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Introduction
It is the current assumption that assistance information such as session start time and the interested MBMS frequency is available in UE. Thus, when a session is scheduled to start, UE in RRC_CONNECTED can indicate the interested MBMS frequency to the serving cell. Then, the serving cell may initiate handover of UE to the target cell on the MBMS frequency. On other hand, when a session is scheduled to start, UE in RRC_IDLE may go to a cell on the MBMS frequency by making reselection priority of the frequency the highest one.
In this document, we further discuss how the network and the UE should operate after session start for service continuity, e.g. when the network suspends or resumes the session, or when the network stops the session.
Service continuity in RRC_IDLE
In RRC_IDLE, we could say that at session stop, UEs camping on a cell providing MBMS can autonomously perform cell reselection by falling back to the original setting of the cell reselection priorities. When the concerned session info does not exist on MCCH, UE performs cell reselection with the original priorities and then may leave the MBMS frequency. Such fall-back is needed to make MBMS UEs distributed over frequencies. If fall-back is not used, when MBMS services become popular, MBMS frequencies would be heavily loaded. 
Proposal 1: Upon detecting stop of all interested sessions, UE in RRC_IDLE immediately falls back to normal cell reselection priorities.
The network may perform counting procedure by counting the number of MBMS UEs in RRC_CONNECTED. Then, when the number of audience in RRC_CONNECTED is not sufficient, the network may suspend ongoing session. 
When the session is suspended, the UE considers session suspension as session stop. In this case, even if some UEs in RRC_IDLE that are still interested to receive the service, the session can disappear. Thus, the UEs may leave the MBMS frequency after falling back to normal priorities. 
It seems to be assumed that after leaving the MBMS frequency, idle UEs would not monitor MCCH on the MBMS frequency. Then, after some time, the network may resume the suspended session e.g. by counting the number of MBMS UEs in RRC_CONNECTED. However, UEs that camp on cells of non-MBMS frequencies and do no monitor MCCH on the MBMS frequency could not know resumption of the session.
One solution to avoid this situation is that assistance information informs UEs about session stop time as well as session start time. When session stop time is provided to UEs, UEs set the priority of the MBMS frequency to the highest one, until session stop time is reached. Thus, at session suspension, UEs would not fall back to the original reselection priorities. 

Another solution is that session suspension is indicated on MCCH. Thus, UE could distinguish session stop and session suspension. When session suspension is indicated, UEs still set the priority of the MBMS frequency to the highest one. But, when session is stopped, UEs fall back to the original reselection priorities. 
We prefer the first solution because there is no impact on RRC signaling.
Proposal 2: Assistance information e.g. in USD provided to MBMS UEs includes session stop time.
Proposal 3: Before session stop time is reached (after session start), MBMS UEs in RRC_IDLE keep making the reselection priority of the MBMS frequency as the highest one.
Service continuity in RRC_CONNECTED
In RRC_IDLE, UE can perform UE-based mobility. Thus, UE can autonomously handle MBMS service continuity. On the other hand, in RRC_CONNECTED, UE cannot handle this by oneself. It should be the network that handles MBMS service continuity with assistance from MBMS UEs.
Session Suspension/Stop or Overload Start
The current assumption is that the serving cell may initiate handover of UEs to the target cell on the MBMS frequency after UEs indicate the interested MBMS frequency in the MBMSInterestIndication message. After some time, when some UEs become not interested to receive MBMS on the MBMS frequency, the MBMS cell may wish to move the UEs to another cell where no interested MBMS services are transmitted by initiating handover, as shown in Figure 1. But, if UEs are still interested to receive another MBMS service on the MBMS frequency, it is likely that the MBMS cell keeps the UEs on the MBMS frequency.
In addition, regardless of session suspension/stop, eNB may wish to move some MBMS UEs to non-MBMS frequencies because cells on the MBMS frequency is heavily loaded e.g. due to concentration of MBMS UEs interested in a very popular MBMS service, during lifetime of the session.
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Figure 1: UE handover at session stop or session suspension or at increase of overload
However, it is the current assumption that E-UTRAN does not maintain the list of services that a particular UE is interested to receive. Namely, E-UTRAN may not know whether or not UE is interested in a particular service. Thus, the serving cell on the interested MBMS frequency could not decide the time when a particular UE can be moved to a cell on the other frequencies that do not provide interested MBMS services. 
Observation: E-UTRAN does not know which services UE is interested in, according to the current assumption.
E-UTRAN may use counting procedure to know which service UE is interested to receive. However, counting procedure does not provide interests of all UEs to E-UTRAN. Also, counting is initiated by MCE, not by eNB. Thus, eNB could not use counting procedure to use

To our understanding, UE could use the MBMSInterestIndication message in order to inform E-UTRAN whether or not UE is interested to receive MBMS on the MBMS frequency. For instance, when all interested sessions stop on the MBMS frequency, the UE can indicate ‘no MBMS reception’ in the MBMSInterestIndication message. After reception of this message, the serving cell on the MBMS frequency may be able to initiate handover of the UE to another frequency, depending on cell quality. 
Proposal 4: ‘no MBMS reception’ can be set in the MBMSInterestIndication message for UEs to indicate stop of reception of all interested sessions (including session stop/suspension) on the serving frequency.

However, the serving cell may not always need such indication in the MBMSInterestIndication message. In our view, the serving cell would need this indication only when the serving cell initiates inter-frequency/RAT handover or intra-frequency handover to a cell not providing interested MBMS services. 
Thus, it is proposed that UEs do not autonomously indicate ‘no MBMS reception’ (i.e. no services are received e.g. due to session stop/suspension) in the MBMSInterestIndication message. Only when eNB requests transmission of the MBMSInterestIndication message, the UE indicates ‘no MBMS reception’ in the MBMSInterestIndication message. It is our assumption that the eNB requests this just before deciding handover to non-MBMS cells (and maybe at the boundary of an MBSFN area).
Proposal 5: When eNB requests transmission of the MBMSInterestIndication message e.g. for handover decision, the UEs that are interested in MBMS but do not receive MBMS services on the serving frequency send the MBMSInterestIndication message indicating ‘no MBMS reception’.
For CA, it may be possible that UE configured with one or more SCells is capable of receiving MBMS on SCell as well as PCell. Thus, it should be possible that eNB knows whether or not UE is interested in MBMS for each SCell as well as for PCell. eNB could use this knowledge to add or delete SCell carrying interested MBMS services.
It is the current assumption that UE supporting CA can indicate multiple MBMS frequencies in the MBMSInterestIndication message. Thus, it should be also possible that when UE is not interested in one serving frequency, UE is allowed to indicate ‘no MBMS reception’ per serving frequency in the MBMSInterestIndication message. 
In our view, such indication should be also controlled by the eNB. eNB may not always need such indication. Before deciding deleting SCell, eNB would need ‘no MBMS reception’ for a serving frequency of SCell. When eNB requests transmission of the MBMSInterestIndication message, eNB may be able to indicate which the serving frequency UE should indicate ‘interest’ or ‘no MBMS reception’ for.
Proposal 6: The UEs that do not receive MBMS services on one of the serving frequencies indicates ‘no MBMS reception’ for the serving frequency in the MBMSInterestIndication message.

Session Resume / Overload Stop
Concerned scenarios can be described as follows:

A session is suspended e.g. due to lack of audience. When a session is suspended, UEs consider that this session is stopped. Thus, eNB may move some UEs to cells on other frequencies where there are no interested MBMS services. But, after some UEs move to other frequencies, MCE may resume the suspended session. Thus, the network would need to move UEs to the MBMS frequency for service continuity.
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Figure 2: UE handover at session resumption or at decrease of overload
Also, we could also consider another scenario: when the MBMS frequency is heavily loaded, the eNB may move some MBMS UEs to non-MBMS frequencies. Then, after load decreases, the eNB moves back the UEs to the MBMS frequency, if the UEs are still interested to receive MBMS on the MBMS frequency.
We could avoid such scenarios, if eNB never moves the UEs to non-MBMS frequencies even for session suspension or overload. Namely, eNB should keep MBMS UEs on the MBMS frequency during lifetime of the session. However, that would be very restrictive in the network.
For such scenarios, we could consider the following options:
Option A: eNB requests transmission of the MBMSInterestIndication message

When overload disappear on the neighboring MBMS frequency or when a suspended session resume, eNB request some UEs to send the MBMSInterestIndication message. Then, based on the message, eNB may perform handover of UEs to the MBMS frequency.
Option B: Counting is used by cells not providing concerned MBMS services
The MBMSCountingRequest message can be sent on DCCH from non-MBMS frequencies or MBMS frequencies. It means that eNBs that do not participate in the concerned MBSFN area but support service continuity can request the counting on DCCH. eNB could send this counting request when MCE requests counting to decide resumption of sessions.
Upon receiving the counting request, UE that is still interested in the MBMS frequency may send counting response. Then, upon receiving the counting response, eNB would consider that the UE is still interested to receive MBMS services on the MBMS frequency and so perform handover to a cell on the MBMS frequency.
This counting request helps MBMS UEs to know resumption of interested MBMS sessions on the MBMS frequency, without monitoring of MCCH on the MBMS frequency. Namely, MBMS UEs in RRC_CONNECTED can avoid monitoring MCCH on a non-serving MBMS frequency and will receive MCCH only after moving to the MBMS frequency.
One benefit of this option B is that MCE is also able to count some UEs connected to cells on non-MBMS frequencies or MBMS frequencies only with no interested MBMS services, because some UEs, e.g. with a single receiver, may be unable to receive counting requests e.g. due to ongoing unicast services on the serving frequency providing no interested MBMS services.
In this option, we assume that eNBs may send this counting request only to UEs which eNB previously received the MBMSInterestIndication message from, or eNB has MBMS UE context for. And eNBs that support service continuity but do not participate in MBSFN transmissions should have connections with MCE to receive counting requests from MCE. But, we could expect that such eNBs would anyway have connections with MCE for service continuity e.g. to provide SAIs of neighboring frequencies.
Accordingly, when a session resumes or overload decreases, we propose that cells not providing concerned MBMS services are able to request either the MBMSInterestIndication message (Option A) or the MBMSCoutingResponse message (Option B) on DCCH.

Proposal 7: For session resumption or overload control, cells not providing concerned MBMS services are able to request either the MBMSInterestIndication message (Option A) or the MBMSCoutingResponse message (Option B) on DCCH.
Conclusion

In conclusion, we further discussed some issues on service continuity, particularly when sessions are suspended or resumed or when overload starts or stops e.g. due to concentration of MBMS UEs on a MBMS frequency.

Accordingly, we further propose the followings for service continuity:
For RRC_IDLE:
· Proposal 1: Upon detecting stop of all interested sessions, UE in RRC_IDLE immediately falls back to normal cell reselection priorities.

· Proposal 2: Assistance information e.g. in USD provided to MBMS UEs includes session stop time.

· Proposal 3: Before session stop time is reached (after session start), MBMS UEs in RRC_IDLE keep making the reselection priority of the MBMS frequency as the highest one.

For RRC_CONNECTED:
· Proposal 4: ‘no MBMS reception’ can be set in the MBMSInterestIndication message for UEs to indicate stop of reception of all interested sessions (including session stop/suspension) on the serving frequency.

· Proposal 5: When eNB requests transmission of the MBMSInterestIndication message e.g. for handover decision, the UEs that are interested in MBMS but do not receive MBMS services on the serving frequency send the MBMSInterestIndication message indicating ‘no MBMS reception’.

· Proposal 6: The UEs that do not receive MBMS services on one of the serving frequencies indicates ‘no MBMS reception’ for the serving frequency in the MBMSInterestIndication message.

· Proposal 7: For session resumption or overload control, cells not providing concerned MBMS services are able to request either the MBMSInterestIndication message (Option A) or the MBMSCoutingResponse message (Option B) on DCCH.
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