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1. Introduction

Although formulas and parameter ranges have been defined for uplink power control, some issues still are open on the accumulation of power control commands. This paper addresses a few of them:

1) How does a UE that has reached maximum or minimum power treat accumulative power control commands? 

2) When is the accumulation of accumulative power control commands reset?

These issues are addressed in the following sections. A proposal for how to update the physical layer procedure specification is also provided.

This paper is a revision of R1-080358, with the addition of the UE behavior at minimum power.

2. Accumulation when Maximum or Minimum Power is Reached
The setting of the UE Transmit power 
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 for the physical uplink shared channel (PUSCH) transmission in subframe i is defined by



[image: image2.wmf])}

(

))

(

(

))

(

(

log

10

,

min{

)

(

10

i

f

i

MCS

PL

P

i

M

P

i

P

+

D

+

×

+

+

=

MCS

O_PUSCH

PUSCH

MAX

PUSCH

a

 [dBm]   
    (1)

In case of accumulation,
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 dB for a subframe where no TPC command is decoded or where DRX occurs.
According to currently agreements there are however no exceptions for when the UE transmits with maximum power. Specifically, power-up commands are accumulated even when the UE has reached maximum power. This of course does not affect the transmission power, which does not exceed Pmax. It does have the drawback that it might take long time to reduce the output power once this is needed. This happens when the UE has been ‘power limited’ and received and accumulated several power-up commands, and then either the pathgain rapidly improves (e.g. due to corner effects), or the scheduled bandwidth is reduced so that the power is sufficient to reach (and exceed) the target. The reverse problem arises when the minimum UE power (TBD in ‎[2]) is reached. 

To mitigate these problems it is proposed to not accumulate power-up commands when the maximum power has been reached, and to not accumulate power-down commands when the minimum power has been reached. 

In the 36.213 ‎[1] this may be supported by introducing the text

· “The positive TPC commands are not accumulated if the UE is already limited by the maximum power, i.e. 
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[image: image7.wmf]MAX

P

≤
[image: image8.wmf])

1

(

))

(

(

))

(

(

log

10

10

-

+

D

+

×

+

+

i

f

i

MCS

PL

P

i

M

MCS

O_PUSCH

PUSCH

a

, then 


[image: image9.wmf])}

(

,

0

min{

)

1

(

)

(

PUSCH

PUSCH

K

i

i

f

i

f

-

D

+

-

=

”

Note that negative TPC commands are still accumulated.

· “The negative TPC commands are not accumulated if the UE is already limited by the minimum power, i.e. 
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Note that positive TPC commands are still accumulated.

3. Reset of Accumulation

Currently no criteria for resetting the accumulation of the TCP commands are defined. Resetting the accumulation may be motivated in several scenarios:

1) At cell change. Different cells may have different UL/DL pathloss mismatch due to feeder losses and other deployment aspects.

2) When entering (or leaving) active state   

3) When an absolute TPC command is received

4) When a UE specific P0 (P0_UE_PUSCH) is received

5) When the UE attempts to acquire UL synchronization after synchronization loss

This could be introduced in 36.213 ‎[1] by setting 
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for PUCCH in any of the above cases.
4. Summary
It is proposed to:
1) Not accumulate power-up commands when the maximum power has been reached
2) Not accumulate power-down commands when the minimum power has been reached
3) Define a set of criteria for resetting the accumulation of power control commands, i.e. setting 
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for PUCCH. Proposed criteria are:

a. At cell change

b. When entering active state

c. When absolute power control commands are received

d. When a UE specific P0 (P0_UE_PUSCH) is received

e. After re-synchronization
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