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Introduction
In RAN1#72 meeting, RAN1 sent an LS to RAN2 about the MCH support on NCT. It is said that RAN1 has discussed the support of MCH on the NCT and made the following working assumption.
· Subject to feasibility with reasonable complexity, MCH should be supported on NCT for UEs that support MCH reception on SCell
· Study how to deliver the corresponding system and control information and the details of the relevant physical channel(s)
FFS whether the maximum number of subframes that can contain MCH is increased compared to the legacy carrier type.
Finally, RAN1 asks RAN2 to take the above working assumption into account and to study the feasibility of the relevant RAN2 aspects of supporting MCH on the NCT. In this contribution, we briefly introduce the MBMS relevant system and control information and how it is delivered in legacy carrier. The system and control information delivery problems for MBMS over non-standalone NCT are identified and the tentative solutions for these problems are also discussed in this contribution.  
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Overview of MBMS relevant system and control information
MBMS aims to provide an efficient mode of delivery for both broadcast and multicast services to UE. The MBMS relevant system and control information is of great importance for the UE’s MBMS reception. Before we study the MBMS support over NCT, it is necessary to investigate which is the essential MBMS system and control information, how is it delivered over legacy carrier and what is the feature. Table 1 summarizes the information format, the logical/physical channel used, the subframe type for carrying this information and the feature description. 
Table 1 System and control information for MBMS over legacy carrier
	Categories
	Information format
	Logical channel / Physical channel
	Subframe type
	Feature Description

	System information
	SIB2
	BCCH/PDSCH
	downlink non-MBSFN subframe
	contain the mbsfn-SubframeConfigList IE to define the subframes that are reserved for MBSFN in downlink

	
	SIB13
	BCCH/PDSCH
	downlink non-MBSFN subframe
	information required to acquire the MBMS control information associated with one or more MBSFN areas

	
	SIB15
	BCCH/PDSCH
	downlink non-MBSFN subframe
	indicate MBMS SAI of the current and/ or neighboring carrier frequencies

	Change notification
	DCI format 1C with M-RNTI
	NA/PDCCH
	downlink MBSFN subframe
	8 bit bitmap notification indicator to inform UEs which of the MCCH information change

	Control information
	MBSFNAreaConfiguration
	MCCH/PMCH
	downlink MBSFN subframe
	indicates the MBMS sessions that are ongoing as well as the radio resource configuration

	
	MBMSCountingRequest
	MCCH/PMCH
	downlink MBSFN subframe
	sent by E-UTRAN  to count the UEs that are receiving or interested to receive specific MBMS services.

	
	MBMSCountingResponse
	DCCH/PUSCH
	Uplink subframe
	sent by the UE to respond to an MBMSCountingRequest message

	
	MBMSInteresIndication
	DCCH/PUSCH
	Uplink subframe
	sent by the UE to indicate UE is receiving/ interested to or no longer receiving/ interested to receive MBMS

	
	MCH scheduling info MAC CE
	MTCH/PMCH
	downlink MBSFN subframe
	indicate the position of each MTCH and unused subframes on the MCH



As we can see from Table 1, the MBMS relevant system and control information can be divided into three categories: system information, change notification and control information. 
· System information: includes the SIB2, SIB13 and SIB15. All of them are transmitted periodically over PDSCH of the downlink non-MBSFN subframe. Before receiving this system information, UE has to acquire the downlink assignment with SI-RNTI over PDCCH. SIB13 contains the time domain configuration info for acquiring MBMS control information and change notification. If a UE is interested to the MBMS service, it has to receive the SIB13 first.
· Change notification: an 8 bitmap used to inform UE the control information change. It has to be carried over PDCCH of the MBSFN subframe. According to the configuration info of change notification acquired from SIB13, UE may detect the change notification on corresponding subframe by receiving the DCI format 1C with M-RNTI. Once the change notification is detected, UE should listen to and receive the updated control information at the next modification period.
· Control information: includes the RRC signaling for MBMS and MSI (MCH Scheduling Info). The RRC signaling is exchanged between UE and E-UTRAN for the purpose of MBSFN session and radio resource configuration, counting of MBMS interested UEs and the MBMS receiving interest indication. They are transmitted over PMCH and PUSCH for downlink and uplink messages respectively. The MSI is periodically provided at MAC layer of MBMSFN subframe to indicate the position of each MTCH and unused subframes on the MCH. 

MBMS system and control info delivery over non-standalone NCT
In this subsection, we identify the system and control information delivery problems for MBMS over non-standalone NCT. The aforementioned three categories of MBMS relevant system and control information shall be investigated one by one. The tentative solutions for these problems are also discussed. 
System information
The MBMS reception on SCells had been discussed in Rel-11. It is agreed that the MBMS UE has to obtain SIB1 to find the scheduling info for SIB13 and then read MBMS relevant system information on SIB13 directly from the SCells [1]. Compared with SIB13, SIB2 and SIB15 are of minor importance for the MBMS service reception. In fact, only the mbsfn-SubframeConfigList IE (Information Element) in SIB2 is relevant to MBMS. This IE defines the subframes that are reserved for MBSFN. Current specification already supports the delivery of this IE through dedicated signaling to UE when adding SCell. This procedure could also apply to the aggregated NCT cell. As to the SIB15, since it indicates MBMS SAI of the current as well as neighbouring carrier frequencies, the MBMS SAI information of NCT could be directly carried through the SIB15 of aggregated legacy carrier. Subsequently, we will focus on the system information delivery of SIB13 over non-standalone NCT.
As we can see, the reception of SIB1 and SIB13 requires the PDCCH and PDSCH transmission of SCell. When it comes to the carrier aggregated NCT, minimizing legacy control signalling is preferred to reduce the interference [2], that is, the PDCCH region is removed from the subframe of NCT.  On the other hand, although ePDCCH could be transmitted on the NCT, the system information broadcast requires the CSS (Common Search Space) which is not yet supported by ePDCCH. Due to the lack of PDCCH and CSS support of ePDCCH in non-standalone NCT, the MBMS UE fails to receive the SIB13 from NCT SCell.
Observation1: Due to the lack of PDCCH and CSS support of ePDCCH in non-standalone NCT, the MBMS UE fails to receive the MBMS relevant system information such as SIB13 from non-standalone NCT.
To solve the MBMS relevant system information transmission problem of NCT SCell, three options are considered as follows.
· Option1-1:   Dedicated signaling through PCell
The fundamental idea for the MBMS relevant system information SIB13 reception via dedicated signaling of PCell is in accordance with the current system information delivery mechanism of SCell. As we know, E-UTRAN provides, via dedicated signalling, the system information of SCell relevant for operation in RRC_CONNECTED when adding the SCell. Correspondingly, it is proposed to insert the IEs of SIB13 to the radioResourceConfigCommonSCell IE of RRCConnectionReconfiguration message for the MBMS support on NCT SCell. 
As a matter of fact, not all the UEs served by the NCT SCell are interested in the MBMS service. In order to avoid the waste of resource, it is suggested that the E-UTRAN send the IEs of SIB13 to UE on condition that it makes sure the UE has interest to MBMS service. The MBMS interest of UE could be obtained by receiving the MBMSInterestIndication sent by UE. However, this message is sent only if UE previously received the SIB15. In order to support this conditional MBMS system information transmission, it is required that the Pcell broadcast SIB 15 if one of its aggregated NCT cell support MBMS service and even if itself does not support MBMS.
· Option1-2:   New SIB through PCell
Compared to the dedicated signaling through PCell, new SIB means to introduce an independent SIB for the inter-frequency MBSFN configuration information. The new SIB contains the carrier frequency as well as the information elements in SIB13. The aggregated legacy carrier broadcasts the new SIB according to the scheduling info in SIB1. In this way, the NCT Cell’s MBMS relevant system information could be delivered to the MBMS interested UE through PCell. 
· Option1-3:   SIB through SCell with ePDCCH
As we said before, ePDCCH is not yet support the CSS. Suppose the CSS is introduced in ePDCCH to support the broadcast mechanism for system information acquisition in the future release of NCT, the SIB1, SIB13 and SIB15 could be broadcasted through ePDCCH and PDSCH on the non-MBSFN subframe of NCT cell. The concerned UE monitors the CSS on ePDCCH and try to retrieve the MBMS relevant system information directly from NCT SCell. 
To sum up, all the three options requires the modification of current specification. And the option3 even concerns with the RAN1’s ePDCCH design and progress. It is recommended that RAN2 evaluate these options for the MBMS system information reception of NCT SCell and send an LS to RAN1 about the requirement of system information acquisition through ePDCCH when necessary. 
Proposal1: MBMS relevant system information reception of non-standalone NCT such as SIB13 needs to be evaluated in Rel-12 with the following three options as baseline. 
- Option1-1:   Dedicated signaling through PCell
-Option1-2:   New SIB through PCell
-Option1-3:   SIB through SCell with ePDCCH

Change notification
The change notification is utilized to inform UEs about an MCCH information change upon session start or about the start of MBMS counting. Once the change notification is detected, UE should receive the updated MBMS control information. The purpose of the change notification is to avoid the repeated MBMS control information reception. It should be noted that the change notification could only be carried on the PDCCH of MBSFN subframes. As we know, non-standalone NCT does not support PDCCH. What is worse, the ePDCCH cannot be transmitted on MBSFN subframe with PMCH, which means the change notification could not be directly utilized in the NCT SCell even if the CSS of ePDCCH is supported in the future. 
Observation2: The MBMS change notification mechanism cannot be directly utilized in the non-standalone NCT.
To solve the MBMS change notification transmission problem, three options are proposed as follows:
· Option2-1:   disable the change notification in NCT SCell
A straightforward way to solve the problem is to disable the change notification in NCT SCell. That is, the NCT removes the change notification configuration and no longer broadcast the change notification even if the MCCH information change. Correspondingly, the UE that is receving or interested to receive the MBMS service should always receive the MBMS control information at the start of every MCCH modification period in case of unknown updates. The drawback of this option is not energy efficient. 
· Option2-2:   change notification through PCell
A possible way to support the change notification is by the aid of PCell. The change notification through PCell could be realized through the change notification with NCT info extension. 
For the change notification with NCT info extension, PCell sends the change notification with the PDCCH CRC scrambled by the M-CI-RNTI (Multicast-Carrier indicator-Radio Network Temporary Identifier) with DCI format 1C. One M-CI-RNTI is pre-assigned to each non-standalone NCT. It helps the UE to differentiate which aggregated NCT cell this notification belongs to. However, this approach may increase the complexity of blind search if multiple NCT cells supporting MBMS are aggregated with legacy carrier. To alleviate this complexity, unified NCT-RNTI for all aggregated NCT cells is preferred. In this case, the change notification PDCCH CRC is scrambled by the unified NCT-RNTI. Suppose the bandwidth of PCell is larger than 5MHz, the reserved bits are utilized for the NCT carrier indication. Once the UE successfully decodes the change notification with NCT-RNTI, it could further determine the corresponding NCT SCell through the NCT carrier indication. 
Option2-3:   change notification through NCT SCell
The change notification through NCT SCell could be supported by allowing the change notification transmission through the ePDCCH of non-MBSFN subframe. Suppose the ePDCCH could be supported on the MBSFN subframe in the future, the change notification could even be transmitted through the ePDCCH of MBSFN subframe. However, this depends on the RAN1’s research. 
To summarize, it is recommended that RAN2 evaluate the necessity of change notification of non-standalone NCT. If the change notification is determined to support, the collaboration with RAN1 is recommended. 
Proposal2: The necessity of change notification mechanism for non-standalone NCT needs to be evaluated in Rel-12. 
Proposal3: RAN2 is recommended to send an LS to RAN1 about the requirement of system information and change notification acquisition through non-standalone NCT.
Control information
MBMS control information includes the RRC signalling for MBMS and MSI (MCH Scheduling Info). This information is carried on the PMCH and PUSCH for downlink and uplink respectively. For the downlink PMCH transmission, it can be supported on the MBSFN subframes of NCT cell smoothly. For the uplink transmission, the UE could send the message through SCell or even PCell in case that the uplink carrier is not supported by the NCT. Hence, there is no problem for the MBMS control information delivery of NCT SCell. 
Conclusion
In this contribution, the overview of the MBMS relevant system and control information and how it is delivered in legacy carrier is presented. The potential problems for the MBMS system and control information delivery over non-standalone NCT are identified. The tentative solutions for these problems are also proposed in this contribution. Several observation and proposal have been outlined below for further study.
Observation1: Due to the lack of PDCCH and CSS support of ePDCCH in non-standalone NCT, the MBMS UE fails to receive the MBMS relevant system information such as SIB13 from non-standalone NCT.
Observation2: The MBMS change notification mechanism cannot be directly utilized in the non-standalone NCT.
Proposal1: MBMS relevant system information reception of non-standalone NCT such as SIB13 needs to be evaluated in Rel-12 with the following three options as baseline. 
- Option1-1:   Dedicated signaling through PCell
-Option1-2:   New SIB through PCell
-Option1-3:   SIB through SCell with ePDCCH
Proposal2: The necessity of change notification mechanism for non-standalone NCT needs to be evaluated in Rel-12. 
Proposal3: RAN2 is recommended to send an LS to RAN1 about the requirement of system information and change notification acquisition through non-standalone NCT.
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