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1. Introduction
In RAN#72bis meeting, next steps have been identified in order to assess the benefits of standalone new carrier type as follows [1]:
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In this contribution, we provide a performance evaluation of standalone NCT (S-NCT) in comparison with non-standalone NCT (NS-NCT).
2. Scenarios of UE connectivity
Figure 1 shows two different scenarios of UE connectivity in SCE scenario 1. When the small cells are deployed as S-NCT as shown in figure 1(a), NCT capable UEs can connect to both BCT macro cell and S-NCT small cell, although non-NCT capable UEs can connect only to BCT macro cell. On the other hand, when the small cells are deployed as NS-NCT as shown in figure 1(b), even the NCT capable UEs are unable to connect to NS-NCT, proving the need for S-NCT. Therefore, in SCE scenario 1, S-NCT can provide a flexible data offloading for NCT capable UEs while NS-NCT cannot provide any alternative connection at all.
Figure 2 shows two different scenarios of UE connectivity in SCE scenario 2a. We assume that all UEs are NCT capable UEs. When the small cells are deployed as S-NCT as shown in figure 2(a), all UEs can connect to both BCT macro cell and S-NCT small cell, but connected to either BCT or S-NCT at any given time. 
Deployment of NS-NCT at small cell in SCE scenario 2a with non-ideal backhaul and single carrier at Macro and Small Cell is not applicable. Further, Deployment of NS-NCT at small cell in SCE scenario 2a with ideal back haul (i.e. Macro BCT and Small Cell NS-NCT carrier aggregation) does not provide any benefit for non-CA capable UEs, where as S-NCT instead of NS-NCT provides flexibility for non-CA capable UEs to connect to the carrier that provides larger throughput, as illustrated in Figure 2(a) and Figure 2(b).
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(a) In case of S-NCT small cell


(b) In case of NS-NCT small cell
Figure 1: Scenarios of UE connectivity in SCE scenario 1.
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(a) In case of S-NCT small cell


(b) In case of NS-NCT small cell
Figure 2: Scenarios of UE connectivity in SCE scenario 2a.

Observation 1:
· S-NCT can provide a flexible data offloading for NCT capable UEs in SCE scenario 1 and for non-CA capable UEs in SCE scenario 2a, while NS-NCT fails to provide any benefit in these scenarios.
3. Performance evaluation of standalone NCT
We evaluate UE throughput with non-full buffer (arrival rate, (, per macro area =10) in cases when either S-NCT small cells or NS-NCT small cells are deployed in SCE scenario 1 and SCE scenario 2a with non-ideal backhaul from small cells to macro cell. In the system level simulation CRS interference is not taken into account. The simulation parameters are listed in the Annex.
Figure 3 shows the simulation results in terms of average and 5%-ile UE throughput with deployments of S-NCT small cells and NS-NCT small cells in SCE scenario 1. In the simulation of S-NCT small cells deployment, we assume 50 and 100% NCT-capable UEs distribution. 
With regard to 5%-ile UE throughput, gain of the UE throughput in the case of 100% NCT capable UE can be improved significantly. Moreover, with regard to the average UE throughput, significant gain can be obtained even in the case of 50% NCT capable UEs. These throughput gains are achieved by allowing standalone operation at small cells. Under NS-NCT, even the NCT capable UEs are unable to connect to the small cells, and all the traffic is directed through the macro cell, causing some packets to suffer large delay due to high congestion, which results in low throughput for the affected UEs. Under S-NCT, NCT capable UEs can connect to the small cell and offload their communications through the small cell, achieving better balance load by leaving the macro cell resources available for UEs that are not NCT capable or are not in the area of a small cell.
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Figure 3: Simulation results with deployments of S-NCT small cells and NS-NCT small cells in SCE scenario 1.
Figure 4 shows the simulation results in terms of average and 5%-ile UE throughput with deployments of S-NCT small cells and NS-NCT small cells in SCE scenario 2a. In the simulation, we assume that UEs receive packets from either macro cell or small cell. In order to evaluate throughput performance of NS-NCT, ideal backhaul between Macro and Small Cell is assumed. For NS-NCT, it is obvious that cell-edge UE throughput of NS-NCT is considerably low compared with S-NCT when non CA capable UEs exist since the UE throughput of non CA capable UE would be the bottleneck. In contrast, S-NCT can provide higher cell-edge UE throughput independently of presence of non CA capable UEs. Table B shows the throughput gain of S-NCT over NS-NCT in SCE scenario 2a. Significant gain can be obtained with regard to both average and 5%-ile UE throughput. Similar to the simulation results of SCE scenario 1, these throughput gains are achieved by allowing standalone operation at small cells.
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Figure 4: Simulation results with deployments of S-NCT small cells and NS-NCT small cells in SCE scenario 2a.
Observation 2:
· S-NCT can provide significant gain compared to NS-NCT with regards to both average and 5%-ile UE throughput:
· In SCE scenario 1, NS-NCT does not provide any benefits.
· For SCE scenario 2a
· With non-ideal backhaul between Macro and Small Cell and single carrier at small cell, NS-NCT is not applicable, whereas S-NCT can significantly increase cell-edge UE throughput

· With ideal backhaul between Macro and Small Cell, NS-NCT is not accessible to non-CA capable UEs, whereas S-NCT can significantly improve the cell-edge UE throughput and the improvement is independent of the percentage of non-CA capable UEs.

4. Conclusion

Based on the above discussion, the observations are made as follows:
Observation 1:
· S-NCT can provide a flexible data offloading for NCT capable UEs in SCE scenario 1 and for non-CA capable UEs in SCE scenario 2a, while NS-NCT fails to provide any benefit in these scenarios.
Observation 2:
· S-NCT can provide significant gain compared to NS-NCT with regards to both average and 5%-ile UE throughput:
· In SCE scenario 1, NS-NCT does not provide any benefits.

· For SCE scenario 2a
· With non-ideal backhaul between Macro and Small Cell and single carrier at small cell, NS-NCT is not applicable, whereas S-NCT can significantly increase cell-edge UE throughput

· With ideal backhaul between Macro and Small Cell, NS-NCT is not accessible to non-CA capable UEs, whereas S-NCT can significantly improve the cell-edge UE throughput and the improvement is independent of the percentage of non-CA capable UEs.
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Annex
Table A shows the simulation assumptions for the simulations. Table B shows throughput gain of S-NCT over NS-NCT in SCE scenario 2a. Figures A and B show CDF of UE throughput in SCE scenario 1 and 2a.
Table A: Simulation assumptions
	Parameters
	Assumptions / Values

	Deployment
	SCE scenario 1 and 2a

	Number of macro cells
	57

	Number of clusters per macro cell
	1

	Number of small cells per cluster
	4

	Macro eNodeB Tx power
	46dBm

	Small cell node Tx power
	30dBm

	System bandwidth
	10MHz (macro cell), 10MHz (small cell)

	Channel model
	based on SCE assumptions

	eNodeB antenna configuration
	2 antennas, cross polarization

	UE antenna configuration
	2 antennas, cross polarization

	Transmission scheme
	SU-MIMO with rank adaptation (max 2 layers)

	UE receiver
	MMSE-IRC

	Feedback scheme
	Feedback mode 3-1

	Channel estimation
	Ideal

	Scheduling
	Proportional fairness

	DL PDSCH overhead assumption (macro cell)
	Control channel : 14.3%
CRS : 2 antenna ports (AP 0, 1)
CSI-RS : 2 antenna ports (AP 15, 16)
DM-RS : 2 antenna ports (AP 7, 8)

	DL PDSCH overhead assumption (small cell)
	Control channel : 14.3%
CRS : none
CSI-RS : 2 antenna ports (AP 15, 16)
DM-RS : 2 antenna ports (AP 7, 8)

	HARQ scheme
	Chase combining

	Traffic model
	FTP model 1 witharrival rate per macro area=10


Table B: Throughput gain of S-NCT over NS-NCT in SCE scenario 2a.

	
	Average UE throughput
	5%-ile UE throughput

	0% CA capable UEs distribution
	2422%
	3635%

	50% CA capable UEs distribution
	52%
	1128%
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(a) Total UE throughput
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(b) Macro cell camp UE throughput
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(c) Small cell camp UE throughput
Figure A: CDF of UE throughput in SCE scenario 1.
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(b) Macro cell camp UE throughput
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(c) Small cell camp UE throughput

Figure B: CDF of UE throughput in SCE scenario 2a.




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


proportion of non-CA-capable UEs


proportion of NCT-capable UEs


handling of non-NCT-capable UEs


Note: NS-NCT requires Rel-10 CA. 


Companies are invited to check the views in R1-131764 when preparing their input to RAN1#73.




















