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1 Introduction

In the RAN #58 meeting, the WID of new carrier type (NCT) was revised with one of the objectives for specifying necessary means to support a dual dormant/active state if it can be justified by the small cell related studies [1]. A dual dormant/active state may apply for a NCT aggregated with a legacy carrier and/or operating in a macro assisted mode, as well as for a standalone NCT if the introduction for the standalone NCT is justified. In this contribution, the dual state cells are discussed from energy saving point of view, as well as the small cell discovery and RRM measurement. 
2 Discussion on dual state cells
The dual states include an active state and a dormant state. For a carrier in the active state, normal data transmission can proceed, and therefore, the carrier needs to transmit the relevant signals for synchronization, measurement and demodulation, e.g., PSS/SSS, CRS and DMRS. For a carrier in the dormant state, the power amplifier (PA) for DL transmission is turned off for a long time interval, while short transmission periods may be allowed with potential limits on the signals and channels that can be transmitted in these short periods. Based on such a definition for the dual states, we discuss the motivations for introducing dual states from the energy saving perspective in this section. 
The topic for the eNB side energy saving has been discussed in a previous RAN1 study [2]
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[3]. As long as legacy UEs contribute regularly to the traffic load in the network, the eNB should keep transmitting the CRS/PSS/SSS since a legacy UE would assume the existence of CRS in every DL subframe. To reduce the energy consumption due to transmitting the CRS, one can configure MBSFN subframes during the low load period [3], even if the method is limited by the fact that CRS is still transmitted during at least one symbol of a MBSFN subframe and at most six MBSFN subframes can be configured. Other methods for saving energy were also discussed [2], such as reducing the number of transmit antennas, flexible bandwidth reconfiguration and configuring more UL subframes in a TDD system, etc. Hence, the RAN1 conclusion from [10] still holds that LTE supports energy efficient network operation within the existing RAN1 specifications. 
Observation 1: Implementation related methods, such as configuring MBSFN subframes, can achieve energy efficient network operation for a legacy carrier.
During the non-standalone NCT discussion in Rel-11, CRS reduction was one of the main objectives, and it was agreed in the RAN1 #68bis meeting that only Rel-8 port 0 CRS (called RCRS) is transmitted on the NCT with increased subframe periodicity [4]. Thus the RCRS has benefits in terms of reducing the interference and overhead which should translate into improved spectral efficiency of the system. Whether the RCRS will be able to substantially reduce the energy consumption in the network further has not been evaluated by RAN1. Such evaluations are typically also not easy to perform, since it is dependent on the proprietary eNodeB implementation, including the PA technology and parts other than the RF as well. 
In the future, there will be increased HetNet deployments, where the coverage is maintained by a legacy carrier deployed on the Macro cell, and small cells within the coverage of the Macro cell are deployed with the non-standalone NCT for high data rate transmission. In this case, if there is no load under the coverage of a small cell deployed with a non-standalone NCT, powering off a small cell for more efficient energy saving can be realized by the eNB implementation, considering that the non-standalone small cell is not used for initial access and idle mode camping. Other scenarios for deploying non-standalone NCTs are not precluded, e.g., where some of the cells in a Macro eNB can be deployed with the non-standalone NCT. 
Observation 2: Turning off the PA of a non-standalone NCT can provide further energy savings without impact on UEs in idle mode or UEs attempting initial access. 
There have already been studies for the active/dormant state of a cell in RAN3 [5]
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[6]. A few solutions were discussed for the switching between the dual states, including load period based, neighbouring cell activation based, IoT and cell listening based, probe transmission and UE measurement based, and location based schemes. These solutions are analyzed in [6] for performance and standard impact, and some of them may also be applicable for the dual state NCT. 
In [7], it is said that the main difference between the dual state cell and the pre-existing RAN3 study is that the dual state cell discussed in [7] provides dynamic state transitions, which means that the state transitions may occur frequently or may not be known in advance by UEs and another eNB. However, it should be studied first how much benefit the dynamic state transition can achieve. Furthermore, dynamic state transition may bring frequent changes of the interference conditions, which can impact the RRM measurement. 
Proposal 1: RAN1 should first study how much benefit can be achieved by introducing a dormant state with dynamic state transitions compared with the existing solutions discussed in RAN3. 
Note that the above analysis is also relevant for deployments with a standalone NCT, where the same benefits in terms of energy savings can also be expected when other frequency layers provide the coverage.

3  Discussion on cell discovery 
If a dormant state is introduced in Rel-12, one candidate solution is to transmit a new DL signal with a relative long periodicity at least in the dormant state [7] in order to provide a method for the UE to discover and perform possible RRM measurements for the cell, although other solutions can be also considered. From the perspective of RRM measurement in HetNet, such a DL signal can be called a discovery reference signal as proposed in [8]. Note that RRM measurement in HetNet can be seen as another reason to introduce a new signal for small cells discovery and associated measurements even if a dormant state is not defined in Rel-12. 
Specifically, the neighbor cell measurement during RRC connected mode in legacy Rel-8/9 LTE systems is used for handover purpose, and the measurement is configured by the eNB on demand, especially when the signal of the serving cell is becoming weaker. However, in the HetNet deployment where some of the small cells are located even in the cell center of a Macro cell, the eNB may need to configure the UEs to measure the small cell layer frequently, even if the signal of the Macro cell is good enough. This can consume more power for a UE, and may also interrupt the data transmission from the serving cell considering that the measurement gap has to be configured for inter-frequency measurement.
With a discovery reference signal, the UE could perform the inter-frequency small cell measurement less frequently to reduce the power consumption, and still achieve acceptable RRM performance at least for the non-standalone small cell deployment, since the measurement is not used for handover and since RRC connection can be kept on the PCell on the Macro layer. Note that the case of standalone small cells is also not precluded. Furthermore, it may be preferred to transmit the discovery reference signals from multiple or all neighbor small cells into a common time interval so that a UE can detect and measure discovery reference signals from these neighboring small cells at least on one frequency band with one or a few attempts, in order to reduce UE power consumption [8].
Considering that the non-standalone small cells can only transmit the discovery reference signal when there is no load under the coverage of these small cells, there may be issues for the RSSI measurement since a UE may add the power of the discovery reference signals from the dormant small cells into the RSSI calculation, which would underestimate the RSRQ. In addition, alternatives for the issue of the RRM measurement in HetNet scenarios can also be considered in [9], e.g., by using proximity indication and location information, etc. 
Proposal 2: Considering the potential need for cell discovery in dormant state and RRM measurement in HetNet, it should be further studied whether to introduce a discovery reference signal. 
4 Conclusion

In this contribution, the issues for the dual state cells are discussed from energy saving point of view, as well as small cell discovery and RRM measurement. In summary, the following are proposed:
Proposal 1: RAN1 should first study how much benefit can be achieved by introducing a dormant state with dynamic state transitions compared with the existing solutions discussed in RAN3. 
Proposal 2: Considering the potential need for cell discovery in dormant state and RRM measurement in HetNet, it should be further studied whether to introduce a discovery reference signal. 
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