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1. Introduction

One of the drivers for introducing a new carrier type (NCT) for a secondary serving cell is improved energy efficiency compared to a backward compatible carrier type (BCT). This is mainly achieved by moving from the legacy “always on” DL transmission mode to an “on demand” traffic mode, where control and demodulation reference signals are only transmitted when there is DL data. As energy efficiency is an important goal for future wireless networks, it was argued during RAN1 #72bis discussions that the NCT design should not be restricted to carrier aggregation scenarios. In a previous contribution [1] we compared energy savings of NCT to cell DTX on a BCT. This contribution extends the comparison by delving more deeply into the differences and associated specification for each approach.
2. Discussion
Significant savings in energy consumption can be realized by smarter transmission techniques and hardware improvements to base station components such as the power amplifier, analog/digital front ends and baseband circuitry. From a RAN perspective, energy savings can also be realized by turning off transmission when there is no data traffic. In this section we compare energy savings by deploying an NCT to cell DTX taking into account support of RRC_IDLE UEs.

2.1. Energy efficiency using the NCT
An underlying assumption of deploying the NCT as a standalone carrier is that at some future time, there exists a network that does not contain pre-Rel-12 UEs. Although such a view is arguably unrealistic in the near future, this is out of the scope of this contribution as it is more a question for operators. For a standalone carrier the NCT can be deployed in both a coverage layer and a capacity layer. If a capacity layer is provided by small cells in urban areas where traffic is dependent on the time of day, these small cells can be turned off with basic coverage provided by macro cells. Therefore, cell DTX (dormancy) may not be suited for the coverage layer to guarantee a minimum quality of service. Thus, it was argued in [2] that the only way to obtain energy savings for the coverage layer is by deploying the NCT. For an unloaded cell, the energy savings for an NCT is capped at 80% for an FDD system assuming off-on transitions on the order of 1ms. This can be achieved by transmitting PSS/SSS and tracking RS in subframes 0 and 5 of a radio frame. 
If a standalone NCT is to be supported, it should support both RRC_IDLE and RRC_CONNECTED UEs. Achieving this design objective requires specification of a common search space (CSS) on the EPDCCH, an enhanced PBCH and new RRM procedures. 
For RRM it should be determined what DL signal shall be used for performing RSRP/RSRQ measurements. The two options are:
1. CSI-RS: this requires provision of a default CSI-RS configuration to RRC_IDLE UEs for cell (re)selection. To maximize energy savings in an unloaded cell the default CSI-RS should be transmitted in subframes containing tracking RS and/or PSS/SSS (assuming tracking RS and PSS/SSS are transmitted in the same subframe). This is a scheduling restriction as it reduces configuration flexibility of CSI-RS across neighboring cells. 

2. Tracking RS: RSRP/RSRQ measurements can be performed on the tracking RS. There is little to no specification impact for this approach since it is same as measuring CRS port 0 with a time-domain measurement resource restriction. 
2.2. Energy efficiency using cell DTX 

For an underutilized (or unloaded) cell, the eNB can enter a DTX phase and return to the active state based on either network signaling or via UE assistance. The amount of energy savings is dependent on the DTX cycle, where for a DTX cycle of 320 ms the achievable energy savings is 98% [3]. One possibility to address energy savings for the coverage layer is to turn off some cells and compensate for the created coverage holes by increasing coverage of other active cells. This approach is currently being investigated in RAN3 [4]. 
It is also instructive to consider the handling of dormant-active state transitions taking into account user experience and support of RRC_IDLE UEs. 
1. Mechanism for discovery and RRM measurements: a low duty cycle signal such as a discovery signal (DS) may be needed to identify cells in DTX mode. 

2. Similarly to NCT, new RRM procedures may be required to support RRC_IDLE UEs for cell (re)selection. Specifically, RRM measurements need to be performed on either a discovery signal, if specified, or on existing DL signals transmitted during the active part of the DTX cycle. This is equivalently another form of time-domain measurement resource restriction.
3. Conclusion

This contribution provided some analysis of the specification impact of energy savings techniques for NCT and cell DTX on a BCT. Our observations are that
· Supporting RRC_IDLE UEs for both NCT and cell DTX may require some changes to existing RRM procedures. 

· For NCT the tracking RS can be used for RRM measurements
· Energy savings for a coverage layer should not be the main driver for specifying a standalone NCT as other energy saving mechanisms are feasible.
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