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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. For scenario 3, in this contribution we focus on RRC_IDLE UEs, since the basic agreements regarding RRC_CONNECTED UEs were already reached in RAN2 #60. This is a revised resubmission of R2-074853.

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.
To facilitate the shared carrier MBSFN – single-cell p-t-m service continuity (scenario 1), an indication about MBSFN border cell could be signalled. Hence, when a UE enters a new cell, it is useful to check for and read a possible single-cell P-MCCH in the new cell since the cell’s status in MBSFN (e.g. border cell or not) may be different from the source 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 and the UE can continue service reception without interruption.
Proposal 1: UE mobility within a shared carrier MBSFN is based on unicast procedures and criteria independent of MBMS service quality.
Proposal 2: An indication about MBSFN border cell is signalled on a single-cell P-MCCH. Hence after cell change UEs check for and read a possible single-cell P-MCCH in order to be informed about whether the target ccell is an MBSFN border cell.
3
MBSFN – single-cell p-t-m service continuity
In this section, we discuss the two service continuity 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 MBSFN 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. 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 as described in the previous section. In addition, some rules may need to be developed in the UE for switching between the two transmission modes, however 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 3: 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.
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 [2]. Anyway, this approach also leaves some freedom to implementation/deployment side on whether or not to optimize MBMS service continuity for this scenario.
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.

· 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.

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. For connected mode UEs, measurement gaps of length 6 ms transmitted every n*10 ms have been defined; n is a configurable parameter. These same gaps could probably be utilized also for measuring dedicated MBMS frequency layer. However, the UE still needs to receive MCCH using some other means that may require simultaneous reception if interruption time is to be minimized.
Current 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 [4]. 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.” [5]
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[6]. 1Rx + 1Rx may obviously cause performance degradation and 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.

In any case 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. using MBSFN transmission 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).
Proposal 4: UEs are provided information on other frequency layers that provide MBMS services. This information can be either on BCCH or MCCH (FFS).
4
Single-cell p-t-m – single-cell p-t-m service continuity for idle mode UEs
In RAN2 #60, the following was agreed about single-cell p-t-m – single-cell p-t-m service continuity for RRC_CONNECTED UEs:

For the reception of single-cell transmission of MTCH, UEs that are receiving MBMS service(s) in RRC_CONNECTED state (either directed to the state to receive the MBMS service or in the state already for other reasons and the eNB is aware that the UE is receiving the particular MBMS service(s)), can be provided with target cell MTCH information for these services via the handover related signalling. The serving eNB will trigger the target eNB to prepare for the handover e.g. to obtain the MBMS service if necessary.

Hence, we concentrate here for the case of RRC_IDLE UEs. In this regard, the following was agreed:
UEs that are receiving MBMS service(s) in RRC_IDLE state performing cell reselection or are in RRC_CONNECTED state and which do not receive target cell information as part of handover signalling, should obtain target cell MTCH information from the target cell MCCH or, if supported, serving cell MCCH information (FFS). If the UE was in RRC_CONNECTED state and the source eNB was aware that it is receiving the particular MBMS service(s) the serving eNB could trigger the target eNB to prepare for the handover e.g. to obtain the MBMS service if necessary.
Regarding the FFS item in the above, i.e. transmission of the target cell MTCH information in serving cell MCCH, the main disadvantage is the additional overhead required by neighbour cell information. However, there are some conditions that need to be fulfilled for such information to be useful:
· The target cell needs to be readily transmitting the same service, i.e. such that there is no need for the UE to request for the service (which would anyway require moving to RRC_CONNECTED; this could be done already in the source cell to minimize interruption time).
· The transmission in the target cell needs to extend to cell edge so that there is no outage area. This means that the transport format needs to be very robust which in practice may mean that all CQI and ACK/NACK feedback is disabled in the target cell.
If these conditions are fulfilled and the needed information to access the service in the target cell is provided in serving cell MCCH, service continuity without interruption (or, with minimized interruption time) could be feasible also in RRC_IDLE, provided that there are certain gaps in the data transmission during which the UE can execute the cell reselection. We note that the above conditions are fairly strong as it has been shown that CQI and ACK/NACK feedback can improve spectral efficiency even with a fairly large number of UEs. So, in fact these conditions also place some limits on how much information needs to be signalled: one possibility would be to signal only the physical layer cell IDs for the cells that fulfil the above conditions. Whether any MTCH-related parameters for those cells need to be signalled in addition is FFS. This approach would help service continuity in scenarios where a popular service is provided using single-cell p-t-m transmission mode. Hence, we propose the following:
Proposal 5: To assist RRC_IDLE mobility in single-cell p-t-m mode, serving cell may optionally provide information about which neighbour cells are transmitting the same service. Based on this information, if needed, the UEs attempt to move to RRC_CONNECTED state in serving cell for normal RRC_CONNECTED mobility.
We emphasize that there should be no prioritization of cells in RRC_IDLE cell reselection based on this information; it should be used solely for the purposes of determining whether or not it is possible to remain in RRC_IDLE for the purposes of continuing service reception in the target cell without interruption. So we have two cases:
· The reselection candidate cell is not transmitting the service. The UE needs to request the service, so it will attempt to move to RRC_CONNECTED already in the source cell and normal RRC_CONNECTED procedures are used.

· The reselection candidate cell fulfils all the above conditions. The UE may attempt to do the reselection without interruptions in the service reception.
It is noted that the information on which neighbour cells fulfil the above conditions needs to be kept up-to-date in the serving cell, so some signalling over X2 interface is required. However, we expect this signalling to be infrequent, because it only needs to be done when there is a change in the state of transmission in a neighbour cell (transmission on/off, feedback on/off).
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. There is no prioritization of the cells based on possible neighbour cell information provided in MCCH.
- 
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. To facilitate this, P-MCCH signalling to enable the UE to recognize an MBSFN border cell needs to be specified.
- 
UEs are provided information on other frequency layers that provide MBMS services. This information can be either on BCCH or MCCH (FFS).

-
Intra-frequency shared carrier MBMS service continuity can be divided into 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.

· Mobility procedures between cells transmitting single-cell p-t-m, see section 4.

- 
To assist RRC_IDLE mobility in single-cell p-t-m mode, serving cell may optionally provide information about which neighbour cells are transmitting the same service. Based on this information, the UEs may attempt to move to RRC_CONNECTED state in serving cell for normal RRC_CONNECTED mobility if needed, or may just reselect to the target cell in case the service is already being transmitted in the candidate cell.
References

[1] 3GPP TS 36.300, E-UTRAN Stage 2 V8.2.0
[2] R2-073706, Priority scenarios for LTE MBMS service continuity, Orange, NTT DoCoMo, China Mobile, T-Mobile
[3] R2-080209, MBMS feedback configuration, Nokia Siemens Networks, Nokia Corporation
[4] 3GPP TR 25.913, Requirements for Evolved UTRA (E-UTRA) and Evolved UTRAN (E-UTRAN)
[5] 3GPP TR 36.803, Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception, v. 0.6.0

[6] R4-070610, UE capability considerations for E-UTRA MBMS and unicast UE requirements, Nokia
