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1  Introduction

To enable support for UE measurements on a restricted subset of subframes configured by measurement patterns signaled by the network to the UE, new requirements are being studied by RAN4 for RRM/RLM/CSI measurements. For the new requirements, it is important to take into account pattern characteristics, e.g. pattern blanking rate as discussed in [1], that are expected for typical scenarios and the corresponding interference levels which will vary over the subframes due to configuring low-interference subframes in the network. In this contribution, we investigate the interference levels for CRS-based measurements by system simulations.
2 Interference sources for CRS-based measurements
For mobility measurements, for each detected cell the UE performs RSRP and RSRQ measurements over 200 ms. During this time, the UE typically performs measurements every 40 ms, each time over one or more subframes which is not specified by the standard and thus implementation-specific. For Rel-8/9 UEs it is reasonable to assume that measured subframe(s) are selected randomly within every 40 ms, which means that with some probability, the UE can measure in ABS and in non-ABS subframes. Rel-8/9 UEs do not have information about the patterns, and the interference may thus vary depending on which subframes are chosen by the UE for measurements.
Table 1 summarizes interference sources for CRS-based measurement for macro and pico UEs in subframes with and without interference coordination. Furthermore, since it is possible to mitigate interference between macro and pico CRS, e.g., by reserving blocks of PCIs for pico and macro cells such that macro CRS and pico CRS do not collide, results for such multi-layer planning are also presented in the table. 
It is important to note that without CRE, it may be equally fair to configure ABS in any of macro and pico cells, e.g., for the purpose of load balancing. However, for the sake simplicity, in Table 1 it is assumed that ABS subframes are configured only in macro cells, and the same ABS patterns are used and aligned in all macro cells. One can also note that the multi-layer cell planning results in ABS subframes are essentially the same as if MBSFN subframes were used for TDM patterns.
In Table 1, six main sources of interference for CRS-based measurements are included:
· CRS transmitted by pico nodes (i.e. those transmitting CRS colliding with CRS of the cell being measured),
· Data transmitted by pico nodes (i.e. those with CRS not colliding with CRS of the cell being measured),
· Other transmissions by pico nodes which include all transmissions that are also present in ABS subframes, e.g. any of PSS/SSS/PBCH/SIB1/Paging/PRS, the interference from which, however, may be avoided, at least in synchronous networks, since the mapping to resource elements for these signals is known and their transmissions are rather sparse in time (these transmissions therefore appear in brackets in Table 1; note, however, that this source of interference becomes much more relevant e.g. for cell search),
· CRS transmissions by macro cells (same comment as for pico nodes),
· Data transmitted by macro cells (same comment as for pico nodes),

· Other transmissions by macro cells (same comment as for pico nodes).
Table 1. Interference sources for CRS-based measurements for macro and pico UEs

	
	In non-ABS subframes
	In ABS subframes

	
	No multi-layer cell planning
	Multi-layer cell planning
	No multi-layer cell planning
	Multi-layer cell planning or MBSFN

	Pico UE
	CRS pico(1)
	(
	(
	(
	(

	
	Data pico
	(
	(
	(
	(

	
	Other macro
	(()
	(()
	(()
	(()

	
	CRS macro
	(
	N/A
	(
	N/A

	
	Data macro
	(
	(
	-
	-

	
	Other macro
	(()
	(()
	(()
	(()

	Macro UE
	CRS pico
	(
	N/A
	(
	N/A

	
	Data pico
	(
	(
	(
	(

	
	Other macro
	(()
	(()
	(()
	(()

	
	CRS macro
	(
	(
	(
	(

	
	Data macro
	(
	(
	-
	-

	
	Other macro
	(()
	(()
	(()
	(()


In this contribution, the presented simulation results are for the full-buffer traffic model with full load. With this assumption, the CRS quality results e.g. for non-ABS subframes are expected to be the same with and without multi-layer cell planning. 
3 System-level simulation results
In this section, system-level simulation results, namely CRS received power (RP) and 
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, are presented for two heterogeneous deployments, configuration #4b with 4 and 10 pico nodes [2], which further are referred to as #4b(4) and #4b(10), respectively. The simulation assumptions are aligned with [2]. Some details on the assumptions are presented in the Appendix of this contribution.
The results for configuration #4b(4) and #4b(10) are shown in Figures 1-6 and 7-12, respectively. Figures 1-3 and 7-9 are for inter-site distance among macro eNodeBs of 500 m, whilst the rest of the figures are for inter-site distance of 1732 m. In each of the figures, results for the cell selection offsets of 0 dB (unbiased RSRP-based cell selection) and 6 dB are presented, separately for all macro UEs, pico UEs and all UEs. The 5%-ile results from the presented results are summarized in Table 2. All the presented results are for the serving-cell CRS-based measurement.
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Figure 1. CRS received power, conf #4b(4), ISD=500 m.
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Figure 2. CRS signal quality, conf #4b(4), ISD=500 m, non-ABS subframes.
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Figure 3. CRS signal quality, conf #4b(4), ISD=500 m, ABS subframes, no multi-layer cell planning.
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Figure 4. CRS received power, conf #4b(4), ISD=1732 m.
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Figure 5. CRS signal quality, conf #4b(4), ISD=1732 m, non-ABS subframes.
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Figure 6. CRS signal quality, conf #4b(4), ISD=1732 m, ABS subframes, no multi-layer cell planning.
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Figure 7. CRS received power, conf #4b(10), ISD=500 m.
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Figure 8. CRS signal quality, conf #4b(10), ISD=500 m, non-ABS subframes.
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Figure 9. CRS signal quality, conf #4b(10), ISD=500 m, ABS subframes, no multi-layer cell planning.

[image: image11.emf]-120 -115 -110 -105 -100 -95 -90 -85 -80 -75 -70 -65

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

RP, [dBm]

CDF

conf #4b(10)

 

 

0 dB, all UEs

0 dB, macro UEs

0 dB, pico UEs

6 dB, all UEs

6 dB, macro UEs

6 dB, pico UEs


Figure 10. CRS received power, conf #4b(10), ISD=1732 m.
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Figure 11. CRS signal quality, conf #4b(10), ISD=1732 m, non-ABS subframes.
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Figure 12. CRS signal quality, conf #4b(10), ISD=1732 m, ABS subframes, no multi-layer cell planning.

Table 2. Summary of the 5%-ile results
	
	Offset, [dB]
	UEs
	CRS RP, [dBm]
	CRS 
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, [dB]

	
	
	
	
	Non-ABS
	ABS, no multi-layer cell planning

	Conf #4b(4), ISD=500 m
	0
	All
	-92.3
	-3.0
	-1.5

	
	
	Macro
	-93.0
	-3.0
	-1.5

	
	
	Pico
	-91.5
	-3.0
	-1.3

	
	6
	All
	-93.5
	-7.0
	-3.8

	
	
	Macro
	-91.5
	-2.0
	1.0

	
	
	Pico
	-96.0
	-8.5
	-5

	Conf #4b(4), ISD=1732 m
	0
	All
	-105.0
	-3.0
	-1.0

	
	
	Macro
	-107.0
	-4.0
	-2.0

	
	
	Pico
	-102.0
	-2.0
	1.0

	
	6
	All
	-105.5
	-6.0
	-2.5

	
	
	Macro
	-107.0
	-3.5
	-1.0

	
	
	Pico
	-104.0
	-6.5
	-4.0

	Conf #4b(10), ISD=500 m
	0
	All
	-92.0
	-4.0
	-3.0

	
	
	Macro
	-88.0
	-4.0
	-3.0

	
	
	Pico
	-94.0
	-4.0
	-3.0

	
	6
	All
	-96.0
	-7.5
	-5.0

	
	
	Macro
	-86.0
	-2.0
	1.0

	
	
	Pico
	-97.0
	-8.0
	-6.0

	Conf #4b(10), ISD=1732 m
	0
	All
	-105.0
	-3.0
	-2.0

	
	
	Macro
	-105.0
	-4.0
	-3.0

	
	
	Pico
	-105.0
	-2.0
	0.0

	
	6
	All
	-109.0
	-7.0
	-3.5

	
	
	Macro
	-103.0
	-2.5
	0.0

	
	
	Pico
	-111.0
	-7.5
	-4.0

	Note: Numbers in red indicate too low values.


From Table 2, one can observe that
· for the 0 dB offset

· the 5%-ile of CRS RP varies from -107 dBm to -88 dBm,
· the 5%-ile of CRS 
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 in non-ABS subframes varies from -4 dB to -2 dB,

· the 5%-ile of CRS 
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 in ABS subframes varies from -3 dB to 1 dB;

· for the 6 dB offset

· the 5%-ile of CRS RP varies from -111 dBm to -86 dBm,

· the 5%-ile of CRS 
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 in non-ABS subframes varies from -8.5 dB to -2 dB,

· the 5%-ile of CRS 
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 in ABS subframes varies from -6 dB to 1 dB.

In all performance indicators, variation is larger for the 6 dB offset and it goes beyond what is currently supported by the current standard. As expected, the highest interference is in non-ABS subframes. The results for the 5%-ile of the CRS 
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 improve by 1 to 3.5 dB in ABS subframes compared to non-ABS subframes.
4 Summary
In this contribution, system-level results for CRS-based measurements for identifying typical interference levels have been presented. The results indicate that there are scenarios where low signal strength and low signal quality may be expected, in particular for the offset of 6 dB. There is also quite some variation in the signal and interference levels which will be experienced at least by the legacy UEs the impact on which has to be minimized according to the scope of the eICIC WI.
A similar study is needed also e.g. for cell search measurements.
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Appendix: System-level simulation assumptions
	Parameter
	Setting

	Scenario
	· #4b with 4 pico nodes per macro area [2],

· #4b with 10 pico nodes per macro area [2]

	PCI
	· Random, i.e. no planning

· Multi-layer cell planning, i.e., no inter-layer CRS collision

	ISD
	· 500 m (Case 1), 

· 1732 (Case 3)

	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

	System 
	FDD, 10 MHz

	Carrier frequency
	2 GHz

	Cyclic prefix
	Normal

	Channel model, UE speed
	ETU, 3 km/h

	Number of TX ( RX antennas 

· Macro 

· Pico 
	· 2 ( 2

· 2 ( 2

	Antenna configuration

· Macro

· Pico

· UE
	· three-cell, 14 dBi [2]
· omni, 5 dBi [2]

· omni, 0 dBi [2]

	Max cell selection offset
	· 0 dB

· 6 dB

	UE receiver
	Rel-8/9 baseline

	Traffic model
	Full buffer
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