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1
Introduction
The NCT discussions in RAN1#73 concluded that the key aspect to consider is whether stand-alone NCT provides sufficient gains over backward compatible carrier (BCT). As a result it was agreed that an evaluation campaign shall be carried out, with the simulation assumptions agreed in [1]. In this contribution we present the evaluation results of the gains of S-NCT over BCT and based on the results provide conclusions on the benefits and the need for standardization of S-NCT.
2
Evaluation results
The main simulation assumptions are aligned with [1]. Moreover, the following parameters were assumed.
Table 1. The main simulation assumption in addition to [1]
	Simulation Assumptions
	Value

	Network Layout
	500m Macro layer inter-site distance

	Cell Layout
	7 Macro-Sites(21 Macro-cells), 4 or 10 Pico-cells per cluster, 1 cluster per macro-cell, Wrap Around

	Traffic Model
	Finite Buffer (Buffer size: 0.5MBytes), FTP-1

	Transmission Model
	

SU-MIMO 2Tx/2Rx, TM10

	Scheduler
	PF in both frequency and time domain

	Bandwidth
	10MHz at 2GHz, 10MHz at 3.5GHz

	Path loss
	Macro-eNB to UE: ITU UMa, Pico-eNB to UE: ITU UMi(TR 36.814)

	Shadow fading
	According to TR 36.814, different std. values for LOS and NLOS

	Backhaul
	Non-Ideal backhaul

	Control Channel overhead
	Overhead corresponding to 1 OFDM symbol was assumed for both PDCCH and EPDCCH; PBCH overhead according to Rel-8

	CRS overhead
	BCT: 1 or 2 CRS ports; NCT: 1 CRS port every 5 ms

	MBSFN subframe configuration
	0 or 6 MBSFN subframes, PDSCH scheduling in MBSFN subframes enabled 

	Network Synchronization / planning
	Synchronized network, randomly assigned cell IDs (CRS v-shifts)


Regarding the control channel overhead, due to the fact that complete EPDCCH design necessary for NCT (including common search space etc) does not exist, it was assumed for the sake of simplicity that the overhead corresponds to 1 OFDM symbol for both NCT and BCT. Similarly, for PBCH the same overhead (as in Rel-8) was assume also for NCT

As the Table 1 indicates, for each scenario, for the sake of completeness four basic cases were evaluated for BCT: 

· 1 or 2 CRS ports, with

· 0 or 6 MBSFN subframes

 However, as TM10 is used in the evaluation, the baseline BCT scenario in the comparison is obviously the one that minimizes the CRS overhead, i.e. 1 CRS port with 6 / 10 MBSFN subframes. Otherwise, TM10 might no longer be the optimal transmission mode for BCT due to excessive RS overhead, and e.g. TM4 would result in better performance.
Observation: The baseline configuration for BCT should be 1 CRS port with 6 MBSFN subframes.
It should be noted that the simulation assumptions in here do not take into account CRS interference cancellation, which would obviously further improve the performance of BCT. Also, planning of cell IDs (and CRS v-shifts) could be further performed to optimize / eliminate the CRS-to-PDSCH interference. Finally, and most importantly, the proportion of non-S-NCT capable UEs (including all Rel-8…11 UEs) was not modelled. Therefore, the following results should be considered to represent the upper bound for the potential gain of S-NCT.  
2.1 Scenario 2a with 4 or 10 small cells / cluster
Figure 1 shows the NCT gains for small cell scenario 2a with 4 pico cells / cluster with varying load. The cell average and 5th %tile gain are presented for the four baseline options considered, respectively. It can be observed that the gain varies from moderate (in 2-CRS 0-MBSFN configuration) to minor / negligible (in other scenarios).
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Figure 1. Gain from NCT in Small cell scenario 2a with 4picos/macro
Figure 2 shows the NCT cell average and 5th %tile gains for small cell scenario 2a with 10 pico cells / cluster. The general trend in the curves is similar as in the case of four picos: apart from the clearly suboptimal 2-CRS / 0-MBSFN subframe case, NCT shows very minor gains, if any. 
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Figure 2. Gain from NCT in Small cell scenario 2a with 10picos/macro

2.2 Scenario 3 (Macro-only)
The results for Scenario 3 are illustrated in Figure 3. Similarly as in the case of Scenario 2, the gains form NCT are minor in all cases except 2-CRS/0-MBSFN. Furthermore, as can be expected, the gains reduce as the load increases. 
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Figure 3. Gain from NCT in macro-only scenario
3
Conclusion
In this contribution we have provided evaluation results for NCT in comparison with various baselines in Small Cell Scenarios 2a , as well asin  macro-only scenario. With the aim of gaining understanding on upper-bound performance benefits of NCT, the simulations were carried out without considering the proportion of non-NCT capable (i.e. Rel-11 are earlier) UEs. Furthermore, cell planning (i.e. aligning CRS v-shifts) was not considered, neither was CRS IC taken into account.
The basic trend of the performance curves was similar in all the simulated cases: NCT shows considerable gains only compared to clearly suboptimal baseline configuration of 2-CRS without any MBSFN subframes. In all other, more reasonable, cases the gains are in the order of 10 % or less. The gains decrease further as the load increases and are ultimately reduced to correspond to the differences in overhead.
Observation: S-NCT fails to show significant gains compared to backwards compatible carrier

When considering the need for stand-alone NCT, besides performance one needs to take also other factors into account. First and foremost, S-NCT is strictly non-backward compatible, i.e. legacy UEs are not able to access an NCT at all. As shown in [2], when only a moderate number of non-NCT capable UEs exist in a system, any gains from S-NCT turn to losses. Despite of the seemingly minor differences compared to backward compatible LTE carriers, from the technology evolution point of view S-NCT is essentially a new radio system. In the past the threshold for introduction of non-backward compatible elements has been far higher that the gains we see based on the evaluations.

From the standardization point of view, significant effort is required for S-NCT support. DL control channels would need to be redesigned to a large extent including common search space (CSS) for EPDCCH and possible support of EPCFICH and/or EPHICH, due to the absence of CRS based PCFICH, PHICH and PDCCH. Additionally, PBCH would need to be replaced with another channel carrying system info, and mechanisms for cell acquisition would need to be defined. Furthermore, since CRS are not available for demodulation, performance of all new channels would need to be re-evaluated and the corresponding demodulations requirements would need to be established. 
 Regarding some of the claimed benefits of NCT (interference reduction / coordination , energy efficiency), complimentary techniques achieving similar benefits in far less disruptive manner are / have been studied in 3GPP (e.g. CRS-IC, small-cell on/off, dynamic TDD UL-DL configuration). Given the low performance gains observed for NCT, it does not make much sense to break the backward compatibility for the benefits that appear marginal.
In light of the above discussion and finding we make the following proposal:
Proposal: Stand-alone NCT is not specified in Release 12 
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