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1 Introduction
The enhancement of inter-cell interference coordination (ICIC) techniques is important to fully exploit the potential benefit of heterogeneous networks. In [1], we proposed to adopt cooperative silencing where the node causing severe interference to other layers stops its transmission in a coordinated subframe as a time domain extension of Rel-8/9 ICIC techniques. In addition, the subframe grouping for CQI/PMI/RI measurement and reporting that can reflect interference variation is also introduced in [1]

 REF _Ref260909618 \r \h 
[2].
In case of co-channel deployment of macro eNBs and CSG HeNBs in [1], macro-UEs suffer from HeNB interference if macro-UEs are close to the CSG HeNB. Thus, it is desirable that the CSG HeNB (aggressor) stops transmission in a fraction of subframes and macro-UEs’ measurement and reporting captures such interference variation.

On the other hand, in case of co-channel deployment of macro eNBs and outdoor pico nodes, pico-UEs suffer from macro interference and it becomes serious when UEs are artificially biased to pico nodes. In this case, the macro eNB (aggressor) can stop transmission in a fraction of subframes and pico-UEs’ measurement and reporting can be extended.
The potential benefit of time domain cooperative silencing and the subframe grouping for measurement can be assessed in either deployment scenario. In particular, a performance gain by introducing the subframe grouping for measurement, which requires a same capability from UE perspective in either scenario, can be evaluated.
In this contribution, we present simulation results that illustrate the potential gain of such cooperative silencing and extensions of measurements and reporting in co-channel deployment of macro eNBs and outdoor pico nodes. Furthermore, we investigated the performance gain when the coverage of low power nodes is expanded by adopting a biased serving cell selection.
2 Simulation Assumptions
The basic simulation assumptions are set according to the latest TR 36.814 [3] and summarized in Appendix A.
Here we consider co-channel deployment where outdoor pico nodes for hotzone cells are placed throughout a macro-cell layout. The pico nodes and UEs are deployed according to configuration 1 (uniform placement) and configuration 4b (clustered placement). 4 pico nodes are randomly and uniformly dropped in each macro cell, and 30 UEs are dropped according to each configuration within each macro geographical area.
In particular, outdoor RRH/Hotzone path loss Model 1 described in [3] and fast fading with TU are used. All system simulations are based on 3GPP Case 1 scenario and the corresponding 3D antenna pattern (including vertical pattern) is assumed. Full-buffer traffic model is used and the macro and hotzone cells independently allocate radio resources to their UEs using a time and frequency selective Proportional Fair scheduler.
The serving cell selection is based on best reference signal received power (RSRP). In case of a biased serving cell selection, a fixed bias is added to RSRP from the pico nodes and then the cell with best RSRP is chosen as the serving cell.
Time domain cooperative silencing
In this contribution, we evaluated time domain cooperative silencing where macro eNBs are mute in a fraction of subframes, while pico nodes can transmit in all subframes. In such cooperative silencing, pico-UEs have “protected” subframes in which significant interference from macro eNBs is removed. Consequently, such pico-UEs experience high fluctuation of interference level subframe-by-subframe. In this case, all subframes can be divided into two groups; on with low interference and the other with high interference.
Subframe grouping for CQI/PMI/RI measurement and reporting

If cooperative silencing is applied, pico UEs’ CQI/PMI/RI are measured and reported separately depending on the group to which each subframe belongs. A pico UE generates two CQI/PMI/RI values each of which targets the channel status at each subframe groups. By doing this, it becomes possible to serve a pico UE at the uncoordinated subframes with an adequately controlled MCS level to cope with the interference from the macro eNB (if it is not fatally destructive to the communication of the pico UE).
In order to measure and report CQI/PMI/RI separately according to subframe groups, there need to be feedback mechanisms to support transmission of multiple CQI/PMI/RI values for multiple subframe groups. Fortunately, in the LTE-A systems with carrier aggregation (CA), channel state information (CSI) feedback mechanism will support transmission of CSI information for multiple DL component carriers (CCs) on a single (anchor) UL CC, and it can be easily reused in the above subframe groups. For example, the CQI/PMI/RI values can be delivered in multiple reporting instances with independent feedback configuration, or in one reporting instance with different resources depending on their priorities.
There are four simulation scenarios according to adopted schemes:
· Macro-only

· Reuse-1: Conventional co-channel deployment where macro eNBs and pico nodes can transmit in all subframes.
· Silencing: Macro eNBs are mute in half of subframes, while pico nodes can transmit in all subframes. Subframe grouping for CQI/PMI/RI measurements and reporting is adopted.
· Silencing with biased serving cell selection: Macro eNB silencing and subframe grouping are adopted. In addition, {6, 12, 25} dB bias is given to the pico nodes for serving cell selection.
3 Simulation Results

3.1 SINR distribution

First we study the downlink wideband SINR (geometry) with and without a biased serving cell selection. Figure 1 shows the SINR distribution when pico nodes and UEs are dropped according to configuration 1 and 4b.
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Figure 1: SINR distribution with and without biased serving cell selection
In general, the SINR degradation is observed because of additional interferer (pico nodes). The limited SINR gain in high SINR region is come from a few pico-UEs located close enough to the serving pico node to overcome harsh interference from macro eNBs.
When a biased serving cell selection is adopted, significant SINR degradation occurs in both configurations. This is because newly connected pico-UEs suffer from not only lower transmission power of pico nodes but also harsh interference from the original serving macro eNBs. Even in configuration 4b where the most UEs are placed in proximity to the pico nodes and have lower path loss to the serving pico nodes than that to the macro eNBs, if the cell selection bias is high, interference from macro cells causes serious performance degradation due to the large difference in transmission power.
Therefore, such coverage expansion of pico nodes should be accompanied with resource coordination so that some resources are reserved for pico-UEs only.
3.2 Throughput performance

The performance gain of both mean and 5% worst user throughput is obtained with respect to the macro-only deployment scenario. Table 1 and Table 2 show the throughput gains and the pico attachment ratios for configuration 1 and 4b, respectively.
Table 1: UE Throughput [kbps] and Pico-UE Ratio for configuration 1
	
	Mean
	5% worst
	Pico-UE Ratio

	Macro-only
	763
	(Gain)
	213
	(Gain)
	0%

	Reuse-1
	2484
	(226%)
	247
	(16%)
	21%

	Silencing
	3143
	(312%)
	124
	(-42%)
	21%

	Silencing +   6 dB Bias
	2949
	(287%)
	188
	(-12%)
	36%

	Silencing + 12 dB Bias
	2723
	(257%)
	301
	(41%)
	53%

	Silencing + 25 dB Bias
	2485
	(226%)
	305
	(43%)
	84%


Table 2: UE Throughput [kbps] and Pico-UE Ratio for configuration 4b
	
	Mean
	5% worst
	Pico-UE Ratio

	Macro-only
	767
	(Gain)
	204
	(Gain)
	0%

	Reuse-1
	3410
	(345%)
	363
	(78%)
	44%

	Silencing
	4588
	(498%)
	184
	(-10%)
	44%

	Silencing +   6 dB Bias
	4282
	(458%)
	359
	(94%)
	61%

	Silencing + 12 dB Bias
	4038
	(427%)
	691
	(239%)
	75%

	Silencing + 25 dB Bias
	3760
	(390%)
	544
	(167%)
	94%


Note that among 10 subframes in a frame, the number of protected subframes where macro eNBs stop transmission is fixed as 5 in a heuristic manner and simulation results are expected to be suboptimal.
Conventional co-channel deployment of macro and pico nodes (Reuse-1) shows a substantial gain, especially when more UEs are offloaded to the pico nodes as in configuration 4b.
In both configurations, silencing and biased serving cell selection scenario shows best overall performance, while silencing scenario shows best performance in terms of mean user throughput. In silencing scenario, even though the edge user throughput is decreased because of the reduced resource for macro cells and corresponding throughput loss of macro-UEs, a throughput gain of pico-UEs in protected subframes exceeds such throughput loss and it results in a significant improvement in mean user throughput.
If a biased serving cell selection is used, edge user throughput is increased because the most UEs are attached to the pico nodes and the remaining macro-UEs can have more resources. Thus, an optimized coverage expansion of pico node can provide a compromising performance gain between mean and edge user throughput. In this simulations, a 25 dB bias in configuration 1 and a 12 dB bias in configuration 4b seem to enable some degree of load balancing (about 80% UEs are attached to 4 pico nodes among total 5 nodes including macro node) and they show best edge user throughput.
It is noteworthy that a biased serving cell selection can provide performance gains at extremely low geometry as shown in Figure 1 if the subframe grouping for CQI/PMI/RI measurements and reporting is adopted for pico-UEs. The benefit of such feedback extensions in time domain cooperative silencing can be observed in the next figures.
The throughput CDF for configuration 1 and 4b is depicted in Figure 2 and Figure 3, respectively. For a clear comparison, only simulation results of a 25 dB bias are depicted in the following figures. The other simulation results can be found in Appendix B.
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Figure 2: Throughput CDF for configuration 1
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Figure 3: Throughput CDF for configuration 4b
In the above figures, simulation results without feedback extensions (dotted line) are added for comparison.
4 Summary

In this contribution we evaluated the potential gain of time domain cooperative silencing where macro cells stop transmission in a fraction of subframes and extensions of measurements and reporting that can reflect subframe-by-subframe interference variation. In addition, we evaluated a biased serving cell selection with a fixed bias to RSRP from the pico nodes.
We can have following observations:
· Even though conventional co-channel deployment of macro and pico nodes shows a substantial gain, further improvement seems possible if macro interference to pico-UEs is mitigated by cooperative silencing.
· Coverage expansion of pico nodes should be accompanied with resource coordination such as cooperative silencing so that some resources are reserved for pico-UEs only.
· Subframe grouping for CQI/PMI/RI measurement and reporting is essential to exploit the potential benefit of cooperative silencing and/or coverage expansion of pico nodes.
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Appendix A
Simulation parameters
	Parameter
	Assumption/Value

	Simulation scenario
	3GPP Case 1

	Cellular layout
	Hexagonal grid, 19 macro cell sites, 3 cells per site, wrap‑around

	Hotzone deployment
	4 Hotzone nodes per cell, wrap‑around

	Inter-site distance (ISD)
	500 m

	UE deployment
	30 UEs per cell (Configuration 1, 4b)

	Distance-dependent path loss
	TR 36.814 Outdoor RRH/Hotzone Model 1

	Shadowing standard deviation
	Pico to UE
	10 dB

	
	Macro to UE
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation Between  cells
	0.5

	Channel model
	TU

	Penetration loss
	Pico to UE
	20 dB

	
	Macro to UE
	20 dB

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz (50RB)

	Minimum distance between UE and Macro
	35 m

	Minimum distance between UE and Pico
	10 m

	Minimum distance between Pico eNBs
	40 m for Case 1

	Thermal noise density
	-174 dBm/Hz

	Antenna pattern for macro cell
(horizontal)
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 = 70 degrees, Am = 25 dB  (70 degree horizontal beamwidth)

	Antenna pattern for macro cell
(vertical)
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	Antenna pattern for Hotzone cell
	Omni-directional

	Total macro TX power
	46 dBm 

	Total pico TX power
	30 dBm

	Macro antenna gain
	14 dBi 

	Pico antenna gain for Pico-UE link
	5 dBi

	UE antenna gain
	0 dBi

	Macro and Pico transmitter to UE
	2 antennas, 0.5 wavelengths separation

	UE receiver
	2 antennas, 0.5 wavelengths separation

	UE speed 
	3 km/h

	UE noise figure
	9 dB

	Pico noise figure
	5 dB

	Traffic type
	Full buffer for BS

	Scheduler
	Time and frequency selective Proportional Fair scheduler

	Downlink link adaptation
	Wideband PMI 

CQI sub-band size: 6 RB

CQI reports: 5 ms

CQI delay: 6 ms

CQI measurement error: N(0,1) per PRB

CQI quantization: 5 bit CQI, 1.2 dB granularity ( -7 ~ 29 dB)

MCSs based on LTE transport formats [36.213]

	Hybrid ARQ
	Incremental Redundancy (IR), Maximum four transmissions,

Initial transmission target FER: 10%

	Hybrid ARQ round trip delay for UE
	8 subframes (8 ms)

	Downlink receiver type
	MMSE

	Channel Estimation
	Non Ideal

	Feedback and control channel errors
	Ideal

	Simulation drops
	3

	Link to System Mapping
	MIESM


Appendix B
Other simulation results
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