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1 Introduction
During the RAN1#73 meeting, it was observed that the performance results contributed by different companies regarding the gains of S-NCT compared to BCT differ quite a lot. The conclusion was that further studies are required here [1]. 
This contribution present performance evaluation results of S-NCT in comparison with BCT based on the simulation assumption agreed in a corresponding email discussion after RAN1#73 [2].
2 Discussion
2.1 Evaluation of S-NCT compared to BCT
Simulation Assumption
The difference between S-NCT and BCT is given by the CRS overhead. As agree by RAN1 for the simulation assumptions, an S-NCT has two CRS bearing subframes per radio frame while a BCT with six MBSFN subframes has four subframes with CRS in the PDSCH region per radio frame. Furthermore, the assumed number of CRS ports is one in case of S-NCT and two in case of BCT. Therefore, the amount of CRS overhead difference between S-NCT and BCT is 2.1% in the considered configuration. SIBs can only by transmitted in subframes with CRS in the PDSCH region in BCT. In the case of NCT we assumed correspondingly that SIBs are sent in the subframes with CRS. The overhead per radio frame due to SIB transmissions is assumed as 1.4% and to be the same in case of both BCT and NCT. 
We evaluate in this contribution the impact of CRS interference differences between S-NCT and BCT usage. Corresponding to the RAN1 agreements, we assume that macro cells operate as BCT while small cells operate either as BCT or as NCT. Four small cells are deployed within a small cell cluster. 
Resource Utilization
For the simulations, the FTP arrival rates have been set in a way so that the resource utilization in the most loaded layer achieves 60%, 40%, and 20%. The resource utilization of macro cells and small cells are shown in Table 1. It can be seen that the most loaded layer is here always the macro cell layer. The resource utilization on the small cell layer is significantly lower since no cell range expansion has been used in the simulations (CRE bias = 0 dB).
Table 1: Resource Utilization (RU) of macro cell and small cell
	Target RU in most loaded layer [%]
(arrival rate  [per second])
	Small cell type
	Measure RU in macro cells [%]
	Measured RU in small cells [%]

	60
(= 9.1)
	BCT
	62.44
	25.88

	
	NCT
	62.79
	25.96

	40
(= 6.3)
	BCT
	42.20
	14.95

	
	NCT
	42.53
	14.69

	20
(= 3.1)
	BCT
	20.42
	5.72

	
	NCT
	20.54
	5.66


User Throughput

Figure 1 and Figure 2 show the user throughput CDF curves for small cell UEs and all UEs in the deployment (small cell plus macro cell), respectively. It can be seen that the relative throughput gain achieved by using NCT on the small cell layer reduces when the resource utilization is increased.
As mentioned above, the results were achieved under the assumption of 1.4% overhead due to SIB transmissions. Although not presented here, we furthermore observed 9.6% NCT gain with RU=20% and 7.2% with RU=60% when the SIB overhead was not taken into account. 
Our understanding is that these differences are based on two reasons. One reason is that the relative interference level difference between BCT and NCT is reduced if SIB transmissions are taken into account. .The other reason is that the amount of time/frequency resources available for PDSCH allocations in subframes with CRS in the PDSCH region is reduced. The influence of the subframe with CRS in the PDSCH region on the overall system performance is therefore reduced.
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Figure 1: UE throughput for small cell UEs depending on resource utilization (RU)
[image: image2.png]T T T T T
0.9
08
0.7
06
L
405
(&)
0.4
0.3 ; B
——(Macro=BCT,
02 ——~(Macro=BCT, i
—(Macro=BCT,
04 ——=(Macro=BCT,
——(Macro=BCT,
o [ == ~(Macro=BCT,
] 10 20 30 20 50

User Throughput (All UEs)

User Throughput [Mbps]




Figure 2: UE throughput for all UEs depending on resource utilization (RU)
2.2 Detailed evaluation of S-NCT in high load condition
In case of low PDSCH resource utilization on the small cell layer, the ratio between interference caused by CRS  and the overall interference is larger than in case of high PDSCH resource utilization. The lower the resource utilization, the larger is therefore the impact of CRS interference on the relative performance difference between NCT and BCT. That explains why the NCT operation shows increased gains under lightly loaded conditions. 
In a real world deployment, the operators would try to increase the resource utilization of small cells in order to offload traffic from the macro cell layer. That would be achieved by applying a cell range expansion of small cells which yields an association and hence traffic load shift from the macro layer towards the small cell layer. In the following, we evaluated the small cell layer in more detail under the assumption of increased small cell resource utilization. For the sake of simplification and clarity we did not take here into account certain CRE bias settings, but simulated only the small cell layer without macro cells. 
Resource Utilization

Table 2 show the resource utilization of small cells depending on the FTP request arrival rate. When comparing the results with the ones from Section 2.1 it has to be kept in mind that all UEs have to be associated here to small cells, even low geometry UEs that would normally associate to a macro cell. In addition, the amount of available resources itself is reduced from 2 x 10MHz to 1 x 10MHz. Therefore, direct comparison with Section 2.1 on the relation between arrival rate and resource utilization is not possible.
Table 2: Resource Utilization (RU) of small cell in each arrival rate
	Arrival rate ()
[per second]
	Small cell type
	RU [%]

	8.3
	BCT
	59.10

	
	NCT
	59.05

	6.7
	BCT
	41.97

	
	NCT
	41.74

	4.0
	BCT
	21.14

	
	NCT
	21.12


Figure 3 show the user throughput CDF depending on the arrival rate. Corresponding to the evaluation in Section 2.1, it can be seen that performance gains achieved by operating an NCT reduce when the traffic load is increased.
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Figure 3: UE throughput for small cell UEs depending on arrival rate (λ)
3 Summary
In this contribution, we have shown the user throughput performance of S-NCT compared to BCT in case of lightly loaded small cells based on current simulation assumption. We furthermore studied the case of and heavily loaded small cell under the assumption of a scenario without macro cell layer.
Based on the presented results, we draw following conclusions;
· Deployments without cell range expansion of small cells, which would yield further traffic offloading towards the small cell layer, result in very low resource utilization on the small cell layer.

· The relative throughput performance gains achieved by operating NCT depend on the resource utilization; the larger the resource utilization, the smaller the relative performance gain.
An important aspect that has to be kept in mind is that in the early phase of small cell deployments small cell will probably often experience high traffic load and hence high resource utilization since only a rather small amount of small cells will be deployed. A high load scenario as evaluated in this contribution might therefore be quite important.
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Annex A – Simulation Assumptions
Table 3 Simulation Assumptions

	Simulation parameters
	Value

	Deployment 
	Scenario 2a
Outdoor small cell cluster, 1 cluster per macro cell area
4 small cells per cluster

	Layout
	7 cell sites – 21 macro cells (ISD 500m) with wrap around techniques

	Channel model
	based on [3]

	Tx power
	Small cell   30dBm 

	Traffic load
	Resource utilization of most loaded layer is {20%, 40%, 60%}

	Traffic model
	FTP model 1

	PDCCH overhead
	2 symbols

	CRS overhead
	4 subframes in BCT with 2 CRS ports
2 subframes in NCT with 1 CRS port

	Cell association
	RSRP for intra-frequency and RSRQ for inter-frequency
RSRQ + bias with realistic buffer, Bias of 0 dB


4.8% gain





2.9% gain





2.2% gain





2.9% gain





2.9 % gain





2.6% gain
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