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1
Introduction
The NCT discussions have in Rel-11/12 so far been mainly agnostic to frame structure (FDD vs. TDD) and TDD specific aspects of NCT have barely been addressed. On the other hand, FDD and TDD frame structures have different distinct properties that need to be taken into account in the NCT work. 
As identified during Rel-11, the main drivers for NCT have been [1]:

· Improved network energy efficiency, 
· Improved support for HetNet (Heterogonous Networks), and 
· Enhanced spectral efficiency. 
The main drawback of NCT is non-backward compatibility, which means that legacy UEs (Rel’8 – Rel’11) are not able to operate in the NCT carrier at all. In this contribution we discuss these aspects from TDD point of view, taking also into account the work done in other WIs / Sis.
2
Discussion
In contrast to legacy carrier operation, which relies on CRS and PDCCH, NCT operation is assumed to be based on DM-RS and EPDCCH. CRS, along with PSS/SSS, are transmitted only in every 5th subframe from one antenna port for the purpose of time / frequency tracking and synchronization as well as RRM measurements as shown in Figure 1. This helps in enhancing network spectral efficiency and reduces interference, as eNodeB transmitter can potentially be turned off during low load in the subrames where common signals are not transmitted (80% of subframes). Furthermore, overhead is reduced by minimizing legacy control signalling (PDCCH, PBCH, etc.) and CRS and replaced with new mechanisms to enable cell acquisition and connection setup for the UE.. 
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Figure 1. Structure of Common signals on NCT: CRS/PSS/SSS and transmitted at 5 ms periodicity
Turning to TDD, one can observe that NCT frame structure is infact very similar: Considering e.g. UL-DL configuration#0, there are just two DL subframes, where full CRS are transmitted (+ two special subframes with some CRS). The other subframes are intended for UL usage. The Rel-12 “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” Work Item [2] is presently working on mechanisms to enable more flexible UL-DL reconfiguration, with the targeted time scale in the order of one or a few radio frames (TBD depending on the final signalling solution).

While the exact details for UL-DL reconfiguration still remain unclear, one may anticipate that a frame structure similar to Figure 2 will be adopted. The legacy UEs obtain a fixed UL-DL configuration from SIB-1 (configuration #0 in this example), while for Rel-12 UEs another, more DL-heavy UL-DL configuration (chosen among the existing 7 UL-DL configurations) can be indicated with reasonably flexible time scale, resulting in some of the subframes being flexible (F), i.e. being used either as a DL or an UL subframe. This in practise means that the eNodeB has the capability of adjusting the number of DL subframes for Rel-12 UEs somewhat dynamically based on the traffic needs and hence can during low network load e.g. configure larger number of UL subrames and turn off some of the transmitter functionality to save power and reduce interference to other cells.
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Figure 2. Radio frame showing Downlink (D), Uplink (U) and Special (S) subframes according to SIB-1 configuration #0, as well as Flexible subframes available for Rel-12 UEs configured to flexible UL/DL mode. 
Considering the motivations identified for NCT in the light of Rel-12 work on flexible TDD UL-DL reconfiguration, we note that:
· Flexible TDD UL-DL reconfiguration facilitates improved network energy efficiency by allowing for the eNodeB to configure a UL-heavy UL-DL configuration during low network load and turning off the transmitter during UL subframes.
·  Flexible TDD UL-DL reconfiguration facilitates improved support for HetNet (Heterogonous Networks) by allowing for the eNodeB to configure a UL-heavy UL-DL configuration during low network load to enable completely blank subframes
Furthermore, considering the third main driver for NCT (enhanced spectral efficiency), one can observe that CRS/PSS/SSS overhead on NCT and with e.g. UL-DL config #0 are almost the same:

Fixed DL- subframes:  E.g. if the network configures UL-DL config with 1 CRS antenna port, the overhead in the DL subframes can in fact be the same as on NCT (subject to RAN4 decision on NCT CRS BW). 

Special subframes: The Rel-11 decisions on NCT CRS transmission imply that CRS are not transmitted in the special subframes, which would facilitate slight overhead reduction compared to UL-DL config #0. However, as pointed out in e.g. [3, 4,5] having no CRS /PDCCH in special subframes creates further issues related to e.g. Short DwPTS, EPDCCH etc, that would need to be addressed further.  

Flexible DL-subframes: Assuming DM RS-based transmission based on EPDCCH is sought after, CRS in flexible DL subframes may seem redundant. And in fact, since legacy UEs see flexible DL subframes as UL subframes, it would indeed be possible not to transmit any CRS there, but to solely rely on EPDCCH and DM RS, thus enabling similar overhead reduction on a flex-TDD carrier as on a NCT carrier. This would in essence lead to TDM multiplexing of legacy carrier and NCT as shown in Figure 3, achieving virtually all the benefits of NCT, but without losing backward compatibility. The pros and cons of omitting CRS in flexible subframes need to be studied further.

[image: image3.emf]Subframe # 0 1 2 3 4 5 6 7 8 9

Legacy Ues

D

S U U U

D

S U U U

Rel-12 Ues

D

S U

NCT-D / U NCT-D / U

D

S

NCT-D / U NCT-D / U NCT-D / U

Legacy subframes NCT subframes


Figure 3. Flexible TDD UL-DL re-configuration frame work enables de-facto TDM of legacy carrier and NCT. 
Observation: Flexible TDD-UL-DL re-configuration framework meets all the targets set for NCT while maintaining full backward compatibility.  
3
Conclusion
In this contribution we have discussed TDD-specific aspects of New Carrier Type. While new carrier type in general suffers from strict non-backward compatibility making its deployment impractical as discussed in e.g. [6], the TDD frame structure has inherently many of beneficial characteristics of NCT. Moreover, the Rel-12 WI “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” and specifically the flexible UL-DL reconfiguration functionality brings TDD even closer to NCT, without its severe drawbacks (lack of support for legacy UEs leading to technology fragmentation, very significant specification and implementation  effort). This leads us to an observation:
Observation: Flexible TDD-UL-DL reconfiguration framework meets all the targets set for NCT while maintaining full backward compatibility.  
Based on the discussion we make the following proposal:

Proposal: Flexible TDD UL-DL reconfiguration framework should be assumed as a baseline when considering the need for further NCT optimizations for TDD. 
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