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1. Introduction
The Rel-12 New Carrier Type work item [1] continues the work started in Rel-10 and continued during Rel-11 with the aim of standardizing new, improved carrier type for LTE. There have been a number of proposals presented over the last couple of years aiming at various scenarios. Some of the proposed NCT designs have been at least partly backwards compatible, while others do not permit legacy UE accessing the NCT. 

During the Rel-11 studies, three main drivers for non-standalone NCT were identified:

· Energy efficiency

· Not having to transmit common signals in every subframe allows for the eNodeB switching off some of the circuitry to save power during e.g. low load.
· Improved support for Het Net

· Not transmitting cell-specific signals in every subframe allows for completely blank subframes.

· Better possibilities for TDM and FDM ICIC
· Enhanced spectral efficiency

· In the scenarios where DM RS would be used for modulation, CRS are largely redundant with respect to at least data channel demodulation. Overhead saving for eliminating / reducing CRS would increase spectral efficiency.

The uncompleted Rel-11 work assumed a new carrier type based on reduced CRS (DM RS based operation, CRS transmitted only every 5ms for the purposes of synchronization and RRM measurements) but would not be used for demodulation of any channels. The latest NCT WID updated in RAN#58 indicates that the Rel-11 agreements will also form the basis for the NCT work in the 1st phase (NCT as SCell). Furthermore, regarding the 2nd phase of the WI, two further enhancements are to be studied, taking e.g. work on small cells into account:

· NCT with reduced CRS as a PCell (i.e. stand-alone operation)
· eNodeB Dormancy

Before the starting of the 2nd phase of NCT WI, according to the WID RAN1 is tasked to:
·  “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
This contribution presents considerations regarding the stand-alone NCT operation, taking the two different stand-alone NCT designs into account, namely one based on reduced CRS and one using eNodeB dormancy. 
2. Discussion
In the following we briefly discuss some of the high level properties of stand-alone NCT with reduced CRS and eNodeB dormancy taking various key aspects into account.
2.1 Energy efficiency

Network energy efficiency is one of the key aspects for the future radio networks, and was also identified as one of the three main drivers for NCT in Rel-11. Reduced CRS NCT allows for energy efficient network operation as common signals (reduced CRS, PSS/SSS, CSI-RS etc) need to be transmitted only in every 5th subframe. In the case of low network load, part of the eNB functionality can be turned off to save energy. Similar benefits can also be achieved with eNodeB dormancy. The basic idea in eNodeB dormancy is to introduce two eNB states, active and dormant. Unloaded cells can be set into dormant state, allowing for eNB suspending transmission in general including common signals, such as CRS.  
2.2 Improved support for Het Net

Reduced CRS NCT provides improved support for HetNet via allowing for (4 out of 5) subframes that are completely free from common signals, i.e. completely blank if no data is scheduled. But here we might need to consider, that CRS cancelation for TDM ICIC in Rel. 11 and the Rel.12 CRS cancelation work on homogeneous deployments now starting in RAN4 is already addressing the issue of CRS interference and will therefore ease this situation.
Furthermore, possibilities for applying frequency domain ICIC are improved due to DM RS based operation and the absence of CRS, as in Rel. 11 this is limited to coordinating the v-shifts of the CRS. Depending on the configuration, eNodeB dormancy can also provide benefits in TDM ICIC while from FDM perspective there is no difference to Rel-11.
2.3 Enhanced spectral efficiency

While eNodeB dormancy does not directly impact spectral efficiency, Reduced CRS NCT eliminates CRS to a large extent and relies solely on DM RS for demodulation. This helps in reducing overhead in scenarios, where DM RS would be primarily used for demodulation (e.g. with 4 or 8 TX operation). This in turn improves the spectral efficiency of DM-RS based transmission modes now only considering PDSCH spectral efficiency on the allocated PDSCH PRB pairs. Looking at the overall spectral efficiency of the LTE carrier, we need to take into account also other channels that currently utilize CRS for demodulation, as PBCH, PDCCH CSS, PHICH etc and the new “enhanced channels that would need to replace them”. The achievable overhead reduction depends on the baseline used in comparison. Some examples for CRS overhead reduction are shown in Figure 1. 
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Figure 1. NCT overhead reduction compared to different baselines (20 MHz BW)
2.4 Backwards compatibility
Reduced CRS NCT is strictly non-backwards compatible, i.e. Rel-8/9/10/11 UEs are not able to access NCT with reduced CRS at all.
eNodeB dormancy can in principle be applied on top of a legacy LTE carrier. In the simplest form, during the active state the carrier could look exactly like a legacy carrier. Figure 2 shows a rough sketch of how dormancy operation could be applied. Presumably eNodeBs can benefit from dormancy primarily when the network load is low (e.g. to save energy during quiet hours) whereas during busier hours the cell would likely be in active state all the time, during which legacy UEs would also be able to access the cell. We note that there exists already today mechanisms for controlling the access of UEs to a given carrier (e.g. cell barring), and it should be possible to bar the legacy UEs from trying to access Rel-12 cell when it is in the dormant state. 
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Figure 2: Example of load dependent operation of eNB dormancy
2.5 Specification and implementation effort
Reduced CRS NCT relies solely on DM RS for demodulation. As a consequence, legacy control signalling cannot be applied, and new DM RS based mechanisms are needed. A minimum set of agreements to make stand alone Reduced CRS NCT work includes:

· Confirmation of tentative Rel-11 agreements including: 

· Definition of reduced CRS

· DM RS & PSS/SSS collision avoidance

· RRM measurements

· Stand-alone functionality including:
· EPDCCH common search space

· Other DM RS based DL control channels (EPHICH etc.)
· System info broadcast mechanism using DM RS (i.e. PBCH and SIB transmissions)
· RACH procedure, paging etc

· Mobility and cell search related procedures

· Etc.
Essentially, defining non-backwards compatible stand-alone NCT corresponds to defining a new radio air interface, i.e. a new radio system. As a consequence, the related standardization and implementation effort is very significant. Moreover, for some common channels (as e.g. PBCH) we will just need to replace the current CRS with some new “cell-specific DM-RS” in order to enable this operation, questioning here the reason to replace one cell-specific reference signal with another one.
As discussed, eNodeB dormancy NCT could appear as a legacy carrier, when in active state. For dormancy operation to be applicable, the means for handling transmissions between dormant and active states are needed. Additionally, it may be necessary to standardize means for UE to discover dormant cells including related RRM procedures. 
3. Conclusions

In this contribution we compared the two NCT designs, namely reduced CRS and eNodeB dormancy, from various aspects. Our findings are summarized in Table 1 below. 
Table 1. Comparison of Stand-alone NCT with reduced CRS and eNodeB dormancy type of NCT. 

	
	Stand-alone NCT with Reduced CRS 
	eNB Dormancy 

	eNodeB energy saving 
	++  Savings through reduced transmission of common signals (if no data to transmit, only every 5th subframe is active)
	++ Possible to move eNodeB to dormant state during low network load

	Enhanced support for HetNet 
	++ Improved support for TDM and FDM ICIC through fully blank subframes and DM RS based operation
	+ improved support for TDM ICIC through fully blank subframes 

	Overhead reduction 
	+ slight overhead reduction possible depending on the antenna config, transmission mode and the baseline release
	No overhead reduction compared to Rel-11 

	Performance 
	Performance DM RS based operation slightly unclear (EPDCCH, EPBCH etc)
	Performance as in Rel-11 

	Backwards compatibility 
	- - - Strictly non-backwards compatible: Rel-8/9/10/11 UEs cannot access the carrier
	++ Legacy UEs can access during (longer) active periods

	Specification & implementation effort 
	- - - Very large specification & implementation effort for eNB & UE (incl. stand-alone access procedures and related operation)
	- Dormancy signaling definition & related implementation needed (basic legacy channel operation is still possible)


From Table 1 one can observe that while the motivations and the benefits of the two NCT types are largely the same, there are a few key differences that need to be carefully considered. Most importantly, Reduced CRS based NCT breaks backwards compatibility and leads to significant specifications and implementations effort, in multiple RAN WGs and both in the UE as well as in the eNodeB. Given that the benefits of reduced CRS type of NCT appear to be minor when compared with eNodeB dormancy, our recommendation would be to focus the further work in the NCT WI on specifying support for eNodeB dormancy.  
Observation: Most of the benefits of stand-alone reduced CRS –NCT can also be obtained with eNodeB dormancy. Moreover, the standardization and implementation complexity is expected to be significantly smaller with eNodeB dormancy, and the access of legacy UEs to the cell can be enabled.
This leads us to the following proposal:

Proposal: The second phase of the NCT WI should focus on stand-alone NCT based on eNodeB Dormancy.
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