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1
Introduction
In RAN2#59, RAN2 have concluded three scenarios that should be considered with priority for MBMS service continuity in Release 8 LTE. The agreement has been captured in section 15.4 of [1]:
As combinations of the possible MBMS cell types and transmission modes, various deployment scenarios come into question. Among them, E-UTRAN provides the necessary optimization mechanisms to support seamless MBMS continuity between:

1)
MBSFN and single-cell transmission on a shared frequency layer;

2)
MBSFN on a dedicated frequency layer and single-cell transmission on a shared frequency layer;

3)
Cells providing single-cell transmission on a shared frequency layer.

In this contribution we discuss the MBMS service continuity with particular focus on these scenarios.
2
UE mobility procedures during shared carrier MBSFN reception
Mobility within an MBSFN area is straightforward as MBSFN by definition enables seamless transitions between the cells from MBMS perspective. In shared carrier, the UEs are in either RRC_IDLE or, for example because of unicast data reception, in RRC_CONNECTED. UEs need to perform unicast mobility procedures based on RRC state. This means that while moving within an MBSFN area on shared carrier, UE still needs to measure unicast reference symbols for mobility purpose, and follow either unicast cell re-selection procedure in idle mode or unicast handover procedure in connected mode. The re-selection and handover criteria should be independent of MBMS service quality. However, it should be noted that until some changes to shared carrier MBSFN operations are made, the normal unicast mobility performance may be degraded as discussed in [2]. In this contribution we do not cover that aspect but rather concentrate on MBMS service continuity. 
When a UE enters a new cell, it is useful to read P-MCCH in the new cell since the availability of services and a cell’s status in MBSFN (e.g. border cell or not) may change in the new cell. However, from the perspective of MBSFN service continuity, reading any MCCH from the target cell immediately is not needed; e.g. the radio resources used for the MBSFN transmission will remain the same so there is no need to get any information from MCCH for MBSFN purpose.
Proposal 1: UE mobility within a shared carrier MBSFN is based on unicast procedures and criteria independent of MBMS service quality. UE does not need to read MCCH after cell change for the purpose of continuing the MBSFN service reception.
3
MBSFN – single-cell p-t-m service continuity
In this section, we discuss the two scenarios mentioned above that relate to MBSFN – single-cell p-t-m service continuity. Section 3.1 discusses the case where MBSFN is provided over a shared carrier and section 3.2 respectively discusses the dedicated carrier MBSFN case.
3.1
Shared carrier MBSFN – single cell p-t-m
Since MBSFN is supposed to enable high capacity, the transport format (modulation and coding) utilized for MBSFN transmission can not be dimensioned so that the transmission would reach the border cell edge where the SINR is low. In a reuse-1 network, it is not feasible to solve this problem by any network planning solutions. If we deploy an independent single-cell p-t-m cell closer to the border of MBSFN, it will just generate even stronger interference to MBSFN, and consequently reduce the coverage area of MBSFN even more. Hence, when a UE is moving from MBSFN area to a cell that provides the service using single-cell p-t-m transmission mode, there will be an outage area at the MBSFN area border.
In our view, the only possibility of avoiding the outage area and providing interruption-free service continuity is transmitting the service in the border cell using both MBSFN and single-cell p-t-m transmission modes. Then, once the MBSFN signal quality drops, the UE may switch to single-cell p-t-m within this border cell. To do this, it needs to know that the cell is a border cell and that both transmission modes are available; this information should be made available in the P-MCCH. In addition, some rules need to be developed in the UE to switching between the two transmission modes, whether anything regarding this needs to be specified is FFS. Also, there may be a need to move to RRC_CONNECTED state in case the single-cell p-t-m transmission is not on, or if feedback is configured for the particular service; this information should be available in the P-MCCH as well.
Whether from service continuity perspective the border cell providing single-cell p-t-m transmission could be just a reserved cell (as defined in [1], see also Figure 1) instead of actually participating in the MBSFN transmission is not clear – a more in-depth study involving system simulations would be required to clarify this. The problem is that the UE may not be able to receive the MBSFN transmission anymore in the border cell if the border cell itself is not contributing to the MBSFN transmission; however we note that this most likely depends on the inter-site distance and consequently, on the path loss from the eNB to the cell edge. On the other hand, even the actual need of having reserved cells for any purpose is not very clear.
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Figure 1. MBSFN - single-cell p-t-m border. The border cells may either be normally transmitting MBSFN (option 1) or they may be reserved cells (option 2). In any case, to provide optimized service continuity, they will need to provide the service also via single-cell p-t-m.
Proposal 2: To provide optimized shared carrier MBSFN <-> single-cell p-t-m service continuity, border cells of MBSFN should transmit the same service using both MBSFN and single cell p-t-m mode. In border cells,  UEs switch between two transmission modes based on some rules and information received on P-MCCH. Whether the border cells can be only reserved cells is FFS.
Obviously, the above approach is not very effective from radio resource consumption perspective since the same service is basically transmitted twice in the same cell – however this seems to be the only way to provide interruption-free service continuity as requested in [3].

If all border cells of MBSFN transmit service in both single cell p-t-m and MBSFN mode, UE will not handover directly between one cell transmitting single cell p-t-m and another cell transmitting MBSFN. Consequently, depending on the transmission modes, there will be three cases for shared carrier mobility: 
· Mobility within an MBSFN area, in which case unicast procedures are utilized as described in section 2. No further procedures need to be specified because of MBMS for this case.

· Switching between MBSFN and single-cell p-t-m within the MBSFN border cells. Whether anything needs to be specified regarding this is FFS. 
· Mobility procedures between cells transmitting single-cell p-t-m, see section 4.

3.2
Dedicated carrier MBSFN – single cell p-t-m
Compared to the one described in the previous section, supporting this scenario can be more efficiently done assuming that the coverage areas of dedicated carrier MBSFN and shared carrier single-cell p-t-m overlap geographically.

TR 25.913 states that the E-UTRA approach to MBMS should permit simultaneous, tightly integrated and efficient provisioning of dedicated voice/data and MBMS services to the user [5]. Hence, if simultaneous reception of dedicated carrier MBMS and unicast/shared carrier data is anyway required, supporting this scenario should be quite straightforward since we may assume that the UE can receive the MCCHs from both frequency layers to check the service availability and compare the signal qualities to determine which frequency layer it should prefer for a particular MBMS service. However, we note that the mechanisms for supporting simultaneous reception and the corresponding UE demodulation performance requirement assumptions have not been yet concluded in RAN4. So far it is noted in the RAN4 TR 36.803 v0.6.0 that “Simultaneous support of 2Rx unicast + 2Rx dedicated carrier MBMS would not be desirable from the terminal implementation perspective. One solution is that UE demodulation performance requirements could be developed based on 2Rx assumption separately for unicast and MBMS, and additional performance requirements for simultaneous unicast and MBMS operations would be developed assuming 1 Rx unicast + 1 Rx MBMS reception. Another is time-multiplexing solution. However, the final solution would be FFS.” [6]
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[7]. 1Rx + 1Rx may obviously cause interruptions in the service reception – whether some network planning –based solutions could be used to aid the dedicated carrier MBSFN – single-cell p-t-m boundary is FFS.

On the other hand, in fact the measurements needed to determine the best frequency layer for MBMS reception can likely be done using gaps in the transmission, i.e. it may not be necessary to rely on simultaneous reception for measurements. MBSFN service transmissions are presumably transmitted in fairly short bursts, so the UE can measure unicast/shared carrier between these bursts. Whether the measurement gaps utilized for unicast inter-frequency measurements could be utilized also for measuring dedicated MBMS frequency layer is FFS. However, the UE still needs to receive MCCH using simultaneous reception.
Again, after the decision to start receiving MBMS from unicast/shared frequency layer, the UE may need to request for the service if it is not being transmitted, or it may need to indicate the need of a feedback channel, similarly to the shared carrier MBSFN case. Otherwise in this scenario it should be possible to retain the UE in RRC_IDLE state.
Some aids for the UE should be given in the unicast/shared carrier, e.g. an indication about the service being available on a dedicated layer. On dedicated layer however, mostly an indication about general service availability in the unicast/shared layer can be given, i.e. it may not be feasible to give detailed information e.g. about the exact cells in which the service is being transmitted – the UE must find this information by its own from the unicast/shared layer signalling (P-MCCH).
4
Single-cell p-t-m – single-cell p-t-m service continuity
In general, it is possible to reuse the unicast handover procedure to support seamless service continuity between two cells transmitting single cell p-t-m. As required in [3], although with lower priority, single-cell p-t-m service continuity can be provided in an optimized manner minimizing data loss – the most simple way to do this is utilizing RRC_CONNECTED mobility procedures i.e. a network-controlled handover. Thus as already proposed in [8], we think that normal RRC_CONNECTED mobility procedures should be utilized for optimizing single-cell p-t-m service continuity. Hence, the handover decision is done in the eNB based on MEASUREMENT REPORTs sent by the UEs – these reports then need to contain also some indication about the particular MBMS service. Similarly, in the HANDOVER COMMAND, some MBMS-specific information, such as scheduling-related information, may be delivered to the UE. The source eNB may trigger the transmission on in the target eNB. Also, if feedback is configured to be used in the target cell, the source may trigger the target to adjust the transport format so that that the UE handed over will be able to receive the service without (initially) having the required uplink feedback channels configured.
It is noted that the possible simultaneous unicast connection should be handed over to the new cell at the same time to avoid a situation where the UE is connected to one cell for unicast purpose and to another for MBMS purpose. The eNB should make only one handover decision and hand over both unicast and MBMS at the same time.

We still emphasize that in single-cell p-t-m MBMS it should be up to the network to decide UE RRC state when receiving a particular service. In case there is a large number of UEs receiving the service, it will cause too much signalling load to the EPC if all UEs are in RRC_CONNECTED state and unicast bearers will be activated unnecessarily. To avoid this problem, there needs to be flexibility in determining the UE state for MBMS reception and a possibility to for example define a maximum number of UEs in RRC_CONNECTED after which all UE could be released to RRC_IDLE.
Thus, there is a clear tradeoff relation between maximum number of UEs that can be provided with optimized service continuity (i.e. keeping the UEs receiving MBMS in RRC_CONNECTED state) and the signalling load in the network. We note that single-cell p-t-m is supposed to be deployed in scenarios where the expected number of UEs is fairly small; hence in fact this may not become an issue in practical deployments.
If the UEs are receiving MBMS in RRC_IDLE, some optimizations to aid service continuity may still be considered. In the minimum, it might e.g. be beneficial to move these UEs to RRC_CONNECTED state if the constraints discussed above regarding the number of UE in RRC_CONNECTED state are still fulfilled. For example, the measurement configuration could be defined so that there is an event that triggers the RRC connection establishment to the UE well before the measurements actually need to be reported. Another way not requiring moving to RRC_CONNECTED state could be including all the necessary information, such as availability of the services in the neighbour cells, in a neighbour information element in P-MCCH, but due to the limited capacity of P-MCCH this approach is left as FFS here.
Proposal 3: Service continuity in single-cell p-t-m mode, if optimized, should be based on normal RRC_CONNECTED state mobility procedures. In case of simultaneous unicast connection, both unicast connection and MBMS connection are handed over with the same procedure. It is still FFS whether network should provide any information to the UEs before the execution of service continuity procedure to aid RRC_IDLE service continuity.
Proposal 4: To avoid overloading the network with additional signaling, the number of UEs in RRC_CONNECTED due to MBMS reception should be under control of the eNB and RAN. Hence, optimized service continuity utilizing RRC_CONNECTED procedures in single-cell p-t-m can be provided only when the number of UEs is limited.
5
Conclusion
We have discussed the prioritized service continuity scenarios for MBMS. As a conclusion, our proposals are
· In unicast/shared carrier the mobility within an MBSFN area as well as between single-cell p-t-m cells follows unicast procedures and criteria.

· To provide optimized shared carrier MBSFN <-> single-cell p-t-m service continuity, border cells of MBSFN must transmit the service in both MBSFN and single cell p-t-m transmission modes. (Whether the border cells can be only reserved cells is FFS.) The UE may then switch between the two modes based on some rules and information received on P-MCCH.
· Intra-frequency shared carrier MBMS service continuity can then be divided into the following three cases: 
· Mobility within an MBSFN area, in which case unicast procedures are utilized as described in section 2. No further procedures need to be specified because of MBMS for this case.

· Switching between MBSFN and single-cell p-t-m within the MBSFN border cells. Whether anything needs to be specified regarding this is FFS. 
· Mobility procedures between cells transmitting single-cell p-t-m, see next item.

· Service continuity in single-cell p-t-m mode, if optimized, should be based on normal RRC_CONNECTED state mobility procedures. In case of simultaneous unicast connection, both unicast connection and MBMS connection are handed over with the same procedure. Whether any information should be given to the UEs to aid RRC_IDLE service continuity is FFS.
· To avoid overloading the network with additional signaling, the number of UEs in RRC_CONNECTED due to MBMS reception should be under control of the eNB and RAN. Hence, optimized service continuity utilizing RRC_CONNECTED procedures in single-cell p-t-m can be provided only when the number of UEs is limited.
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