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1
Introduction
In Rel-12, a new carrier type (NCT) is introduced. Support of eMBMS on NCT has been brought up in RAN1 [1][2][3] and a corresponding LS is sent to RAN2 [4]. In this contribution, we discuss some design aspects on how to enable the service continuity with reception of eMBMS on NCT.

2
Discussions
In Rel-12, a new carrier type (NCT) is introduced, where the objectives of NCT are divided into two phases. The NCT is expected to bring enhanced spectral efficiency, improved support for heterogeneous networks, and energy efficiency. In this contribution, we focus on Phase 1 NCT where NCT is aggregated with a legacy LTE carrier which is referred to as primary component carrier (PCC) in our paper.
RAN1 has made the following assumptions on Phase 1 NCT:
· CRS is transmitted in every 5th subframe and sent from single antenna port

· Only E-PDCCH is supported on NCT

· PDSCH transmission on NCT is based on DM-RS
· No control channel common search space is defined on NCT

· No system information block or paging is transmitted on NCT

Service continuity has been introduced in Rel11 to allow the UE to start or continue receiving MBMS service(s) via MBSFN when changing cell(s). The MBMS assistance information introduced from network is listed as follows:

-
user service description (USD): in the USD ( [5]), the application/service layer provides for each service the TMGI, the session start and end time, the frequencies and the MBMS service area identities (MBMS SAIs, [6]) belonging to the MBMS service area ( [7]);

-
system information: MBMS and non-MBMS cells indicate in SystemInformationBlockType15 the MBMS SAIs of the current frequency and of each neighbour frequency.

UE determines a frequency which provides the related eMBMS services according to the following:

-
if the serving cell provides SystemInformationBlockType15, the UE considers that a frequency is providing the MBMS service via MBSFN if and only if one of the MBMS SAI(s) of this frequency as indicated in SystemInformationBlockType15 of the serving cell is indicated for this MBMS service in the USD;

-
if the serving cell does not provide SystemInformationBlockType15, the UE in RRC_IDLE state may consider that a frequency included in the USD for the MBMS service is providing this MBMS service as long as the UE reselects cells where SystemInformationBlockType13 is provided.

Once UE determines the frequency which provides MBMS services, it can prioritize the corresponding frequency for cell reselection in RRC_IDLE state or indicate the frequency in RRC message MBMSInterestIndication in RRC_CONNECTED state.
However, the existing procedures on service continuity cannot address the scenario when eMBMS service is provided on NCT but not on PCC. More specifically, prioritizing MBMS frequency layer does not allow UE to camp or get connected to corresponding NCT with service of UE’s interest as UE is not aware of the associated PCC.
In this contribution, we list our proposals on service continuity when eMBMS is supported on NCT.

3
Proposals 

In order for UE to receive eMBMS on NCT, UE needs to be able to prioritize frequency associated with PCC. Once UE camps on the corresponding PCC, it can acquire all the required information (i.e., system information and MCCH change notification, etc.) for eMBMS reception on NCT. The details on how to acquire MBMS relevant information for NCT on PCC are addressed in a separate paper [9]. 
Our proposal on service continuity is listed as follows:
· USD provides the session start and end time, the frequencies, the MBMS SAIs and TMGI for each service

· System information block SIB15 on PCC provides the MBMS SAIs of the current frequency and of each neighbor frequency

· If a frequency belongs to NCT in the MBMS service area, the associated PCC frequency is further provided

· Note the NCT frequency information is also needed as multiple NCTs can be aggregated with the same PCC

· Indicating NCT frequency allows UE to receive MBMS on the corresponding NCT without checking MCCH on a particular NCT
· UE can prioritize PCC frequency if SAI of NCT frequency as indicated in SIB15 is indicated in USD 

There are certain deployment scenarios where eNB does not broadcast SIB15 and UE can only rely on USD for service continuity.  Therefore, 

· To better provision for scenario where a cell may not support service continuity, it is further recommended that:

· The frequencies in USD include PCC frequency and NCT frequency

· If a frequency belongs to NCT in the MBMS service area, the associated PCC frequency is further provided in USD
· Frequency information of PCC and NCT is made available to BM-SC via OAM

Frequency prioritization is useful for UE in RRC_IDLE state to perform cell reselection. For UEs in RRC_CONNTECTED state, UE can indicate interest frequency in MBMS interest indication. If UE is interested in service sent on NCT, UE can either indicate NCT frequency or the associated PCC frequency. With the knowledge of neighbor frequency association between PCC and NCT at eNB, source cell can handover UE to the corresponding target cell accordingly if needed. However, we do have slight preference in UE indicating PCC frequency if it is interested in service offered on the associated NCT due to the following reason:
· UE may change its interest on different NCTs associated with the same PCC. Signaling NCT frequency may result in more frequent reporting of MBMS interest indication from UE compared to indicating PCC frequency, thereby increasing system overhead.

It is also possible that one NCT may be attached to multiple PCCs and in this case:

· SIB15 indicates the PCC frequency list associate with same NCT

· Optionally , USD provides PCC frequency list associated with same NCT

UEs in RRC_IDLE state can prioritize the PCC frequency list over the rest frequencies and among the prioritized frequency list, equal priority inter-frequency cell reselection criteria in [8] is applied. UEs in RRC_CONNECTED state can indicate PCC frequency with best unicast measurement among the associated PCC frequency list.
4
Conclusions 

In this contribution, we discussed some design aspects with respect to service continuity when eMBMS is supported on NCT. In particular, we propose:

· USD provides the session start and end time, the frequencies, the MBMS SAIs and TMGI for each service

· System information block SIB15 provides the MBMS SAIs of the current frequency and of each neighbor frequency
· If a frequency belongs to NCT in the MBMS service area, the associated PCC frequency list is further provided

· UE can prioritize PCC frequency if SAI of NCT frequency as indicated in SIB15 is indicated in USD 

· If more than one PCC frequency is included in the associated list, UE can apply equal priority inter-frequency cell reselection among the associated list
· To better provision for scenario where a cell may not support service continuity, it is further recommended that:
· The frequencies include PCC frequency and NCT frequency

· If a frequency belongs to NCT in the MBMS service area, the associated PCC frequency list is further provided in USD
· If more than one PCC frequency is included in the associated list, UE can apply equal priority inter-frequency cell reselection among the associated list

· Frequency information of PCC and NCT is made available to BM-SC via OAM
· UEs in RRC_CONNTECTED state signal the associated PCC frequency instead of NCT frequency when service of its interest is offered on NCT

· If more than one PCC frequency is included in the associated list for same NCT, UE can indicate the PCC with best unicast measurement among the associated PCC frequency list
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