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1 Introduction
In RAN1#62bis meeting, WF on time-domain extension of Rel-8/9 backhaul-based ICIC [1] was agreed, and there were discussions on the potential gains of cell range expansion (CRE). We observed that CRE gives gains at least for low to moderate cell association bias values and agreed almost blank subframe (ABS) works well in conjunction with CRE.

One of the remaining issues is across which resources interference can be averaged for channel state information (CSI) reports. In [2]

 REF _Ref260909618 \r \h 
[3], we proposed the subframe grouping for CSI measurements and reports that can reflect interference variation caused by ABS. In this contribution, we present simulation results that illustrate the potential gains of CRE and resource (subframe group) specific CSI reports when ABS is adopted in co-channel deployment of macro eNBs and outdoor pico nodes.
2 Simulation Assumptions
The basic simulation assumptions are set according to the latest TR 36.814 [4] 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). In each macro cell, 4 pico nodes are randomly and uniformly dropped, and 30 UEs are dropped within each macro geographical area.
In particular, outdoor RRH/Hotzone path loss Model 1 described in [4] 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 CRE, a fixed bias value is added to RSRP of the pico nodes and then the cell with best RSRP is chosen as the serving cell.
Almost blank subframe (ABS)
We evaluated time domain cooperative silencing where macro eNBs are mute in a fraction of subframes (almost blank subframes), while pico nodes can transmit in all subframes. In such cooperative silencing, pico-UEs have “coordinated” 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; one with low interference and the other with high interference.
Multiple CSI reports (Subframe grouping for CSI measurements and reports)
When ABS is adopted, 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), CSI feedback mechanism will support transmission of CSI 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:
· Reuse-1: Conventional co-channel deployment where macro and pico nodes transmit in all subframes.
· ABS + Rel-8 CSI: ABS is adopted. For CSI reports of pico-UEs, interference is averaged across all subframes without distinction between the uncoordinated subframes (which are not configured as ABS in macro cell) and the coordinated subframes (which are configured as ABS in macro cell).
· ABS + One CSI*: ABS is adopted. For CSI reports of pico-UEs, interference is averaged across the coordinated subframes and one CSI report is provided to the pico nodes. In particular, the pico nodes schedule pico-UEs at the uncoordinated subframes as follows. If additional interference from macro cells at the uncoordinated subframes is high enough to make the target FER of initial transmission exceed 10%, the pico nodes do not schedule those pico-UEs (mostly located in edge) at the uncoordinated subframes. The other pico-UEs can be scheduled at all subframes with the reported CSI.
· ABS + Two CSI: ABS is adopted. The above-mentioned multiple CSI reports is used, i.e. two CSI reports – one for the coordinated subframes and the other for the uncoordinated subframes – are provided to the pico nodes. In this case the pico nodes can also assign different ranks to the coordinated and the uncoordinated subframes, differently from the one CSI scenario.
In addition, {0, 6, 9, 12, 15, 25} dB bias values are 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 CRE. Figure 1 shows the SINR distribution when pico nodes and UEs are dropped according to configuration 1.
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Figure 1: SINR distribution with and without CRE
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 CRE is adopted, significant SINR degradation occurs. 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 when the 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, 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 gains of both mean and 5% worst user throughput are obtained with respect to Reuse-1, and provided in parentheses in Table 1.
Note that among 10 subframes in a frame, the number of ABSs where macro eNBs stop transmission is fixed as 5 in a heuristic manner and simulation results are expected to be suboptimal.

It also should be noted that the impact of CRS interference in coordinated subframes (referred to as almost blank subframes in macro cell) is not taken into account in this simulation. For almost blank subframes, pico-UEs still experience interference from CRS transmission of macro eNBs. Especially when the pico-UEs are located in the expanded coverage by CRE, the CRS interference will be strong and it needs to be mitigated to fully obtain the potential gain with CRE.
Table 1: UE Throughput [kbps]
	
	Bias [dB]
	0
	6
	9
	12
	15
	25

	Macro-only
	Mean
	835
	N/A
	N/A
	N/A
	N/A
	N/A

	
	
	(0.34)
	
	
	
	
	

	
	5% worst
	234
	
	
	
	
	

	
	
	(0.85)
	
	
	
	
	

	Reuse-1
	Mean
	2407
	2202
	2131
	2102
	2109
	2205

	
	
	(1.00)
	(0.92)
	(0.89)
	(0.87)
	(0.88)
	(0.92)

	
	5% worst
	274
	363
	252
	97
	35
	0

	
	
	(1.00)
	(1.32)
	(0.92)
	(0.35)
	(0.13)
	(0.00)

	ABS + Rel-8 CSI
	Mean
	2149
	1901
	1798
	1735
	1714
	1735

	
	
	(0.89)
	(0.79)
	(0.75)
	(0.72)
	(0.71)
	(0.72)

	
	5% worst
	139
	207
	213
	126
	66
	1

	
	
	(0.51)
	(0.76)
	(0.78)
	(0.46)
	(0.24)
	(0.00)

	ABS + One CSI*
	Mean
	2612
	2439
	2154
	2093
	2053
	1963

	
	
	(1.09)
	(1.01)
	(0.90)
	(0.87)
	(0.85)
	(0.82)

	
	5% worst
	139
	207
	261
	300
	283
	24

	
	
	(0.51)
	(0.75)
	(0.95)
	(1.09)
	(1.03)
	(0.09)

	ABS + Two CSI
	Mean
	2954
	2783
	2694
	2587
	2522
	2387

	
	
	(1.23)
	(1.16)
	(1.12)
	(1.07)
	(1.05)
	(0.99)

	
	5% worst
	136
	210
	259
	325
	377
	288

	
	
	(0.50)
	(0.76)
	(0.94)
	(1.19)
	(1.37)
	(1.05)


In previous meetings, we already observed that conventional co-channel deployment of macro and pico nodes (Reuse-1) provides a substantial gain, especially when more UEs are offloaded to the pico nodes. In this contribution we more focus on the additional gains of CRE and multiple CSI reports when ABS is adopted.
As we expected, CRE without ABS causes serious performance degradation in edge user throughput. Therefore, CRE should be accompanied with ABS so that some resources are reserved for pico-UEs only. Moreover, even when CRE is adopted in conjunction with ABS, the system performance can be decreased if CSI is obtained without considering interference fluctuation caused by ABS.
Multiple CSI report shows best performance in terms of mean user throughput for all CRE bias values. When ABS is adopted without CRE (i.e. bias 0 dB), 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 coordinated subframes exceeds such throughput loss and it results in a significant improvement in mean user throughput.
Assuming multiple CSI report, if CRE is adopted, the edge user throughput is increased. This is 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 simulation, a 15 dB bias value seems to enable some degree of load balancing and it shows the best edge user throughput.
It is noteworthy that CRE with large bias values can also provide performance gains at extremely low geometry as shown in Figure 1 if multiple CSI report is adopted for pico-UEs.
4 Summary

In this contribution we evaluated the potential gains of cell range expansion and multiple CSI report that can reflect subframe-by-subframe interference variation caused by almost blank subframe.
We can have following observations:
· Cell range expansion should be accompanied with almost blank subframe so that some resources are reserved for pico-UEs only.
· Multiple CSI report is essential to exploit the potential benefit of almost blank subframes and/or cell range 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)
	
[image: image2.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

A

A

,

12

min

2

3

q

q

q



[image: image3.wmf]dB

3

q

 = 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
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