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1 Introduction
It was agreed to further evaluate the benefits of NCT in RAN1 #73bis, with agreed simulation assumptions in [1]. In this contribution, we provide our evaluation results.
2 Macro only scenario
The simulation assumptions in addition to those in [1] for the macro only scenario are captured in Table 1 in the Appendix. Figure 1 shows the NCT gain over LCT with 0 and 6 MBSFN subframes, without CRS-IC. Figure 2 shows the corresponding resource utilization for NCT and LCT. The following observations can be made:
· Without CRS-IC, standalone NCT has the following gain over LCT with 0 MBSFN subframes

· 18% – 28% increase on cell edge (i.e. 5%) throughput, depending on traffic load
· 26% – 30%  increase on cell average throughput, depending on traffic load
· Without CRS-IC, standalone NCT has the following gain over LCT with 6 MBSFN subframes

· 10% – 15% increase on cell edge (i.e. 5%) throughput, depending on traffic load
· 9% – 18%  increase on cell average throughput, depending on traffic load
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Figure 1: Gain of NCT over LCT, 0 and 6 MBSFN subframes on LCT, no CRS-IC
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Figure 2: Resource utilization of LCT and NCT for macro only scenario, no CRS-IC
3 SCE scenario 2a

The simulation assumptions in addition to those in [1] for SCE scenario 2a are listed in Table 2 in the Appendix. For SCE scenario 2a, the following cases are simulated:
· Case 1: Macro cell with LCT and small cell with LCT

· Case 2: Macro cell with LCT and small cell with NS-NCT, assuming all UEs are capable of NS-NCT

· Case 3: Macro cell with S-NCT and small cell with S-NCT, assuming all UEs are capable of S-NCT

Figure 3 shows the gains of Case 2 and Case 3 over Case 1 with 0 MBSFN subframe on LCT. Figure 4 shows the gains of Case 2 and Case 3 over Case 1 with 6 MBSFN subframes on LCT. Figure 5 shows the resource utilization in the most loaded layer, i.e. the macro layer. The following observations can be made:
· With 0 MBSFN subframe configured in LCT,

· Case 2 (LCT + NS-NCT) has 13% – 15% gain on cell edge (i.e. 5%) throughput  over Case 1 (LCT + LCT), depending on traffic load
· Case 3 (S-NCT + S-NCT) has 19% – 24% gain on cell edge (i.e. 5%) throughput  over Case 1 (LCT + LCT), depending on traffic load
· Case 2 (LCT + NS-NCT) has 14% – 18% gain on cell average throughput over Case 1 (LCT + LCT), depending on traffic load
· Case 3 (S-NCT + S-NCT) has 19% – 22% gain on cell average throughput over Case 1 (LCT + LCT), depending on traffic load
· With 6 MBSFN subframes configured in LCT,

· Case 2 (LCT + NS-NCT) has 2% – 6% gain on cell edge (i.e. 5%) throughput  over Case 1 (LCT + LCT), depending on traffic load
· Case 3 (S-NCT + S-NCT) has 3% – 11% gain on cell edge (i.e. 5%) throughput  over Case 1 (LCT + LCT), depending on traffic load
· Case 2 (LCT + NS-NCT) has 2% – 5% gain on average throughput over Case 1 (LCT + LCT), depending on traffic load
· Case 3 (S-NCT + S-NCT) has 4% – 8% gain on cell average throughput over Case 1 (LCT + LCT), depending on traffic load
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Figure 3: Gains of  Case 2 and Case 3 over Case 1, 0 MBSFN subframe on LCT, no CRS-IC
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Figure 4: Gains of  Case 2 and Case 3 over Case 1, 6 MBSFN subframes on LCT, no CRS-IC
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Figure 5: Resource utilization of LCT and NCT for SCE scenario 2a 
4 Discussion

We discuss whether the work on NCT shall be continued in the Rel-12 time frame from the following aspects: 
· The achievable gain of NCT

The evaluation results in section 3 indicate that for macro only scenario, the gain of NCT over LCT with 6 MBSFN subframes on cell average throughput is about 9% – 18%, and for SCE scenario 2a with 4 small cells per cluster, the gain of NCT over LCT with 6 MBSFN subframes on cell average throughput is about 4% – 8%. Such gains are much less than the typical 2x – 3x increase when new air interface is introduced. 
· The relevance of other Rel-12 mechanisms

While NCT may have some overhead savings compared to legacy carriers, the throughput gain of NCT primarily comes from the reduced interference from neighboring cells. The negative impact of CRS interference on throughput is well recognized and mechanisms are being developed in other Rel-12 SI/WI. For example, in Rel-12 small cell enhancement SI, small cell ON/OFF is being studied, which reduces the CRS interference by keeping a small cell in OFF state when there is no traffic. Another example is the RAN4-led work on CRS interference cancellation for PDSCH, which can also improve the throughput by reducing CRS interference. Hence, there are other mechanisms in Rel-12 targeted for CRS interference, without breaking backward compatibility.
· Significance of operator demands on NCT in Rel-12

While deployment of commercial LTE networks has increased over the past year, it is expected that it shall still take years for LTE to become mature globally. Deploying a new air interface is not an economical option to operators with newly launched LTE networks. During the work phase on Rel-12 NCT, it is noted that some operators are not keen or even negative about introducing NCT in Rel-12. Hence, there does not seem to be consensus on the significance of introducing NCT in Rel-12.
· Relation with future system design

It shall also be kept in mind that discussion on 5G is occurring in different countries and regions. While such discussion is in its initial stage, it is possible that some non-backward compatible techniques can be developed for later releases. It is then ideal to design the non-backward compatible features in one release as much as possible, and avoid multiple flavors of LTE air interface.
From the above analysis, it is recommended to suspend NCT WI in Rel-12. This applies both to the standalone NCT and non-standalone NCT. It shall be discussed in a future release when the motivation of introducing new air interface is stronger.
5 Conclusions
In this contribution, we show our evaluation results on NCT, and discuss the proper time frame to introduce new air interface. It is recommended to suspend NCT WI in Rel-12. This applies both to the standalone NCT and non-standalone NCT.
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7 Appendix 
Table 1: Additional simulation assumptions for the macro only scenario
	Parameter
	Values

	Layout
	19 macro sites, each with 3 sectors

	UE distribution
	Uniformly distributed within macro cell area

	Metric
	Packet throughput

	System bandwidth 
	10 MHz 

	CRS-IC
	CRS-IC not included

	Overhead assumption
	Macro LCT:
· PDCCH: 2 OFDM symbols
· PSS/SSS/PBCH: as in Rel-8
· CRS: 2 antenna ports
· CSI-RS: 2 antenna ports, 5ms periodicity, subframes {0, 5}
· DMRS: 2 antenna ports
Macro cell S-NCT:
· EPDCCH: 4 PRB pairs
· PSS/SSS/PBCH: as in Rel-8
· CRS: 1 antenna port every 5ms, subframes {0, 5}
· CSI-RS: 2 antenna ports, 5ms periodicity, subframes {0, 5}
· DMRS: 2 antenna ports


Table 2: Additional simulation assumptions for SCE scenario 2a
	Parameter
	Values

	Small cell configuration
	1 cluster of 4 small cells per macro cell area

	Metric
	Packet throughput

	System bandwidth 
	10 MHz at macro cell and 10 MHz at small cell

	CRS-IC
	CRS-IC not included

	Overhead assumption
	Macro LCT:
· PDCCH: 2 OFDM symbols
· PSS/SSS/PBCH: as in Rel-8
· CRS: 2 antenna ports
· CSI-RS: 2 antenna ports, 5ms periodicity, subframes {0, 5}
· DMRS: 2 antenna ports
Macro or small cell S-NCT:
· EPDCCH: 4 PRB pairs
· PSS/SSS/PBCH: as in Rel-8
· CRS: 1 antenna port every 5ms, subframes {0, 5}
· CSI-RS: 2 antenna ports, 5ms periodicity, subframes {0, 5}
· DMRS: 2 antenna ports
Small cell LCT: 
· PDCCH: 1 OFDM symbol
· PSS/SSS/PBCH: as in Rel-8
· CRS: 2 antenna ports
· MBSFN subframe: 6 subframes per radio frame
· CSI-RS: 2 antenna ports, 5ms periodicity, subframes {0, 5}
· DMRS: 2 antenna ports
Small cell NS-NCT:
· EPDCCH: 4 PRB pairs
· PSS/SSS: as in Rel-8
· CRS: 1 antenna port every 5ms, subframes {0, 5}
· CSI-RS: 2 antenna ports, 5ms periodicity, subframes {0, 5}
· DMRS: 2 antenna ports
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