bis is not recommended for public safety and/or for mission critical systems.
5 Proposals for Way Forward 

1. To the extent that a solution for non-mission critical cases is desired, RAN3 can use Solution 2.

2. For mission critical, in the absence of enough support for Solution 1, an effort can be made to try to harmonize Solutions 1 and 2bis, based on notification of the GCS AS being performed over the air interface (similar to what is proposed in Sol 2bis and other proposals in RAN3) followed by a GCS AS-based user plane solution that does not involve selection of bearers and suspension by the MCE and allows maximum flexibility to the GCS AS to handle the situation  (similar to Sol 1). 
3. If proposal 2 (or Sol 1) are deemed not acceptable,  RAN3 is to be advised to send the information to SA6 where dedicated expertise in mission critical is expected and more time can be allocated to understand in depth all the arguments concerns and objections. SA6 can then arbitrate and provide expert advice on how to proceed further in Rel-13.





























































































