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1 Introduction
In RAN1#72bis, there were comprehensive discussions on the necessity of standalone NCT (S-NCT). This contribution continues the discussion on S-NCT by comparing it with non-standalone NCT (NS-NCT) and assessing its benefits.
2  Benefits of S-NCT
Since the NS-NCT can only be used as secondary cell/carrier, it needs to be used together with other stand-alone carrier (e.g. backward compatible carrier type (BCT) or S-NCT) through carrier aggregation (CA). In other words, the NS-NCT resources can only be utilized by the UEs with CA capability. When NS-NCT is used together with BCT in Rel-10 carrier aggregation operation, the BCT (used as primary cell) and NS-NCT (used as secondary cell) need to be quasi-collocated. If Rel-11 carrier aggregation is used, BCT and NS-NCT do not have to be quasi-collocated because of the Rel-11 multiple TA feature. However, an ideal backhaul assumption is still required in order to support this option. The above factors may cause potential restrictions to utilize NS-NCT in some small cell scenarios, which are further discussed in Section 3.
Observation 1: The NS-NCT resources can only be utilized by the UEs with CA capability. When NS-NCT is used together with backward compatible carrier type (BCT) in Rel-10/11 carrier aggregation operation, the BCT (used as primary cell) and NS-NCT (used as secondary cell) need to be quasi-collocated (for Rel-10) or to assume an ideal backhaul assumption (for Rel-10 and Rel-11).
In order for a UE to utilize NS-NCT resources, the CA functionality is required. The implementation challenges due to carrier aggregation mainly come from baseband and RF design issues such as transmitter/receiver architectures, transmitter emission, phase noise, receiver non-linearity, local oscillator coupling, harmonic rejection, image rejection, etc. Since not all UEs are CA capable, it is desirable that Non-CA capable Rel-12 UE can also utilize NCT without the burden of additional implementation complexity arising from CA implementation. Therefore, the CA capability needs to be decoupled from the NCT capability.
Observation 2: Since it is desirable for all Rel-12 UEs (including Non-CA capable UEs) to utilize NCT resources, the CA capability needs to be decoupled from the NCT capability.

The simulation results in [1] showed that load balancing by allowing non-CA capable UEs camping on S-NCT can bring gains of about 19% and 341% for the average and cell-edge throughput, respectively, assuming a ratio of 0.5 (CA capable UEs):0.5 (non-CA capable UEs) in the simulation scenarios based on CoMP Scenario 3 where a macro cell uses carrier frequency F1 and a pico cell uses carrier frequency F2.
This contribution provides additional system level simulation results for SCE Scenario 2a with various ratios of CA and non-CA capable UEs. The details of the simulation parameters, which are tabulated in the Annex of this contribution, are in line with the current agreed simulation assumptions of the SCE study.

The following two scenarios are evaluated, see also Figure 1.

· Scenario 1 (NS-NCT)

· BCT (macro) – NS-NCT (small cell)

· Non-CA capable UE can camp on the macro cell only, while CA capable UE can camp on both macro and small cells by means of carrier aggregation or on either the macro or the small cell.

· Scenario 2 (S-NCT)

· S-NCT (macro) – S-NCT (small cell)

· Non-CA capable UE can camp on either the macro or the small cell, while CA capable UE can camp on both macro and small cells by means of carrier aggregation or on either the macro or the small cell.
[image: image1.emf]Macro cell (BCT)

Macro cell (BCT) Primary cell (2GHz)

Small cell (NS-NCT)

Small cell (NS-NCT) Secondary cell (3.5GHz)

CA-capable UE

CA-capable UE

Non-CA capable UE

Non-CA capable UE

Can camp on Macro 

cell only

Can camp on both Macro 

and Small cells by CA, or on 

either Macro or Small cell

[image: image2.emf]Macro cell (S-NCT)

Macro cell (S-NCT) Primary cell (2GHz)

Small cell (S-NCT)

Small cell (S-NCT) Secondary cell (3.5GHz)

CA-capable UE

CA-capable UE

Non-CA capable UE

Non-CA capable UE

Can camp on either 

Macro or Pico cell

Can camp on both Macro 

and Small cells by CA, or on 

either Macro or Small cell


(a) Scenario 1 (NS-NCT)                            (b) Scenario 2 (S-NCT)
Figure 1 Evaluated scenarios in the simulation
Figure 2 to Figure 4 illustrate the simulation results in terms of the average and the cell-edge user throughputs with various ratios of CA and non-CA capable UEs. The gain Scenario 2 over Scenario 1 in terms of the average throughput ranges from 8.33% to 29.87%; the corresponding gain with respect to the cell-edge user throughput ranges from 60% to 925%. It is noted that the gain increases with increasing percentage of non-CA capable UEs, which implies the dominant gain comes from the load balancing to enable the non-CA capable UEs to camp on the small cell. Even with only 20% non-CA capable UEs, there is the considerable throughput gain due to the benefits offered by load balancing into NCT.
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(a) Throughput (Mbps/user)                                             (b) Gain of scenario 2 over scenario 1
Figure 2 Simulation results for CA:non-CA=0.2:0.8
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(a) Throughput (Mbps/user)                                             (b) Gain of scenario 2 over scenario 1
Figure 3 Simulation results for CA:non-CA=0.5:0.5
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(a) Throughput (Mbps/user)                                             (b) Gain of scenario 2 over scenario 1
Figure 4 Simulation results for CA:non-CA=0.8:0.2
Observation 3: The load balancing gain by having S-NCT is essential even with small percentage of non-CA capable UEs in the network (evaluation results are for 20%).
NS-NCT is supported by means of carrier aggregation together with BCT with NS-NCT always used as a secondary cell. Since PUCCH is transmitted on the primary cell, all UEs will use the primary cell for PUCCH transmission. Therefore, the load balancing in terms of PUCCH can only be supported by S-NCT but not by NS-NCT. It is noted that this PUCCH-based load balancing has been supported in the conventional carrier aggregation with BCT-BCT.
Observation 4: Since PUCCH is transmitted on the primary cell only, the load balancing in terms of PUCCH can only be supported by S-NCT but not by NS-NCT.
Further increase of the spectral efficiency is anticipated by replacing the BCT by S-NCT. For example, when BCT and NS-NCT are the primary and the secondary cells, respectively, enhanced spectral efficiency is expected when BCT is replaced by S-NCT. By having S-NCT in the primary cell in addition to NCT in the secondary cell, more portions of subframes can be turned off than in BCT, which could provide more network energy savings.
Observation 5: Increase of the spectral efficiency and more network energy savings are expected by replacing the BCT by S-NCT.

3 Small cell deployment scenarios
There was an offline discussion on small cell deployment scenarios for NCT [3]. We assume NS-NCT requires ideal backhaul as it is used with Rel-10 or Rel-11 carrier aggregation. As a continuation of the discussions from [3], our views are summarized in Table 1. It is observed that BCT-NCT in SCE Scenario 1 and BCT-NCT in SCE Scenario 2 are the most feasible scenarios.
Table 1 NCT under small cell deployment scenarios

	SCE scenarios
	Macro cell
	Small cell
	Supported NCT
	Feasibility of the scenario

	1
	BCT
	BCT
	N/A
	Feasible

	
	BCT
	NCT
	S-NCT
	Feasible. The legacy UE can co-exist.

	
	NCT
	BCT
	S-NCT
	Not feasible. There is a coverage hole for the legacy UEs.

	
	NCT
	NCT
	S-NCT
	Feasible if there is no legacy UE

	2
	BCT
	BCT
	N/A
	Feasible

	
	BCT
	NCT
	NS-NCT (for ideal backhaul), S-NCT
	Feasible. The legacy UE can co-exist.

	
	NCT
	BCT
	S-NCT, NS-NCT (for ideal backhaul), S-NCT
	Not feasible. There is a coverage hole for the legacy UEs.

	
	NCT
	NCT
	S-NCT, NS-NCT (for ideal backhaul), S-NCT
	Feasible if there is no legacy UE

	3
	X
	BCT
	N/A
	Feasible

	
	X
	NCT
	S-NCT
	Feasible if there is no legacy UE

	Macro only
	BCT
	X
	N/A
	Feasible

	
	NCT
	X
	S-NCT
	Feasible if there is no legacy UE


Observation 6: It is observed that the most feasible scenarios in conjunction with NCT are as follows:

· Scenario 1: BCT (macro cell) and NCT (small cell) where only S-NCT can be supported.

· Scenario 2: BCT (macro cell) and NCT (small cell) where S-NCT in both ideal and non-ideal backhaul or NS-NCT in ideal backhaul can be supported.

4 Conclusions
In this contribution, we analyse benefits of S-NCT over NS-NCT and provided system level simulation results assuming small cell Scenario 2a. We also discuss the feasibility of NCT in conjunction with small cell scenarios. According to our analysis and results, we propose to adopt S-NCT in Rel-12 based on the following observations:

Observation 1: The NS-NCT resources can only be utilized by the UEs with CA capability. When NS-NCT is used together with backward compatible carrier type (BCT) in Rel-10/11 carrier aggregation operation, the BCT (used as primary cell) and NS-NCT (used as secondary cell) need to be quasi-collocated (for Rel-10) or to assume an ideal backhaul assumption (for Rel-10 and Rel-11).
Observation 2: Since it is desirable for all Rel-12 UEs (including Non-CA capable UEs) to utilize NCT resources, the CA capability needs to be decoupled from the NCT capability.

Observation 3: The load balancing gain by having S-NCT is essential even with small percentage of non-CA capable UEs in the network (evaluation results are for 20%).
Observation 4: Since PUCCH is transmitted on the primary cell only, the load balancing in terms of PUCCH can only be supported by S-NCT but not by NS-NCT.
Observation 5: Increase of the spectral efficiency and more network energy savings are expected by replacing the BCT by S-NCT.
Observation 6: It is observed that the most feasible scenarios in conjunction with NCT are as follows:

· Scenario 1: BCT (macro cell) and NCT (small cell) where only S-NCT can be supported.
· Scenario 2: BCT (macro cell) and NCT (small cell) where S-NCT in both ideal and non-ideal backhaul or NS-NCT in ideal backhaul can be supported.
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Annex: Simulation parameters

Table 2 System level simulation parameters (SCE scenario 2a)

	
	Macro cell
	Small cell

	Layout
	Hexagonal grid, 3 sectors per site, 19 Macro sites
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Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	System bandwidth per carrier
	10 MHz
	10 MHz

	Carrier frequency 
	2.0 GHz
	3.5 GHz

	Carrier number
	1
	1

	Total BS TX power (Ptotal per carrier)
	46 dBm
	30 dBm 

	Ratio of CA capable to non-CA capable UEs


	20%:80%

50%:50% 

80%:20%

	Transmission scheme
	SU-MIMO

	Target BLER for outer loop
	10% BLER for the 1st transmission

	HARQ scheme
	CC

	Handover margin
	1 dB

	Maximum number of retransmissions (including the initial transmission)
	4

	Scheduler
	PF

	Scheduling granularity
	5 PRBs

	Maximum rank per UE
	2

	Feedback periodicity
	10 ms

	CQI feedback granularity in frequency
	5 PRBs

	Distance-dependent path loss
	ITU UMa[referr toTable B.1.2.1-1 in TR36.814], with 3D distance between eNB and UE applied
	ITU UMi [refer toTable B.1.2.1-1 in TR36.814] with 3D distance between eNB and UE applied

	Penetration
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,UE-to-eNB distance) ] for each link)

	Shadowing
	ITU UMa according to Table A.1-1 of 36.819
	ITU UMi according toTable B.1.2.1-1 of TR36.814

	Antenna pattern
	3D,  refer to TR36.819
	2D Omni-directional antenna

	Antenna Height: 
	25 m
	10 m

	UE antenna Height
	1.5 m

	Antenna gain + connector loss
	17 dBi 
	5 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa according to Table A.1-1 of 36.819
	 ITU UMi

	Antenna configuration
	2Tx2Rx in DL, Cross-polarized

	Number of clusters/buildings per macro cell geographical area
	1

	Number of small cells per cluster
	4

	Number of small cells per Macro cell
	[4]*Number of clusters per macro cell geographical area

	Number of UEs 
	60 UEs per macro cell geographical area 

	UE dropping
	Baseline: 2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoors and 80% UEs are indoors.

	Radius for small cell dropping in a cluster
	50 m 

	Radius for UE dropping in a cluster
	70 m
	

	Minimum distance (2D distance)
	Small cell-small cell: 20m

	
	Small cell-UE: 5m

	
	Macro –small cell cluster center: 105m

	
	Macro – UE : 35m
	

	
	cluster center-cluster center: 2*Radius for small cell dropping in a cluster

	Traffic model
	Full Buffer

	UE receiver
	Interference aware MMSE

	UE noise figure
	9 dB

	UE speed
	3 km/h
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