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1 Introduction
In the last RAN2 meeting, the issue of simultaneous deployment of MBMS and relay has been initially discussed [1]. It was agreed that we will not support MBMS on RN in Rel-10, and if we have to take any action for interference avoidance is FFS [2]. 
In this contribution, some further considerations on interference avoidance and MBSFN coverage hole reduction for simultaneous deployment of relay and MBMS are provided.

2 Discussion
2.1 The necessary information for interference avoidance between RN’s unicast and DeNB’s MBMS service

In E-UTRAN, MBMS service can be provided with MBSFN mode over a frequency layer shared with non-MBMS services. An MBSFN area normally consists of a group of cells, which are coordinated to achieve synchronized MBSFN transmission. In case that the MBMS service transmission is not supported at RN and the corresponding subframe is used to send unicast service by RN, there might be some issues. 

As illustrated in Figure 1, 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. Due to some extent of overlapping between coverage of MBSFN area and RN, interference may happen between RN’s downlink unicast transmission and DeNB’s MBMS service.
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Figure 1. Coverage of MBSFN area and RN
In Rel-10, although RN is mainly deployed for coverage extension, in some cases, the UEs under the coverage of RN are still possibly impacted by the macro signal, especially the combined MBMS signal transmitted by multiple cells. Furthermore, the UEs receiving MBMS service under the coverage of macro eNBs may be disturbed by unicast signal of RN as well. Therefore, the interference abovementioned still should be taken into account when we deploy both these two features simultaneously.
A simple solution to avoid potential interference is to let the RN know which subframes are used by DeNB to transmit MBMS services, so that when interference may exist, RN could mute the unicast transmission in the corresponding subframes.
As we know the MBSFN subframe configuration in SIB2 indicates all the reserved MBSFN resources for different purposes, e.g MBMS, positioning and RN backhaul. Therefore, RN cannot determine the real MBMS subframes from SIB2 of DeNB. The MBSFN subframes reserved for MBMS transmission are indicated by MCCH message. Hence, similar as the system information, DeNB should at least forward the MBMS subframes allocation information within MCCH message to RN by dedicated signalling.
Proposal 1: DeNB should at least forward its MBMS subframes information to RN by dedicated signalling, so that potential interference can be avoided.
2.2 Analysis on candidate solutions at RN
Based on the MBMS subframe information received from DeNB, RN has several choices for implementation depending on its possible interference condition.

Choice 1: RN could set the corresponding MBMS subframes of DeNB to blank MBSFN subframes; furthermore, some necessary information, e.g. MBMS related BCCH, may be transmitted to MBMS capable UE by RN if it is also obtained from DeNB.
With this solution, at relay side, MBMS subframes of DeNB will be set to blank MBSFN subframes based on received information, i.e. only the information of unicast area in the MBSFN subframe is transmitted to avoid potential interference. In addition, if RN could get the necessary information, e.g. MBMS related BCCH information from DeNB, RN could forward this information to its UEs. In this case, 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 subframes of DeNB to blank MBSFN subframes. 

Different from choice 1, in this case, the RN doesn’t send any MBMS related information to its UEs. The interference would be avoided, but those MBMS capable UEs under the coverage of RN possibly cannot receive the MBMS service due to lack of e.g. MCCH position and period information. 
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 subframe information of DeNB. However, because the CRS is likely to be polluted by the MBMS service, the measurement would be possibly impacted. Meanwhile, the MBMS service would also be possibly 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 MBMS subframe information of DeNB and transmits the unicast service as usual if the interference is considered as not so serious. However, the condition of ignoring DeNB’s transmission of MBMS should be carefully evaluated and determined, because inappropriate operation would introduce interference between the MBMS service of macro eNBs and unicast service of RN.
Besides MBMS subframe information, choice 1 requires DeNB to transmit additional information, e.g. MBMS related BCCH information to RN. In this way, UEs under the coverage of RN could possibly receive MBMS services sent from macro eNBs. Choices 2-4 need no more information than MBMS subframes information transferred from DeNB to RN. However, these mechanisms will possibly result in hole of MBSFN coverage as indicated in Figure 2, especially in the scenario of dense RN deployment. In this case, it is very likely that UEs under the coverage of relay cannot receive MBMS services. Therefore, the continuity of MBMS service will be ruined and the experience of MBMS capable users will be impacted.
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Figure 2. Example of MBSFN hole due to relay

Generally, we expect to provide a continuous MBMS service and guarantee a good MBMS service experience to some extent with some simple signallings transferred via Un. Therefore, 
Proposal 2: Besides the MBMS subframe information, it is proposed that DeNB provides additional information to RN, so that the UE under the RN coverage could continue to receive the MBMS services in best-effort way.
2.3 What Information should be sent for best-effort MBMS reception
In this section, we would like to discuss what kind of additional information should be transmitted to UE under RN coverage to enable best-effort reception of MBMS services. There are several information related to MBMS service reception, i.e. MBMS related BCCH information (SIB13), MCCH change notification and MCCH information. 
MBMS related BCCH (SIB13)
SIB13 contains MCCH configuration, notification configuration information, and etc. In Rel-9, the MCCH configuration and notification configuration in SIB13 is to let the UE know how to acquire the MCCH and notification. In order to receive the MCCH and then potentially receive MBMS service, the UEs under coverage of RN also need to acquire such kind of information. SIB13 is cell-specific information transmitted without MBSFN combination gain, and thus it is necessary to transmit related information by RN to provide required reliability.
Proposal 3: It is proposed that DeNB forwards SIB13 to RN and then RN sends the related information to its UEs.
MCCH change notification

MCCH change notification specified in Rel-9 is used to inform a UE about a change of MCCH information upon session start. Only the UE who is not receiving an MBMS service, as well as receiving an MBMS service but potentially interested to receive other services not started yet in another MBSFN area shall monitor the MCCH change notification. The notification is carried on PDCCH of MBSFN subframe, which is cell-specific information without MBSFN combination gain. Thus, similar as SIB13, it is necessary that RN can know when the notification will be sent and then inform its UEs.
Proposal 4: It is proposed that RN should know when the notification will be sent and then inform its UEs.
MCCH
MCCH specified in Rel-9 is transmitted with MBSFN mode to inform the UEs about something like service and radio resource allocation information, and so on. In general, MCCH is sent with higher reliability than MTCH. If MCCH cannot be correctly received by the UEs of RN in best-effort way, it is very likely that MTCHs reception will fail as well. Hence, it is not necessary to forward the MCCH by RN, and UE will try to receive the MCCH sent by other macro eNBs.
Proposal 5: MCCH is unnecessary to be transmitted by RN.
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: DeNB should at least forward its MBMS subframes information to RN by dedicated signalling, so that potential interference can be avoided.
Proposal 2: Besides the MBMS subframe information, it is proposed that DeNB provides additional information to RN, so that the UE under the RN coverage could continue to receive the MBMS services in best-effort way.
Proposal 3: It is proposed that DeNB forwards SIB13 to RN and then RN sends the related information to its UEs.
Proposal 4: It is proposed that RN should know when the notification will be sent and then inform its UEs.
Proposal 5: MCCH is unnecessary to be transmitted by RN.
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