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1
Introduction
In the last meeting contents of the UL grant in the random access response was agreed. It was agreed that 4 bits are used for TPC. One TPC bit may be reserved for possible future extensions, so 3 – 4 bits are available for PC. This command should be used for compensate errors in open loop PC.
RACH preambles are transmitted using full path loss compensation PC formula. The target is that rx level of the preambles is the same independent of the path loss. This is needed because several simultaneous preamble transmissions can take place in the same PRACH resource and in order to detect them, their power at the eNB need to be roughly the same. However, subsequent uplink transmissions on PUSCH are orthogonal and fractional power control should be used. Because eNB does not know the path loss value used by the UE, the power change between preamble and the first scheduled ULtransmission is unknown to the UE. In some cases this can be a problem.
In this contribution details of PC command on RACH response and switch from full path loss compensation (preamble PC) to fractional path loss compensation are discussed.

2
PC command in the RACH response
eNB determines the needed PC value for the RACH response by measuring the difference between the target value of the preamble and measured preamble power. The target value is based on Po_pre and Δ_preamble parameters of the agreed preamble PC formula:

P_last_preamble = min(Pmax, PL + Po_pre + Δ_preamble+dP_rampup)
where Po_pre is  the broadcasted target power, PL is the path loss that UE estimates from downlink, Δ_preamble is preamble format dependent scaling factor and  dP_rampup is the power ramp-up applied for the latest preamble retransmission.

The measured preamble power differs from the target because of inaccuracies of the open loop PC and also because of possible power ramping steps done by UE before preamble is detected in the eNB. Because of this, both PC command in the RACH response and power ramping steps should be taken into account when setting UL power for message 3 transmission.
The agreed PC formulas are presented below. The command would be used for setting the PUSCH and PUCCH power control according to the power control equations 
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Po values are further divided into UE specific and cell specific components in both PUSCH and PUCCH formulas. The TPC command at the RACH response can be taken into account by setting it as an initial value in the accumulation f(i) and g(i) or it can be used to set UE initial value of UE specific Po parameter. The problem with UE specific Po is that dynamic range is not large enough to cover open loop PC tolerance. It has been proposed that the same open loop PC tolerance as with WCDMA are applied to LTE [2] i.e +/- 9dB in normal conditions and +/- 12dB in extreme conditions. The problem with initializing accumulated value is that it is probably not compatible with absolute PC command scheme.

We propose that dynamic range of UE specific Po in the PUSCH and PUCCH PC formulas is made larger. If it is represented with 5 bits the dynamic range can be [-16, 15] with 1 dB resolution. We propose that when UE receives the power control command  
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 in the preamble response, the UE specific parameters are set according to the following equations: 
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where 
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 is power ramp up value used in the latest preamble transmission. It is also possible to keep the dynamic range of Po in the PUSCH and PUCCH formula as it is now and divide PC correction between Po and f(i) (or g(i)). This approach was presented in the contribution [3]
It was agreed [1] that 3 or 4 bits are used for TPC in preamble response message. On the negative side, the range of 
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 should cover the maximum positive open loop PC error. In principle, some additional range could be needed because of power ramp-up that can take place due to preamble collisions even if preamble power exceeds the target power. However, we think this additional range is not important in practice. On the positive side, the range of 
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 should cover only the smaller of the two quantities: (a) maximum negative open loop error and (b) the difference between the target power and detection threshold.We propose that 
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 can have values from -8dB to 6 dB in steps of 2 dB, meaning 3 bit TPC field in the grant.
In the proposed method above the UE specific Po values are set by UE and not directly signalled by eNB as has been the assumption so far. However adjustment of these parameters is always difficult because eNB can not be sure of f(i) and g(i) values. Because f(i) and g(i) are reset when 
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 are set, eNB should actually know the sum of the UE specific constants and the power control states before it can without a problem adjust the UE specific constant. 
3
Switch to fractional PUSCH PC
If fractional PL compensation is taken into use already in message 3 there can be problems with contention based RACH procedure. The situation is worst when the preamble of a UE with large PL is received stronger than the preamble of another UE with small PL. The fractional PC could then mean that Message 3 of the UE with small PL is received stronger than the Message 3 of the UE with the large PL, which would make detection of the weaker Message 3 less likely although its TA would be correct. The stronger Message 3 would not often be detected correctly because its TA would be incorrect.  In order to avoid this problem we propose that UEs that use contention based random access should make full pathloss compensation and set the power of Message 3 according to the equation 
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Here 
[image: image13.wmf]3

_

,

0

Msg

preamble

D

 is a nominal offset between the preamble and Message 3 powers. It could possibly be standardized so that additional system information parameter would not be needed.  After the contention resolution, UE should take normal fractional PC formula into use. 
In order to utilize the benefit of fractional PC scheme already in the first UL transmissions UE could report as early as possible, preferably already in Message 3, the power offset between the used power and the power calculated with the fractional PUSCH PC formula. Instead of this difference UE could report some other value that provides same information (e.g. measured PL). With this knowledge eNB could allocate resources optimally i.e. if UE is close to eNB, eNB could allocate suitable MCS already in the first UL transmission after message 3.
3 Conclusion
We propose that 
· dynamic range of Po_UE_PUCCH and Po_UE_PUSCH is enlarged to [-16, 15]dB

· Po_UE_PUCCH and Po_UE_PUSCH values are set based on TPC command in RACH response with the following equations:

· 
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· In the RACH response 
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 can have values from -8dB to 6 dB in steps of 2 dB

· Message 3 power is set according to the following formula (at least in the case of  contention based RACH procedure)

· 
[image: image17.wmf])).

(

(

))

(

(

log

10

TF

PUSCH

10

3

_

,

0

3

i

TF

i

M

P

P

P

PC

Msg

preamble

preamble

Msg

D

+

+

D

+

D

+

=


· Power difference of P_Msg3 and P_Pusch is signalled in the message 3
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