3GPP TSG RAN WG1 Meeting #67
R1-113635
San Francisco, USA, 14th – 18th November 2011
Agenda Item:
7.3.1
Source:
Huawei, HiSilicon

Title:
Performance evaluation of FeICIC with zero and reduced power ABS
Document for:
Discussion and decision 
1 Introduction

During RAN1 #66bis meeting, there was a consensus for “Bias values beyond 6 dB can provide performance gains for some macro/pico deployments in interference limited scenarios with techniques that mitigate CRS interference”. In addition, the gain from reduced (but non-zero) transmit power PDSCH transmissions in ABS was observed [1] and further evaluations are needed to evaluate both zero- and reduced-power ABS. 
In this contribution we present performance evaluations with reduced-power transmission in ABS along with 6 through 12 dB RE bias. Based on the new simulation results as well as the results in [2], it is observed that
· There is obvious performance gain especially for cell-edge throughput by the reduced-power ABS over zero-power ABS even with fixed power level in reduced-power ABS (i.e, 30dBm).
· By adapting ABS power level according to interference scenario, more gain is expected by reduced-power ABS transmission.
Based on the observations, we propose 
· Further support to make full use of the reduced-power ABS should be considered including

· Broader dynamic range of power in ABS
· More flexible indication of actual resource usage in ABS between aggressive and victim cells. 

2 Simulation Methodology and Assumptions
The simulation methodology and assumptions for reduced PDSCH transmission power in ABS are mostly the same as in [2]. Some additional assumptions are listed as below.
· Transmission mode 

TM9 was assumed. Two sets of CSI feedbacks and open loop link adaptations (OLLA) are configured even for Macro UE to adapt the transmissions in both normal subframe and reduced-power ABS.  

· CRS interference modelling 
Same as in [2].
· Power level of the reduced-power ABS
Obviously the optimum power level is variable which is dependent on the ABS ratio, CRE value and channel model, etc. For simplification, 30dBm transmission power is always assumed for reduced-power ABS regardless of actual CRE bias value even if this is not the optimum value. 
· ABS ratio

The optimum muting ratio is also dependent on the exact power level of ABS and many other factors. It seems too complicate to try all possible combinations to find an optimum ratio for each case. So we fixed the ABS ratio in all cases to 50%. 
Other detailed simulation assumptions can be found in the Appendix.
3 Simulation Results

In [2], we have given the comprehensive results considering the realistic receiver enhancement scheme including receiver puncturing and IC. In this contribution, PDSCH muting is evaluated as a TX-based enhancement scheme to mitigate the CRS interference from aggressive cell. Actually, in this contribution, two extreme cases are evaluated: 

· Scheme1: Macro-Pico scenario with CRE/ABS configuration (with zero/reduced power in ABS) and CRS interference modelling;

· Scheme2: Macro-Pico scenario with CRE/ABS configuration (with zero /reduced power in ABS) and PDSCH muting modelling by which the CRS interference from strongest interfering cell are perfectly removed. Rate matching around the REs which are muted is assumed and UE is also aware of it.
Note that the evaluation is focused on the benefit of the reduced-power ABS so that only the relative gains of reduced-power ABS over zero-power ABS are shown. 
3.1 ITU channel model 

Table 1 and 2 show the performance gain of reduced-power ABS over zero-power ABS in terms of cell-average, cell-edge, 50% UE throughput as well as 95% UE throughput for ITU model with configuration 1 and 4b respectively. 

Table 1. Performance gain of reduced-power ABS over zero-power ABS for ITU model with configuration 1.
	CRE bias
	Scheme1-CRS interference modelling
	Scheme2-PDSCH muting

	
	6dB
	9dB
	12dB
	6dB
	9dB
	12dB

	Cell average 
	4.13%
	3.55%
	3.09%
	2.22%
	1.66%
	1.21%

	Cell edge 
	7.50%
	4.55%
	-2.70%
	17.07%
	12.00%
	0.00%

	50% UE throughput 
	11.05%
	8.12%
	4.41%
	12.44%
	7.14%
	2.12%

	95% UE throughput 
	0.57%
	0.30%
	1.05%
	-2.55%
	-1.12%
	0.60%


Table 2. Performance gain of reduced-power ABS over zero-power ABS for ITU model with configuration 4b.
	CRE bias
	Scheme1-CRS interference modelling
	Scheme2-PDSCH muting

	
	6dB
	9dB
	12dB
	6dB
	9dB
	12dB

	Cell average 
	2.84%
	2.28%
	2.03%
	0.80%
	0.33%
	0.10%

	Cell edge 
	3.33%
	0.00%
	0.00%
	7.94%
	1.47%
	-5.97%

	50% UE throughput 
	5.02%
	2.27%
	1.12%
	1.37%
	-2.01%
	-4.58%

	95% UE throughput 
	1.06%
	2.07%
	2.85%
	1.03%
	2.33%
	3.88%


From these results, it could be observed that:

· By the ITU model, reduced-power ABS can provide obvious performance gain especially for cell-edge throughput compared to zero-power ABS in terms of both cell-average and cell-edge performances.
· The gain of reduced power ABS decreases with the increase of CRE bias. 

· With CRS mitigation scheme (scheme 2), the gain of reduced power ABS is relatively larger than scheme 1 (non-enhancement applied).

3.2 3GPP channel model-1 

Table 3 and 4 give the corresponding results with 3GPP model 1 channel. 

Table 3. Performance gain of reduced-power ABS over zero-power ABS for 3GPP model 1 with configuration 1.
	CRE bias
	Scheme1-CRS interference modelling
	Scheme2-PDSCH muting

	
	6dB
	9dB
	12dB
	6dB
	9dB
	12dB

	Cell average 
	3.28%
	2.41%
	2.54%
	-1.50%
	-1.53%
	-1.64%

	Cell edge 
	9.52%
	20.00%
	13.33%
	14.29%
	18.52%
	14.71%

	50% UE throughput 
	25.00%
	16.83%
	12.50%
	33.75%
	21.50%
	12.70%

	95% UE throughput 
	-2.21%
	-5.86%
	-4.14%
	-9.14%
	-10.19%
	-10.74%


Table 4. Performance gain of reduced-power ABS over zero-power ABS for 3GPP model 1 with configuration 4b.
	CRE bias
	Scheme1-CRS interference modelling
	Scheme2-PDSCH muting

	
	6dB
	9dB
	12dB
	6dB
	9dB
	12dB

	Cell average 
	0.69%
	0.14%
	0.09%
	-4.41%
	-4.72%
	-4.69%

	Cell edge 
	16.67%
	15.38%
	10.00%
	15.63%
	13.95%
	1.92%

	50% UE throughput 
	11.59%
	7.38%
	3.14%
	11.41%
	5.39%
	0.00%

	95% UE throughput 
	-3.84%
	-4.78%
	-3.74%
	-9.89%
	-9.80%
	-7.37%


Similar observations can be achieved in 3GPP model 1 as ITU channel model with the only difference that: 

· With CRS mitigation scheme, the largest cell-edge performance gain from reduced-power ABS is achieved around 9dB bias with configuration 1. 
· With CRS mitigation scheme, the cell-average performance is degraded by the reduced-power ABS compared to zero-power ABS especially for configuration 4.

4 Conclusion

In this contribution we present further performance evaluation with reduced power ABS along with 6 through 12 dB RE bias. By evaluating the performance of the reduced-power ABS in both non-enhanced scheme and relative ideal CRS removal scheme (by PDSCH muting), we can observe that
· There is obvious performance gain especially for cell-edge throughput by the reduced-power ABS over zero-power ABS even with fixed power level in reduced-power ABS (i.e, 30dBm).
· By adapting ABS power level according to interference scenario, more gain is expected by reduced-power ABS transmission.
Based on the observations, we propose 

· Further support to make full use of the reduced-power ABS should be considered including

· Broader dynamic range of power in ABS

· More flexible indication of actual resource usage in ABS between aggressive and victim cells. 
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Appendix: Simulation assumptions

Table A1 Simulation Assumptions for ITU model and 3GPP model-1.
	Parameters
	Assumption

	Scenario
	Case1, 2GHz carrier frequency, 500m ISD, 10MHz BW, speed 3km/h

	Deployment
	Macro Cell:

46 dBm TX power in normal subframe, 30dBm in ABS subframe, 19 × 3 homogeneous network, 10MHz bandwidth.
Pico:

30dBm TX power, 4 Picos per Macro Cell. Min distance between Pico and Macro is 75m; Min distance between Picos is 40m

UE:

Configuration 4b: 1/3 UEs per macro cell, randomly and uniformly dropped in Macro area, 2/3 UEs dropped around Pico cell. 30 for clustered user dropping.

Configuration 1: 25 UEs randomly and uniformly dropped in Macro area

	Path-loss model
	Model 1: ITU UMa for Macro and ITU UMi for Pico (Referring to the Table A.1-1 in TR36.819)
Model 2: 3GPP Model-1 TU (Referring to the Table A.2.1 in TR36.814)

	Antenna configuration
	Macro Cell:

2TX, Directional (3-sector), other parameters referring to the Table A.1-1 in TR36.819 in Model 1 and Table A.2.1 in TR36.814; Cross-polarized: X for ITU channel model

Pico:

2TX, Omni-directional, 5dBi antenna gain; Cross-polarized: X for ITU channel model

UE:

2RX, Omni-directional, 0dBi antenna gain; Cross-polarized: X for ITU channel model

	UE receiver
	MMSE option 1

	Transmission mode
	TM9

	Traffic model
	Full buffer 

	Cell ID planning
	Macro: Planned cell ID layout; Pico: Random cell ID selection

	System2link mapping in Link level
	Alt2: For each codeblock, average interference level over all relevant REs. Use the average as common noise level of each RE in effective SINR calculation.

	Cell selection
	RSRP (for no CRE cases), or RSRP with cell-common RE bias (6/12/18dB)


