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1. Introduction
In RAN1#73 meeting, benefits for standalone NCT (S-NCT) have been evaluated and compared to non-standalone NCT (NS-NCT) and BCT, and the following conclusions were made for S-NCT [1].
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In the email discussion after the meeting, simulation assumptions have been discussed and agreed in order to complete evaluation of benefits of S-NCT compared to BCT [2].

In this contribution, we provide a performance evaluation of S-NCT compared to BCT based on the agreed simulation assumptions.
2. Performance evaluation of S-NCT
We evaluate UE throughput with non-full buffer in cases when either S-NCT or BCT are deployed in SCE scenario 1 and SCE scenario 2a with non-ideal backhaul from small cells to macro cell. The simulation parameters are listed in the Annex.
2.1. SCE scenario 1
Table 1 shows resource utilization (RU) of BCT with 6 MBSFN subframes and no ABS in SCE scenario 1. According to Table 1, it is observed that arrival rates of 6, 12 and 18 approximately correspond to RU of 20, 40 and 60 % respectively. We used these values for the evaluation of S-NCT as well.
Table 1: Resource utilization of BCT (6 MBSFN subframes, no ABS) in SCE scenario 1
	Arrival rate 
	6
	12
	18

	RU
	21.2 %
	44.3 %
	60.8 %


Figure 1 shows the simulation results in terms of average and 5%-ile UE throughput with deployments of S-NCT and BCT in SCE scenario 1. In the simulation of BCT deployment, we assume that MBSFN subframes and/or ABS are configured. It is obvious that S-NCT outperforms BCT while the ABS configuration does not affect the UE throughput so much. Table 2 shows the gain of S-NCT over BCT (6 MBSFN subframes and no ABS).
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Figure 1: Simulation results with deployments of S-NCT and BCT in SCE scenario 1.
Table 2: Gains of S-NCT over BCT (6 MBSFN subframes, no ABS) in SCE scenario 1.
	Arrival rate 
	6
	12
	18

	Gain
	Average UE throughput
	90.0 %
	79.7 %
	66.9 %

	
	5%-tile UE throughput
	121.7 %
	139.5 %
	118.8 %


2.2. SCE scenario 2a
Table 3 shows RU of BCT with 6 MBSFN subframes in SCE scenario 2a. According to Table 3, it is observed that arrival rates of 8, 20 and 50 approximately correspond to RU of 20, 40 and 60 % respectively. We used these values for the evaluation of S-NCT as well.

Table 3: Resource utilization of BCT (6 MBSFN subframes, no ABS) in SCE scenario 2a.
	Arrival rate 
	8
	20
	50

	RU [%]
	21.0 %
	40.1 %
	59.5 %


Figure 2 shows the simulation results in terms of average and 5%-ile UE throughput with deployments of S-NCT and BCT in SCE scenario 2a. In the simulation of BCT deployment we assume MBSFN subframes are configured. It is obvious that S-NCT outperforms BCT. Table 2 shows the gain of S-NCT over BCT (6 MBSFN subframes and no ABS).
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Figure 2: Simulation results with deployments of S-NCT and BCT in SCE scenario 2a.
	Table 4: Gains of S-NCT over BCT (6 MBSFN subframes, no ABS) in SCE scenario 2a
Arrival rate 
	8
	20
	50

	Gain
	Average UE throughput
	90.9 %
	71.1 %
	47.2 %

	
	5%-tile UE throughput
	222.2 %
	79.0 %
	48.2 %


Observation:
· S-NCT can provide significant gain compared to BCT with regards to both average and 5%-ile UE throughput.
3. Conclusion

Based on the above discussion, the following observations are made:
Observation:

· S-NCT can provide significant gain compared to BCT with regards to both average and 5%-ile UE throughput.
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Annex
Table A shows the simulation assumptions for the simulations.

Table A: Simulation assumptions
	Parameters
	Assumptions / Values

	Deployment
	SCE scenario 1 and 2a

	Number of sites
	7

	Number of clusters per macro cell
	1

	Number of small cells per cluster
	10

	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

	Cell association
	SCE scenario 1: RSRP base with 9dB CRE bias
SCE scenario 2a: RSRQ base without bias

	PDSCH overhead assumption
(NCT)
	Control channel (EPDCCH): 8 PRBs
CRS :none
DM-RS : 2 antenna ports (AP 7, 8)

	PDSCH overhead assumption
(BCT, non MBSFN subframe)
	Control channel (PDCCH): 2 OFDM symbols
CRS : 2 antenna ports (AP 0, 1)
DM-RS : 2 antenna ports (AP 7, 8)

	PDSCH overhead assumption
(BCT, MBSFN subframe)
	Control channel (PDCCH): 2 OFDM symbols
CRS : none
DM-RS : 2 antenna ports (AP 7, 8)

	HARQ scheme
	Chase combining

	Traffic model
	FTP model 1 with file size of 0.5 MB

	Physical Cell ID
	Macro cells: Planned
Small cells: Randomly allocated

	CRS interference modeling
	For each codeblock, average interference level over all relevant REs. The average is used as common noise level of each RE in effective SINR calculation. 
(Alt2 in [4])

	CRS-IC
	Ideal cancelation of up to 3 macro cells

	ABS pattern 1 for macro cells
	11000100 11000000 11000000 11000000 11000000
defined in Table 8.2.1.3.3-1 in [3] (27.5% ABS)

	ABS pattern 2 for macro cells
	00010000 00010000 00100000 00100000 00000000
defined in Table 8.2.1.3.3-3 in [3] (10% ABS)

	MBSFN subframe pattern
	0111001110

	CRS/reduced CRS power boosting
	A=(3dB

	Reduced CRS position
	The same position as CRS port 0 for BCT


Appendix
3.1. Supplementary results in SCE scenario 1
3.1.1. No power boosting of CRS and reduced CRS
Figure B1 shows the simulation results of S-NCT with no power boosted reduced CRS and BCT with no power boosted CRS in SCE scenario 1. Results of S-NCT and BCT with 3dB power boosted reduced CRS and CRS are also included in the figure for comparison. Table B1 shows the gain of S-NCT over BCT without power boosting for CRS and reduced CRS. S-NCT achieves significant gains from BCT even in the cases that CRS power boosting is not applied.
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Figure B1: S-NCT w/ no power boosted reduced CRS and BCT w/ no power boosted CRS in SCE scenario 1.
Table B1: Gains of S-NCT over BCT (6 MBSFN subframes, no ABS) in SCE scenario 1.
	Arrival rate 
	6
	12
	18

	Gain
	Average UE throughput
	51.4 %
	43.9 %
	36.3 %

	
	5%-tile UE throughput
	64.2 %
	70.2 %
	72.3 %


3.1.2. Canceled interferer
Figure B2 shows the simulation results of BCT with perfect IC of the 3 highest interferers. The results of BCT with perfect CRS-IC from the 3 highest interfering macro nodes are included in the figure for comparison. Although BCT with perfect IC of the 3 highest interferers achieves better performance compared to the case of CRS-IC from the 3 highest interfering macro nodes, the performance difference does not have significant impact on the gain of S-NCT over BCT.
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Figure B2: BCT w/ CRS-IC from 3 highest interferers in SCE scenario 1.
3.1.3. No MBSFN subframes
Figure B3 shows the simulation results of BCT without MBSFN subframes. The results of BCT with 6 MBSFN subframes are included in the figure for comparison. When MBSFN subframes are not configured, CRS interference increases. Thus, the UE throughput performance severely degrades especially in the low RU case.
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Figure B3: BCT w/ CRS-IC from 3 highest interferers in SCE scenario 1.
3.1.4. 4 small cells per cluster
Table B2 shows RU of BCT with 6 MBSFN subframes and no ABS in SCE scenario 1 with 4 small cells per cluster. According to Table B2, it is observed that arrival rates of 3, 5 and 9 approximately correspond to RU of 20, 40 and 60 % respectively.
Table B2: Resource utilization of BCT (6 MBSFN subframes, no ABS) in SCE scenario 1 with 4 small cells per cluster.
	Arrival rate 
	3
	5
	9

	RU [%]
	20.9 %
	37.8 %
	62.8 %


Figure B4 shows the simulation results of S-NCT and BCT in SCE scenario 1 with 4 small cells per cluster. Compared with results of 10 small cells per cluster, it is observed that UE throughput is higher since the number of interferers is smaller. Table B1 shows the gain of S-NCT over BCT without power boosting for reduced CRS and CRS. S-NCT outperforms BCT as is in the cases of 10 small cells per cluster. 
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Figure B4: S-NCT and BCT in SCE scenario 1 with 4 small cells per cluster.
Table B3: Gains of S-NCT over BCT in SCE scenario 1 with 4 small cells per cluster.
	Arrival rate 
	3
	5
	9

	Gain
	Average UE throughput
	88.5 %
	89.0 %
	87.8 %

	
	5%-tile UE throughput
	148.5 %
	170.2 %
	205.2 %





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




















