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Summary

In this paper we propose the value of +24dBm as the maximum power of a pico base station. This value is sufficient to support a realistic mixture of services in the UMTS Central Business District deployment model. 

1. Model and Assumptions 

1.1. Physical environment and propagation model

Deployment:

The model is taken from UMTS document [1]. In it a space with rooms and corridors is defined alongside base stations locations as in Figure 1. As we can see the cell shape is roughly hexagonal. In UMTS 3 floors are used. In the analysis that follows both 3 floors and a single floor geometry is analyzed.

Note also that the UMTS CBD is defined with “rooms” that are 10m on the side. In the analysis which follows, room size is varied without changing the geometry to represent different base station spacing. 

UE Position:

Statistically speaking UE's positions are assumed to be uniformly distributed in the cell (i.e. area and floors). The height h of the UE relative to the base station antenna is also uniformly distributed between the discrete values of 0, -h0 and +h0 for the multi-floor case. It is however difficult to talk about uniform distributions when sometimes there are only one or two UE's. Therefore we also analyze the case where all UE's are assumed to be at cell edge.

Figure 1 : CBD deployment
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Propagation and other losses

Given the range, the propagation loss is 
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where shading losses is a normal RV with zero mean and a standard deviation of 12dB. L cannot be less than 37dB. Also note L is never less than LOS propagation losses.

Fading

UMTS does not match the fading cases to the environment. Fading case 1 is however the most likely for indoor environment, when the main path cannot be resolved and other paths are too attenuated to be significant. A 12dB fading margin is assumed.

1.2. System design considerations

The following assumptions are made concerning the system design:


Aspect
Assumptions

1
UE receiver structure
MUD, detection against thermal and intercell interference 

2
BS receiver structure
MUD

3
Transmit diversity
Not used

4
Receive diversity
Not used

5
BS transmitter power control dynamic range
30dB

6
Noise rise
+3dB (due to intercell interference, etc.)

7
Antenna Gain
0dB

8
Handover overlap margin
Not used

1.3. Method of analysis

For uplink, UE are assumed at cell edge. The 95 percentile of required UE power is used.

For downlink, the base station power is defined as the 95 percentile of the sum of required power to channels in the slot. UE's are either distributed uniformly in the cell area or are all at cell edge.

Use of the 95 percentile is justified as exceeding it may require service re-assignment or rate reduction but no lost calls.

1.4. Required Services and test cases

The following slot allocations are taken from WG4 documents:

Table 1 : RAN-defined services and resources (downlink)
Service
Required RU

kbps
Slots
Codes

12.2
1
2

64
1
5

144
1
9

384
3
8

The following test cases have been defined. The predominance of voice calls is based on [2].

Table 2: Test cases, services allocated to UE's in a slot


UE 1
UE 2
UE 3
UE 4
UE 5
UE 6
UE 7,8
Total RU


Total UE's












Case










1
12.2
12.2
12.2
12.2
12.2
12.2
12.2
16
8

2
64+12.2
12.2
12.2
12.2
12.2
-
-
15
5

3
144+12.2
12.2
12.2
-
-
-
-
15
3

4
144+64
12.2
-
-
-
-
-
16
2

5
384+64
12.2
-
-
-
-
-
15
2

6
64+12.2
64+12.2
12.2
-
-
-
-
16
3

7
64+12.2
12.2





9
2

8
144+12.2






11
1

9
144+64






14
1

10
384+64






13
1

11
12.2
12.2
12.2
12.2
12.2


10
5

2.  Simulation results and discussion

The following figures depict the required base station power as a function of range for the cases defined above for several deployment scenarios defined by the number of floors and the distribution of UE's location (i.e. random or at cell edge). In all cases, the power depicted is relative to 30log(x axis) for purposes of clarity. The reference is provided in Figure 6 for convenience. In all cases, random UE distribution is for UE's randomly located in the cell. Edge is for all UE's at maximum range. The following are shown:

2.1.1. Figure 2: Required BTS power rel 30log(r) for 3 floors served, random UE distribution.

For all test cases, a +24dBm transmitter can support a scale factor of 15m; a +21dBm transmitter can support a scale of 10m. Both are higher than the UMTS deployment scale.

2.1.2. Figure 3: Required BTS power rel 30log(r) for 3 floors served, edge UE distribution
For all test cases, a +24dBm transmitter is sufficient at 10m. At that range cases 1,2, 7 and 11  can be supported by a +21dBm BTS.

2.1.3. Figure 4: Required BTS power rel 30log(r) for 1 floor served, random UE distribution
For all test cases a +24dBm will cover scaling of approx. 55m.

2.1.4. Figure 5: Required BTS power rel 30log(r) for 1 floor served, edge UE distribution
For all test cases a +24dBm will cover scaling of approx. 35m.
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Figure 2: Required BTS power rel 30log(r) for 3 floors served, random UE distribution
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Figure 3: Required BTS power rel 30log(r) for 3 floors served, edge UE distribution
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Figure 4: Required BTS power rel 30log(r) for 1 floor served, random UE distribution
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Figure 5: Required BTS power rel 30log(r) for 1 floor served, edge UE distribution
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Figure 6: Reference level, 30log(r)
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