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1 Introduction

In the last RAN4 meeting, way forward on the issue of narrow measurement bandwidth [1] has drawn,
· The RSRQ measurement outcomes with different measurement BWs are different in some co-channel scenarios.
· Current identified scenarios: E-UTRAN and UTRA cells in the same band, E-UTRA different channel BW cells such as HetNet, CA
· Identifying possible other scenarios is FFS
· Concrete solutions for both the serving cell and neighbour cells measurements need to be studied
· No solutions are precluded yet
· It is necessary to study further the impact of different UE measurement bandwidth at system level before concluding on any solution.
· System level simulation assumptions and any other scenarios can be discussed via e-mail until the next meeting 
In the contribution, we discuss the possible solutions and propose the initial simulation assumptions.

2 Discussion
2.1  Identifying deployment
· Het-Net and carrier aggregation deployment
In Het-Net and carrier aggregation scenario, the possible partial co-channel deployments are described in [2], where macro, pico and femto cells have different channel BWs. [2] has pointed three following scenarios:
Scenario 1; Serving: E-UTRAN 10 MHz, Neighbours: E-UTRAN 5 MHz
Scenario 2; Serving: E-UTRAN 10 MHz, Neighbours: E-UTRAN 5 MHz and UTRAN 5 MHz
Scenario 3; Serving: E-UTRAN 10 MHz, Neighbours: UTRAN 5 MHz
2.2 The possible solutions
· Measurement bandwidth for serving cell

[3] presents that UE is mandated to utilize dl-Bandwidth in MIB (Master Information Block) as measurement bandwitdth for the serving cell.
· Measurement bandwidth for neighboring cells

Option1: Inherit the Rel-8/9 neighboring cell measurement criteria, i.e., “allowedmeasbandwidth” is applied.
Option2: The network could signal the wider measurement bandwidth information to UE for the neighbouring cell measurements when the wider measurement bandwidth is needed. One option is that UE would apply the signalled measurement bandwidth which will restrict the UE implement. 
2.3 Simulation Assumptions
In order to study the impact of different RSRQ measurement bandwidth on system performance, herein the initial simulation assumption is presented.
2.3.1 General simulation assumptions

· Network deployment 
In order to simplify the simulation deployment, herein take E-UTRA cells as example. Two pico nodes are randomly placed in macro cell, shown as Figure.1. 
· Macro E-UTRAN 10 MHz (center frequency 2000MHz)

· Pico E-UTRAN 5 MHz (center frequency 2002.5MHz)
· Pico E-UTRAN 5 MHz (center frequency 1997.5MHz)

In this scenario, the macro E-UTRAN cell has 10 MHz channel bandwidth and the pico E-UTRAN cells have 5 MHz channel bandwidth in the same frequency band as shown in Figure 2. The 10MHz channel bandwidth corresponds to 50RBs transmission bandwidth, and the 5MHz channel bandwidth corresponds to 25RBs transmission bandwidth. The relationship between channel bandwidth and transmission bandwidth introduces the gap between two pico cells. The gap approximately is 0.5MHz.

[image: image1.emf]Macro eNodeB

Pico2

Macro UE

Pico1 pico UE

pico UE


Figure 1.simulation assumption: network deployment
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Figure2. Macro cell: 10MHz, Pico cells:5MHz
· UE velocity and Network layout
· UE speed: 3 km/h, 30km/h, 60 km/h, 120km/h
· Network layout and ISD : 19 sites with 3 cells/site, ISD = 500 m
· Traffic model and system load
· Baseline traffic: Infinite buffer
· (Average) System loading 

· users/macro cell: 1, 2, 5, 10, 20 UEs/cell ; users/pico cell: 1, 2, 5, 10, 20 UEs/cell
· Cell loading is constant and users are uniformly distributed at macro and pico cells.
· Scheduler
· Baseline scheduler: PF scheduling.
· Measurement criteria

· L1 measurement periods
· Intra-frequency L1 measurement parameters: 40 ms measurement interval with over 200 ms window (i.e. 5 samples/window) 
· Inter-frequency L1 measurement parameters: 120 ms measurement interval with over 480 ms window (i.e. 4 samples/window).
· Measurement bandwidth
Option1: Measurement bandwidth of serving cell and neighbouring cells is 6RBs.

Option2: Measurement bandwidth of serving cell is whole DL bandwidth; the measurement bandwidth of neighbouring cells is 6RBs.

Option3: Measurement bandwidth of serving cell is 6RBs; the measurement bandwidth of neighbouring cells is the whole DL bandwidth.

Option4: Measurement bandwidth of serving cell and neighbouring cells is all the whole DL bandwidth.
· Measurement gap modelling
· Measurement Gap Repetition Period: 40ms; Measurement gap is 6ms.
· RSRQ modelling

Measurement quantity RSRQ is defined as following [4]
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RSSI comprises the total received power observed in OFDM symbols containing reference symbols, in the measurement bandwidth. 
· Taking macro UE as an example, Macro UE performs the serving cell measurement as following.
· Using 50RBs measurement bandwidth
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where 
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is the interference from other neighbouring cells in 50RBs measurement bandwidth.
· Using center 6RBs measurement bandwidth
As discussed in network deployment, the gap between two E-UTRA neighbouring pico cells is approximately 0.5MHz (about 2.8RBs). Thus the interference from Pico 1 falls into the center 6RBs measurement bandwidth is approximate (6 - 2.8)/2 =1.6RBs
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where 
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denotes the interference from other neighbouring cells in 6RBs measurement bandwidth.
Note: when the pico cells are UTRA cells, the interference falls into the center 6RBs measurement bandwidth is less.
· Macro UE performs neighbouring cell (e.g. pico1) measurement as following:

· Using whole bandwidth of neighbouring cell as measurement bandwidth
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where 
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is the interference from other neighbouring cells in 25RBs measurement bandwidth.

· Using center 6RBs measurement bandwidth
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where 
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denotes the interference from other neighbouring cells in 6RBs measurement bandwidth.

· Handover and RLF modelling

· A3 event trigger quantity: RSRQ

· Handover modelling
For the handover procedure modelling, the handover procedure is divided into 3 states which is defined in TR36.839 section 5.2[5].The handover simulation modelling can be inherited.
· RLF modelling
The RLF modelling is defined in TS 36.839 section 5.2[5]. The RLF simulation modelling can be inherited.
2.3.2 Basic performance metrics for the simulations
· RSRQ difference  
· RSRQ difference distribution (preferred) or 5%/50%/95% percentiles by using measurement bandwidth center 6RBs or whole DL bandwidth:
- Macro UEs measure serving cell
- Pico UEs measure Macro cells
· Mobility statistics:

· Amount of handovers number
· Handover failure rate
· Amount of ping-pong handovers

· A ping-pong handover is a handover where UE does a handover back to the old cell within 5 seconds of previous handover
· Throughput distribution 

· Distribution (preferred) or 5%/50%/95% percentiles of macro cells
· Distribution (preferred) or 5%/50%/95% percentiles of pico cells
3 Conclusion
This contribution analyzes the possible deployment and solutions of the narrow measurement bandwidth. In order to evaluate the impact of different UE measurement bandwidth on system performance, the initial simulation assumptions is presented.
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5 Annex. 
Annex A. Baseline System simulation assumptions

	Items 
	Macro cell 
	Pico cell

	ISD 
	500m 
	

	Distance-dependent path loss 
	TR 36.814 Macro-cell model 1
	TR 36.814  Pico cell model 1

	Number of sites/sectors
	19/57
	2

	BS Antenna gain including Cable loss 
	15dB
	5dB

	MS Antenna gain 
	0 dBi
	0 dBi

	Shadowing standard deviation 
	8 dB 
	10 dB 

	 Correlation distance of Shadowing

NOTE: this is the distance where correlation is 0.5 (not 1/e as defined in TR 36.814 B.1.2.1.1)
	25 m  
	25 m

	Shadow correlation
	0.5 between cells/ 1 between sectors
	0.5 between cells

	Antenna pattern  
	The same 3D pattern as is specified in TR 36.814,  Table A.2.1.1-2 
	Omni, as is specified in TR 36.814, Table A.2.1.1.2-3 

	Carrier Frequency / Bandwidth 
	2.0Ghz/ 10Mhz 
	2002.5Mhz/ 5Mhz ; 1997.5Mhz/ 5Mhz

	BS Total TX power 
	46 dBm 
	30dBm 

	Penetration Loss
	20dB
	20dB

	Antenna configuration
	1x2
	1x2

	Minimum distance
	The same requirements as specified in TR 36.814 


Annex B.  Mobility specific parameters

	Items 
	Description 

	Pico cell placement
	At fixed location(s) e.g., at 0.5 ISD, 0.3 ISD on the boresight direction. Or randomly placed.

	UE speed 
	3 km/h, 30km/h,60km/h, 120km/h

	Channel model 
	Either one of the models, TU or ITU, could be used. (fast fading included)

	TimeToTrigger  [ms]
	480

	a3-offset [dB]
	0, 1, 2

	TMeasurement_Period, Intra,  L1 filtering time in TS36.133 
	200ms for intra-frequency; 480ms for inter-frequency

	Layer3 Filter Parameter K
	 4

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms
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