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1. Introduction
In this paper we look at two aspects related to R11 MBMS Service Continuity WI in the context of RRC Connected UEs. One is MBMS Service Discovery which relates to the problem of how a connected mode UE finds out that a particular MBMS service is being transmitted, or is about to start to be transmitted. And the other is MBMS Service Continuity which should ensure that an RRC Connected mode UE who is already receiving MBMS service continues to do so without disruptions resulting from handovers. We conclude that some assistance data from the NW would be beneficial to address the MBMS service discovery and also propose some changes to the RRC procedure in order to ensure MBMS service continuity.
2. MBMS Service Discovery

With respect to MBMS Service Discovery in the case of UEs in RRC Connected state several options can be considered:
Option 1: UE relies on Electronic Service Guide (ESG)
In this case the UE can find out about ongoing/starting MBMS services through Electronic Service Guide (or possibly through some other resource which could provide the equivalent information, e.g. operator maintains an URL where the schedule and the list of ongoing MBMS services are given). 
Upon obtaining the ESG the UE could inform the network about its interest to receive a particular MBMS service. If needed, the network would make a decision to hand over this UE to the MBMS frequency layer, or other MBSFN Area participating cell. This approach is acceptable for services and sessions which have known start times. However not all of the services will be like that. An example would be breaking news or traffic accident alerts which do not happen at a fixed predetermined time. If the UE is interested in receiving this kind of information then for MBMS Service Discovery relying on the ESG does not seem sufficient and some other ways of notifying the UE about service/session starts would be required.
Option 2: UE reads the MCCH content on neighboring cells/frequencies
In this option the UE would read the content of MCCH of neighboring cells/frequencies and determine if the service it is interested to receive is starting / being transmitted. If the UE is already connected to a cell which is also part of the MBSFN Area there are no problems, as the UE simply decodes the subframes allocated for MBMS. 
However if the UE is not connected to a cell which participates in MBMS (e.g. Home eNodeB), or is on a different frequency layer, then the UE would have a more challenging task in obtaining the MCCH content. The connected mode UE has only measurement gaps and DRX (if configured with these) to use for opportunistic reading of the MCCH. However these gaps would likely not align with the MCCH period. Defining gap patterns only for the purpose of MCCH decoding could be one solution but it seems to add too much complexity for both the UE and the eNodeB. Also if the UE is interested in receiving MBMS services which tend to happen at random times (e.g. above mentioned traffic alerts, breaking news) this approach seems also not to be very efficient because the UE needs to constantly monitor neighbor cells’ MCCH. On the other hand if a Connected mode UE is simply allowed to autonomously scan and read the neighbors’ MCCH content the performance of unicast data would be affected - not only for this UE but also for other UEs in the cell. This is because the eNB would waste radio resources for scheduling the UE which has decided to autonomously check MCCH on neighboring cell/frequency.

Option 3: NW provides assistance data to the UE about ongoing/starting services
In this option the network would provide some assistance information which would help the UE in determining if the MBMS service it is interested in receiving is being provided/starting on MBMS frequency layer. This kind of assistance would be useful in cases where the UE is currently connected to a cell which does not participate in MBMS. 
One approach would be to have the cells which are not part of MBSFN Area provide the list of ongoing MBMS services. This list could be the list of Temporary Mobile Group Identities (TMGIs). However this may result in prohibitively large overhead. Assuming each TMGI is approximately 30 bits and that 1 MBSFN Area can support up to 16 MCHs with possible 29 MTCHS the overhead resulting overhead comes to 13920 bits. This seems to be prohibitively large for transmission over BCCH, especially considering that SIBs can be at most 2216 bits large [1].

An alternative would be to transmit via BCCH only the list of TMGIs for services which are about to start. And the full list of ongoing services can be provided to the UE via dedicated signalling where the UE would request the list once it becomes interested to receive a particular MBMS service. It can be expected that these requests would be randomized over time and that the resulting overhead would not be large as the network transmits the full TMGI list only to a fraction of UEs, the MBMS interested ones. 
Based on the analysis of the above 3 options it seems that the option 1 does not cover all the possible MBMS service types, while option 2 has a drawback of wasting the radio resources. Therefore in our view some assistance is needed to address the problem of MBMS Service Discovery by Connected mode UEs. The option which results in smallest overhead is the one where the network sends only the service identifiers of the newly started sessions over BCCH (e.g. new SIB13a). This is very similar to the present R9/R10 MBMS session start notification procedure, except that notification mechanisms would be extended to all the cells in a location where MBMS is deployed. 
Proposal 1: Define new RRC procedure where the UE can request the list of ongoing MBMS services on MBMS frequency layer 

Proposal 2: Define a new SIB indicating the TMGIs of new sessions starting at the MBMS frequency layer

3. MBMS Service Continuity
In order to provide MBMS service continuity for the UEs in RRC_CONNECTED mode, the network needs to know if the UE is presently receiving or is interested to receive MBMS service(s). This information would then be used by the network to either hand over the UE to a cell which participates in MBMS transmissions (if the UE is presently not connected to the MBMS participating cell), or in the case the UE is already receiving MBMS service(s) to take this information into account when deciding to hand over the UE.
Therefore it seems straightforward that a new control message – MBMS Reception Status Report – would be needed in order to convey the above mentioned information. The RRC signalling seems to be the most appropriate. 

Proposal 3: Define new MBMS Reception Status Report message in RRC

The MBMS Reception Status Report message would be transmitted by the UEs to indicate to the network that the UE is:

1. interested to receive MBMS services 
2. has started receiving MBMS services, or 
3. the UE is no longer interested /receiving any MBMS services. 
In cases 1 and 2 we assume that a UE has the knowledge about ongoing MBMS services and their start times through MBMS Service Discovery mechanisms described in the previous section and that the UE does not indicate to the network an interest to receive MBMS services unless the concerned MBMS service is actually being transmitted, or is just about to start being transmitted. 
This is to avoid possible load balancing problems where Connected mode UEs would concentrate on MBMS frequency even though the actual MBMS service they are interested to receive is not presently being transmitted. Concentration of large number of UEs would result in poor unicast performance since unicast radio resources would have to be shared among larger number of UEs. Note that MBMS cells already have reduced amount of radio resources since some of the subframes within the Radio Frame are dedicated to MBMS transmissions.
Based on the assumption that the UE transmits MBMS Status Report message only if the MBMS service it wants to receive is actually being transmitted, or is just about to start being transmitted, the proposed status report message can have only 2 code points: one where the UE indicates to the network that it is interested/starting to receive and the other to indicate when it is no longer interested/receiving MBMS.
Proposal 4: MBMS Reception Status Report message has 2 code points: 1. UE is interested to receive/ presently receiving, 2. No longer receiving any MBMS service(s) 
The previous discussion also implies that the UE triggers MBMS Reception Status Report whenever there is a change in UEs MBMS reception status/ interest, i.e. the transmission of this message is change base triggered.
Proposal 5: The MBMS Reception Status Report message transmission is triggered when there is a change in UEs interest in receiving MBMS services, i.e. when UE becomes interested and when UE stops being interested
Further it may be useful that the NW can control if the UE is expected to transmit the MBMS Status Report message, since the UE can not know the release of the eNB it is connected to. This control can be implicit by the presence of the above proposed SIB13a in the BCCH, or explicit through a bit.

Proposal 6: MBMS Reception Status Reporting is explicitly controlled by the NW

4. Conclusion

Based on discussion in the paper we propose to:

Proposal 1: Define new RRC procedure where the UE can request the list of ongoing MBMS services on MBMS frequency layer 

Proposal 2: Define a new SIB indicating the TMGIs of new sessions starting at the MBMS frequency layer

Proposal 3: Define new MBMS Reception Status Report message in RRC
Proposal 4: MBMS Reception Status Report message has 2 code points: 1. UE is interested to receive/ presently receiving, 2. No longer receiving any MBMS service(s)

Proposal 5: The MBMS Reception Status Report message transmission is triggered when there is a change in UEs interest in receiving MBMS services, i.e. when UE becomes interested and when UE stops being interested

Proposal 6: MBMS Reception Status Reporting is explicitly controlled by the NW
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