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1. Introduction

A new carrier type (NCT) is currently being standardized for LTE Release 12, where the distinguishing features compared to a legacy carrier type include the absence of the legacy common control channel and cell-specific reference signals (CRS). Furthermore, it was agreed that the NCT shall operate as a secondary component carrier (SCC). Thus, as in Rel-11 carrier aggregation, all required system information for the serving secondary cell (SCell) on the NCT can be provided to a UE by dedicated signaling. A natural question to ask is what additional benefits may accrue if the NCT is operated as a standalone carrier, i.e. if a UE can attach to the NCT as a primary cell. Therefore, the NCT WI was revised in [1] to include the following objectives: 

· Evaluate the benefits achievable from the standalone New Carrier Type over those achieved from legacy LTE and from the carrier aggregated New Carrier Type 

· Identify the scenarios for the standalone New Carrier Type

In this contribution we first describe some possible scenarios for a standalone NCT. Secondly, we evaluate the afore-mentioned benefits of a standalone NCT in comparison to operating a legacy carrier type with an energy saving feature such as a dormant mode (cell DTX).

2. Discussion
The factors motivating introduction of a NCT include energy efficiency, reduced interference in heterogeneous networks and increased spectral efficiency. In our view the main driver for NCT is improved energy efficiency, whereas the other benefits arise from the overhead reduction gained by removing legacy control channels and CRS transmissions. Different scenarios for standalone NCT are as follows:

· Scenario A: as described in a prior contribution [2], one use case for a standalone NCT is for a dedicated carrier F2 that is deployed on a small cell layer in addition to F1 on the macro layer as shown in Figure 1. 
· Scenario B: an extension to Scenario A is where the macro layer operates two carriers F1 and F2, where F2 is deployed as a NCT. Some macro UEs can be configured with an NCT-SCell, whereas for other purposes e.g. load balancing, a macro UE in non-CA mode on F1 can be handed over to the small cell layer on F2.
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Figure 1 HetNet with dedicated carrier as NCT for small cell layer
In a highly dense small cell deployment it is possible that for a significant number of small cells, cell occupancy depends on the time of day or even on the eNB density within a macro cell area. Possible benefits of standalone NCT include:

· Removing legacy control signals and CRS may provide significant energy savings for underutilized cells. This approach moves the legacy “always on” DL transmission mode to an “on demand” mode.  For example, when no UEs are being served by a cell, a standalone NCT can provide roughly 80% energy savings (assuming only 1 out of 5 subframes transmit reduced 1-port CRS and PSS/SSS).
· Transmitting a reduced 1-port CRS may also reduce the need for a CRS interference canceller on the PDSCH region of a neighboring cell.
· Possibly lowers cost of small cells if inter-band CA does not have to be supported.  
On the other hand, there are several specification aspects that need to be addressed for a standalone NCT. Some aspects to consider include:
1) If the Rel-11 agreement that reduced CRS is not used for demodulation is re-confirmed, a new mechanism may be required for DMRS-based transmission  of system information, paging notification and other common control signaling
· For the PBCH, a means of transmitting critical information contained in the MIB, which, at a minimum, includes the DL bandwidth and system frame number.
· Specification of a common search space (CSS) may be required for EPDCCH to transmit common control information, group power control commands etc.
2) Specification of RRM/RLM procedures for mobility and handling RLF events
3) Cell identification and accessibility: a mechanism is needed to bar UEs of a previous release from a standalone NCT. In previous releases, the UE shall acquire MIB and at least SIB1 to determine if the cell is barred. If location of the PSS/SSS is not changed for a standalone NCT this implies increased UE energy consumption for discovering accessible cells particularly in a highly dense small cell deployment. As such, the savings in energy consumption at the network side is now offset by increased energy consumption at the terminal side. 
Observation: although this list is by no means exhaustive, it should be clear that designing new signals, channels and procedures inevitably leads to an extensive re-design of the LTE air interface and is highly undesirable. It is arguably more practical to strive for a re-use of existing signals and channels to achieve the potential benefits of a NCT. 
The specification impact of a standalone NCT can be reduced if the standalone NCT is deployed in a cell within coverage of a legacy carrier type but it is not accessible through initial cell search. In Figure 1 an RRC_IDLE UE could first connect to the macro cell during initial cell search. Subsequently, RRC_CONNECTED mobility procedures can be used to hand over the UE to the small cell layer or simply to a different carrier controlled by the same macro eNB (Scenario B above). In this case it should be possible to provide the UE with system information about the small cell layer including information on whether F2 is deployed as a NCT. Furthermore, if the macro cell in Figure 1 deploys F2 as a NCT-SCell, measurements on the SCell are considered as intra-frequency and aid the handover process to the small cell. Nevertheless, a standalone NCT requires further investigation of RRM/RLM procedures.

Observation: for small cells deployed within macro coverage it should be possible to provide an RRC_CONNECTED UE with all system information for a standalone NCT. Initial cell from RRC_IDLE may not be permitted.
Another possible approach to reduce specification impact of a NCT is to consider time multiplexing of subframes designed for legacy carrier and new carrier types. Such a mixed use alleviates the specification impact of a standalone NCT by re-using legacy PBCH and PDCCH.

Proposal: if a standalone NCT is to be specified, consider time multiplexing of subframes designed for legacy carrier and new carrier types.

2.1. Cell DTX (Dormancy mode)

An even more rigorous approach to energy saving is the concept of cell DTX – also known as a dual state active-dormant eNB. For an underutilized (or fully unloaded) cell, the eNB can enter a DTX phase and return to an active state when indicated by the network or via UE assistance. This concept was previously investigated in the context of energy savings in RAN3 and possible solutions were provided in [3]. The amount of energy savings is dependent on the DTX cycle. For example, [4] shows that for a DTX cycle of 320 ms, up to 98% savings are possible for an unloaded cell. Additional benefits of cell DTX include:

· Applicable to any cell layer (macro or small cell).
· Is backward compatible and some techniques may not require specification as described in [3].
To improve operation in a highly dense small cell network with significant underutilized cells, some enhancements may be considered for cell DTX:
1) Handling of dormant state and state transitions between active and dormant states without negatively impacting user experience

· Revised procedure for RRM/RLM/CSI measurements during dormant state

2) UE detection of neighboring cells in a dormant state e.g. a discovery signal

Proposal: any enhancements for cell DTX operation should clearly show significant gains over backward compatible techniques. 
3. Conclusion

This contribution evaluated the scenarios and specification impact of a standalone NCT. We also considered a different but complementary technique of cell DTX. Our conclusions and recommendations are as follows:

· Specifying a standalone NCT potentially leads to an extensive re-design of the LTE air interface
· If a standalone NCT is to be specified, consider the following options to alleviate the specification impact 
· Time multiplexing of subframes designed for legacy carrier and new carrier types. 
· For small cells deployed within macro coverage it should be possible to provide an RRC_CONNECTED UE with all system information for a standalone NCT. Initial attachment from RRC_IDLE may not be permitted.
· Cell DTX operation can be left to implementation. Therefore, any specification enhancements should clearly show significant gains over backward compatible techniques.
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