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1
Introduction
It has been agreed that 4 bits in the UL grant of random access response are used for TPC of RACH message 3. One TPC bit may be reserved for possible future extensions, so 3 – 4 bits are available for PC. This PC command should be used for compensate errors in open loop PC of preamble transmission.
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 UL transmission is unknown to the eNB if fractional PC is used for the message 3 transmission. 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 initialization for PUSCH after non-contention based RA and for PUCCH 
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 PREAMBLE_INITIAL_RECEIVED_TARGET_POWER and 
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  parameters of the agreed preamble PC formula:
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where PREAMBLE_INITIAL_RECEIVED_TARGET_POWER  is the broadcasted target power, PL is the path loss that UE estimates from downlink, 
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 is preamble format dependent scaling factor and  
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 is the total power ramp-up from the first to the last preamble.

The measured preamble power differs from the target because of inaccuracies of the open loop PC, preamble collisions, noise rise variations and the difference between the target power and the power corresponding to the detection threshold. Because of this, both PC command in the RACH response and power ramping steps should be taken into account when initializing uplink power control. 
The agreed PC formulas for PUSCH and PUCCH are presented below: 
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The TPC command 
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at the RACH response can be taken into account by setting the initial values of the power control states 
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and
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i.e. for PUSCH
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and for PUCCH
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This means that UE assumes its PL estimate to deviate from the actual value by the amount 
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  when eNB sends a power control command corresponding to the difference between the target and received preamble powers. The explained initialization of PUSCH power control equation is valid only when non-contention based RA is in use. The power control for the message 3 of the contention based procedure is discussed in Section 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 
[image: image16.wmf]2

Msg

d

 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. 
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 could have values from -8dB to 7 dB in steps of 1 dB, meaning 4 bit TPC field in the grant, but a wider range with larger granularity could also be used. 
3
PC initialization for message 3 of contention based RA 
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 PL compensation 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 
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 is a nominal offset between the preamble and Message 3 powers. If we want to set the target power of the preamble flexibly, this parameter must be included to the system information. The message 3 power control state 
[image: image20.wmf]3

Msg

f

 is specified as 
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in the normal PUSCH PC formula but it is initialized corresponding to the full path loss compensation in message 3 PC formula: 
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4
Switch from message 3 PC formula to normal PUSCH formula 
After successful contention resolution, UE takes the normal fractional PC formula into use by inserting 
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When UE switches from message 3 power formula to PUSCH PC formula there is a power step that is unknown to the eNB. UE could signal PL estimate or the difference between the actual Msg.3 power and the power obtained by the fractional PC formula in message 3 so that eNB could make optimal scheduling decision for the first transmission with PUSCH PC formula. However we think that this is not necessary and increasing the size of message 3 could result in coverage problems. The separate power control adjustments states for PUSCH and message 3 PC formulas are important because if contention based RA fails due to preamble collision, UE maintains 
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 value it had before RA.
5
Conclusion
We propose that  
· The power control adjustment state of PUCCH is initialized to 
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· The power control adjustment state of PUSCH is initialized to  
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 but this applies only for noncontention based random access.

· A new PC formula with full PL compensation is introduced for message 3 transmission during contention based RA: 
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where the power control adjustment state is initialized to 
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· After successful contention resolution UE switches to the normal PUSCH PC formula with an insertion 
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These proposals are captured in the TP of the Annex.
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5.1
Uplink power control

Uplink power control controls the transmit power of the different uplink physical channels.

A cell wide overload indicator (OI) is exchanged over X2 for inter-cell power control. An indication X also exchanged over X2 indicates PRBs that an eNodeB scheduler allocates to cell edge UEs and that will be most sensitive to inter-cell interference.
[Note: Above lines regarding OI, X and X2 to be moved to an appropriate RAN3 spec when it becomes available]
5.1.1
Physical random access channel

5.1.1.1
UE behaviour

The setting of the UE Transmit power
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 for the physical random access channel (PRACH) transmission is defined by
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where,

· 
[image: image32.wmf]MAX

P

is the maximum allowed power that depends on the UE power class

· PREAMBLE_RECEIVED_TARGET_POWER is indicated by MAC as a part of the request to send the preamble:

PREAMBLE_RECEIVED_TARGET_POWER = PREAMBLE_INITIAL_RECEIVED_TARGET_POWER + (PREAMBLE_TRANSMISSION_COUNTER-1) * POWER_RAMP_STEP,

where PREAMBLE_INITIAL_RECEIVED_TARGET_POWER has been given for MAC by a higher layer. 

· PL is the downlink pathloss estimate calculated in the UE
· 
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is the preamble format dependent offset parameter

· 0 dB for preamble formats 0 and 1

· -3dB for preamble formats 2 and 3

· +8dB for preamble format 4

5.1.2
Physical uplink shared channel

5.1.2.1
UE behaviour

Except for the transmission of message 3 during the contention based random access, the setting of the UE Transmit power
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P

 for the physical uplink shared channel (PUSCH) transmission in subframe i is defined by
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where,

· 
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is the maximum allowed power that depends on the UE power class

· 
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is the size of the PUSCH resource assignment expressed in number of resource blocks valid for subframe i.
· 
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is a parameter composed of the sum of a 8-bit cell specific nominal component 
[image: image39.wmf])

(

 PUSCH

O_NOMINAL_

j

P

 signalled from higher layers for j=0 and 1 in the range of [-126,24] dBm with 1dB resolution and a 4-bit UE specific component 
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 configured by RRC for j=0 and 1 in the range of [-8, 7] dB with 1dB resolution. For PUSCH (re)transmissions corresponding to a configured scheduling grant then j=0 and for PUSCH (re)transmissions corresponding to a received PDCCH with DCI format 0 associated with a new packet transmission then j=1.
· 
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 is a 3-bit cell specific parameter provided by higher layers
· PL is the downlink pathloss estimate calculated in the UE
· 
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 is a cell specific parameter given by RRC
· 
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 for subframe i
· 
[image: image50.wmf]PUSCH
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is a UE specific correction value, also referred to as a TPC command and is included in PDCCH with DCI format 0 or jointly coded with other TPC commands in PDCCH with DCI format 3/3A. The current PUSCH power control adjustment state is given by
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· The value of 
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· For FDD,
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= 4

· For TDD UL/DL configurations 1-6, 
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 is given in Table 5.1-1
· For TDD UL/DL configuration 0

· If the PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCH of DCI format 0 in which the second bit of the UL index is set, 
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= 7
· For all other PUSCH transmissions, 
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 is given in Table 5.1-1.The UE attempts to decode a PDCCH of DCI format 0 and a PDCCH of DCI format 3/3A in every subframe except when in DRX

· 
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dB for a subframe where no TPC command is decoded or where DRX occurs or i is not an uplink subframe in TDD.

· The
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 dB accumulated values signalled on PDCCH with DCI format 0 are [-1, 0, 1, 3].

· The 
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 dB accumulated values signalled on PDCCH with DCI format 3/3A are one of [-1, 1] or [-1, 0, 1, 3] as semi-statically configured by higher layers.

· If UE has reached maximum power, positive TPC commands shall not be accumulated

· If UE has reached minimum power, negative TPC commands shall not be accumulated

· UE shall reset accumulation

· at cell-change

· when entering/leaving RRC active state

· when an absolute TPC command is received

· when 
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· when the UE (re)synchronizes
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 represents current absolute value

· where 
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was signalled on PDCCH with DCI format 0 on subframe 
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· The value of 
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· For FDD,
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= 4

· For TDD UL/DL configurations 1-6, 
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 is given in Table 5.1-1
· For TDD UL/DL configuration 0

· If the PUSCH transmission in subframe 2 or 7 is scheduled with a PDCCHof DCI format 0 in which the second bit of the UL index is set, 
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= 7
· For all other PUSCH transmissions, 
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 is given in Table 5.1-1.
· The 
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 dB absolute values signalled on PDCCH with DCI format 0 are [-4,-1, 1, 4].

· 
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for a subframe where no PDCCH with DCI format 0 is decoded or where DRX occurs or i is not an uplink subframe in TDD.

· 
[image: image75.wmf])

(

*

f

 type (accumulation or current absolute) is a UE specific parameter that is given by RRC.

· For both types of 
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 (accumulation or current absolute) the first value is set as follows

· 
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· where 
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 is the TPC command indicated in the random access response with a range of [-8, 7] dB with 1dB resolution

Table 5.1-1 
[image: image79.wmf]PUSCH
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 for TDD configuration 0-6

	TDD UL/DL
Configuration
	subframe number i

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	- 
	-
	6
	7
	4
	-
	-
	6
	7
	4

	1
	-
	-
	6
	4
	-
	-
	-
	6
	4
	-

	2
	-
	-
	4
	-
	-
	-
	-
	4
	-
	-

	3
	-
	-
	4
	4
	4
	-
	-
	-
	-
	-

	4
	-
	-
	4
	4
	-
	-
	-
	-
	-
	-

	5
	-
	-
	4
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-


For message 3 of the contention based random access, the PUSCH power is set according to the equation
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where,

· 
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 is a system information parameter for ideal scaling between the preamble and Msg3 powers.

· 
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is the size of the message 3 resource assignment expressed in number of resource blocks valid for subframe i.

· 
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is specified as 
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 in case of 
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UE starts to use 
[image: image87.wmf]PUSCH

P

 formula after message 3 transmission has led to successful contention resolution. In the switch from 
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 formula to 
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 formula, UE sets 
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5.1.2.2
Power headroom

The UE power headroom
[image: image91.wmf]PH

 valid for subframe i is defined by 
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where,
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 are defined in section 5.1.1.1. 

The power headroom shall be rounded to the closest value in the range [40; -23] dB with steps of 1 dB and is delivered by the physical layer to higher layers. 

5.1.3
Physical uplink control channel

5.1.3.1
UE behaviour

The setting of the UE Transmit power
[image: image99.wmf]PUCCH
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for the physical uplink control channel (PUCCH) transmission in subframe i is defined by
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where 

· 
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table entries for each PUCCH transport format (TF ) defined in Table 5.4-1 in [3] are given by RRC 

· Each signalled 
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2-bit value corresponds to a PUCCH (TF) relative to PUCCH format 0.

· 
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 is a parameter composed of the sum of a 5-bit cell specific parameter 
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 provided by higher layers with 1 dB resolution in the range of [-127, -96] dBm and a UE specific component 
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 configured by RRC in the range of [-8, 7] dB with 1 dB resolution.

· 
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 is a UE specific correction value, also referred to as a TPC command, included in a PDCCH with DCI format 1A/1/2 or sent jointly coded with other UE specific PUCCH correction values on a PDCCH with DCI format 3/3A.

· The UE attempts to decode a PDCCH with DCI format 3/3A and one or several PDCCHs with DCI format 1A/1/2 on every subframe except when in DRX.

· If the UE decodes a PDCCH with DCI format 1A/1/2 and the corresponding detected RNTI equals the C-RNTI of the UE, the UE shall use the 
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 provided in that PDCCH.

else 

· if the UE decodes a PDCCH with DCI format 3/3A, the UE shall use the 
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 provided in that PDCCH

else the UE shall set 
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 = 0 dB.

· 
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 is the current PUCCH power control adjustment state with initial condition 
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· The 
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 dB values signalled on PDCCH with DCI format 1A/1/2 are [-1, 0, 1, 3].

· The 
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 dB values signalled on PDCCH with DCI format 3/3A are [-1,1] or [-1,0,1,3] as semi-statically configured by higher layers.

· The initial value of 
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· Where PREAMBLE_RECEIVED_TARGET_POWER, PREAMBLE_INITIAL_RECEIVED_TARGET_POWER and  
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 are defined in section 5.1.1.1 and 5.1.2.1

· If UE has reached maximum power, positive TPC commands shall not be accumulated

· If UE has reached minimum power, negative TPC commands shall not be accumulated

· UE shall reset accumulation

· at cell-change

· when entering/leaving RRC active state

· when 
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· when the UE (re)synchronizes

5.1.4
Sounding Reference Symbol

5.1.4.1
UE behaviour

The setting of the UE Transmit power 
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for the Sounding Reference Symbol transmitted on subframe i is defined by
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where 

· For 
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 is a 4-bit UE specific parameter semi-statically configured by higher layers with 1dB step size in the range [-3, 12] dB.

· For 
[image: image123.wmf]0

=

S

K

,
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 is a 4-bit UE specific parameter semi-statically configured by higher layers with 1.5 dB step size in the range [-10.5,12] dB

· 
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 is the bandwidth of the SRS transmission in subframe i expressed in number of resource blocks.
· 
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 is the current power control adjustment state for the PUSCH, see Section 5.1.2.1.

· 
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 is a parameter as defined in Section 5.1.2.1.
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