Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG1 #73
R1-132008
Fukuoka, Japan, 20th – 24th May 2013

Source: 
Ericsson, ST-Ericsson
Title:
Evaluations of the beneficial CSO operating points for the NCT
Agenda Item:
6.2.1.3
Document for:
Discussion and decision

1 Introduction
In [1] we discuss how the NCT can be utilized in a heterogeneous network deployment. One aspect that is identified in that contribution is the need to analyze up to which CSO operating point would be beneficial to support with the NCT. In this contribution we present evaluation results comparing the gain of operating the NCT with different CSO levels. 
2 Discussion
As discussed in [1], one of the deployment scenarios in which it is beneficial to support higher CSO than what is achievable with LCT is the co-channel heterogeneous deployment with NCT in all nodes. To align with the agreement in RAN1#72bis on the evaluation scenarios for NCT, the SCE scenario 1 in [2] is considered for evaluation of the CSO operating points that can be supported by NCT. In this deployment, the interference from the macro layer limits the operating CSO on the LPN layer. The evaluations in section 2.1 show the impact on the user experienced throughput as the CSO is extended with NCT.

However, another interesting deployment scenario considering the CSO operating point is a heterogeneous deployment with frequency separated layers. In such a scenario a UE connected to a LPN does not experience interference from the macro layer for DL transmissions. However in a dense deployment it may be subject to the interference from DL transmission of LPNs to other UEs. The NCT, due to its design, has the capability to mitigate the interference in the LPN layer as compared to the LCT. This in turn means that not only the user experiences a better throughput but also the CSO of the LPNs can be extended somewhat as compared to a LCT based deployment. Hence we also consider the impact of CSO in a separated frequency heterogeneous deployment and perform the evaluations for SCE scenario 2a in [2] in section 2.2 to be consistent with the evaluation scenarios agreed in RAN1#72bis.

2.1 Heterogeneous deployment with co-channel layers

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. 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 1.

Figure 1 illustrates that CSO values above 6 dB such as 12 and 15 dB can improve the user mean throughput. A CSO operating point of 12 dB is shown to be beneficial in low and medium loads as well as high loads. A larger CSO such as 15 dB can somewhat improve the cell-edge user experience mostly at very high load. However, we believe that for such high CSO operating values further evaluations should be done to investigate the impact of the signal and channel structure on UE/eNB complexity. It is important to note that as shown in [3] NCT not only outperforms LCT with the same CSO but also continues to be improve as the CSO increases. Furthermore the results in the appendix illustrate that the NCT utilizes resources more efficiently as the CSO increases.
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Figure 1 Mean (left) and cell-edge (right) user throughput for Scenario 1

2.2 Heterogeneous deployment with frequency separated layers 
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, macro coverage holes would limit the performance of NCT SCell in CA mode. Hence, in the evaluations presented here carrier aggregation in not considered and UEs are operating with a standalone NCT. In this scenario, 7 macro sites with 3 sectors per macro site, one cluster per site sector area and four LPNs per cluster are considered. All nodes are transmitting to outdoor UEs. More details on system level simulation parameters are given in Table 1.

Figure 2 demonstrates the mean and cell-edge user throughput for NCT for different values of CSO. The same behavior is observed here as in SCE scenario 1. However, the gain in cell-edge user throughput by increasing the CSO is higher than in SCE scenario 1. That can be expected as the LPNs are covering a smaller area in SCE scenario 2a than in SCE scenario 1 by operating at a higher carrier frequency, i.e. 3.5 GHz instead of 2 GHz. Hence NCT is capable of increasing the coverage area of LPNs in a separated frequency deployment by causing less interference and increasing the coverage. However the resource utilization results in Appendix show that this deployment results in higher resource utilization in general that the co-channel deployment.
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Figure 2 Mean (left) and cell-edge (right) user throughput for Scenario 2a

3 Conclusions

In this contribution we have presented performance results evaluating the NCT with different CSO levels for SCE scenario 1 and 2a in [2]. Based on the evaluations results we make the following observations
· CSO values higher than 9 dB are observed to be beneficial with NCT. 
· CSO values above 9 dB provide gain in both co-channel and separated frequency heterogeneous deployments.
Based on the observations we make the following proposals

· Study further 

· The gain with operating with a large CSO considering both co-channel and separate frequency deployed macro and small cells

· The impact on UE/eNB design by allowing operation with a high CSO for the NCT
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Appendix
Simulation parameters

Table 1 Simulation assumptions

	Parameters
	Value

	Scenario
	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

	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


Resource utilization results
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Figure 3 Resource utilization for SCE Scenario 1 (left) and SCE Scenario 2a (right)


