3GPP TSG-RAN WG1 #66bis
R1-113230
Zhuhai, China, 10th – 14th October 2011

Agenda item:
7.3.1
Source:
NEC Group

Title: 
Views on CRE evaluation
Document for:
Discussion/Decision
1. Introduction

In RAN1#66 meeting, RAN1 did not reach consensus on unified view on large offset CRE.  

In this contribution, we provide simplified analysis of CRE based on agreed assumptions [1] and propose additional assumption for evaluation.
2. Discussion
To get an overview of HetNet and CRE, we studied coverage area of a Pico cell in HetNet with very simplified model, i.e. static signal strength distribution in the area composed of one Macro site and one Pico cell in a Macro coverage area which is surrounded by six hexagonally arranged Macro sites.
In this study, signal strength is calculated as:

Signal strength = Tx power + Antenna pattern + Antenna gain – Path loss
And interference signal strength is calculated as linear sum of signals from seven Macro sites (or 21 sectors). No other factors, such as fading, thermal noise, ABS, etc. were taken into account.

Each figure in this contribution shows SIR distribution within coverage of the Pico. Other area marked with gray shows Macro coverage area. Pico coverage is determined as an area where signal strength (+ CRE offset) from Pico eNB is most significant than signal strength from other nodes. White circle represents cell radius 40m where clustered users would be placed.
2-1.
Pico coverage in ITU model
In addition to agreed assumptions in [1], pathloss was calculated as linear average of pathloss in LOS and NLOS using LOS probability in [2]:
Pathlosslinear = pathlosslinear(LOS) * probability(LOS) + pathlosslinear(NLOS) * (1- probability(LOS))

It would represent an expected value of pathloss at a certain point.
Figure 2-1.1 shows the case Pico cell is located on the cell edge of the Macro cell.
Observation:

· Pico cell has good coverage with 1.8 times larger area than cell radius 40m without CRE offset
· Clustered users are well covered by Pico cell without CRE offset
· This case looks as a kind of homogeneous network with smaller but adequate Tx power node
· With moderate CRE offset of 6dB, the coverage will be more than three times larger than cell radius 40m.
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	(a) without CRE offset
	(b) with CRE offset=6dB

	Figure 2-1.1
SIR distribution in dB within Pico coverage at ISD between Macro and Pico = 250m


Figure 2-1.2 shows the case a Pico cell is placed 190m away from the Macro cell center:
Observation:

· Pico cell has almost same coverage area as cell radius 40m without CRE offset
· The coverage area is slightly displaced to the opposite side of Macro center by 15m so that around 3/4 of clustered users are covered by the Pico without CRE offset
· With moderate offset of 6dB, Pico cell will cover more than 95% of cell radius of 40m and will become 2.5 times larger than cell radius 40m.
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	(a) without CRE offset
	(b) with CRE offset=6dB

	Figure 2-1.2
SIR distribution in dB within Pico coverage at ISD between Macro and Pico = 190m


Figure 2-1.3 shows the case a Pico cell is placed close to the Macro center (75m away from the center of the Macro cell):
Observation:

· Pico cell has very small coverage area (around 10% of cell radius 40m) without CRE
· More than 12dB CRE offset will be necessary to cover cell radius of 40m.
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	(a) without CRE offset
	(b) with CRE offset=12dB

	Figure 2-1.3
SIR distribution in dB within Pico coverage at ISD between Macro and Pico = 75m


2-2.
Pico coverage in 3GPP model-1

Figure 2-2.1 to 5 show the Pico coverage with various ISD between Macro and Pico with/without CRE offset for 3GPP model-1. 
Observation:

· The coverage area of Pico cell is shrunk by the interference from Macro cell
· Pico cell has no coverage area if it is placed within 210m from Macro cell center without CRE offset
· Required CRE offset to cover cell radius of 40m depends on the location of Pico cell and ranges from 6 to 18 dB
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	(a) without CRE offset
	(b) with CRE offset=6dB

	Figure 2-2.1
ISD between Macro and Pico = 250m
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	(a) without CRE offset
	(b) with CRE offset=9dB

	Figure 2-2.2
ISD between Macro and Pico = 210m


	(No coverage area)
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	(a) without CRE offset
	(b) with CRE offset=12dB

	Figure 2-2.3
ISD between Macro and Pico = 180m


	 (No coverage area)
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	(a) without CRE offset
	(b) with CRE offset=18dB

	Figure 2-2.4
ISD between Macro and Pico = 130m


	(No coverage area)
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	(a) without CRE offset
	(b) with CRE offset=18dB

	Figure 2-2.5
ISD between Macro and Pico = 75m


2-3.
Summary
Necessity of CRE offset and its value highly depends on the location of Pico cell in HetNet. 
For ITU model, cell edge area of Macro cell seems not appropriate to evaluate eICIC with CRE. If the area is included in the evaluation, the result may show homogeneous network property strongly since
· Clustered users are well covered by Pico cell without CRE offset if Pico cell is placed in outer area (e.g. outer area would be defined as farther than 190m from macro center where Pico coverage area is same as cell radius 40m)

· Contribution of outer area to the result will be large since the outer area occupies large part of whole area (50% for above definition) so the probability that a Pico cell is placed in the outer area will be large.
For 3GPP model-1, moderate to large offset will be necessary to offload users to a Pico cell depending on its location.
Proposal

For further study, we propose:

Opt. 1
to evaluate eICIC with CRE offset with restriction that Pico cell is placed within Dmax from Macro cell center. Dmax should be selected so that Pico cell has less coverage or displaced coverage without CRE offset within it, e.g. 190m.
Opt. 2
to evaluate eICIC with most appropriate CRE offset value for each Pico cell, as well with/without restriction to maximum CRE offset value (e.g. 6dB) in order to see necessity of large CRE offset
3. Conclusion
Pico coverage area was studied with static signal strength distribution over the area based on agreed assumptions[1]. It has been shown that the necessity or appropriate value for CRE offset  highly depends on the location of Pico cell within the Macro cell area in the HetNet deployment scenario.
Proposal

For further study, we propose:

Opt. 1
to evaluate eICIC with CRE offset with restriction that Pico cell is placed within Dmax from Macro cell center. Dmax should be selected so that Pico cell has less coverage or displaced coverage without CRE offset within it, e.g. 140m.

Opt. 2
to evaluate eICIC with most appropriate CRE offset value for each Pico cell, as well with/without restriction to maximum CRE offset value to see necessity of large CRE offset
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Appendix

LoS probability for ITU model

TABLE A1-3 [2]

	Scenario 
	LoS probability as a function of distance, d (m)

	UMi 
	PLOS = min (18/d,1) (1 – exp (–d / 36)) + exp (–d / 36) 
(for outdoor users only)

	UMa 
	PLOS = min (18/d,1) (1 – exp (–d / 63)) + exp (–d / 63)
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