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1 Introduction

In the RAN#57 meeting, a WI [1] for New Carrier Type (NCT) was approved and later updated in the RAN#58 meeting [2]. 
During Rel-11 studies, three main drivers for NCT were identified: enhanced spectral efficiency, improved support for HetNet and energy efficiency. Furthermore, the aspect of flexible bandwidth utilization for enhanced spectral efficiency, which has clearly been under the scope of NCT since the beginning and continues to be under the scope of the  Rel-12 Work Item, was especially emphasized in operator papers [3]

 REF _Ref351981632 \r \h 
[4][5].
In this paper, we try to pragmatically consider priorities of the three main drivers with related technical aspects and propose possible ways forward for NCT in Rel-12.    
2 Priorities of main drivers for NCT 
The three main drivers can be further classified into 2 categories: spectral efficiency category and energy efficiency category. 
As stated in the WID [2], “minimizing legacy control signalling and common reference signals reduces the interference and overhead level at low-to-medium loads, allowing for higher end-user throughput and improving system spectral efficiency. This seems especially appealing at the cell edge of homogeneous deployments, in a cell range expansion zone of heterogeneous deployments and for the enhanced local area access in the deployment scenario of low-power nodes with/without coverage of an existing macro-node layer.”, spectral efficiency gains for HetNet can be achieved by the reduced CRS transmission in NCT, which allows completely blank subframes for overhead and interference reduction. Thus, improved support for HetNet can be considered as part of the spectral efficiency category.
Potentially reduced network energy consumption may be obtained as a side-effect of completely blank subframes for enhanced spectral efficiency. Energy efficiency improvements and spectral efficiency improvements sometimes can be achieved simultaneously but most of time, the two requirements conflict with each other. Solutions for energy efficiency enhancements shall not jeopardize spectral efficiency, since RAN1 has already concluded in Rel-10 that LTE supports energy efficient network operation within the Rel-8/9 RAN1 specifications [6]. 
In [7], eNB dormancy with duty cycle “320ms” was proposed. The fundamental difference between eNB dormancy proposal and NCT (reduced CRS) is eNB dormancy/active mode switching is relatively slow (e.g. several hundreds of ms) but NCT allows subframe-by-subframe on/off operation. In this sense, eNB on/off operations through reduced CRS match better to the dynamic nature of traffic load and provides better service (spectral efficiency) to UE. Hence eNB dormancy is a potential energy efficiency improvement proposal with the penalty of spectral efficiency degradation.  

On the other hand, there was “Network Energy Saving for E-UTRAN” [8] WI in Rel-11 for inter-RAT energy saving. Rel-12 SI “Study on Energy Saving Enhancement for E-UTRAN” [9] led by RAN3 is now ongoing for intra-RAT energy saving. The standard impacts of eNB dormancy and energy saving SI seem overlapped and need further clarification.
Proposal 1
· Enhanced spectral efficiency (including HetNet Scenario) is prioritized for Rel-12 NCT WI
· eNB dormancy shall not jeopardize spectral efficiency
Observation 1
· Overlapped potential standard impacts of eNB dormancy and Energy Saving Enhancement SI shall be clarified
3 Aspects for Enhanced Spectral Efficiency 
In the following sections we summarize several important aspects of NCT for enhanced spectral efficiency.
3.1 Flexible Spectrum Utilization
Flexible spectrum utilization is a clear trend in wireless industry. Carrier Aggregation technology introduced in LTE Rel-10 enables non-contiguous spectrum utilization and much more bandwidth support through bandwidth combinations of component carriers. However, flexibility of each component carrier can be further enhanced by virtual system bandwidth, where for example a UE would operate on part of the channel bandwidth as if it were the system bandwidth, and on-demand usage of common channels/signals.
We note flexible spectrum utilization was proposed in [3]
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[4] including removal of guard band and more flexible channel bandwidth definition on top of {1.4MHz, 3MHz, 5MHz, 10MHz,15MHz, 20MHz}. We believe it is possible for RAN4 to define a larger but still finite set of “channel” bandwidths in the future. However, more flexible utilization of “system” bandwidth can be achieved with minor or even no RAN4 impacts (at least in terms of RAN4 Core Requirements). For example, PDSCH bandwidth can be defined with the granularity of PRB since Rel-8 and this principle was extended to EPDCCH from Rel-11, no longer requiring transmission of certain control channels over the entire system bandwidth. More spectrum utilization flexibility can be achieved by further extension of this principle to other physical channels/signals without change of RF filters/duplexers at UE.
Observation 2
· It is possible for RAN1 to strive for more spectrum utilization flexibility while minimizing RAN4 impacts especially avoiding RAN4 framework change
3.2 Virtual Carrier Aggregation
The main benefits of carrier aggregation technology introduced in LTE Release 10 are:

· Aggregating multiple carrier to increase the peak date rate
· Fast carrier selection gain according to interference conditions
· Load balancing by dynamically selecting the serving carrier for UE
In order to obtain all the above three benefits, CA capability is required at the UE. However, only increased peak rate actually requires the UE to receive data on multiple carriers simultaneously. Basically, a UE could maintain synchronization on two carriers while not supporting increased peak data rate nor simultaneous baseband processing on multiple carriers. Such UE could still benefit from carrier switching, and the network from load balancing even without full CA capability for all UEs.
Most benefits of carrier aggregation technology except peak data rate are also desirable to be extended to non-CA capable UE, if possible. In case the New Carrier Type is aggregated with a legacy LTE carrier, CA capability is naturally required for the UE, including increased peak data rate. However, “virtual” carrier aggregation allowing a UE to switch carriers on the order of milliseconds is foreseen to be helpful for system spectral efficiency because more UEs benefit from NCT as well as interference avoidance.
Observation 3
· It is beneficial to extend non-standalone NCT to non-CA capable UEs
3.3 Container of “Any Service”
One important aspect of NCT, as the consequence of striving for spectrum utilization flexibility, is non-backward compatibility. This non-backward compatibility, on the other hand, makes NCT a more efficient container for all the features in Release 12, e.g. eMBMS/small cells/MTC/D2D especially when these features are supported with dedicated carrier. Although LTE was designed from the start for the support of any type of service, some special handling was introduced for e.g. MBMS with a time-domain multiplexing solution, hence compromising some of the efficiency of the legacy LTE carrier.
Machine Type Communication (MTC) and device-to-device (D2D) proximity services are under discussion in the stage of study item in RAN1 meetings. A new WI [10] for eMBMS enhancement was proposed in the RAN#59 meeting. If the features in these topics are introduced, we can expect the increased multiplicity of services and UE types in the future LTE network. Due to non-backward compatibility, NCT is very appropriate to support all these services and UE types. Considering that spectral efficiency is perhaps the most important motivation for NCT, efficient support of these service and UE types is an important target for the design of NCT.
One recommended low cost technique for MTC UEs is to receive data transmission on only part of the system bandwidth [11]. There are several ways of implementing this, so how to support MTC UEs in a carrier needs further discussion. One possibility is that one or several bandwidth partitions within a carrier can be configured to MTC UEs, which would make the carrier more fragmented. How to efficiently support MTC UEs and UEs with the capability of whole bandwidth needs to be further discussed in the context of NCT. 
RAN1 just started to discuss device-to-device (D2D) proximity services and thus it is not clear what kind of characteristic it will bring. However, it is clear D2D in 3GPP shall also use operator’s spectrum and therefore multiplexing with other services is needed in case downlink carrier is used. 
However, it is also very challenging for RAN1 to synchronize the status of all of these WIs. In case of some delayed WIs, forward compatibility for other features (eMBMS/MTC/small cell/D2D) shall be considered in NCT.  
Observation 4
· NCT is a good container for multiplexing of “Any Service”
· Forward compatibility for other (potential) Rel-12 WIs/features is needed in NCT design
4 Possible Ways Forward
Based on the analysis of main drivers and several aspects for the enhanced spectral efficiency, we propose the following ways forward for NCT WI.

Proposal 2
· In a first phase specify the New Carrier Type being aggregated with a legacy LTE carrier:
· Non-standalone NCT can serve both CA capable and non-CA capable UEs.
· Non-standalone NCT as Scell supports flexible bandwidth utilization

· In a second phase specify standalone NCT :
· Broadcast mechanism to acquire system information, a common search space for EPDCCH and UE mobility support
· Standalone NCT as Pcell supports flexible bandwidth utilization
· Multiplexing of “Any Service” in NCT
5 Conclusion

In this contribution we discussed the priority of three main drivers of NCT and analyzed some key aspects for enhanced spectral efficiency purpose. Based on this we made the following observations and proposals.
Observations
· Overlapped potential standard impacts of eNB dormancy and Energy Saving Enhancement SI shall be clarified
·  It is possible for RAN1 to strive for more spectrum utilization flexibility while minimizing RAN4 impacts especially avoiding RAN4 framework change
· It is beneficial to extend non-standalone NCT to non-CA capable UEs
· NCT is a good container for multiplexing of “Any Service”
· Forward compatibility for other (potential) Rel-12 WIs/features is needed in NCT design
Proposal 1
· Enhanced spectral efficiency (including HetNet Scenario) is prioritized for Rel-12 NCT WI
· eNB dormancy shall not jeopardize spectral efficiency
Proposal 2
· In a first phase specify the New Carrier Type being aggregated with a legacy LTE carrier:
· Non-standalone NCT can serve both CA capable and non-CA capable UEs.
· Non-standalone NCT as Scell supports flexible bandwidth utilization
· In a second phase specify standalone NCT :

· Broadcast mechanism to acquire system information, a common search space for EPDCCH and UE mobility support
· Standalone NCT as Pcell supports flexible bandwidth utilization
· Multiplexing of “Any Service” in NCT
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