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1. Introduction

In the last RAN1#73 meeting, the evaluation results, benefits and identification of scenarios for stand-alone new carrier type (S-NCT) were discussed. It was observed that in the absence of legacy UEs, the gains of S-NCT compared to BCT show a large spread between different companies, and concluded to study further at RAN1#74. The conclusion was as follows:
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

In this contribution, we have evaluated the performance of S-NCT against the backward compatible carrier (BCT) in scenarios 1, 2a and macro only [1]. 
2. Performance results of S-NCT over BCT in scenario 1
In this scenario 1, we have studied the performance of S-NCT against BCT in HetNet deployment for which the simulation assumptions are given in Appendix 2. System level simulations were used to evaluate the average user perceived throughput (UPT) and 5% UPT for non-full buffer traffic. CRS interference to PDSCH was modeled and ABS without CRS interference canceller (CRS-IC) was applied in order for all types of UEs to benefit from S-NCT deployment. An ABS ratio of 50% was used for the macro cell in BCT as well as S-NCT, while small cells use all subframes. For the BCT, with and without MBSFN subframes were performed, i.e. MBSFN subframes used for PDSCH transmission. Same overhead was assumed for the control channels of BCT and S-NCT (i.e. no explicit control modeling). To enable more UEs to be offloaded to small cells, cell selection offset (CSO) of 6dB and 9dB were employed using RSRP mechanism.  
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 Figure 1a. Performance gain of S-NCT over BCT in scenario 1 (w/o MBSFN)
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Figure 1b. Performance gain of S-NCT over BCT in scenario 1(6 MBSFN)

Figure 1a and 1b show average UPT and 5% UPT of non-full buffer traffic for different resource utilisations (RU) based on the most loaded layer which was the macro cell in these simulations. The resource utilisation of the macro layer is capped to 50% RU due to ABS configuration. The gain of S-NCT over BCT due to overhead and interference reduction is as follows: 
· Results without MBSFN subframe configuration

· All users of macro and small cells:
· 15 to 19% of average UPT (all users) for 6dB bias depending on RU
· 27 to 110% of 5% UPT (all users) for 6dB bias depending RU
· 18 to 21 % of average UPT (all users) for 9dB bias depending on RU
· 42% to 72% of 5% UPT (all users) for 9B bias depending on RU
· Results with 6 MBSFN subframe configuration

· All users of macro and small cells:
· 7 to 8% of average UPT (all users) for 6dB bias depending on RU
· -10 to 27% of 5% UPT (all users) for 6dB bias depending RU
· 6 to 10 % of average UPT (all users) for 9dB bias depending on RU
· 18% to 37% of 5% UPT (all users) for 9B bias depending on RU
By observing the results, the gain of S-NCT for cell edge users (5% UPT) is large for larger CSO. This gain reduces when MBSN is configured for the BCT. Further plots of the results can be found in Appendix 1.

3. Performance results of S-NCT over BCT in scenario 2a
In this scenario 2a, we have evaluated the performance of S-NCT against BCT in non-cochannel deployment where the macro cell and small cells use different frequency carriers and simulation assumptions are given in Appendix 2. Same as scenario 1, CRS interference to PDSCH was modeled, CRS-IC has not been employed and ABS was not configured as the macro and small cells use different carrier frequencies. For the BCT, with and without MBSFN subframes were performed in different simulation set-ups, i.e. MBSFN subframes used for PDSCH transmission. The baseline cell selection of RSRQ + bias of 0dB was applied in this scenario. 
Figure 2 shows the same metrics as scenario 1, average UPT and 5% UPT of non-full buffer traffic for different RU based on the most loaded layer which was the macro cell in these simulations. The gain of S-NCT over BCT due to overhead and interference reduction between small cells is as follows:  

· Results without  MBSFN subframe configuration

· All users of macro and small cells:
· 5 to 16% of average UPT (all users) depending on RU
· 10 to 55% of 5% UPT (all users) depending RU
· Results with 6 MBSFN subframe configuration

· All users of macro and small cells:
· 2 to 5% of average UPT (all users) depending on RU
· 6 to 26% of 5% UPT (all users) depending RU
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Figure 2. Performance gain of S-NCT over BCT in scenario 2a (w/o and w MBSFN).
In general, the gain of S-NCT for cell edge users (5% UPT) is large for larger RU. This gain reduces when MBSN is configured for the BCT. Further plots of the results can be found in Appendix 1.
4. Performance results of S-NCT over BCT in macro only scenario
In this scenario of macro only, we have further evaluated the performance of S-NCT against BCT in homogeneous deployment. Simulation assumptions are given in Appendix 2 (Macro column). Same as in the previous scenarios, CRS interference to PDSCH was modeled and CRS-IC has not been applied. For the BCT, with and without MBSFN subframes were performed in different simulation set-ups, i.e. MBSFN subframes used for PDSCH transmission. The cell selection criterion is based on RSRP mechanism. 
Figure 3 shows same metrics as scenario 1 and 2a, average UPT and 5% UPT of non-full buffer traffic for different RU. The gain of S-NCT over BCT due to overhead and interference reduction between cell edges of the macro cells is as follows:  

· Results without  MBSFN subframe configuration

· All users of macro cell:
· 13 to 28% of average UPT depending on RU
· 22 to 45% of 5% UPT depending on RU
· Results with 6 MBSFN subframe configuration

· All users of macro cell:
· 5% to 10% of average UPT depending on RU
· 8 to 14% of 5% UPT depending on RU
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Figure 3. Performance gain of S-NCT over BCT in Macro only scenario (w/o and w MBSFN)
5. Conclusion 
In this contribution, we have studied and evaluated the performance of stand-alone NCT (S-NCT) against the backward compatible carrier (BCT) in scenarios 1, 2a and macro only. In this evaluation, CRS interference to PDSCH was modeled in all scenarios and CRS-IC has not been implemented since not all UEs would be equipped with CRC-IC. The gain of S-NCT over BCT due to overhead and interference reduction for different scenarios are as follows: 

· For scenario 1 without MBSFN subframes for BCT (4 small cells per cluster):
· All users of macro and small cells:
· 15% to 21% of average UPT depending on RU and CSO
· 27% to 110% of 5% UPT depending on RU and CSO
· For scenario 1 with 6 MBSFN subframes for BCT (4 small cells per cluster):

· All users of macro and small cells:
· 6% to 10% of average UPT depending on RU and CSO
· -10% to 37% of 5% UPT depending on RU and CSO
· For scenario 2a without MBSFN subframes for BCT (4 small cells per cluster):

· All users of macro and small cells:
· 5 to 16% of average UPT (all users) depending on RU
· 10 to 55% of 5% UPT (all users) depending RU
· For scenario 2a with 6 MBSFN subframes for BCT (4 small cells per cluster):

· All users of macro and small cells:
· 2 to 5% of average UPT (all users) depending on RU
· 6 to 26% of 5% UPT (all users) depending RU
· For Macro only scenario without MBSFN subframes for BCT:
· All users of macro cell:
· 13 to 28% of average UPT depending on RU
· 22 to 45% of 5% UPT depending on RU
· For Macro only scenario with 6 MBSFN subframes for BCT:
· All users of macro cell:
· 5% to 10% of average UPT depending on RU
· 8 to 14% of 5% UPT depending on RU
From these simulation results, it can be observed that the gain of S-NCT is large for cell edge users. This gain reduces when MBSN is configured for the BCT (i.e. MBSFN subframes used for PDSCH transmission).
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Appendix 1: Further plots of the simulation results.
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Figure A1. Performance gain of S-NCT over BCT in scenario 1 with CSO of 6dB (w/o and w MBSFN for BCT)
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Figure A2. Performance gain of S-NCT over BCT in scenario 1 with CSO of 9dB (w/o and w MBSFN for BCT)
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Figure A3. Performance gain of S-NCT over BCT in scenario 2a (w/o MBSFN for BCT)
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Figure A4. Performance gain of S-NCT over BCT in Macro only scenario (w/o and w MBSFN BCT)
Appendix 2: Simulation assumptions of SCE scenario 1, 2a and Macro only
	Parameters
	Macro cell
	Small cell

	Scenario
	scenario 1, 2a  and Macro only

	Layout
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Hexagonal grid, 3 sectors per site and 7 Macro sites were used in the simulations (Case 1).

	









Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	System BW per carrier
	10MHz
	10MHz

	Carrier frequency 
	2.0GHz
	Scenario 1: 2.0GHz

Scenario 2a: 3.5GHz

	Total BS TX power 
	46dBm
	30 dBm

	Path loss
	ITU Uma [referring to Table B.1.2.1-1 in TR36.814]
	ITU Umi [referring to Table B.1.2.1-1 in TR36.814] 

	Penetration
	For outdoor UEs:0dB
For indoor UEs: 20dB 
	For outdoor UEs:0dB
For indoor UEs: 20dB 

	Shadowing
	ITU UMa according to Table A.1-1 of TR36.819
	ITU UMi [referring to Table B.1.2.1-4 in TR36.814] 

	Antenna pattern
	3D referring to TR36.819
	2D Omni-directional

	Antenna Height: 
	25m
	10m

	UE antenna Height
	1.5m

	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 TR36.819
	 ITU Umi

	Antenna configuration
	2Tx2Rx with rank adaptation

	Number of clusters per macro cell geographical area
	1

	Number of small cells per cluster
	4

	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 outdoor and 80% UEs are indoor.

	Radius for small cell dropping in a cluster
	50m 

	Radius for UE dropping in a cluster
	70m
	

	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
	FTP Model 1 as in TR 36.814, 0.5Mbytes file size.

	UE receiver and Speed
	MMSE-IRC, 3km/h

	UE noise figure
	9dB

	Feedback scheme (e.g. CQI/PMI/RI/SRS)
	Periodic feedback every 5ms

Scenario 1: two CSI subsets are reported (ABS and non-ABS subframes)

	Scheduling
	PF per cell

	DL overhead assumption
	No explicit modeling of the control channels.
BCT: 2 PDCCH symbol, 2 port CRS with 1ms period.

NCT: 0 PDCCH symbol, 1 port reduced CRS with 5ms period. 

          2 OFDM symbols equivalent overhead for EPDCCH.

For BCT and NCT: CSI-RS periodicity of 5ms, 12 REs for DM RS were assumed

	ABS info 
	For scenario 1 only:  50% ratio and ABS without CRS-IC.

	CRS interference
	CRS interference on PDSCH is modeled in all scenarios.

	Number of MBSFN subframes configured
	For all scenarios, scheduling of PDSCH in MBSFN subframes on the BCT is considered, with 0 and 6 MBSFN subframes per frame.

	CRS overhead
	2 CRS ports on BCT, 5 ms reduced CRS on NCT, 

Macro cell, cell_Ids: Planned, 

Small cell, cell_Ids: Planned

	Cell selection criteria
	For scenario 1: RSRP + bias of 6 dB and 9 dB

For scenario 2a: RSRQ + bias of 0 dB (only baseline simulated)
For macro only scenario: RSRP

	Network synchronization
	Synchronized

	Performance metrics
	Average UPT and 5%-tile UPT, RU of {20%, 40%, 60%} across all cells in the most loaded layer in the reference scheme of BCT.
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