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1 Introduction
At RAN1 #72bis the scenario and perceived gains and drawbacks with a standalone NCT were discussed. At the same meeting a set of scenarios was identified for evaluating the benefits of standalone NCT as follows. 

Next steps for RAN1#73:

· Discuss further the above pros and cons 

· Consider some scenarios where the greatest benefits of S-NCT are claimed, and in those scenarios assess the benefits of S-NCT w.r.t. BCT, and w.r.t. BCT+NS-NCT when applicable:

· SCE scenario 1 with non-ideal backhaul from small cells to macro

· (co-channel, so NS-NCT is not applicable)

· SCE scenario 2a with non-ideal backhaul from small cells to macro

· (macro coverage exists, but non-ideal backhaul presents challenges for NS-NCT)

· SCE scenario 3

· (macro-coverage non-existent so NS-NCT is not applicable)

· Macro-only scenario

· single carrier (NS-NCT not applicable)

· dual carrier CA

· Include consideration of:

· load balancing

· relative complexity for UEs to support CA vs. NCT
In this contribution we provide DL evaluation results comparing the standalone NCT with the LCT in some of these scenarios.
2 Discussion
In this contribution we provide DL evaluation performance results comparing the NCT with the LCT in the small cell scenario #1, #2a and the macro-only scenario where standalone operation mode is considered. The main reason why it is of interest comparing the standalone NCT with the non-CA LCT in these scenarios is that carrier aggregation cannot be used either due to the backhaul limitations or due to lack of applicability or support in the particular frequency deployment. To compare the difference in performance between the NCT and LCT we study the mean user throughput, the 5th percentile user throughput and the system capacity. 

The simulations are performed for all the scenarios with non-ideal channel estimation, CSI feedback and link adaptation. The effect of control channels are not modeled in the simulations, i.e. neither EPDCCH nor PDCCH. When performing the evaluations, an overhead of 3 OFDM symbols are always assumed for both NCT and LCT. This will affect the performance of the NCT negatively as it cannot take advantage of the lower overhead that EPDCCH can yield with a few users being scheduled in the system. 

To be able to perform evaluations against the LCT the newest transmission mode was selected, i.e. TM10. An updated version of TM10 is assumed wherein the main change is that the UE collects its long term properties from the ESS. 
It is further noted that CRS-IC can only be operated in subframes that are defined as restricted measurement subframes [2]. The requirements are not yet completed for this feature but what is clear from the current status in the discussion is that it will rely on the use of almost blank subframes (ABS) at the interfering side. Given this restriction we do not see that it is practical to operate with CRS-IC in a deployment where there is no interference between the macro and small cell layers, i.e. scenario #2a, 3 and macro-only scenario. 
In scenario #1 it is however possible to operate with CRS-IC with ABS but it is important to note that a realistic implementation of CRS-IC is affected by the realistic channel estimation performance [3].  
2.1 Scenario 1

The heterogeneous deployment considered here consists of a macro layer and LPN layer (small cells) where non-ideal backhaul between layers is presumed. All nodes are transmitting on the same carrier frequency to outdoor UEs. Hence, UEs are not capable of operating in carrier-aggregation mode and downlink performance of UEs is compared for standalone NCT and non-CA LCT where the latter uses TM 10 as the transmission mode. In this scenario, 7 macro sites with 3 sectors per macro site, one cluster per sector area and four LPNs per cluster are considered. More details on system level simulation parameters are given in Table 2.

Figure 1 illustrates the relative gain in mean and cell-edge user throughput obtained by utilizing NCT instead of LCT in a heterogeneous deployment based on Scenario 1. The gains are shown for offered traffic of 100, 200 and 300 [Mbps/km2]. As the NCT provides higher capacity due to absence of  CRS interference in four out of five subframes, the resource utilizations will be different between the NCT and LCT. The corresponding load points that are picked are for low, medium and high loads for LCT. The performance is compared for CSO=6dB.
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Figure 1: Relative gain of NCT over LCT in SCE Scenario 1 for mean and cell-edge user throughput with CSO=6 dB for both NCT and LCT.

Figure 1 clearly shows the significant enhancement obtained by NCT. For the same CSO=6 dB, NCT can improve the mean user throughput by 65% to 80% and the cell edge throughput by 105% to 265% .

Furthermore, the additional results in the Appendix shows that if the CSO of the NCT is extended beyond 6 dB the performance of the NCT further enhances. 
2.2 Scenario 2a

The heterogeneous deployment considered here consists of a macro layer and LPN layer (small cells) operating on different carrier frequencies where non-ideal backhaul between layers is presumed. A UE can in principle operate in inter-node carrier-aggregation mode. However, due to the non-ideal backhaul assumption, inter-node CA-mode is not possible. Furthermore, a macro coverage hole would limit the performance of NCT SCell in CA mode. Hence, in the evaluations presented here carrier aggregation is not considered and UEs are operating with standalone NCT or non-CA LCT modes where the latter uses TM 10 as the transmission mode. In this scenario, 7 macro sites with 3 sectors per macro site, one cluster per sector area and four LPNs per cluster are considered. All nodes are transmitting to outdoor UEs. Furthermore, FeICIC is not considered here since the macro layer is not interfering with LPN layer due to the frequency separated layers in the scenario. More details on system level simulation parameters are given in Table 2.
Figure 2 illustrates the relative gain in mean and cell-edge user throughput obtained by utilizing NCT instead of LCT  in a heterogeneous deployment based on Scenario 2a. The gains are shown for offered traffic of 100, 200 and 300 [Mbps/km2]. As in the case of scenario 1, the resource utilizations will be different for the LCT and the NCT and the load points that are picked are for low, medium and high load for LCT. Hence the comparison between NCT and LCT for the same offered traffic is limited by LCT capability. Moreover, in the considered heterogeneous deployment here, the LPN layer is not interfered with by the macro layer, but the downlink transmissions from different LPNs interfere with each other. Therefore, we compare a CSO of both 0 and 6 dB between the LCT and NCT, which are used in the comparison illustrated in Figure 2. Further results are provided in the Appendix. 
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Figure 2: Relative gain of NCT over LCT in SCE Scenario 2a for mean and cell-edge user throughput. In the left, LCT and NCT with CSO=0 dB and in the right, LCT and NCT with CSO=6 dB are assumed.
Figure 2 clearly demonstrates considerable gain provided by the NCT. For the same CSO of 0 dB, NCT can improve the mean user throughput by 25% to 80% and the cell edge throughput by 35% to 165%. Moreover, extending the CSO to 6 dB, NCT can improve the mean user throughput by 60% to 90% and the cell edge throughput by 75% to 230%. In the appendix further results are provided showing further increase in performance if the CSO is enlarged for the NCT.
2.3 Macro-only scenario
The homogeneous deployment considered here consists of 7 macro sites with 3 sectors per macro site where all nodes are transmitting on the same carrier frequency to outdoor UEs. Hence, UEs are not capable of operating in carrier-aggregation mode. However, downlink performance of UEs is compared for standalone NCT and non-CA LCT where the latter uses TM 10 as the transmission mode. Furthermore, FeICIC in form of UEs capable of performing CRS-IC on configured ABS is not considered here for the same reasons outlined earlier. More details on system level simulation parameters are given in Table 2.
Figure 3 illustrates the relative gain in mean and cell-edge user throughput by utilizing NCT instead of LCT in a homogeneous deployment. The gains are shown for offered traffic of 25, 50 and 75 [Mbps/km2] which represent the low, medium and high load cases based on their corresponding absolute resource utilization values shown in Figure 8 in Appendix. 
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Figure 3: Relative gain of NCT over LCT in Macro-only scenario with single carrier for mean and cell-edge user throughput with CSO=0dB.
The results show the obvious advantage of NCT over LCT in a deployed network due to its superior design in minimizing mandatory transmissions and hence creating less interference in the network and its built-in overhead gain. In particular, it is observed about 67% to 87% increase in cell-edge user throughput and about 72% to 78% boost in mean user throughput can be provided by NCT. More detailed results are provided in the Appendix.
2.4 System capacity

A third aspect to study it the capacity gain achieved by the NCT as it would allow a better utilization of an operators spectrum. To study the system capacity gains we have selected a mean user throughput load in the in the system of 15 Mbps for all the evaluated scenarios and then study the gain in offered traffic for such a load. In the evaluated scenario it can be observed from Table 1 that the system capacity is significantly increase by operating the NCT instead of the LCT. It is particular of interest to note that in the macro only scenario the gains are largest with a gain of about 100 %. 
Table 1: NCT gain in system capacity relative to LCT 

	Capacity gain for 15 Mbps mean user throughput

	Macro-only scenario
	SCE scenario 1
	SCE scenario 2a

	
	CSO = 6 dB
	CSO = 0 dB
	CSO = 6 dB

	100%
	30%
	40%
	50%


3 Conclusions

In this contribution we have presented evaluation results for the standalone NCT comparing it to an LCT. Based on the evaluations results we make the following observations
· For single-frequency macro-only network, NCT is found to provide around 70% mean and 5th percentile user throughput gains across all system traffic loads and system capacity gain of 100% is achieved at mean user throughput rate of 15 Mbps. 

· For single-frequency heterogeneous deployment Scenario 1 with non-ideal backhaul, NCT is found to provide around 70% mean user throughput gains, 100—250% 5th percentile user throughput gains over the LCT assuming the same 6dB CSO setting and system capacity gain of 30% is achieved at mean user throughput rate of 15 Mbps.
· For dual-frequency heterogeneous deployment Scenario 2a with non-ideal backhaul, NCT is found to provide around 90% mean user throughput gains,  150—250% 5th percentile user throughput gains over the LCT assuming the same 6dB CSO setting and system capacity gain of 40-50% is achieved at mean user throughput rate of 15 Mbps depending on CSO level.

Based on the observations we make the following proposal
· It is justified to standardize the new carrier type for standalone operations.
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Appendix
Simulation parameters

Table 2 Simulation assumptions

	Parameters
	Value

	Scenario
	Macro-only scenario (of SCE scenario 1), SCE Scenario 1, SCE Scenario 2a

	Deployment
	7 three-sectors macro sites with ISD=500m (21 sectors), 1 cluster per macro cell area, 4 LPNs per cluster

	System
	Downlink FDD

	Bandwidth
	10 MHz available in all nodes

	Network synchronization
	Synchronized

	PCI planning
	Macro cell layer: planned 

Small cell layer: unplanned

	Traffic model
	FTP Model 1as in TR 36.814, 0.5 Mbytes file size

	Carrier type
	NCT, LCT (Rel-11 with TM 10)

	Cell selection
	1 dB uncertainty, RSRP based cell selection (modelling accounts for angle spread and port-to-antenna mapping)

	Transmission schemes
	Spatial multiplexing, 2 layers, QPSK/16QAM/64QAM

	Scheduling
	Round robin

	CSI reporting
	5 ms between two consecutive reports, 6 ms delay

	Channel estimation
	Realistic

	Link adaptation
	Realistic


Additional results for SCE scenario 1
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Figure 4: Resource utilization for Scenario 1
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Figure 5: Mean (left) and cell-edge (right) user throughput for Scenario 1
Additional results for SCE scenario 2a
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Figure 6: Resource utilization for Scenario 2a
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Figure 7: Mean (left) and cell-edge (right) user throughput for Scenario 2a
Additional results for Macro-only scenario
[image: image11.emf]20 30 40 50 60 70 80

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.55

Served traffic [Mbps/km

2

]

Resource utilization

Macro-only scenario

 

 

NCT, CSO=0dB

LCT, CSO=0dB


Figure 8: Resource utilization for Macro-only scenario and single carrier
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Figure 9: Mean (left) and cell-edge (right) user throughput for Macro-only scenario and single carrier

