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1 Introduction

In R2-110701, RAN2 informs RAN4 the following information:
It was questioned during the discussion in RAN2 whether it is necessary to measure non-victim neighbour cells on restricted subframes. In RAN2 discussion the following exemplary additional measurement restrictions were considered potential solutions if the concern raised on RSRQ measurement accuracy is valid.
Measuring serving aggressor cell only in non-ABSs

Measuring intra-frequency neighbouring aggressor cells only in non-ABSs

Measuring inter-frequency neighbouring aggressor cells only in non-ABSs
RAN2 ask RAN4 to take the following actions.
RAN2 would like to kindly ask RAN4 to provide their guidance to the questions raised in this LS.

Is the concern on RSRQ measurement as described in this LS valid?

Is it necessary and feasible to support inter-frequency measurement with resource restriction for eICIC within release-10 time frame?
In this contribution, we discuss the RSRQ measurement accuracy related issues in eICIC.
2 Discussion
In the current RAN4 eICIC research, the main concern is the intra-frequency measurements in macro-pico case, thus the present contribution focuses on the discussion on the intra-frequency measurement in macro-pico case.
2.1  Simulation scenario
Based on the LS[1] the following scenarios in macro-pico case are needed to be evaluated:
Scenario 1: MUE measuring serving aggressor cell

Scenario 2: Measuring intra-frequency neighbouring aggressor cells
Scenario 2-1: PUE measuring intra-frequency neighbouring aggressor Macro cells
Scenario 2-2: MUE measuring intra-frequency neighbouring aggressor Macro cells
For scenario 2-1 and scenario 2-2, the cell edge PUEs/MUEs whose Es/Iot are larger than or equal to -6dB are considered. For scenario 2-1, in order to simplify the simulation work, it is reasonable to assume that all neighbouring macro cells are configured to use the common ABS patterns for restricted resource measurement. Besides, in order to compare the difference of RSRQ measurement results, we further assume that the UE performs the RSRQ measurement only on the restricted resource (i.e. ABS subframes) or only on the un-restricted resource (i.e. Non-ABS subframes) respectively, which means no RSRQ result will be averaged (i.e. worst case). The simulation assumption is aligned with [2] and listed in the annex. 
2.2  Simulation results
In this section, system-level simulation results are presented for two heterogeneous deployments, configuration #4b with 4 and 10 pico nodes [3], which further are referred to as #4b(4) and #4b(10), respectively. The results for the cell selection offsets of 0 dB (i.e. unbiased RSRP-based cell selection) and 6 dB are presented. The average (50%-ile) results from the presented results in different deployments and cell search offsets are summarized in Table 1.
Table1 the intra-frequency RSRQ in ABS and non-ABS
	
	Scenario
	Offset(dB)
	50%-ile Measuring RSRQ[dB]

	
	
	
	Non-ABS
	ABS
	Difference

	Conf #4b(4), ISD=500 m
	Scenario 1
	0
	-12.3
	-6.0
	6.3

	
	
	6
	-11.6
	-4.8
	6.8

	
	Scenario 2-1
	0
	-16.3
	-14.5
	1.8

	
	
	6
	-15.1
	-11.8
	3.3

	
	Scenario 2-2
	0
	-16.5
	-12.2
	4.3

	
	
	6
	-16.2
	-11.1
	5.1

	Conf #4b(4), ISD=1732 m
	Scenario 1
	0
	-11.9
	-5.1
	6.8

	
	
	6
	-11.5
	-4.4
	7.1

	
	Scenario 2-1
	0
	-15.9
	-14.4
	1.5

	
	
	6
	-14.5
	-12.2
	2.3

	
	Scenario 2-2
	0
	-16.5
	-13.2
	3.3

	
	
	6
	-16.4
	-13.3
	3.1

	Conf #4b(10), ISD=500 m
	Scenario 1
	0
	-12.8
	-8.2
	4.6

	
	
	6
	-11.7
	-5.8
	5.9

	
	Scenario 2-1
	0
	-16.3
	-14.7
	1.6

	
	
	6
	-15.3
	-13.0
	2.3

	
	Scenario 2-2
	0
	-16.6
	-13.8
	2.8

	
	
	6
	-16.4
	-13.2
	3.2

	Conf #4b(10), ISD=1732 m
	Scenario 1
	0
	-12.1
	-6.2
	5.9

	
	
	6
	-11.5
	-4.7
	6.8

	
	Scenario 2-1
	0
	-16.2
	-14.7
	1.5

	
	
	6
	-15.0
	-12.6
	2.4

	
	Scenario 2-2
	0
	-16.4
	-12.2
	4.2

	
	
	6
	-16.2
	-11.7
	4.5


It can be observed that the maximum RSRQ difference on ABS and non-ABS reaches 7.1dB when the Offset is set to be 6dB. For scenario 2-1, the RSRQ difference is relatively smaller than that in scenario 1 and scenario 2-2. The reason is that when PUE performs the measurements on the neighbouring aggressor macro cell, whether the measuring macro cell is configured ABS or non-ABS mainly impacts the received signal from the measuring macro, however the received signal strength from PUE’s serving Pico is the main contribution to the RSSI of the PUE, thus the RSRQ difference is not large.
When we further consider that the RSRQ result from each subframe (from both ABS and non-ABS) can be averaged out by UE implementation. Thus the difference of RSRQ measurement on ABS and Non-ABS will become smaller. Further, the impact of the RSRQ difference may be mitigated by using certain eNB RRM strategy.  It should also be noted that for intra-frequency mobility, the RSRP measurement is usually sufficient to be used as the main measurement quantity, while the RSRQ measurement may be not practically used at this case. 
For inter-frequency neighbouring measurements, the RSRQ is one critical physical measurement quantity when performing cell signal quality evaluation. Considering RAN4 should prioritize intra-frequency RRM measurement requirements work [4] and the work load of RAN4, we propose to further investigate inter-frequency RRM measurement requirements in later release, e.g., Rel-11. 
3 Conclusion
The contribution analyzes RSRQ measurement accuracy related issues in eICIC. 
The simulation results of measurement on the ABS or non-ABS are presented. The simulation results show that intra-frequency RSRQ measurements on ABS and non-ABS have difference up to 7.1dB when 6dB RE is used. Note it is up to eNB implementation whether such a difference would impact the intra-frequency mobility performance. It is also our understanding that the intra-frequency mobility is mainly based on the RSRP measurement quantity.
Considering RAN4 should prioritize intra-frequency RRM measurement requirements work [4] and the work load of RAN4, we propose to further investigate inter-frequency RRM measurement requirements in later release, e.g., Rel-11 
We also provided a draft LS reply on RSRQ measurement accuracy with eICIC in [R4-111077].
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5 Annex
The simulation assumptions are provided in table2 and table3:
Table 2. Macro-pico deployment simulation assumptions

	Parameter
	Setting

	Scenario
	· #4b(4) – configuration #4b with N=4 pico nodes per macro area,

· #4b(10)–configuration #4b with N=10 pico nodes per macro area

	PCI
	· Random, i.e. no planning (baseline)

· Inter-layer cell planning, i.e., no CRS collision between macro and pico cells (macro PCIs: mod(PCI,3)=0 or mod(PCI,3)=1; pico PCIs: mod(PCI,3)=2)

	ISD
	· 500 m

· 1732 m

	Cell selection offset
	· 0 dB (i.e. unbiased RSRP-based cell selection)

· 6 dB

	Maximum eNodeB transmit power

· Macro 

· Pico
	· 46 dBm

· 24 dBm (with conf #4b(4)) and 30 dBm (with conf #4b(10))

	Network synchronization
	Frame-aligned

	Frequency / bandwidth
	2GHz, 10 MHz

	Cyclic prefix
	Normal

	Channel model, UE speed
	ITU, 3 km/h

	Number of TX ( RX antennas  
	2 ( 2 (macro and pico)

	Antenna gains & configuration

· Macro

· Pico

· UE
	· three-cell, 14 dBi incl. connector loss, 3D pattern (see Table 2)

· omni, 5 dBi incl. connector loss

· omni, 0 dBi

	UE receiver
	Rel-8/9 baseline

	Traffic model
	Full buffer, full load

	Path loss
	Macro to UE:

PLLOS(R)= 103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R)
Pico to UE:
PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)

	Penetration loss (for all UEs)
	20 dB

	Shadow fading
	Lognormal, 

std. deviation=10 dB, 

shadowing correlation between cells=0.5

	Minimum distance between pico node and macro nodes
	>=75m

	Minimum distance between UE and macro node
	>= 35m

	Minimum distance between UE and pico node
	> 10m 


	Minimum distance among pico nodes
	40 m

	UE distribution
	Uniform (macro UEs), 

clustered (pico UEs) - see below,

Nusers=60, Photspot=2/3


Table 3. Macro cell antenna model [
2]

	Antenna pattern (horizontal)
	
[image: image1.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

H

A

A

,

12

min

2

3

j

j

j



[image: image2.wmf]dB

3

j

 = 70 degrees,  Am = 25 dB 

	Antenna pattern (vertical)
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The parameter 
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is the electrical antenna downtilt. The value for this parameter, as well as for a potential additional mechanical tilt, is not specified here, but may be set to fit other RRM techniques used. For calibration purposes, the values 
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= 15 degrees for 3GPP case 1 and 
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= 6 degrees for 3GPP case 3 may be used. Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.

	Combining method in 3D antenna pattern
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Clustered UE placement for pico cells: 

-
Fix the total number of users, Nusers, dropped within each macro geographical area.

-
Randomly and uniformly drop the configured number of pico nodes, N, within each macro geographical area (the same number N for every macro geographical area).

-
Randomly and uniformly drop Nusers_lpn users within a 40 m radius of each pico node, where 
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 with Photspot, where Photspot is the fraction of all hotspot users over the total number of users in the network.
-
Randomly and uniformly drop the remaining users, Nusers - Nusers_lpn*N, to the entire macro geographical area of the given macro cell (including the pico node user dropping area).
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