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1 Introduction
MBMS is an important feature introduced in EUTRAN Rel-9 and will be further enhanced in Rel-10, while relay is another important feature specified in LTE Rel-10. Currently, there is no discussion on how to deploy both these two features in the network simultaneously. In this contribution, we try to analyze some potential issues and propose possible solutions for such kind of deployment.

2 Discussion
In E-UTRAN, MBMS service can be provided with MBSFN mode over a frequency layer shared with non-MBMS services in large area. An MBSFN area consists of a group of cells, which are co-ordinated to achieve synchronized MBSFN Transmission. The first version of LTE MBMS has been finalized in Rel-9, and will be further studied and enhanced in Rel-10. Meanwhile, as an important feature of LTE-Advanced to improve coverage and throughput, relay is under discussion in 3GPP and will be finished in Rel-10 timeline. It is likely that operators would be interested in deploying both these two features in their networks and it is necessary to consider whether there is any issue in this deployment scenario.
2.1 Supporting MBMS service at RN
LTE Rel-9 MBMS is mainly designed in the context of normal eNB. If we would like to extend the MBSFN transmission to RN, many issues need to be considered, e.g. content synchronization, signalling synchronization, and backhaul capability etc. In this section, we try to analyze some main challenges of supporting MBSFN transmission at RN. 
Firstly, according to current choice of relay architecture, the termination of M1 and M2 interface needs to be extended to RN to support MBSFN transmission at RN. Correspondingly, the architecture of MBMS is modified as figure 1 in the presence of RN. Based on this architecture, some aspects to be impacted are described as follows.
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Figure 1. MBMS architecture in the presence of relay node
Content Synchronization
Under this architecture, the content synchronization should be guaranteed not only from BM-SC to DeNB, but also from BM-SC to RN. In this case, the MBMS related data needs to be transmitted to the DeNB firstly, and then be forwarded towards the corresponding RNs before transmitting to the UEs. However, the relay node is regarded as a cell under the DeNB in current architecture of relay, and the BM-SC could not know that this is a RN instead of a real cell under the DeNB and is not aware of the latency of Un interface. Therefore, the content synchronization at RN could only be guaranteed by DeNB itself. Whether or not this synchronization could be ensured should be further considered in RAN2/3.

Signalling Synchronization

Different from content synchronization in user plane, the signalling synchronization is guaranteed by MCE without any time stamp indication to DeNB in Rel-9. The synchronization is realized by some potential rules, e.g., the MCE shall ensure that it starts to inform all eNBs within the MBSFN area well in advance. However, with current relay architecture, the MCE could not distinguish the relay node from normal eNB. Furthermore, it may be hard for MCE to estimate the latency on Un interface if we don’t change anything in the specification.
Backhaul Capability

At present, the backhaul is the bottleneck for relay transmission. If the MBMS is supported by the RN, the MBMS related data should be firstly forwarded to RN before the transmission time. Whether the backhaul link could support this should be considered and evaluated, especially when there are multiple MBMS services with large amount of data provided by network. Furthermore, MBMS service is different from normal service. How to define the corresponding QCI and coordinate the transmission between MBMS service and other service on Un interface should be further discussed as well. 
Based on the above analyses, we can see that it is not straightforward to extend MBSFN transmission to RN and many issues still need to be addressed and their impacts on specification need to evaluated. Considering the workload and timeline of Rel-10, it seems difficult to complete this in Rel-10. Furthermore, thanks to the combination gain of signal from multiple DeNB cells within the MBSFN area, it is likely that UE under the coverage of RN could also receive MBMS service transmitted from DeNB cells. Therefore, it is proposed to disable MBMS service transmission at RN in Rel-10.
Proposal 1: Considering the workload and timeline for Rel-10, it is proposed to disable MBMS service transmission at RN in Rel-10.
2.2 Not supporting MBMS service at RN

If the MBMS service transmission is not supported at RN and the corresponding subframe is used to send unicast service by RN, there might be interference issue between MBMS service from DeNB and unicast service from RN. As illustrated in Figure 2, the macro eNBs are working in MBSFN mode and sending MBMS service to UEs, and at the same time the RN is transmitting the unicast service to specific UEs. In this case, interference will happen between RN and DeNB in downlink transmission and both MBMS service and UE specific service will be impacted.
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Figure 2. Interference indication if not supporting MBMS at RN
Although in Rel-10, RN is mainly deployed for coverage extension and the issue described above seems not occurred, but in some cases, those UEs under the coverage of RN may still be impacted by the macro signal especially the combined MBMS signal as indicated in green colour in Figure 3. Furthermore, the MBMS  UEs in the macro may be interfered by unicast signal of RN too. Therefore, the interference abovementioned still should be taken into account when we deploy the two features together in our network.
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Figure 3. Interference indication for coverage extension with RN
Based on the above analysis, RN is the key node to avoid the interference and even enable the MBMS UEs under the coverage of RN to receive the MBMS service if necessary information, e.g. MBMS related BCCH, is provided by DeNB.
Therefore,
Proposal 2: The RN should be aware of the MBMS related MBSFN subframes of DeNB so as to avoid the interference in some cases.

Based on the information received from DeNB, RN has several choices for implementation based on its possible interference condition.

Choice 1: RN could set the corresponding MBMS related MBSFN subframes of DeNB to MBSFN subframes; Furthermore, necessary BCCH (and MCCH) information may be transmitted to MBMS capable UE by RN if it has been obtained from DeNB.
In this case, the necessary information, e.g. MBMS related BCCH information, should be obtained from DeNB. Then RN could forward this information towards UE. Therefore, those MBMS capable UEs under the coverage of RN could possibly receive MBMS service transmitted by DeNB and other eNBs in the MBSFN subframes although RN doesn’t send any MTCH information at all.
Choice 2: RN could set the corresponding MBMS related subframes of DeNB to blank MBSFN subframes. 

With this solution, at relay side, MBMS related subframes of DeNB will be set to blank MBSFN subframes based on the MBMS related MBSFN subframe information, i.e. only the information of unicast area in the MBSFN subframe is transmitted. In this case, the interference would be avoided. However, those MBMS capable UEs under the coverage of RN will not receive the MBMS service. 
Choice 3: RN could just not schedule any unicast data in the corresponding MBMS related subframes of DeNB.
In this case, RN schedules nothing in the MBSFN subframes based on the MBMS related MBSFN subframe information. However, because the CRS is polluted by the MBMS service, the measurement will be likely impacted. Meanwhile, the MBMS service will also be impacted by the CRS.
Choice 4: RN could ignore the information sent by DeNB, and schedule the unicast service as usual.

In this case, RN just ignores the received MBMS related MBSFN subframe information from DeNB if the interference is not serious, and transmits the unicast service as usual. However, the condition of ignoring DeNB’s transmission of MBMS should be carefully evaluated and determined, because inappropriate operation would introduce interference and both the MBMS service in macro and unicast service in RN will be impacted. 
Choice 1 needs DeNB to transmit the necessary information, e.g. MBMS related BCCH information, towards RN, and UEs under the coverage of RN could possibly receive MBMS services. On the other hand, choices 2-4 need no more information than MBMS related MBSFN subframes of DeNB transferred from DeNB to RN. However, these mechanisms will possibly result in hole of MBSFN coverage, especially for the scenario of dense RN deployment, and in this case, it is very likely that UEs under the coverage of relay cannot receive MBMS services.
Generally, we expect to make our network work well and guarantee the MBMS service experience to some extent with some simple solution. Therefore,

Proposal 3: Whether or not other additional information, e.g. MBMS related BCCH and MCCH information need to be transferred to RN should be discussed and decided in RAN2.
3 Conclusion
In this contribution, some issues about deployment of both MBMS and relay in network are discussed and our proposals are as follows:
Proposal 1: Considering the workload and timeline for Rel-10, it is proposed to disable MBMS service transmission at RN in Rel-10.
Proposal 2: The RN should be aware of the MBMS related MBSFN subframes of DeNB so as to avoid the interference in some cases.

Proposal 3: Whether or not other additional information, e.g. MBMS related BCCH and MCCH information need to be transferred to RN should be discussed and decided in RAN2.
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