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1 Introduction
New carrier type (NCT) was discussed in Rel-11 but was postponed to Rel-12 due to time constraints. During Rel-11, NCT was discussed within the scope of carrier aggregation. In other words, the NCT must be associated with a backward compatible carrier, which is referred to as the non-standalone NCT. During RAN#57, a Rel-12 work item on NCT was approved in [1], where both non-standalone and standalone NCT are included in the objective. In RAN#58, a further revised WID on NCT was approved in [2] where it was added that the scenarios and benefits for standalone NCT shall be discussed. In this contribution, we compare non-standalone and standalone NCTs. 
2 Design aspects for non-standalone and standalone NCT

The design of non-standalone NCT shall mainly cover the following aspects:

· Transmission of synchronization signals

It was agreed in Rel-11 that Rel-8 PSS/SSS sequences are transmitted on unsynchronized NCT. The time and frequency location for Rel-8 PSS/SSS sequences on unsynchronized NCT needs to be further discussed, considering its collision with antenna ports 7 – 14. Further, it shall be decided whether the same synchronization signals on unsynchronized NCT are present on synchronized NCT.
· Transmission of tracking reference signals

It was agreed in Rel-11 that NCT carries one tracking reference signal (TRS) port with a periodicity of 5ms, at least for time and frequency tracking. The TRS consists of Rel-8 CRS port 0 REs per PRB and Rel-8 sequence. The transmission bandwidth and time domain resource for the TRS needs further discussion.
· RRM measurements

The RRM measurements on NCT can be performed based on the TRS or based on the CSI-RS configured for the UE. The design shall primarily consider the accuracy of the RRM measurements.
Apart from the above main design aspects for non-standalone NCT, several other aspects for optimization can be considered including optimized DMRS pattern, introduction of a new system bandwidth, transmission mode related optimization etc.
In essence, the above designs for non-standalone NCT are also needed for standalone NCT, on which the operations does not require an associated backward compatible carrier. It is highly beneficial to have common designs for non-standalone and standalone NCT. For standalone NCT, the following additional aspects need to be discussed:

· System information acquisition
For PBCH transmission on NCT, the transmission scheme and associated antenna ports, as well as the time and frequency resource for PBCH on NCT, need to be agreed. For the system information mapped onto PDSCH, discussion is needed on whether the Rel-8 system acquisition procedure can be reused except that the DCIs with SI-RNTI (as well as P-RNTI and RA-RNTI) are transmitted on EPDCCH common search space and the corresponding PDSCH are transmitted on antenna ports belonging to {7, 8, …, 14}.
· Common search space for EPDCCH

EPDCCH common search space (CSS) is a necessity on NCT since Rel-8 CRS are not present.  The design of EPDCCH CSS shall include the frequency resource allocation, the definition of search space, etc.

In summary, non-standalone and standalone NCTs should maximally reuse the same design. The additional work required for standalone NCT mainly focuses on system information acquisition and EPDCCH common search space. For system information acquisition, the Rel-8 procedure shall be maximally reused with minimum necessary changes.
3 Benefits of standalone and non-standalone NCT
In RAN1 #66bis, the following motivations from RAN1 perspective were identified for introducing NCT:

· Enhanced spectral efficiency

· Improved support for hetnet

· Energy efficiency

The benefits of spectral efficiency enhancements on non-standalone NCT come from the reduced transmission of Rel-8 CRS, Rel-8 PDCCH, PBCH, PDSCH with CRC scrambled by SI-RNTI/P-RNTI. It is noted that EPDCCH UE specific search space (USS) is needed on the non-standalone NCT. The benefits of spectral efficiency enhancements on standalone NCT mainly come from the reduced transmission of Rle-8 CRS. Both EPDCCH CSS and USS are needed on the standalone. Apparently, the spectral efficiency enhancement achievable by non-standalone NCT is larger than that of standalone NCT. On the other hand, significant spectral efficiency enhancements can still be achieved by standalone NCT due to reduced Rel-8 CRS overhead [3].
The benefits of network energy efficiency achievable by non-standalone and standalone NCT are expected to be similar, assuming the same TRS design. For standalone NCT, PBCH and system information blocks need to be transmitted. However, such transmissions occur once per radio frame at the most. Hence it does not significantly reduce the benefits of network energy efficiency for standalone NCT compared to non-standalone NCT.
For deployment scenarios, both non-standalone and standalone NCT can improve the hetnet scenarios since the control and data transmission on NCT relies on UE specific reference signals. For non-standalone NCT, carrier aggregation needs to be supported by the UE, which is not required for standalone NCT. Hence, standalone NCT can provide more flexible deployments for which the above benefits of NCT can be exploited. It is noted that the benefits of NCT in terms of spectral efficiency, energy saving, and hetnet support are very important for small cell deployments as described in [4], which does not always require carrier aggregation. Hence standalone NCT is beneficial from deployment flexibility perspective.
In summary, standalone NCT can achieve improved spectral efficiency, improved support for hetnet, and improved energy efficiency compared to a legacy carrier. The spectral efficiency achieved by standalone NCT is less than that of non-standalone NCT. On the other hand, standalone NCT can provide similar energy saving enhancement and more flexible deployments compared to non-standalone NCT. 
4 Conclusions

This contribution we discuss the design aspects and benefits of non-standalone and standalone NCT. It is recommended that both standalone and non-standalone NCT are supported in Rel-12. Further, it should be aimed to apply the same designs for non-standalone NCT and standalone NCT. The additional work required to support standalone NCT shall be kept as minimal.
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