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1 Introduction

In RAN #58, the scope of NCT [1] is revised. Work on performance and scenarios of new carrier type are introduced in first phase: 

· Evaluate the benefits achievable from the standalone New Carrier Type over those achieved from legacy LTE and from the carrier aggregated New Carrier Type 

· Identify the scenarios for the standalone New Carrier Type
The identification of scenarios of NCT will give guidance on system performance evaluation. 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, the time domain interference coordination eICIC is no longer needed. 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.
Scenarios can be summarized for the CA based NCT: 
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 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.  

[image: image3.emf]CRS

CRS

ePDCCH

RCRS

ePDCCH

RCRS

Macro 

cell

Small 

cell

P

D

C

C

H

f1

f2

P

D

C

C

H

f1

f2

f1

f1

f2

f2

f1

f2

f1

f2

PDCCH/CRS could be muted


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 extened).

	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. 
2.2 Scenarios and Evaluation for standalone NCT 

For evaluation, the carrier in above scenarios can be all replaced with standalone NCT. The overhead is reduced and the performance can be further optimized since ePDCCH, RCRS, ePBCH and ePHICH could be introduced. 
Figure 4 shows the operation of standalone NCT, where f1 and f2 are configured as standalone NCT both in macro and small cells. The ePDCCH and RCRS are configured in standalone NCTs. 
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Figure 4 Heterogeneous network, NCT in each frequency for macro and small cell

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

	9dB bias
	Scenario1
	Scenario2
	Gain(%)
	Scenario2a
	Gain(%)
	Scenario3
	Gain(%)
	Scenario3a
	Gain(%)
	Scenario4
	Gain(%)

	cell spec
	13.8806 
	14.7632 
	6.36
	14.9552 
	7.74
	14.7580 
	6.32
	15.2073 
	9.56
	15.6034 
	12.41

	edge spec
	0.0549 
	0.0829 
	50.91
	0.0905 
	64.85
	0.0801 
	45.81
	0.0912 
	66.03
	0.0913 
	66.30


In scenario 2a, a subframe offset for RCRS are configured to ensure that RCRS for macro and RCRS for small cell do not transmit in same subframe. RE muting are used in f2, but RE muting is not used in f1. In scenario 3a, RE muting is used in small cell NCT in f1 and macro cell NCT in f2. The ABS pattern for macro cell in f2 can choose those subframes not transmitting RCRS.
ABS patterns, with the ratio of 25%, are used both for f1 and f2 on all above scenario. Performance of scenario 4 is better than the others, and the main reason is that f1 and f2 are configured as standalone NCT, The spectral efficiency for NCT can be maximized in scenario 4. This is due to the overhead reductions and full interference coordination. As long as the overhead of eCSS and ePHICH can be kept low, scenario 4 should be considered. For scenario 3a, the gain is smaller than scenario 4, but better than scenario 1&2. It also can be seen that the RCRS subframe offset can enhance throughput, e.g. scenario 2a.
Thus, we propose that standalone NCT should be studied in Rel-12, with low overhead on common channel.
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. 

Proposal 3: Standalone NCT should be studied in Rel-12, with low overhead on common channel.
4 Reference
[1] RP-122028, Updated WI proposal: New Carrier Type for LTE - Core Part, Ericsson
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 MHz

	
	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

	scenario 4
	CC1: Macro cell and small cell are  NCT

	
	CC2: Macro cell and small cell are NCT

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

	UE Speed
	3km/h

	ABS pattern
	static ABS, 25% ratio

	CRE association bias
	9dB

	Antenna configuration
	Transmitter: 2Tx cross-polarized antenna at macro eNB, 2Tx cross-polarized antenna at small cell, 0.5 lamda spacing

	
	Receiver: 2Rx cross-polarized antenna at UE, 0.5 lamda spacing

	
	ITU: 12 degrees for Macro, 0 degrees for small cell

	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 
	Full Buffer

	Receiver
	R10 receiver，MMSE-Option1

	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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