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1   Introduction

In this document, we provide simulation results comparing Standalone New Carrier Type (NCT) with Backwards Compatible Carrier (BCT) for the following two scenarios:
· Macro Only,
· Small cells Scenario 2a with 4 small cells per cluster.
2 Simulation Results
Figure 1a shows average and 5%-tile user throughput for NCT and BCT for the Macro-only case. Figure 1b shows the achievable gain for NCT as a function of resource utilisation (RU). The RU values shown in Figures 1a and 1b are those measured for BCT. Offered load shown in Figure 1a is the load offered by UEs dropped within each macro geographical area. 
Figure 2a shows average and 5%-tile user throughput for NCT and BCT for the small cells Scenario 2a. Figure 2b shows the achievable gain for NCT as a function of resource utilisation (RU). The RU values shown in Figures 2a and 2b are those measured for BCT macro layer. Offered load shown in Figure 2a is the load offered by UEs dropped within each macro geographical area (including those UEs that are dropped in the small cell cluster present within the corresponding macro geographical area).
Detailed simulation results for macro-only case are given in Table 1a (BCT) and 1b (NCT). Detailed simulation results for Scenario 2a are given in Table 2a (BCT) and Table 2b (NCT).
Evaluation assumptions are listed in Annex A.
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Figure 1a. User throughput comparison between NCT and BCT (Macro Only) as a function of Offered load.
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Figure 2b. Throughput gain for NCT vs. BCT (Macro only) as a function of Resource Utilisation.

Figure 3.  Macro-only scenario – NCT vs. BCT.
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Figure 2a. User throughput comparison between NCT and BCT (Scenario 2a) as a function of Offered load.
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Figure 2b. Throughput gain for NCT vs. BCT (Scenario 2a) as a function of Resource Utilisation.

Figure 2.  Small-cell Scenario 2a  – NCT vs. BCT.

Table 1a. Detailed user throughput results (BCT, Macro only)
	Offered Load (Mbps)
	Cell Avg. Tput (Mbps)
	User Avg. Tput (Mbps)
	95%-tile user tput (Mbps)
	50%-tile user tput (Mbps)
	10%-tile user tput (Mbps)
	 5%-tile user tput (Mbps) 
	RU (%)

	5
	4.99
	23.41
	41.46
	22.16
	9.75
	7.84
	21.69

	6
	5.98
	19.89
	40.66
	17.36
	7.41
	5.94
	26.65

	7.5
	7.47
	15.87
	36.03
	13.30
	5.13
	3.94
	36.40

	8
	7.97
	14.69
	33.30
	12.03
	4.77
	3.60
	45.92

	9
	8.94
	11.79
	28.06
	9.26
	3.07
	2.27
	55.42

	Full Buffer
	16.502
	1.6494
	3.9787
	1.268
	0.50868
	0.41188
	99.91


Table 1b. Detailed user throughput results (NCT, Macro only)
	Offered Load (Mbps)
	Cell Avg. Tput (Mbps)
	User Avg. Tput (Mbps)
	95%-tile user tput (Mbps)
	50%-tile user tput (Mbps)
	10%-tile user tput (Mbps)
	 5%-tile user tput (Mbps) 
	RU (%)

	5
	4.99
	26.86
	49.31
	24.75
	11.11
	8.87
	19.28

	6
	5.98
	22.52
	48.93
	19.95
	8.18
	6.51
	24.44

	7.5
	7.47
	17.66
	40.97
	14.81
	5.56
	4.32
	33.96

	8
	7.97
	16.23
	38.44
	13.27
	4.99
	3.79
	43.38

	9
	8.94
	12.54
	31.23
	9.73
	3.19
	2.34
	55.28

	Full Buffer
	16.502
	1.6494
	3.9787
	1.268
	0.50868
	0.41188
	99.91


Table 2a. Detailed user throughput results (BCT, Scenario 2a)
	Offered Load (Mbps)
	Cell Avg. Tput (Mbps)
	User Avg. Tput (Mbps)
	95%-tile user tput (Mbps)
	50%-tile user tput (Mbps)
	10%-tile user tput (Mbps)
	 5%-tile user tput (Mbps) 
	 RU Macro layer (%)
	RU Small Cell layer (%)

	12
	11.99
	36.00
	48.47
	36.26
	19.79
	16.64
	17.58
	5.99

	18
	17.98
	33.16
	48.14
	34.84
	15.53
	12.22
	35.83
	9.57

	24
	23.92
	30.05
	49.51
	30.46
	11.08
	6.89
	57.36
	10.55


Table 2b. Detailed user throughput results (NCT, Scenario 2a)
	Offered Load (Mbps)
	Cell Avg. Tput (Mbps)
	User Avg. Tput (Mbps)
	95%-tile user tput (Mbps)
	50%-tile user tput (Mbps)
	10%-tile user tput (Mbps)
	 5%-tile user tput (Mbps) 
	RU Macro layer (%)
	RU Small Cell layer (%)

	12
	11.99
	38.69
	49.15
	40.00
	21.60
	17.36
	15.82
	5.71

	18
	17.99
	35.41
	48.95
	36.36
	16.82
	13.27
	33.22
	9.13

	24
	23.96
	32.05
	49.72
	32.48
	12.04
	7.79
	55.41
	10.13


3 Observations
We make the following observations:
1. For the simulated scenarios, the following user throughput (UTP) gains were observed for NCT,
a. Macro only (6MBSFN subframes) 

i. 6-15% gain for avg. user throughput. 

ii. 3-13% gain for cell edge (5%-tile) user throughput.

b. Small cell Scenario 2a (4 small cells per macro) 

i. 7-8% gain for avg. user throughput.
ii. 4-13% gain for cell edge user throughput.
2. When same pilot and control channel overhead is assumed for NCT and BCT, observed UTP gains do not translate into gains in cell spectral efficiency (i.e., no increase in cell capacity).
a. For full buffer scenario, the same cell spectral efficiency is seen for NCT and BCT.  

3. The observed avg. UTP gains for NCT are relatively higher at low cell loading (where the UTP of BCT is already high), and the gains decrease as cell loading increases.
a. This is expected since at higher cell loading, impact of PDSCH(PDSCH interference becomes more dominant than impact of CRS( PDSCH interference.
We also note that most of the NCT to BCT improvement shown here can be achieved with BCT in combination with other mechanisms that do not require operation of non-backwards compatible cells that are never accessible to LTE Rel 8/9/10/11 UEs. Such mechanisms include,
a. Advanced UE receiver techniques for CRS interference suppression. 

b. Operating BCT with one CRS antenna port.
Finally, as discussed in [1], approximately twice the aggregation level, i.e., twice the number of REs, is needed for distributed EPDCCH to achieve similar performance and coverage as that of PDCCH. Since distributed EPDCCH is expected to be used for CSS on NCT, the overhead required will be approximately twice that of BCT. Also, similar additional overhead would be needed for NCT to support other broadcast/common control signalling transmissions such as MIB, SIB, paging, etc., with the same coverage as that of BCT. NCT reduces CRS overhead by supporting R-CRS instead of CRS. However, additional common pilot overhead (on top of R-CRS overhead) may be required for NCT to support MIB, SIBs and CSS transmissions. Since the details of common pilots and control channels for NCT are not agreed yet, we have assumed the same number of available REs for both NCT and BCT for the evaluations in this document. However, considering the above aspects, the common signalling overhead for NCT may exceed that of BCT, and this can reduce the achievable gains of NCT to lower values than those shown in this document.
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Annex A – Evaluation Assumptions
	Parameter
	Assumption/Value

	Cellular layout
	Macro Only - Hexagonal grid, 19 macro eNB cell sites, 3 macro cells per site.
Scenario 2a - Hexagonal grid, 7 macro eNB cell sites, 3 macro cells per site. 4 small cells per-macro cell modelled according to R1-130856

	Deployment Assumption for NCT evaluation
	Macro Only – All macro cells use NCT 

Scenario 2a – All macro cells and small cells use NCT

All UEs in the network is assumed to be capable of accessing NCT (i.e., it is assumed that no Rel8/9/10/11 UEs are present in the network)

	Traffic model
	FTP Model 1 (0.5MB packet size per user). 

Macro Only – Offered load of 5, 6, 7.5, 8, 9 Mbps modelled. 
Scenario 2a – Offered load of 12, 18, 24 Mbps modelled.

	PCID Assignment
	Macro cells – planned. Small cells – random.

	MBSFN Subframes
	6 MBSFN subframes assumed for all cases.

	Pilot and Control Channel Overhead
	66000 REs simulated in each radio frame. 

The overhead required for control channels and pilots for RRM measurements for NCT is not clear at this stage. Given this, same number of REs/radio frame is assumed as available for PDSCH for both NCT and BCT.  

	CQI feedback delay
	4 ms

	CQI subband size
	72 subcarriers (6 RBs)

	UE Receiver 
	MMSE

	Channel Estimation
	Realistic

	Scheduler
	Time and frequency selective Proportional Fair scheduler.

	Control channel model
	Ideal: Control channel errors not modelled.

	Interference modeling
	Frequency selective interference from all eNBs/Small cells, top 15 interferers (top 6 for macro only) modelled with both frequency/spatial selective interference and fast fading. CRS/R-CRS interference on PDSCH modelled explicitly at subcarrier level. 

	Link to System Mapping
	MMIB 

	Link Adaptation
	1st transmission BLER target of ~10% achieved for both NCT and BCT.


Other evaluation assumptions aligned with R1-130856 and R1-132849.
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