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1 Introduction

In the RAN #58 meeting, the WID of new carrier type (NCT) was approved. One of the objectives is specifying the necessary UE mobility support for both non-standalone NCT and standalone NCT, if the latter can be justified [1]. In the RAN1 #68bis meeting during LTE Rel-11 time frame, it was agreed to transmit the reduced CRS (RCRS), a Rel-8 CRS port 0 with 5 ms periodicity, on the NCT [2]. An LS was sent to RAN4 to ask how the RRM measurement should be handled for the NCT [3]. 
In this contribution, RRM measurement across carrier types is studied considering various cases including the same and different frequency deployments of the NCT and a backward compatible carrier type (BCCT), non-standalone and standalone NCT, RRC idle and connected UEs. Carrier type identification is also considered since it impacts the reference signals available for RRM measurements. Note that a BCCT can be a legacy carrier or a Rel-12 backward compatible carrier. This contribution does not address the pending issues about the density of the RCRS in the frequency and time domains, which are handled in RAN4.
2 RRM measurement
Generally, a RRM measurement, which includes RSRP and RSRQ measurements, is used for cell reselection for a RRC idle UE and for cell addition/deletion and handover for a RRC connected UE. Naturally, a UE should always perform RRM measurement for its serving cell. For neighbor cell RRM measurement, a UE first detects the PCI of a target cell to acquire the location and scrambling of the CRS, and then performs the measurement based on the CRS. 
In LTE Rel-8-11 systems, a legacy UE in the RRC idle mode should perform the neighbor cell intra-frequency measurement if SServingCell ( Sintrasearch, or if Sintrasearch is not signaled in the serving cell, where SServingCell is the Srxlev-value of the serving cell, and Sintrasearch is a threshold value [4]. For the neighbor cell inter-frequency measurement, absolute priorities of different frequencies can be provided to the idle UE in the system information by CellReselectionPriority [4]. Moreover, a neighbor cell list (IntraFreqNeighCellList or InterFreqNeighCellList) or a black cell list (IntraFreqBlackCellList or InterFreqBlackCellList) can be optionally provided in the system information [5], and the idle UE shall not consider any black listed cells as candidates for cell reselection. The RRM measurement for a RRC connected UE is configured by the dedicated RRC signaling with the IE MeasObject which contains the carrierFreq and other optional information such as cell lists [5]. 
2.1 Solutions for RRM measurement in Rel-12
Considering the NCT will be introduced in Rel-12, a Rel-12 UE can perform RRM measurement by the following options: 

· Option 1: A unified scheme is used for measuring both a NCT and a BCCT. 

A straightforward scheme is that a Rel-12 UE always measures a LTE carrier (a NCT or a BCCT) based on the RCRS, which only requires low UE complexity. However, if the low density of RCRS degrades the measurement quality for a BCCT compared to legacy RRM requirements, new RRM requirements may be needed for a Rel-12 UE measuring a BCCT [6]. Another issue is whether the measurement quality based on the RCRS on the NCT is acceptable, which should be decided in RAN4. Alternatively, a Rel-12 UE could take RRM measurements assuming CRS port 0 is available in every subframe to avoid compromising the measurement quality on a BCCT, but this method could be worse than just measuring the RCRS for a NCT. Therefore, measuring only the RCRS would be preferable for option 1. 

Observation 1: A unified scheme for a Rel-12 UE to perform the RRM measurement on different carrier types would simplify the UE complexity, e.g. using only the reduced CRS for RRM measurement.
· Option 2: A Rel-12 UE first identifies the carrier type and then performs the measurement according to the identified carrier type. 

If the accuracy for option 1 with only the RCRS is not sufficient, or if enhanced methods for RRM measurement for Rel-12 UEs are deemed necessary, option 2 can be considered. If the carrier type is identified as a BCCT, a Rel-12 UE can assume that all the DL subframes contain CRS for measurement. If the carrier type is identified as a NCT, a Rel-12 UE can perform the measurement based on the RCRS if the performance can be justified by RAN4, or some enhanced measurements can be designed for the NCT, such as reserving some default CSI-RS patterns or configuring some CSI-RS patterns for idle and connected mode RRM measurement, respectively. In this option, two measurement behaviors for a Rel-12 UE need to be specified based on the measured carrier type, and methods for NCT identification should be developed accordingly as discussed in section 2.2. 
Observation 2: Two measurement behaviors for a Rel-12 UE need to be specified based on the measured carrier type if legacy RRM measurement quality is to be maintained on BCCT and/or NCT, and methods for NCT identification need to be developed accordingly.

Proposal 1: The discussion on the RRM measurement should take the carrier type identification into account.

For both option 1 and option 2, the quality of RRM measurement based on the RCRS either on a BCCT or a NCT should first be confirmed by RAN4.

Proposal 2: The quality for a Rel-12 UE measuring a BCCT and whether the RCRS is sufficient for measuring a NCT should first be confirmed by RAN4. 

2.2 Carrier type identification for RRM measurement
Some general methods for NCT identification are discussed in a companion contribution [6], e.g., by introducing new relative locations of PSS and SSS, blindly detecting CRS if the relative location of PSS and SSS is kept, and blindly detecting the broadcasting channels. In this section, we also discuss higher layer signaling methods for carrier type identification based on system information or dedicated signaling depending on different cases, such as same and different frequency deployment of the NCT and a BCCT, non-standalone and standalone NCT, RRC idle and connected UEs. 
Case 1: Intra-frequency measurement for idle mode 
One possibility for deploying the NCT and a BCCT on the same frequency is to consider a gradual LTE system evolution. For case 1, a legacy UE may detect the NCT and perform the RRM measurement even if it cannot identify the NCT, but it probably cannot camp on the NCT due to the absence of essential system information if a non-standalone NCT does not carry system information, or if a new broadcasting channel is designed for a standalone NCT. Such measurements on the NCT would increase power consumption for legacy UEs. 
Note that it is not preferable to configure a unified black list which contains PCIs of neighbor NCT cells since Rel-12 UEs would also be blocked to perform the measurement on the neighbor NCT cells. However, allowing the possibility to configure a separate cell list for Rel-12 UEs can be considered. Furthermore, an idle UE would not camp on a non-standalone NCT, so preventing a Rel-12 UE from measuring a non-standalone NCT can save power consumption. Non-standalone NCT cells can also be put into a black cell list to avoid being measured by both legacy and Rel-12 UEs.
Separate black cells lists can be provided for legacy and NCT-capable UEs.

For Rel-12 UEs, a neighbor cell list which contains the combination of the PCI and the corresponding carrier type or RS configuration for measurement of a cell can be provided in the IntraFreqNeighCellInfo in the system information. Hence, when a Rel-12 UE performs the measurement for cell reselection, it can identify the measured carrier type by reading the cell list. 
The combination of the PCI and the related carrier type or RS configuration for measurement can be included in the IntraFreqNeighCellInfo of system information.

Case 2: Inter-frequency measurement for idle mode 
In one situation of this case, a NCT and a BCCT are not deployed on the same frequency. If one frequency is only deployed with non-standalone NCT cells, this frequency should not be added into the interFreqCarrierFreqList in the system information or should be configured with the lowest cellReselectionPriority. If both non-standalone and standalone NCT cells are deployed on the same frequency, a Rel-12 idle UE needs only to measure the standalone NCT cells. For NCT identification, the combination of the dl-CarrierFreq and the related carrier type or RS configuration for measurement can be included in the InterFreqCarrierFreqInfo of system information. In addition, a black list can also be configured to avoid the non-standalone NCT cells being measured which is similar as the case of intra-frequency measurement. 
In another situation of this case, a NCT and a BCCT can be deployed on the same frequency, e.g., f1. Then, for the inter-frequency measurement on f1, both the PCI and the related carrier type or RS configuration for measurement needs to be signaled. 
The combination of the dl-CarrierFreq, the PCI and the related carrier type or RS configuration for measurement can be included in the InterFreqCarrierFreqInfo of system information.

Case 3: Intra-frequency or inter-frequency RRM measurement for connected mode

The RRM measurement for a RRC connected UE is configured by dedicated RRC signaling. For NCT identification, the combination information of the carrierFreq, the PCI and the carrier type information or RS configuration for measurement can be indicated in dedicated RRC signaling. Furthermore, considering that the inter-frequency measurement in connected mode can be used for cell addition, there is no need to differentiate from non-standalone and standalone NCT. 
The combination of the carrierFreq, the PCI and the related carrier type or RS configuration for measurement can be included in the MeasObjectEUTRA of RRC dedicated signaling.
In conclusion, we can observe that higher layer signaling schemes can also be considered for the carrier type identification for RRM measurement, and this is a RAN2 topic. Therefore, it is proposed to send an LS to inform RAN2 about the above discussion. 
Observation 3: Higher layer signaling schemes can be considered for carrier type identification for RRM measurement, including:
· Separate black cells lists can be provided for legacy and NCT-capable UEs.
· The combination of the PCI and the related carrier type or RS configuration for measurement can be included in the IntraFreqNeighCellInfo of system information.

· The combination of the dl-CarrierFreq, the PCI and the related carrier type or RS configuration for measurement can be included in the InterFreqCarrierFreqInfo of system information.

· The combination of the carrierFreq, the PCI and the related carrier type or RS configuration for measurement can be included in the MeasObjectEUTRA of RRC dedicated signaling.
Proposal 3: Send an LS to RAN2 on the carrier type identification for RRM measurement.
3 Conclusions
In this contribution, RRM measurement across carrier types is studied considering various cases including the same and different frequency deployment of the NCT and a BCCT, non-standalone and standalone NCT, RRC idle and connected UEs. In addition, other related topics are discussed such as carrier type identification and synchronized NCT. Based on the discussion, the following proposals are given: 
Proposal 1: The discussion on the RRM measurement should take the carrier type identification into account.

Proposal 2: The quality for a Rel-12 UE measuring a BCCT and whether the RCRS is sufficient for measuring a NCT should first be confirmed by RAN4. 

Proposal 3: Send an LS to RAN2 on the carrier type identification for RRM measurement. 
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