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1 Introduction
In RAN1#73, the following conclusions were made for small cell Scenario #2:

Conclusions:

· In scenarios where CA is relevant, the gains of S-NCT compared to NS-NCT depend on the proportion of CA-capable UEs and are large when the proportion of non-CA-capable UEs is not small

· Note that, although it is not directly part of the above comparison, some companies have shown that BCT has similar gain over NS-NCT in such scenarios

· In the absence of legacy UEs, the gains of S-NCT compared to BCT show a large spread between different companies 
· Study further

The major gain of S-NCT over NS-NCT comes from the fact that non-CA capable UEs cannot camp on NS-NCT in small cell Scenario #2 which is relevant to carrier aggregation (CA) [2]
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[3]. This contribution provides further performance comparison results of S-NCT over BCT both in small cell Scenarios #1 and #2a.
2 Simulation Set-up
The simulation assumptions are aligned with [1] and are provided in the Annex of this contribution. Further simulation details are provided in the following:
· Compared Scenarios

· Scenario #1 (MeNB:SeNB)
· BCT:BCT vs. S-NCT:S-NCT

· Scenario #2a (MeNB:SeNB)

· BCT:BCT vs. BCT:S-NCT

· Traffic load

· Resource utilization of {20%, 40%, 60%}

· The user arrival rate λ is set according to the resource utilization for the reference scenarios as described in the Annex. 
· Control channel overhead

· For both BCT and S-NCT, no overhead is considered for USS (i.e., EPDCCH is used).

· In Scenario #1:
· One PDCCH symbol is assumed both for BCT and for S-NCT to reflect the CSS (Common Search Space) overhead.
· It is assumed that both BCT and S-NCT use EPDCCH for USS where the overhead is considered to be equal to 20%.
· In Scenario #2a:
· Although there is no CSS in the secondary cell, at least one OFDM symbol needs to be transmitted according to the current specification for BCT. 

· One PDCCH symbol is assumed for BCT and no PDCCH symbol is assumed for S-NCT.
· It is assumed that both BCT and S-NCT use EPDCCH for USS where the overhead is considered to be equal to 20%.
3 Simulation Results
3.1 Small Cell Scenario #1
The throughput gains of S-NCT over BCT in Scenario #1 are shown in Figure 1
 to Figure 8. The simulations are performed with ABS without CRS-IC. From the simulation results, we make the following observations:
· The case of 10 small cells per cluster demonstrates higher throughput gains of S-NCT over BCT compared to that of 4 small cells per cluster.
· When the number of MBSFN subframes is 6 for BCT, the gain of S-NCT over BCT decreases.

· As CRE bias increases from 6 dB to 9 dB, the gain of S-NCT over BCT increases in almost all simulation cases. This observation is valid for both average and cell-edge user throughput gains.

· The performance gains are obtained mainly because of the following reasons: 
· There is less CRS interference in S-NCT than BCT. Therefore, as the number of MBSFN subframes for BCT not conveying CRS in MBSFN region is increased, the gains of S-NCT over BCT decrease.

· S-NCT has less CRS overhead than BCT. Therefore, as the number of MBSFN subframes for BCT not carrying CRS in the MBSFN region is increased, the gains of S-NCT over BCT decrease. Also, two CRS ports are assumed for BCT, while one CRS port is assumed for S-NCT.
· The higher CRE bias of 9 dB shows more gains than the lower CRE bias of 6 dB since with 9 dB CRE bias more UEs are offloaded to the small cells which have less CRS overhead than the macro cells.
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Figure 1 Throughput gain of S-NCT over BCT – 4 small cells/cluster, CRE=6dB, #MBSFN=0, Scenario #1
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Figure 2 Throughput gain of S-NCT over BCT – 4 small cells/cluster, CRE=6dB, #MBSFN=6, Scenario #1
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Figure 3 Throughput gain of S-NCT over BCT – 4 small cells/cluster, CRE=9dB, #MBSFN=0, Scenario #1
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Figure 4 Throughput gain of S-NCT over BCT – 4 small cells/cluster, CRE=9dB, #MBSFN=6, Scenario #1
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Figure 5 Throughput gain of S-NCT over BCT – 10 small cells/cluster, CRE=6dB, #MBSFN=0, Scenario #1
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Figure 6 Throughput gain of S-NCT over BCT – 10 small cells/cluster, CRE=6dB, #MBSFN=6, Scenario #1
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Figure 7 Throughput gain of S-NCT over BCT – 10 small cells/cluster, CRE=9dB, #MBSFN=0, Scenario #1
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Figure 8 Throughput gain of S-NCT over BCT – 10 small cells/cluster, CRE=9dB, #MBSFN=6, Scenario #1
3.2 Small Cell Scenario #2a

The throughput gains of S-NCT over BCT in Scenario #2a are shown in Figure 9 to Figure 12. From the simulation results, we make the following observations:
· The case of 10 small cells per cluster demonstrates higher throughput gains of S-NCT over BCT compared to that of 4 small cells per cluster.

· When the number of MBSFN subframes is 6 for BCT, the gain of S-NCT over BCT decreases.

· The performance gains are obtained mainly because of the following reasons:
· There is less CRS interference in S-NCT than BCT. Therefore, as the number of MBSFN subframes for BCT not conveying CRS in MBSFN region is increased, the gains of S-NCT over BCT decrease.

· S-NCT has less CRS overhead than BCT. Therefore, as the number of MBSFN subframes for BCT not carrying CRS in MBSFN region is increased, the gains of S-NCT over BCT decrease. Also, two CRS ports are assumed for BCT, while one CRS port is assumed for S-NCT.
· There is lower control overhead for S-NCT because one OFDM symbol within a subframe is assumed for CSS in BCT, while there is no PDCCH symbol in S-NCT.
 [image: image9.emf]0

10

20

30

40

Low RU

(20%)

Med RU

(40%)

High RU

(60%)

Average throughput gain

12.3 16.7 19.6

Cell edge throughput gain

12.8 29.3 35.3

Gain (%)

Scenario 2a, 4 small cells/cluster, 

Gain of S-NCT, #MBSFN=0


Figure 9 Throughput gain of S-NCT over BCT – 4 small cells/cluster, #MBSFN=0, Scenario #2a
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Figure 10 Throughput gain of S-NCT over BCT – 4 small cells/cluster, #MBSFN=6, Scenario #2a
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Figure 11 Throughput gain of S-NCT over BCT – 10 small cells/cluster, #MBSFN=0, Scenario #2a
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Figure 12 Throughput gain of S-NCT over BCT – 10 small cells/cluster, #MBSFN=6, Scenario #2a
4 Conclusions
In this contribution, we provide further evaluation results to compare S-NCT with BCT in addition to the results showing load balancing gain of S-NCT over NS-NCT for non-CA capable UEs [2]
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[3], which shows significant gains. By comparing the performance of S-NCT with BCT, we also observe significant gains of S-NCT over BCT in both Scenarios #1 and #2a. 
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Annex. Simulation Assumptions
Table 1 Simulation assumptions for Scenario #1

	Parameters
	Values

	Macro Cell - Small Cell
	BCT – BCT

S-NCT – S-NCT

	UE Capability
	Not CA capable

	Scheduler
	Proportional Fair Scheduler

	Traffic Model
	Non-full buffer, FTP Model 1

	Traffic Load
	Resource utilization of 20%, 40% and 60% for BCT-BCT scenario as reference

	Cluster Configuration
	1 cluster with 4 small cells 1 cluster with 10 small cell 

	CRS Interference
	Alt2 as described in R1-112856

	CRS Configurations
	BCT: 2 CRS ports

S-NCT: 5 ms reduced CRS at subframes 0 and 5

	Cell ID
	Macro cell: Planned
Small cell: Random

	Number of MBSFN for BCT
	0 and 6

	Number of ABS configured
	4

	CRS-IC
	Not applied

	Transmission Mode
	2x2 SU-MIMO, cross-polarized antennas, TM10

	Control Channel Overhead
	1 symbol PDCCH for BCT
1 symbol PDCCH for S-NCT

	Backhaul
	Non-ideal

	Cell Association
	RSRP + bias of 6dB and 9dB


Table 2 Simulation assumptions for Scenario #2a

	Parameters
	Values

	Macro Cell - Small Cell
	BCT – BCT

BCT – S-NCT

	UE Capability
	All UEs are CA capable

	Scheduler
	Proportional Fair Scheduler

	Traffic Model
	Non-full buffer, FTP Model 1

	Traffic Load
	Resource utilization of 20%, 40% and 60% for BCT-BCT scenario as reference

	Cluster Configuration
	1 cluster with 4 small cells 1 cluster with 10 small cells 

	CRS Interference
	Alt2 as described in R1-112856

	CRS Configurations
	BCT: 2 CRS ports

S-NCT: 5 ms reduced CRS at subframes 0 and 5

	Cell ID
	Macro cell: Planned
Small cell: Random

	Number of MBSFN for BCT
	0 and 6

	Transmission Mode
	2x2 SU-MIMO cross-polarized antennas, TM10

	Control Channel Overhead
	Macro Cell: 1 symbol PDCCH for both BCT and S-NCT

Small Cell: 1 symbol PDCCH in case of BCT

                    No PDCCH in case of S-NCT 



	Backhaul
	Non-ideal


	Cell Association
	RSRQ based association
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