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1 Introduction

The identification of scenarios of NCT will give guidance on system performance evaluation and deployment. This contribution discusses and evaluates on several scenarios of NCT to gives our recommendation.
2 Discussion
2.1 Motivations and Scenarios for NCT 

It was indentified in Rel-11 that the enhanced spectral efficiency, improved support for Hetnet and energy efficiency are main considerations for NCT.
Enhanced spectral efficiency: Removing legacy control signalling (e.g. PSS/SSS/PBCH/SIB/PCH/PDCCH) and CRS improves the spectral efficiency. The ePDCCH can be adopted instead of PDCCH to improve the spectral efficiency of the DL control channel.
Improved support for Hetnet: When the legacy PDCCH and CRS are removed, more option will be give other than time domain interference coordination. Performance gain is expected by the controllable interference.
Energy efficiency: When PCFICH/PHICH/PDCCH and CRS are removed, the entire subframe becomes empty when no data or CSI-RS is scheduled in the subframe. Base stations can switch off amplifier throughout the muted subframes to save power.
To give more inside on how the NCT can be deployed, scenarios can be summarized for the CA based NCT as follow: 
Scenario 1: 
Macro cell use both f1 and f2 as shown in figure 1. The f1 and f2 are configured as Backward Compatible Carrier. Scenario 1 can be seen as scenario to be compared with other scenarios in NCT’s evaluation.
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Figure 1 Heterogeneous network, compatible carrier in each frequency for macro and small cell 
Scenario 2: 
Macro and small cell uses both f1 and f2 as shown in figure 2. The carrier in f1 is configured as backward compatible carrier through out macro and small cell. For f2 all cell configured as NCT.
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Figure 2 Heterogeneous network, NCT and compatible carrier in each frequency
In f1, the macro cell will transmit in high power and compress the coverage range of small cell. The small cell coverage in f2 can be expanded, with the assumption that macro and small cells are controlled with low latency backhaul and the resources can be coordinated in frequency to avoid the interference to each other. Small cell in f1 will have higher interference from macro. It can offload the control to f2. However, the broadcast information in f1 is still suffered. Thus, to further expand range of small cell in f2, the macro cell in f1 can be used as Pcell in case of small cell radius or multiple TA. Table 1 gives possible configurations for an UE. 
Table 1
	Scenarios 2 to configure 2 cells to UE
	Macro (f1: backward compatible carrier,f2: NCT)
	Small cell(f1: backward compatible carrier, f2: NCT)
	Note

	Scheme 1
	f1, f2
	
	

	Scheme 2
	
	f1, f2
	

	Scheme 3
	f1
	f2
	Require small ISD (<300m) between cells, or, MTA.

	Scheme 4
	f2
	f1
	Small cell have small coverage in f1. Have low probability for this scheme.

	Scheme 5
	f1
	f1
	Operated by CoMP.

	Scheme 6
	f2
	f2
	Only for stand-alone NCT. Operated by CoMP.


Compared with scenario 1, scenario 2 is more matched with the motivation of NCT. It can be used to evaluate the gain of NCT and the scheme on top of NCT.
Scenario 3: 
Macro cell and small cell use both f1 and f2 but configure NCT differently. The scenario is shown in Figure 3.  
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Figure 3 Heterogeneous network, NCT and compatible carrier are switched in frequency for pico
In the scenario, the macro cell transmit compatible carrier in f1, the small cell transmit NCT in f1. The interference can be coordinated between each other. In f2 the carrier types is configured in another way. NCT can be muted in PDCCH region and coordination with the backward compatible carrier in the same frequency layer. In terms of coverage expansion, the small cell can be expanded in same extend in both f1 and f2, in the same time the co-site carrier aggregation is commonly supported.  
The coverage of cells, whether it is small or macro, will be more consistent in both frequency layer. Table 2 further illustrates the possible configuration. 
Table 2

	Scenarios 3 to configure 2 cells to UE
	Macro (f1: backward compatible carrier,f2: NCT)
	Small cell(f1: NCT, f2: backward compatible carrier)
	Note

	Scheme 1
	f1, f2
	
	

	Scheme 2
	
	f1, f2
	

	Scheme 3
	f1
	f2
	In macro coverage. No need for small ISD or MTA.

	Scheme 4
	f2
	f1
	In small cell, coverage can be extended.

	Scheme 5
	f1
	f1
	Operated by CoMP.

	Scheme 6
	f2
	f2
	Operated by CoMP.


Scenario 3 can fully solve the issue of macro-to-small cell interference in compatible carrier than scenario 2. The latter will cause more over head in area of un-matched expanding zone between NCT and compatible carrier in small cell.
Scenario 3 meets the motivation of NCT with better efficiency. It should also be used for evaluation NCT. 
The detailed simulation assumptions are in Appendix. Simulation results of the performance of the NCT are shown in Table 3.
Table 3 Simulation results for NCT (Ftp 1)
	Configure 4b,bias9dB lamda=2.5, 25% ABS, Xpol
	Mean UE Throughput (Mbps)
	5% UE Throughput (Mbps)
	50% UE Throughput (Mbps)
	95% UE Throughput (Mbps)
	Resource Utilization
	Macro Cell Throughput (Mbps)
	LPN Resource Utilization

	Scenario1
	28.8979 
	3.5231 
	25.5300 
	57.1429 
	0.1364 
	1.1850 
	0.1409 

	Scenario2
	35.9321 
	11.0206 
	34.6946 
	58.8745 
	0.0959 
	1.2746 
	0.0941 

	Gain 
	24.34%
	212.81%
	35.90%
	3.03%
	-29.69%
	7.56%
	-33.23%

	Scenario2a
	36.1666 
	10.7089 
	35.1935 
	58.8745 
	0.0972 
	1.2584 
	0.0944 

	Gain 
	25.15%
	203.97%
	37.85%
	3.03%
	-28.74%
	6.19%
	-33.01%

	Scenario3
	39.3683 
	11.2951 
	39.2528 
	58.8745 
	0.0658 
	1.2746 
	0.0647 

	Gain 
	36.23%
	220.61%
	53.75%
	3.03%
	-51.80%
	7.56%
	-54.06%

	Scenario4(Standalone)
	44.2039 
	18.4300 
	46.5116 
	60.6061 
	0.0480 
	1.3565 
	0.0451 

	Gain
	52.97%
	423.13%
	82.18%
	6.06%
	-64.85%
	14.47%
	-68.02%


Table 4 Simulation results for NCT (Full buffer)

	9dB bias
	Scenario1
	Scenario2
	Gain(%)
	Scenario2a
	Gain(%)
	Scenario3
	Gain(%)
	Scenario4
	Gain(%)

	cell spec
	13.8806 
	14.7632 
	6.36
	14.9552 
	7.74
	15.2073 
	9.56
	15.6034 
	12.41

	edge spec
	0.0549 
	0.0829 
	50.91
	0.0905 
	64.85
	0.0912 
	66.03
	0.0913 
	66.30


In scenario 2, RCRS for macro and RCRS for small cell are transmitted in same subframe. Subframe offset for RCRS are not configured for NCT.
In scenario 2a, a subframe offset for RCRS are configured to each cell. This is to ensure that RCRS for neighbouring cells do not transmit in same subframe. RE muting on neighbouring RCRS are used in f2.  This RE muting is not applicable in f1. 
In scenario 3, RE muting is used in small cell NCT in f1 and macro cell NCT in f2. Thus, CRS interference can be fully avoided. The ABS pattern for macro cell in f2 only choose those subframes not transmitting RCRS in small cells.  
ABS patterns, with the ratio of 25%, are used both for f1 and f2 on all above scenario. Performance of scenario 3 is better than scenarios other than standalone NCT. Main reason is that f1 and f2 is configured as NCT/BCT co-channel deployment, and RE muting is used in NCT. 

The spectral efficiency for NCT can be maximized in scenario 3. For scenario 2a, the gain is smaller than scenario 3, but better than scenario 1&2, especially in full buffer. It also can be seen that the RCRS subframe offset and RE muting can enhance throughput from scenario 2 and 2a. UE entering/leaving into the small cell reign may need inter-frequency handover. However, since coverage to each UE can be UE-specifically adjusted, triggering possibility of handover is not necessary to be high.
Based on the observation, it is suggested that for non-standalone NCT, both scenario 3 (NCT/BCT co-channel) and scenario 2a (NCT/BCT non-co-channel and RCRS subframe offset for NCT) should be supported. Further, the observation can also show similar benefit on non-CA case, e.g. the gain of NCT and BCT co-channel deployment in only one carrier.
3 Conclusion
In this contribution, we analyze and evaluate the application scenarios for NCT. The NCT can be flexibly deployed in different scenarios. Standardization of NCT should well support those scenarios, especially for those with high performance gain confirmed by system level simulations. In summary, we propose that RAN1 take following adopted:
Proposal 1: For non-standalone NCT, both scenario 3 (NCT/BCT co-channel) and scenario 2(NCT/BCT non-co-channel) should be supported.
Proposal 2: Introducing RCRS subframe offset for NCT. 
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5 Appendix
Table A1 Simulation assumptions for NCT
	Parameters
	Assumptions

	Cellular Layout 
	Hexagonal grid, 7 sites, 3 Macro cells per site, wrap‑around 

	small cell configuration
	Configuration #4b with 4 small cells per macro cell

	Number of UEs dropped within each macro geographical area
	30

	Channel Model 
	ITU UMa for Macro, UMi for small cell (Outdoor modeling)

	Central Frequency
	CC1: 2GHz  CC2: 2GHz

	Operating bandwidth (BW)
	ALL：10 MHzx

	
	CC1：5 MHz

	
	CC2：5 MHz

	scenario 1
	CC1: Macro cell and small cell are compatible carrier

	
	CC2: Macro cell and small cell are compatible carrier

	scenario 2
	CC1: Macro cell and small cell are compatible carrier

	
	CC2: Macro cell and small cell are NCT

	scenario 3
	CC1: Macro cell is compatible carrier, Small cell is NCT

	
	CC2: Macro cell is  NCT, Small cell is compatible carrier

	Tx Power 
	46dBm for macro and 30dBm for small cell

	UE Speed
	3km/h

	ABS pattern
	static ABS, 25% ratio

	CRE association bias
	9dB

	CQI/PMI reporting interval and frequency granularity 
	5ms for CQI/PMI, 6RB 

	Feedback scheme
	 Rel-8 RI/CQI/PMI based on Rel-8 2Tx codebook 

	
	Subband PMI and Subband CQI

	Delay for scheduling and AMC
	6ms

	Scheduler 
	Proportional Fair

	Traffic Model 
	FTP1

	Receiver
	MMSE+withoutIRC

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel Estimation
	Non-ideal, based on CSI-RS for channel measurements, based on DMRS for data demodulation
Channel estimation error modeling is used
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