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1. Introduction
In LTE, cells can operate at different transmission bandwidths (ranging from approximately 1.25 MHz to 20 MHz, although other bandwidths are feasible). Because of this, neighbor cell measurements (both RSRP and EUTRA carrier RSSI) could be made either over [1] – 

1. A fixed bandwidth - e.g. of width 72 or 300 sub-carriers – in the middle of the transmission spectrum

2. A bandwidth which is the minimum of a pre-defined measurement bandwidth and the serving cell bandwidth.

Option 1 does not require network signalling, and is simpler from a conformance testing perspective than Option 2, but the relative accuracy of both options has not been fully assessed. In this contribution, we study the latter issue using simplified network measurement simulations. We consider only RSRP measurement for the study, but it is reasonable to assume – to a first order – that this is representative of EUTRA Carrier RSSI processing dependency.

2. RSRP Measurement – Modeling for Network Simulations
The observation on the 
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reference symbol – in frequency domain – on an OFDM symbol carrying reference signal of a target cell can be written (after multiplication with the conjugate of the reference symbol) as 
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In the above equation 
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represents the frequency domain channel coefficient of the target cell, 
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represent the interference from cells in the same cell site of the target cell, 
[image: image5.wmf],

icgil

i

is the interference from other cells and 
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is the receiver noise. Assuming that the channel variation within a resource block is minimal, the intra cell group interference can be cancelled after combining three consecutive observations
.  
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Note that the sampling rate (in frequency) of the observations in equation (1.2)

. The channel variation of the target cell over a resource block is captured in such a formulation. But the channel variation of intra cell group interference is not modeled. (1.1)

 without the intra cell group interference term – are added to obtain an observation similar to that given in equation(1.1)

 without the intra cell group interference. Three consecutive observations – formulated according equation (1.1)

. Further, the variances of the inter cell group interference and receiver noise are different in both the equations. In the system simulator, observations are put together using equation (1.2)

 is one third of the sampling rate of observations in equation
The inter cell group interference is modeled as a zero mean AWGN with variance equal to sum of long-term received power from inter cell group cells. When multiple transmit antennas are present at the target cell eNB, the reference signals on one antenna do not see interference from signals from other antennas of the same cell (and intra cell group cells) because of puncturing of corresponding sub-carriers on other antennas. Signals from all transmit antennas of inter cell group cells interfere with reference symbols of given transmit antenna of a target cell.
 In this contribution, we consider only the asynchronous network case because the accuracy of measurements would be higher in synchronous networks (because of the possibility of suppression of inter cell group RS interference).
.An L1 measurement period 
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of 
[image: image9.wmf]200

ms

 was chosen [3] Also, the L3 filter specified in [4] was used for secondary processing, but it is clearly understood that RAN4 has not yet determined the status of L3 filtering in LTE and L3 results are provided here simply in order to provide insight into performance both with and without L3 filtering. L3 filtering was performed according to the following formula:
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In the above equation, Fn is the updated filtered measurement result, Fn-1 is the old filtered measurement result, Mn is the latest received measurement result from L1 measurements and a = 1/2(k/2). In order to initialize the averaging filter, F0 is set to M1 when the first measurement result from the physical layer measurement is received. The time constant of this filter is given by
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Table 1 below shows time constants for some of the typical values of k. These time constants are indicative of the rapidity of handover triggers. A small time constant leads to a higher steady state error in the measurements.
[image: image12.emf] 

k a

Time Constant 

(seconds)

2 0.50 0.66

3 0.35 1.06

7 0.09 4.98


Table 1 – L3 filter time constants

The L1 measurement is obtained by averaging per-subframe (i.e., every
[image: image13.wmf]1

ms

) measurements – which are themselves obtained as an average of one (corresponding to all MBSFN subframes) or four (corresponding to no MBSFN subframes) observations of reference signals within a subframe.
In a unicast sub-frame, there are four RS symbols. In an MBSFN subframe, only the first unicast RS symbol is guaranteed to be present. Simulation results are shown for both these cases. Results are also shown with measurements obtained over a subset of subframes within a radio frame, potentially as a result of a DRX or sleep cycle, or some inter-frequency measurement occasion etc.
3. Simulation Results

The simulation results for various scenarios are shown in Section 6. The following observations can be made based on the simulation results – 

1. The deviation of the wideband L1 measurement from narrowband L1 measurement is in general confined to +/- 2dB. Similarly, the deviation of L3 measurement is confined to +/- 0.75 dB.
2. The deviation of the narrowband measurement is, in general, larger in the case of the TU channel compared to the PA channel. This is because the assumption about channel coherence in the frequency domain over a resource block breaks down in the case of TU channel. This also leads to the biases observed in cdf plots for TU channel.

3. L3 measurement with the middle 72 sub-carriers seems to be adequate for any bandwidth. The measurement deviation is low even for low time constants of the L3 filter.

4. The conclusions are independent of the number of measurement opportunities in a subframe.

5. Further, the conclusions apply for both Case 1 and Case 3 system scenarios in Section 6.

4. Conclusions
In this contribution, the deviation of a narrowband measurement with respect to the corresponding wideband measurement was investigated. 
· It was observed that the L3 filtered measurement over the middle 72 sub-carriers is adequate for any bandwidth (up to 20 MHz). This conclusion is applicable to a wide range of delay spreads (from PA to TU) and also to small (Case 1) and large cell (Case 3) scenarios.  
· Restricting the measurement bandwidth to fixed set of middle 72 subcarriers – irrespective of the actual target cell bandwidth – will simplify RRM measurement procedures in particular as the number of RAT (LTE, WCDMA and GSM) increases 
· UE measurement capability supporting a variety of measurement bandwidths is more complex and we need to ensure this decision is supported by all related technical considerations, including taking into account the measurement accuracy achievable under cell edge conditions as in [5]
· Narrowband measurements should help simplify related conformance testing procedures
 It should be noted that in the simulation results presented in the contribution, the statistics of the deviation of narrowband measurement with respect to a corresponding wideband measurement were studied. The absolute accuracy of the measurements themselves (with respect to the ideal measurement) was not studied. 
Our initial results also suggest, however, that there is little real improvement in the absolute measurement performance when the measurement bandwidth is increased, and in this case interference effects become a more important driver of measurement accuracy. This is discussed to a limited extent in ‎[5].

It is therefore proposed that a 72 sub-carrier measurement bandwidth be adopted as a working assumption A variable measurement bandwidth should be considered only if there is clear demonstration of benefits of such a scheme.
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6.  Appendix – Simulation Results

In this section, system simulation results are presented for several possible scenarios.  REF _Ref161485223 \h 
 below summarizes the simulation assumptions.
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Parameter Value

Center Frequency (GHz) 2

Inter Site Distance (m) 500 (Case 2), 1732 (Case 3)

Bandwidth (MHz) 5, 10, 20

Penetration Loss (dB) 20

Speed (km/hr) 3

Cell Layout

Hexagonal grid, 19 cell sites, 3 sectors per site, Wrap around, 

minimum drop distance = 35 m

Path Loss UMTS 30.03 (with deltaH = 15 m), minimum = 70 dB

Shadowing UMTS 30.03 with standard deviation = 8dB

BS transmit power 43dBm (20 W)

Inter Site Shadowing Correlation 0.5

Antenna Pattern 3dB Beam-width = 70degree; Antenna Front-to-back Ratio = 20dB

Channel Model PA, TU (Rays moved to the nearest sampling point)

Intra-site Interference Modelling Orthogonal

Inter-site Interference Modelling AWGN

BS Transmitter 1 Antenna

MS Receiver 1, 2 Antennas, Uncorrelated

MS Noise Figure (dB) 9

BS antenna gain (dBi) 14

L3 filtering parameter k 2,3,7

L1 measurement period (ms) 200

Number of RS symbols per sub-frame per L1 

measurement

4, 1

Number of subframes per frame 10, 3

Frame structure General frame structure

Cyclic prefix Normal cyclic prefix

Fading model Zheng-Xiao model


Table 2 – Simulation Assumptions
Figure 3 and Figure 4 below shows the two ring hexagonal cell layout that was simulated (for Case 1 and Case 3). On the right hand side of both the figures, the three evaluated locations of Cell 0 are shown.
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Figure 1 – User drop locations in Case 1 (Cell 0 at close up on right hand side)
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Figure 2 – User drop locations in Case 3 (Cell 0 at close up on right hand side)
The scenarios are described by the sub-section headings. In all the graphs, 
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denotes the full band measurement and 
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denotes the measurement over the middle 72 subcarriers or middle 300 subcarriers (when possible). The cdf of the quantity 
[image: image21.wmf]1012

10log()

MM

is used to characterize the deviation of the two measurements 
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. The closer the cdf curve is to a step function passing through the origin, the smaller the deviation between the measurements.

The four graphs shown for scenarios 1-16 are – 

1. Top left hand corner – cdf of deviation of L1 measurement from the full band measurement using four RS symbols per subframe

2. Top right hand corner – cdf of deviation of L3 filtered measurement form the full band filtered measurement using four RS symbols per subframe

3. Bottom left hand corner – cdf of deviation of L1 measurement from the full band measurement using one RS symbol per subframe

4. Bottom right hand corner – cdf of deviation of L3 filtered measurement from the full band filtered measurement using one RS symbol per subframe.

For the rest of the scenarios, the results with one RS symbol per subframe are shown. When the simulation parameters are not identified in the section headings, the following default parameters were used – 

1. The parameter k was set to 7
2. 10 subframes were used in a radio frame
Table 3 below summarizes the simulation results for Location 3, Second Best Cell (i.e., the best neighbor cell) for both Case 1 and Case 3. It is important to note that the tabulated results assume only a single RS-bearing OFDM symbol is available per subframe
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Scenario Filtering

5 MHz               

72 Sub-carriers

10 MHz            

72 Subcarriers

10 MHz          

300 Subcarriers

20 MHz            

72 Subcarriers

20 MHz            

300 Subcarriers

L1 0.36 0.86 0.47 0.84 0.59

L3 0.10 0.34 0.15 0.25 0.18

L1 0.20 0.44 0.24 0.44 0.31

L3 0.08 0.15 0.08 0.17 0.11

L1 1.00 1.11 0.36 1.13 0.35

L3 0.33 0.37 0.10 0.38 0.15

L1 0.42 0.51 0.17 0.51 0.18

L3 0.13 0.16 0.05 0.18 0.05

L1 0.22 0.45 0.25 0.44 0.31

L3 0.13 0.29 0.16 0.29 0.20

L1 0.22 0.45 0.25 0.44 0.31

L3 0.11 0.25 0.14 0.25 0.17

L1 0.48 0.52 0.17 0.51 0.18

L3 0.30 0.33 0.11 0.32 0.11

L1 0.48 0.52 0.17 0.51 0.18

L3 0.25 0.27 0.09 0.26 0.09

L1 0.48 0.51 0.18 0.54 0.19

L3 0.25 0.27 0.10 0.29 0.10

PA3, Case 3, 2 Rx Antennas, k = 7,               

1 RS/ subframe, 10 subframes/ frame

PA3, Case 1, 2 Rx Antennas, k = 7,               

1 RS/ subframe, 10 subframes/ frame

 TU3, Case 3, 2 Rx Antennas, k = 7,               

1 RS/ subframe, 10 subframes/ frame

TU3, Case 1, 2 Rx Antennas, k = 7,               

1 RS/ subframe, 10 subframes/ frame

TU3, Case 1, 2 Rx Antennas, k = 3,               

1 RS/ subframe, 3 subframes/ frame

PA3, Case 1, 2 Rx Antennas, k = 2,               

1 RS/ subframe, 10 subframes/ frame

PA3, Case 1, 2 Rx Antennas, k = 3,               

1 RS/ subframe, 10 subframes/ frame

TU3, Case 1, 2 Rx Antennas, k = 2,               

1 RS/ subframe, 10 subframes/ frame

TU3, Case 1, 2 Rx Antennas, k = 3,               

1 RS/ subframe, 10 subframes/ frame


Table 3 –Standard deviations (dB) of measurement difference – 
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 – in different scenarios

6.1. PA3, Case 3, Location 1, Best Cell, 1 Rx Antenna
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6.2. PA3, Case 3, Location 3, Second Best Cell, 1 Rx Antenna
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6.3. PA3, Case 3, Location 1, Best Cell, 2 Rx Antennas
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6.4. PA3, Case 3, Location 3, Second Best Cell, 2 Rx Antennas
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6.5. PA3, Case 1, Location 1, Best Cell, 1 Rx Antenna
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6.6. PA3, Case 1, Location 3, Second Best Cell, 1 Rx Antenna
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6.7. PA3, Case 1, Location 1, Best Cell, 2 Rx Antennas
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6.8. PA3, Case 1, Location 3, Second Best Cell, 2 Rx Antennas
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6.9. TU3, Case 3, Location 1, Best Cell, 1 Rx Antenna
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6.10. TU3, Case 3, Location 3, Second Best Cell, 1 Rx Antenna
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6.11. TU3, Case 3, Location 1, Best Cell, 2 Rx Antennas
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6.12. TU3, Case 3, Location 3, Second Best Cell, 2 Rx Antennas
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6.13. TU3, Case 1, Location 1, Best Cell, 1 Rx Antenna
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6.14. TU3, Case 1, Location 3, Second Best Cell, 1 Rx Antenna
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6.15. TU3, Case 1, Location 1, Best Cell, 2 Rx Antennas
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6.16. TU3, Case1, Location 3, Second Best Cell, 2 Rx Antennas
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6.17. PA30, Case3, Location 1, Best Cell, 2 Rx Antennas

[image: image42.emf]-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

x (dB)

Prob[10log

10

(M

1

/M

2

) < x]

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

x (dB)

Prob[10log

10

(M

1

/M

2

) < x]

5MHz, M

2

 = 72

10MHz, M

2

 = 72

10MHz, M

2

 = 300

20MHz, M

2

 = 72

20MHz, M

2

 = 300

5MHz, M

2

 = 72

10MHz, M

2

 = 72

10MHz, M

2

 = 300

20MHz, M

2

 = 72

20MHz, M

2

 = 300


6.18. PA30, Case3, Location 3, Second Best Cell, 2 Rx Antennas
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6.19. PA120, Case3, Location 1, Best Cell, 2 Rx Antennas
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6.20. PA120, Case3, Location 3, Second Best Cell, 2 Rx Antennas
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6.21. TU30, Case3, Location 1, Best Cell, 2 Rx Antennas
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6.22. TU30, Case3, Location 3, Second Best Cell, 2 Rx Antennas
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6.23. TU120, Case3, Location 1, Best Cell, 2 Rx Antennas
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6.24. TU120, Case3, Location 3, Second Best Cell, 2 Rx Antennas
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6.25. PA3, Case1, Location 1, Best Cell, 2 Rx Antennas, k = 2
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6.26. PA3, Case1, Location 3, Second Best Cell, 2 Rx Antennas, k = 2
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6.27. PA3, Case1, Location 1, Best Cell, 2 Rx Antennas, k = 3
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6.28. PA3, Case1, Location 3, Second Best Cell, 2 Rx Antennas, k = 3
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6.29. TU3, Case1, Location 1, Best Cell, 2 Rx Antennas, k = 2
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6.30. TU3, Case1, Location 3, Second Best Cell, 2 Rx Antennas, k = 2
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6.31. TU3, Case1, Location 1, Best Cell, 2 Rx Antennas, k = 3
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6.32. TU3, Case1, Location 3, Second Best Cell, 2 Rx Antennas, k = 3
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6.33. TU3, Case1, Location 3, Second Best Cell, 2 Rx Antennas, k = 3, 3 subframes in a Radio frame
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� It is assumed that the three cells at a cell site are assigned three orthogonal reference signals.
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