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1. Introduction

RAN2#58 reached an agreement on the transmission modes available for E-MBMS [1], and incorporated in [2]. At the same time, the definitions for E-MBMS discussed on the email reflector also were agreed [3] and incorporated in [2]. These agreements provide the consistent foundation for some issues, such as UE mobility. This document discusses the handover, transmission mode switching and MBMS service continuity in UE mobility.

2. Discussion

Mobility within a continuous MBSFN Area is desired to be seamless and lossless for both dedicated and mixed MBMS carriers. However, the switching between multi-cell mode, e.g. within an MBSFN area, to single-cell mode, e.g. moving to a cell outside the MBSFN area, brings some issues to the service continuity.
First, E-MBMS single-cell transmission does not support the combining of MBMS transmission from multiple cells. The handover or cell re-selection is implemented as a simplified version of that for the unicast service, so there may be no context and data forwarding for E-MBMS and the service reception in the target cell may rely on the UE’s request. To minimize the outage there needs a mechanism to trigger the MBMS transmission in the target cell, prior to the UE moving into this cell.

If the MBSFN area is dynamic (this feature is still FFS), when the UE moves towards outside of the MBSFN area, the network should be informed to extend the MBSFN area to minimize the outage, assuming that UE would continue to move away.

If the MBSFN area is static or the MBSFN area reaches the border of Maximum Synchronization area, when UE moves out/into the border of MBSFN, UE should switch the from multi-cell reception to single-cell reception, or vice versa. Due to the reception mode switching in mobility, MBMS service continuity should be envisaged. In this document, an optimized seamless or even lossless handover approach for this case, i.e. UE mobility between MBSFN and non-MBSFN zones, is proposed and discussed.

3 Handover between multi-cell and single-cell

Without loss of generality, the MBSFN area is surrounded by a ring(s) of MBSFN area reserved cells defined in [3], which is to guard the neighbor cell interference coming from other MBSFN areas or unicast services. MBSFN area reserved cell does not contribute to the MBSFN transmission, and on the network interface, reserved cells will receive C-Plane only. Although the reserved cell has no U-Plane, it still part of the MBSFN area [2] and tightly synchronized with the transmitting cell.  Therefore, when UE in the reserved cell locates somewhere near the MBSFN area transmitting cell, it would still be able to receive the data from the MBSFN transmitting cell, provided that it can receive the control information indicating the configuration of MTCH of the transmitting cell. It proposed that The MBMS service control information is transmitted on the MCCH (including the RB configuration for the transmitting cells) in MBSFN area reserved cells.
The reserved cell could provide the single-cell transmission. Such deployment will provide seamless transition from the MBSFN reception to single-cell reception, comparing to the scenario that single-cell transmission is only provided outside MBSFN area. For dedicated carrier mode, it is proposed that the mixed carrier cells that have the same coverage of the dedicated carrier reserved cells should provide the single-cell transmission.
Figure 1 illustrates the state of service transmission in mixed carrier cell.
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Figure 1 Service transmission in mixed carrier

3.1 E-MBMS handover in mixed carrier

Here, the E-MBMS handover means the procedure that the UE receiving the multi-cell E-MBMS acquires the new radio bearer and continue the service reception when it enters a target cell where the E-MBMS service is provided by single-cell transmission, or vice versa.
On mixed carrier, the reserved cell indication is broadcasted in the reserved cell’s MCCH. UE can acquire this information when it enters the cell. This helps the UE to trigger the whole MCCH acquisition of this cell, and trigger itself and network to prepare the MBMS service transmission mode handover.

When the UE enters a reserved cell from the MBMS transmitting cell, after receiving the reserved cell indication the UE immediately reads the whole MCCH both for MBSFN and single cell transmission. If the cell is transmitting the service in single-cell PTM transmission mode, UE can do the handover at an appropriate opportunity, for example, the single-cell signal strength is higher than multi cell signal strength for a (T. However if the cell were not transmitting the service, UE should set up the RRC connection to trigger the single cell PTM transmission, but it may not perform handover immediately when it enters the new cell.
Figure 2 shows the handover condition and procedure. On the border near the MBSFN area transmitting cell, UE can receive the leaked signaling from the MBSFN and need not handover immediately although the single cell transmission is on going. Therefore the handover can implement when UE go deep into the reserved cell, e.g. 3/4 radius as figure 2 illustrated. On this position, the power of service signal is balanceable before and after handover.
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Figure 2 UE handover procedure and location

Accidentally, the UE may move back to the MBSFN transmitting cell, so it does not need to trigger the RRC connection. Network would perform the polling periodically to decide whether there is no UE in reserved cell and to stop the MBMS single cell transmission.
3.1.1 PDCP level selection combining

With the above mechanism, UE may receive the MBSFN signal and single-cell signal simultaneously if the UE capability allowed. Such optimized handover mechanism would achieve the lossless UE mobility. As figure 3 shows, the PDCP is located in EMBMS GW for both multi-cell and single-cell transmission. Hence, both MBSFN cell and single cell transmit the same PDCP SDU. Therefore UE could do the selective combining when the packet is delivered in PDCP based on the PDCP SN.
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Figure 3 Lossless handover in mixed carrier

Furthermore, possibly the more diversity gains can be obtained through the inter-resource block combining [4]. But the content synchronization included RB configuration is necessary between MBSFN and single cell transmission, which is much more complex.
When the UE enters the reserved cell from a cell outside the MBSFN area, a similar procedure is used. The reserved cell not only broadcasts its own control information, but also the configuration information of multi-cell transmission of MBSFN area. Hence, when the UE enters the reserved cell, it can receive the control information both of single-cell transmission and multi-cell transmission, and so the UE can continue the service reception from different radio resource blocks and selectively combine them in PDCP.

3.2 E-MBMS handover between dedicated carrier ( mixed carrier

The handover between dedicated carrier and mixed carrier is the inter-frequency handover. UE needs to do the inter-frequency measurement in the DRX or in the gap. The reserved cell indication is broadcasted in the dedicated carrier reserved cell’s MCCH. UE can read this indication when it enters this cell, and the UE will know it is approaching the edge of the MBSFN area. In order to continue to receive the service, the UE needs to go to the mixed carrier, where it may be allowed to use single-cell transmission. Thus, broadcasting the reserved cell indication helps to trigger the inter-frequency measurement of the target cell of the mixed carrier, and also trigger the UE itself and the network to prepare the MBMS service handover. As a result, it reduces UE’s service interruption time.

When the UE enters a reserved cell from the MBMS transmitting cell, the UE triggers further measurement action after having received the reserved cell indication. The UE automatically receives the MCCH of the neighbor cell of the mixed carrier during the gap. If the neighbor cell is transmitting the service, UE does the cell re-selection at an appropriate occasion. For example, the single-cell signal strength is higher than multi cell signal strength for a (T. However if the cell is not transmitting the service, UE should set up the RRC connection in mixed carrier to trigger the MBMS transmission because there is no uplink in dedicated carrier. 
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Figure 4 handover in dedicated carrier ( mixed carrier

Opposite handover procedure is as following. When the UE enters a mixed cell which has the overlapped coverage of the MBMS dedicated carrier reserved cell. The mixed cell not only broadcasts its own control information, but also the carrier frequency and the MCCH configuration information of the cell on the dedicated carrier. Therefore, the UE can detect the MCCH in the target cell and measure the signal strength. After cell reselection, it can continue the service reception immediately.

4. Conclusion

In this contribution, the E-MBMS handover, transmission mode switching and MBMS service continuity in UE mobility between MBSFN and non-MBSFN zones are discussed, and it is proposed that

1) The control information of multi-cell transmission (including RB configuration of the transmitting cell) is carried on the MCCH in MBSFN area reserved cells.

2) The reserved cell indication is broadcasted on the reserved cell’s MCCH.

3) On the mixed carrier, the reserved cell provides the single-cell transmission, and the UE may do the lossless E-MBMS handover during mobility.

4) The mixed carrier cells that have the same coverage with the dedicated carrier reserved cells provide the single cell transmission, and the UE does the cell re-selection based on the threshold based method.

We propose that such optimized handover approach be incorporated into 36.300 or E-MBMS stage 3 TS.
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