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1
Introduction
In this contribution, we analyze the performance of  TDM eICIC in macro-pico scenario. In particular, we analyse the effects of the CRE within the bounds of 6-12 dB (as agreed in [4]) for finite buffer traffic and CRS cancellation. 
2
Performance of feICIC in Macro-Pico Scenario
As per [3], the following was agreed as a way forward for RAN1 #67 simulations: 

· Bias values beyond 6 dB can provide performance gains for some macro/pico deployments in interference limited scenarios with techniques that mitigate CRS interference 
· Optimum bias value varies depending on the evaluation scenario

· Further RAN1 work (evaluations and design/solutions) is to be done for

· 6 through12 dB bias

· Zero and reduced power ABS
· Receiver –based solutions 

· PDSCH muting as described in R1-113573
· Relation with PDCCH is studied.
·  Impact on overhead should be studied.
In this contribution, we focus on studying the optimality of the ABS patterns for different CREs with receiver-side solutions (i.e. CRS cancellation).  In particular, we consider the performance of CRE under TDM eICIC for each CREs from 6 dB to 12 dB, and evaluate the performance differences in each case.
2.1
Simulation assumptions 
The simulation assumptions are listed in Annex A. As per agreements of [4], we consider the following simulation cases: 

· Macro-pico scenario (using Configuration 4b(4) from 36.814)  with ITU channel mode and CRE = 0, 6, 9, 12 dB simulated

· TDM eICIC: Semi-static ABS patterns used, same pattern used throughout the macro eBNs for the duration of a single simulation. 
· ABS patterns: Zero-power ABS patterns are used. The patterns are optimized for each case, i.e. we only show the results for each CRE from the most optimal ABS configruation (optimality is based on the cell edge throughput)

· Both Full buffer traffic and Finite buffer traffic (according to [FTP model 1 from 36.814]) with varying offered load simulated.

· Receiver/transmitter solutions: CRS cancellation assumed in each case. No transmitter-side solutions utilized.
When analysing the results, we consider the following metrics:
· 5%ile/50%ile user throughput (separately for pico and macro UEs)

· Average  cell throughput (separately for pico and macro cells)

· Macro Cell Area (MCA) throughput: We also calculate the cell throughput for the whole macro cell area, i.e. for a single macro cell and all picos associated with it. This enables a better analysis of how the pico cells (and CRE) increase the system performance.

2.2
Cell association with CRE
First of all, to establish a clear reference point, Table 1 shows the amount of UEs connected to pico cells with each CRE value.
Table 1. Scenario 4b(4): Pico cell association ratios with CRE = 0, 6, 9, 12 dB 
	CRE [dB]
	Percentage of Pico UEs [%]
	Percentage of pico CRE UEs [%]
	Pico CRE UEs added compared to the previous CRE case [%]
	(Average) Fraction of user population in each pico cell [%]
	(Average) Fraction of user population in macro cells [%]

	0
	59.50%
	0.00%
	0.00%
	14.88%
	40.50%

	6
	70.80%
	11.30%
	11.30%
	17.70%
	29.20%

	9
	75.10%
	15.60%
	4.30%
	18.78%
	24.90%

	12
	79.80%
	20.30%
	4.70%
	19.95%
	20.20%


From Table 1, we make the following observations:

Obsevation 1: When CRE is increased by 3 dB, the amount of users in pico cells increases by ~4-5%-units

Obsevation 2: When CRE is increased to 6-12 dB, the user concentration (measured as users/cell) becomes more uniform between pico and macro cells.
2.3
Offered load and cell loading
Table 2 and Table 3 show the offered load (and how the load is theoretically dispersed amoing the pico and macro cells) and the resulting cell load (measured in terms of PRB utilization) for pico and macro cells.

Table 2. Scenario 4b(4): Offered load for finite buffer cases 

	Traffic case
	CRE [dB]
	Offered load / Macro cell area [Mbps]
	Avg Offered load / pico cell [Mbps]
	Avg Offered load / macro cell [Mbps]

	Low
	0
	12
	2.13
	3.48

	Low
	6
	12
	2.52
	1.92

	Low
	9
	12
	2.64
	1.44

	Low
	12
	12
	2.7
	1.2

	Med
	0
	24
	4.26
	6.96

	Med
	6
	24
	5.04
	3.84

	Med
	9
	24
	5.28
	2.88

	Med
	12
	24
	5.4
	2.4

	High
	0
	36
	6.39
	10.44

	High
	6
	36
	7.56
	5.76

	High
	9
	36
	7.92
	4.32

	High
	12
	36
	8.1
	3.6


Table 3. Scenario 4b(4): Cell load (=PRB utilization) for finite buffer cases 
	PRB Utilization

	CRE (dB)
	Cell type
	Low Load
	Medium Load

	
	
	0/8
	2/8
	4/8
	0/8
	2/8
	4/8

	0
	Macro
	18
	23
	40
	49
	66
	90

	
	Pico
	7
	6
	5
	20
	16
	13

	6
	Macro
	12
	16
	25
	30
	40
	79

	
	Pico
	10
	7
	6
	24
	19
	15

	9
	Macro
	10
	14
	21
	21
	30
	51

	
	Pico
	12
	8
	6
	26
	20
	17

	12
	Macro
	9
	11
	18
	20
	26
	40

	
	Pico
	14
	9
	7
	33
	22
	18


2.4
feICIC performance analysis
Next, we analyse the results for the finite buffer case. We also only show the medium load case, further results can be found in Appendix B. 
Note: that these results are for ideal muting: The effect of the CRS remaining in the ABS is not considered, i.e. ABS are not causing any interference to the victim cell. This is to show the optimum obtainable results.
Note: Optimal ABS pattern selection is done according to 5-percentile spectral efficiency collected from all terminals. Thus, the “optimal” ABS is such that gives best joint macro+pico cell edge user throughput performance.
Table 4. Scenario 4b(4): Optimality criterion: User throughputs collected from all terminals for CRE = 0, 6, 9, 12 dB, ideal CRS cancellation, medium load

	CRE [dB]
	Optimal Muting pattern
	5% user throughput [Mbps]
	50% user throughput [Mbps]

	0
	0/8
	4.44
	16.58

	6
	2/8
	4.79
	18.71

	9
	2/8
	5.50
	19.86

	12
	2/8
	5.6
	20.42


Table 4. Scenario 4b(4): Macro/pico user throughputs for CRE = 0, 6, 9, 12 dB, ideal CRS cancellation, medium lambda(=6), optimal ABS

	CRE [dB]
	Optimal Muting pattern
	5% pico user throughput [Mbps]
	50% pico user throughput [Mbps]
	5% macro user throughput [Mbps]
	50% macro user throughput [Mbps]

	0
	0/8
	6.87
	19.05
	3.37
	11.4

	6
	2/8
	6.29
	20.65
	2.93
	12.04

	9
	2/8
	7.04
	20.34
	6.59
	17.17

	12
	2/8
	6.36
	20.7
	6.21
	18.95


Observation 3: For the used optimality criterion, CRE = 9 dB provides the highest cell edge throughput for both macro and pico users.
Observation 4: Increasing CRE beyond 9 dB does not seem to provide big gains, even though 50% throughput does increase somewhat.
Finally, we consider also the cell throughputs, Table 5 shows these with the varying CRE
Table 5. Scenario 4b(4): Cell throughput for CRE = 0, 6, 9, 12 dB, ideal CRS cancellation, medium load 
	CRE [dB]
	Optimal Muting pattern
	Average MCA throughput [Mbps]
	Average macro cell throughput

[Mbps]
	Average pico cell throughput

[Mbps]

	0
	0/8
	24.95
	11.3
	3.41

	6
	2/8
	23.26
	7.22
	4.01

	9
	2/8
	23.66
	6.31
	4.34

	12
	2/8
	23.42
	4.97
	4.61


Although the overall MCA throughput decreases slightly with CRE, the results are reasonably stable. The CRE just enables better load balancing between the pico and macro cells, with 12 dB providing quite even load between macro and pico cells.
Observation 5: CRE enables better load balancing between macro and pico cells with the hotspot deployment.
4
Conclusion
Based on the presented results, we have observed the following:

Observation 1: When CRE is increased by 3 dB, the amount of users in pico cells increases by ~4-5%-units

Observation 2: When CRE is increased to 6-12 dB, the user concentration (measured as users/cell) becomes more uniform between pico and macro cells.
Observation 3: For the used optimality criterion, CRE = 9 dB provides the highest cell edge throughput for both macro and pico users.
Observation 4: Increasing CRE beyond 9 dB does not seem to provide big gains, even though 50% throughput does increase somewhat.

Observation 5: CRE enables better load balancing between macro and pico cells with the hotspot deployment.

Given these, we conclude that CRE = 9 dB seems to give the overall largest gains with respect to system performance. CRE = 12 dB does give some additional gains, but the margins are small and given that we have used ideal modelling of CRS cancellation, including non-idealities could decrease the performance further. Hence, we propose that RAN1 should adopt CRE = 9 dB as the maximum considered value for Rel’11 feICIC. Then it would be up to RAN4 to derive suitable performance requirements for  Rel’11 feICIC.
Proposal 1: CRE = 9 dB should be chosen for Rel’11 feICIC upper limit to be communicated to RAN4.
Finally, we would note that one important aspect of the work is also the cell search and system information acquisition. Given the Rel’10 RAN4 discussions on cell search, and considering that RAN1 does not typically consider such aspects, we think that it should be left up to RAN4 as to how to define the eventual cell search thresholds. This should be communicated in the eventual LS once RAN1 makes the decision on the maximum CRE value for Rel’11.
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Appendix A: simulation parameters
	Parameter
	Value

	Deployment scenario
	Picos randomly dropped onto 3GPP Case1 macro-cells

	Simulated scenario
	As for deployment scenario 3 in Table A.1-1 in [6]:
ITU UMa for Macro, UMi for low power node

·  UMa
- UE speed : 3km/h
- No outdoor in-car penetration loss
·  UMi
- Carrier Frequency : 2GHz
- 100% UE dropped outdoors

- No outdoor to indoor penetration loss
· Antenna Height: Applied for ITU UMa (Macro), ITU UMi (LPN) 

· 10m for RRH/Hotzone Node

· 25m for Macro Node

· 3D antenna tilt for calibration (for 25m) :  12 degrees 
· UE noise figure: Applicable to all the channel models 
· 9dB

· Minimum Distance: Applicable to all the channel models
· Macro – RRH/Hotzone: >75m

· Macro – UE : >35m

· RRH/Hotzone – RRH/Hotzone: >40m

· RRH/Hotzone – UE : >10m
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·  Additional Clarifications 
- ITU UMa and UMi penetration, pathloss, and shadowing generation methodology is used for Macro to UE and0 Pico/RRH to UE repectively

- Do not use values in TR36.814 for pathloss, penetration and shadowing


	Number of pico cell per macro base-station
	4

	UE distribution within cell
	According to Configuration #4

	Traffic model
	Finite buffer, different offered loads

	eNB Scheduler
	Proportional fair scheduler (time and frequency scheduling)

	Carrier Frequency
	2GHz

	Fast Fading model
	ITU

	Base station antenna configuration
	4-Tx: XX; Columns with {-45,+45} deg. x-pol antennas; l/2 spacing between columns

	UE antenna configuration
	2-Tx: X with {0,90} deg. x-pol antennas


	MIMO scheme
	4x2 R10 SU-MIMO

	UE receiver
	IRC 

	Number of UEs / sector
	Configuration #4b:
Macro UEs: 10
RRH UEs = 20/5/2 per RRH for 1/4/10  RRHs

Configuration #1:
Macro UEs: 25
RRH UEs = 0 per RRH 

	Channel estimation for demodulation
	Realistic (via AVI tables)

	Channel estimation for CSI
	Ideal

	Transmission mode
	TM4

	Reference symbol overhead
	Legacy overhead: 2Tx Rel’8 CRS
DRS overhead: 12 RE / PRB
CSI-RS overhead: 4 RE / PRB, 10 ms interval

	PMI
	Wideband PMI
10 ms reporting interval
6 ms delay

	CQI
	Sub-band size 6 PRBs; 10 ms reporting interval;6 ms delay; 1 dB error and quantization

Separate CQI configured for ABS and non-ABS subframes. Scheduling decisions utilize the appropriate CQI for the scheduled subframe.

	UE noise figure

	9 dB

	Cell range expansion
	0 dB (i.e. no CRE, reference case), 6, dB, 9 dB and 12 dB 

	Muting pattern
	0/8 (i.e. no muting, reference case), 2/8 muting, 4/8 muting 
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Appendix B: Additional results for finite buffer cases, CRE = 0, 6, 9, 12 dB
USER THROUGHPUTS
Table 7. Scenario 4b(4): Macro/pico user throughputs for CRE = 0, 6, 9, 12 dB, ideal CRS cancellation, medium lambda(=6)

	CRE [dB]
	Muting pattern
	5% pico user throughput [Mbps]
	50% pico user throughput [Mbps]
	5% macro user throughput [Mbps]
	50% macro user throughput [Mbps]

	0
	0/8
	6.87
	19.05
	3.37
	11.4

	0
	2/8
	7.18
	20.28
	1.28
	4.74

	0
	4/8
	10.88
	27.75
	0.96
	2.34

	6
	0/8
	5.52
	19.32
	5.59
	19.7

	6
	2/8
	6.29
	20.65
	2.93
	12.04

	6
	4/8
	8.74
	25.62
	1.26
	4.04

	9
	0/8
	5.69
	20.62
	10.57
	27.59

	9
	2/8
	7.04
	20.34
	6.59
	17.17

	9
	4/8
	8.77
	24.32
	2.55
	7.5

	12
	0/8
	5.70
	20.51
	10.61
	29.85

	12
	2/8
	6.36
	20.7
	6.21
	18.95

	12
	4/8
	8.54
	24.99
	2.75
	8.49


Table 4. Scenario 4b(4): User throughputs collected from all terminals for CRE = 0, 6, 9, 12 dB, ideal CRS cancellation, medium lambda(=6)

	CRE [dB]
	Muting pattern
	5% user throughput [Mbps]
	50% user throughput [Mbps]

	0
	0/8
	4.44
	16.58

	0
	2/8
	2.21
	15.59

	0
	4/8
	1.23
	21.57

	6
	0/8
	4.75
	18.92

	6
	2/8
	4.79
	18.71

	6
	4/8
	2.06
	20.28

	9
	0/8
	4.26
	19.46

	9
	2/8
	5.50
	19.86

	9
	4/8
	3.25
	21.19

	12
	0/8
	3.55
	20.04

	12
	2/8
	5.6
	20.42

	12
	4/8
	4.72
	22.59


Resource utilization in each case:
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