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1.  Introduction
The current specification for downlink inner loop power control step sizes specifies a tolerance of (0.25dB for the implementation of the optional 0.5dB power steps. 

However, measurement to this level of accuracy could be difficult, resulting in unnecessary conformance failure. 

Additionally, the current way of specifying the tolerance for 0.5dB steps allows very little flexibility in the method of implementation of this optional step size. For example, it could be advantageous for a BS to emulate the use of 0.5dB steps by using 1dB steps. 

Emulation of small power steps is specified in the uplink [1, 2], where it has been shown to give good performance (e.g. [3, 4]). In the downlink, the power control specifications have been kept as simple as possible, specifying the minimum behaviour while not prohibiting some flexibility in actual implementation. 

The requirements for the non-mandatory downlink inner loop power control steps should therefore not exclude implementations which give similar performance to direct implementation, but which have potentially lower implementation cost.

2.  Implementation examples

This section aims to show the typical performance which may be achieved by emulation of 0.5dB steps as opposed to direct implementation. Variations of the precise algorithm may be possible. 

A typical emulation algorithm might consider the uplink TPC commands in pairs of slots, making the power changes as shown in the following table:

Uplink TPC command in 1st slot
Uplink TPC command in 2nd slot
Power change after 1st slot (dB)
Power change after 2nd slot (dB)

0
0
0
-1

0
1
0
0

1
0
0
0

1
1
0
+1

This gives the same effect after 2 slots as if the BS had been directly implementing 0.5dB steps, while avoiding the need for actual implementation of 0.5dB steps.

Simulation results for the downlink are presented in the Appendix of this document. From these results, it can be seen that all the benefits of reduction in Eb/N0 (and hence reduction in interference) which can be achieved using real 0.5dB power steps can also be achieved by emulating 0.5dB steps. Similarly, nearly all of the reduction in SIR variance at the UE which can be obtained by using real 0.5dB steps can also be achieved using emulated 0.5dB steps.

3.  Conclusions

As the RAN1 specifications do not prohibit the use of implementations other than direct implementation, we propose that the requirements for 0.5dB DL power steps in 25.104 should also be specified in such a way as to permit some flexibility in the method of implementation. 

Three changes are suggested, of which some or all could be accepted:

1. Relax the requirements on the range for the 0.5dB step size in Table 6.1. If an emulation algorithm is employed such as the one described above, the power change in some slots may be 0dB and in others 1dB. 

Hence the greatest change in any slot with an “up” command could be +1.5dB (maximum tolerance on a 1dB step). If the tolerance on “no power change” is (0.5dB, as with uplink power control, then the lowest change in any slot with an “up” command could be –0.5dB.

The values in Table 6.1 should therefore be relaxed as follows:

Table 6.1: Transmitter power control step range 

Power control commands in the down link
Transmitter power control step range


1 dB step size
0.5 dB step size


Lower
Upper
Lower
Upper

Up (TPC command “1”)
+0.5 dB
+1.5 dB
-0.5 dB
+1.5 dB

Down (TPC command “0”)
-0.5 dB
-1.5 dB
+0.5 dB
-1.5 dB

This change will also alleviate the difficult measurement conditions, as tolerances of (0.25dB would not have to be measured. 

At first sight, this relaxation appears very loose, but the performance is maintained by the requirements in Table 6.2 over 10 consecutive slots. (An alternative to specifying these apparently loose values in Table 6.1 would be to place “N/A” in the 0.5dB columns in Table 6.1.)

In addition to the above relaxation of the requirements, it would be possible to tighten the requirements for 0.5dB steps in Table 6.1 in a way which permits flexibility in implementation of 0.5dB steps; this change is described in point (3) below.

A slight relaxation is also required in Table 6.2 for the average power change over 10 slots, for similar reasons. Consider the sequence of TPC commands {D,U,U,U,U,U,U,U,U,U,U,D} where “D” = “down” and “U” = “up”. If an emulation algorithm is employed for 0.5dB steps, the minimum power change might be four +1dB steps, for which a 20% tolerance would give a minimum power change of +3.2dB. 

The values in Table 6.2 should therefore be relaxed slightly as follows:

Table 6.2: Transmitter aggregated output power change range

Power control commands in the down link
Transmitter aggregated output power change range after 10 consecutive equal commands (up or down)


1 dB step size
0.5dB step size


Lower
Upper
Lower
Upper

Up (TPC command “1”)
+8 dB
+12 dB
+3 dB
+6 dB

Down (TPC command “0”)
-8 dB
-12 dB
-3 dB
-6 dB

These two changes are contained in the CR in R4(00)0361.

2. A requirement is not yet specified for the aggregate power change in response to alternating “up” and “down” received TPC commands. Such a requirement is necessary in order to help prevent downlink power drift, giving particular benefits in soft handover.  


This new requirement is included here because it would also help to specify the 0.5dB step requirements in a way which applies to both real steps and emulated steps.

This change may be adopted in addition to or separately from that described in (1) above. 

A new line would be added to Table 6.2 as follows:

Table 6.2: Transmitter aggregated output power change range

Power control commands in the down link
Transmitter aggregated output power change range after 10 consecutive commands 


1 dB step size
0.5dB step size


Lower
Upper
Lower
Upper

10 “Up” commands (TPC command “1”)
+8 dB
+12 dB
+3 dB
+6 dB

10 “Down” commands (TPC command “0”)
-8 dB
-12 dB
-3 dB
-6 dB

10 alternating “Up” and “Down” TPC commands (“1” and “0”)
-2dB
+2dB
-2dB
+2dB

This changes are contained in the CR in R4(00)0362, which also includes the changes recommended in (1) above.

3. As mentioned in (1) above, a further useful change would be to specify an additional requirement on the implementation of 0.5dB steps when timeslots are considered in pairs; this would therefore cover both directly-implemented 0.5dB steps and emulated 0.5dB steps.

This can be included as an additional entry in table 6.1, as follows:

Table 6.1: Transmitter power control step range 

Power control commands (or non-overlapping pairs of commands in consecutive slots) in the down link
Transmitter power control step range


1 dB step size
0.5 dB step size


Lower
Upper
Lower
Upper

Up (TPC command “1”)
+0.5 dB
+1.5 dB
-0.5dB
+1.5dB

Down (TPC command “0”)
-0.5 dB
-1.5 dB
+0.5dB
-1.5dB

Up, Up (TPC commands “1”, “1”)
(Only applies if preceding TPC command was also “1”)
N/A
N/A
+0.5dB
+1.5dB

Down, Down  (TPC commands “0”, “0”)
(Only applies if preceding TPC command was also “0”)
N/A
N/A
-0.5dB
-1.5dB

The TPC command in the previous slot is mentioned in order to avoid the problem of not knowing which slot a BS may choose to use as the first in a pair.

This change is contained in the CR in R4(00)0363, which also includes the changes from the CRs in R4(00)0361 and R4(00)0362. 

4.  Summary

It is recommended that the CR in R4(00)0363 is accepted. This includes all the above changes, to allow flexibility in the implementation of 0.5dB steps while maintaining performance, and also to prevent excessive downlink power drift. 
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Appendix - Simulations

Simulation results for emulated 0.5dB steps in the downlink are presented below:

Simulation conditions:

2GHz carrier frequency

Pedestrian A channel

1 slot power control loop delay 

AWGN on UL TPC bits; 4% TPC error rate

SIR estimation error at UE based on downlink SIR, using 4 pilot bits

DPCCH overhead included in Eb/N0
0dB power offset between DL DPCCH fields and DPDCH fields

Perfect Rake receiver

Ideal channel estimation 

Physical channel rate 60kbps

AWGN interference

Approx. 4dB coding gain from 1/3-rate K=9 convolutional coder

Target BER after decoding = 10-3
Channel conditions were used for a UE moving at 3km/h, 100km/h and 300km/h, as it is under these conditions that the use of 0.5dB steps instead of 1dB steps is likely to be the most beneficial. 

Simulation Results:

The effect of the DL power control step size on Eb/N0 and SIR variance is shown below:


[image: image1.wmf]3km/h

Method

Received Eb/No (dB) 

required for BER = 1e-3 

after channel coding

Transmitted Eb/No (dB) 

required for BER = 1e-3 

after channel coding

SIR variance (dB^2) 

at BER = 1e-3 after 

channel coding

Directly implemented 1dB step

4.2

7.9

4.6

Directly implemented 0.5dB step

4.0

7.4

3.9

Emulated 0.5dB step

4.0

7.4

4.0

100km/h

Method

Received Eb/No (dB) 

required for BER = 1e-3 

after channel coding

Transmitted Eb/No (dB) 

required for BER = 1e-3 

after channel coding

SIR variance (dB^2) 

at BER = 1e-3 after 

channel coding

Directly implemented 1dB step

5.8

6.4

19.3

Directly implemented 0.5dB step

5.5

6.0

17.4

Emulated 0.5dB step

5.6

6.0

17.9

300km/h

Method

Received Eb/No (dB) 

required for BER = 1e-3 

after channel coding

Transmitted Eb/No (dB) 

required for BER = 1e-3 

after channel coding

SIR variance (dB^2) 

at BER = 1e-3 after 

channel coding

Directly implemented 1dB step

5.9

6.3

20.1

Directly implemented 0.5dB step

5.6

5.9

17.7

Emulated 0.5dB step

5.6

5.9

17.8
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		3km/h

		Method		Received Eb/No (dB) required for BER = 1e-3 after channel coding		Transmitted Eb/No (dB) required for BER = 1e-3 after channel coding		SIR variance (dB^2) at BER = 1e-3 after channel coding

		Directly implemented 1dB step		4.2		7.9		4.6

		Directly implemented 0.5dB step		4.0		7.4		3.9

		Emulated 0.5dB step		4.0		7.4		4.0

		100km/h

		Method		Received Eb/No (dB) required for BER = 1e-3 after channel coding		Transmitted Eb/No (dB) required for BER = 1e-3 after channel coding		SIR variance (dB^2) at BER = 1e-3 after channel coding

		Directly implemented 1dB step		5.8		6.4		19.3

		Directly implemented 0.5dB step		5.5		6.0		17.4

		Emulated 0.5dB step		5.6		6.0		17.9

		300km/h

		Method		Received Eb/No (dB) required for BER = 1e-3 after channel coding		Transmitted Eb/No (dB) required for BER = 1e-3 after channel coding		SIR variance (dB^2) at BER = 1e-3 after channel coding

		Directly implemented 1dB step		5.9		6.3		20.1

		Directly implemented 0.5dB step		5.6		5.9		17.7

		Emulated 0.5dB step		5.6		5.9		17.8






