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1. Introduction
Relative priorities for unicast and MBMS services were first brought up in the email discussion [74#34]. Majority of companies agreed that the network should give priority to maintain unicast connection. However, the UE involvement in the process or the detail procedure in case of resource limitation on MBMS frequency was not discussed. In this contribution we provide our opinion on the above issues.

2 Discussion
Possible resource limitation for unicast services on MBMS carrier should be minimised. One way to minimise the resource limitation for unicast is to distribute MBMS load in multiple carriers. For example a highly popular MBMS service could be provided on a carrier where only a few subframes are allocated for MBMS (the other MBMS services can be provided on another carrier). As large portion of subframe resources is available for unicast, the congestion on unicast traffic could be controlled. 

However in some deployment scenarios, resource limitation for unicast service on MBMS frequency carrier may still happen. Especially if MBMS is provided on a single frequency carrier, the network should provide unicast services on the same carrier for the connected UEs which are not capable of CA or dual reception. Given a large portion of subframe resources would need to be configured for all the MBMS services, resource limitation for unicast services may be experienced. 

Even though, the network design should minimise the possible resource limitation to unicast services on MBMS frequency carrier, if the problem does occur, the network should be able to resolve the limitation with minimum disturbance to the user experience. The following examines the potential network and UE mechanism to resolve the issue if unicast resource limitation has occurred.
1). Unicast is always prioritised over MBMS

Following Rel-9/10 principles, UE handover is decided based on unicast services. In case of resource limitation,  the network moves the UE to another frequency to maintain the unicast connection. If the UE was receiving MBMS service on the carrier prior to the handover, the UE loses the MBMS reception when handed over to the new frequency carrier unless the UE is capable of dual reception.  The user may then choose to close the unicast application to prioritise eMBMS.  However, since the RRC connection release is under network control, even closing unicast applications may not guarantee that the RRC connection is released (due to default bearer) to make it possible for user to receive eMBMS services.   Hence this solution is not considered sufficient for Rel-11.
2) Network based relative ARP method

Based on the operator policy, MBMS service may also given a virtual ARP value which may be controlled by OAM. In case of a resource limitation on MBMS carrier, for the UE is who are receiving a MBMS service, the network may consider ARP of unicast bearers relative to the virtual MBMS ARP in the pre-emption of the bearers. Hence the network may release some unicast bearers with a priority lower than the MBMS ARP. If the resource limitation persists, and the UE has unicast bearers which have higher priority than MBMS ARP, the network does handover the UE to another frequency. This is effectively releasing MBMS bearer for the corresponding UE based on relative ARP.

For example with this method, default and SIP bearers will be given ARP values with higher priority to the MBMS relative ARP value. When Voice call is initiated, VoIP is treated with higher priority than MBMS and the UE is handed over to another frequency carrier in case of resource limitation in MBMS frequency.

Background traffic (eg email, facebook, etc) may most likely to be mapped on the default bearer. The default bearer is non-GBR and the traffic is delivered according to best effort. If resource is limited, the best effort traffic can be delayed. The default bearer must be maintained for RRC connected UEs. This means the default bearer has virtual MBMS ARP, the UE doesn’t need to be handed over to another carrier to maintain the unicast connection as the default bearer is best effort bearer. In other words, the default bearer is treated slightly differently in the bearer pre-emption based on ARP values.
In an advanced (but complex) implementation of the above solution, the relative ARP assignment for MBMS bearers could take into account the user subscription information. Therefore, the solution could be catered for individual user requirements/subscription information. Additionally, it has potential to assign ARPs for the unicast bearers for the user also considering the MBMS bearer ARPs. 

This solution could be further enhanced considering implicit user selection/cooperation.  For example, a user initiating a voice call is implicitly indicating it is higher priority than MBMS.  The user can prioritise MBMS by terminating the voice call and then the network will move the user to the MBMS layer and provide lower service for the default bearer to allow the UE to select the MBMS layer.  However, the implicit user interaction assumes that direct relationship between applications and high priority bearers is known by the user so that a user closing an application will result in the release of a bearer.

This method is a simple operator policy based network mechanism for providing MBMS service continuity in case of resource limitation on MBMS frequency carrier. The mechanism doesn’t require any additional signalling hence has no standard impacts.  

3) UE willingness to prioritise MBMS over unicast is known by the network
The procedure assumed that the network is aware of UE willingness to prioritise MBMS over unicast in a resource congested scenario. Depending on the UE information provided, the network may release unicast bearers in order for UE to receive MBMS services.
· The UE is sent to Idle mode
The UE should be informed that the connection release is due to MBMS prioritisation over unicast so that the UE will not attempt to re-connect to the network while receiving the MBMS service. After resolving the congestion, the UE should be informed so that the UE could make connection to the network on the MBMS carrier.  The UE cannot get any unicast service including indication of terminating voice calls (to allow the user to change priority) during the period of congestion.  
This requires just a one bit indication from UE about the relative priority of MBMS to all unicast services. It may be difficult to ensure that data generated by background applications do not cause UE to connect to the network.  Further care is needed to handle network initiated traffic – when is the network allowed to page the UE for downlink traffic?  This may require additional signalling from UE to indicate “end of high priority MBMS service”.
· Release all dedicated bearers except default bearer

The network could release all the dedicated bearers but default bearer (and possibly SIP signalling bearer) is kept for the UE. As traffic mapped onto default bearer should be delivered with best effort, some application may experience unavailability while receiving MBMS if congestion persists on MBMS carrier. When congestion is relaxed, the other dedicated bearers can be re-established.  This requires just a one bit indication from UE about the relative priority of MBMS to all unicast services.  Compared to the option above, this option does not require signalling of congestion in RRC connection release nor alleviation of congestion.


· Release some of dedicated bearers

The UE willingness to prioritise MBMS over unicast information provided by the UE is used to release some of dedicated bearers for the UE. This has the potential to provide the most flexible solution but is also the most complex.  This is similar to relative MBMS ARP based dedicated bearer release with the difference that the UE signals the relative priorities. 
However this method will require more signalling and complexity to keep the network updated on the dynamic relative priority as the user may change priority frequently.  It also depends on some assumptions on user knowledge of applications and its bearer requirements.  Further, interaction with network implementation specific ARP and QoS handling can make it difficult for user to predict the exact outcome of the priority indication.
In a simple way, the UE indication on willingness to prioritise MBMS over unicast could be interpreted at the network as the UE is willing to prioritise MBMS over some of unicast bearers which have low priority ARP. How the user massage is interpreted at the network may depend on the network/operator policy or user subscription information. The network releases the unicast bearers with low priority ARP. The method has potential to cater for each individual user requirements. Hence the unicast bearers which are released in a congestion situation may vary for user to user.

4) The UE is informed of the resource congestion on MBMS carrier
This requires the network to inform the UEs who are receiving/interested of receiving a MBMS service of the resources congestion on the MBMS frequency carrier. The congestion information is provided via dedicated RRC signalling to the corresponding UEs who are receiving or willing to receive MBMS service. 

Upon the reception of network congestion indicator on MBMS frequency carrier, the UEs who are willing to prioritise MBMS over unicast switch off unicast applications which are expected to have large amount of DL traffic. Application layer communicates to the network of the switching off of the application which eventually results in release of associated bearers. When the congestion is relaxed the UE should be informed in order to turn on the application it turned off due to the congestion. As this method purely rely on the UE to switch off the applications, if any of the unicast bearers are not released (probably except default bearer) the network is required to handover the UE to another carrier to maintain the unicast connection. While this may seem simpler from network point of view as it relies on UE based solution, the method has some drawbacks. The UE doesn’t always know which applications may create large DL traffic or the mapping of application to bearer. For example if the UE is used as a modem, it may require application layer interfaces at the UE to communicates and determines which applications may create large DL traffic. More over the UE is not aware of which applications are mapped to GBR or non-GBR bearers or the priority or the network/operator RRM policy. If the application is mapped to a lower priority non-GBR traffic, the application doesn’t need to be switched off as the traffic may be delivered with best effort. To improve the performance, the network could inform the UE the release of which bearers may assist the resolving the congestion. Thus the user makes the decision to switch off the application based on its interest (assuming the user is aware of the mapping between bearer and application). Further the UE based method may have testing complexity as much of the functionality is split between the AS, NAS and application layer. 

Combination of option 4 and 2 also provides a possible solution. In addition to release some bearers based on ARP the UE is also informed of the congestion situation hence it is expected that the UE to switch off application which it could de-prioritise in a congestion situation. Different combinations of above options also provide possible solutions with different complexity.
Option 3 and 4 has specification impacts and the UE testing should further be discussed with respect to option 3 and 4. 

3 Conclusion 
Possible resource limitation should be minimised as much as possible with network planning. For example with provisioning of multiple frequencies for MBMS, the possible resource limitation can be minimised. If the necessary cautions are taken to avoid the resource limitation on MBMS carrier, the resource congestion for unicast traffic on MBMS carrier could be considered with very low probability. Additionally, operator policy based ARP should normally be sufficient to provide reasonable prioritisation of the MBMS bearer.
UE based prioritisation (either indication of MBMS priority or UE action) can get quite complex and in any case may not work due to the unknown interaction at the user level between the applications and the associated bearers.

Proposal: It is hence proposed to discuss whether network autonomous handling is sufficient for MBMS prioritisation.  Any additional solution should be carefully evaluated on the complexity, feasibility and signalling (including number of idle to active transitions) before agreement. 
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