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1. Introduction

Power control for the PRACH is needed to reach sufficient received power levels while limiting the generated interference. PRACH power control affects both the physical layer procedures specification ‎[1] and the MAC specification ‎[2]. 

This paper proposes a basic parameterized open-loop and power ramping power control principle for PRACH. A proposal for how to implement it in the physical layer procedures and MAC specifications is provided. Note that the physical layer procedures are specifically for RAN1 but are included here for completeness. The RAN1 contribution can be found in ‎[3].
2. Basic Power Control Principle for PRACH  
The PRACH is typically for transmissions not explicitly controlled by the Node B, but after the UE has read the system information. This mandates an open loop power control principle, based on cell specific parameters sent in the system information. As excessive channel quality is of little use for the PRACH, full pathloss compensation is used. To increase the success probability for PRACH retransmission, and compensate for open loop inaccuracies, ramping of the power for retransmissions may be used.  Further, as different preamble formats have different SINR requirements ‎[4], a preamble-based offset is motivated.

This leads to the following power control formula  


PPRACH = min{P0_PRACH – PL + (N-1)·RACH + Preamble, Pmax}  [dBm]
 LISTNUM equation \l 4 
Where P0_PRACH is the target received power [dBm] at the first transmission attempt (if Preamble = 0), PL [dB] is a pathloss estimate, N is the PRACH transmission attempt number, RACH [dB] is the ramping step, Preamble is a preamble-based offset, and Pmax is the maximum UE power.
2.1. Parameter Range

For an error rate of 0.1-1%, the PRACH requires an average SINR per antenna in the order of -9dB (ETU70) ‎[4], depending on preamble format, see below. The thermal noise power in the 1.08MHz PRACH bandwidth is 10 log10(1.08MHz · 4·10-21W/Hz / 1mW) = -114dBm. Further assuming a receiver noise figure of 5dB, the noise power is -109dBm. The IoT (Interference over Thermal) on the PRACH depends on the system load and what kind of intercell interference the PRACH is subject to. In a synchronized network where the PRACH is hit by PRACH transmissions from neighbor cells, very low IoTs may be expected. In a non-synchronized network however, the PRACH may be hit by traffic channels, and the IoT as high as 10-20dB. Together this leads to a range of P0_PRACH of -109dBm + [0, 20] dB -9dB = [-118, -98] dBm. To be on the safe side a somewhat larger range could be used, e.g. [-120, -90] dBm. Using a granularity of 2dB, this could be represented using 4bits.
An appropriate setting for ΔPreamble is 0 dB, -3 dB, and [8] dB respectively for normal long preambles (formats 0, 1), long preambles (formats 2, 3) and short preamble (format 4).

The ramping parameter RACH could have a range of [0, 2, 4, 6] dB. 
3. Implementation in the Specifications
The current working assumption is that the PRACH transmit power, per PRACH transmission, is set by higher layers. This means that power ramping should not be covered by the physical layer specifications. Rather, for each PRACH transmission, the physical layer gets a PRACH transmission power from MAC. Hence, MAC then takes care of any power ramping.
This solution has the benefit that the physical layer does not have to be aware of the RACH transmission attempt number. On the other hand, a drawback is that in order to calculate the transmission power, MAC would need to be aware of the pathloss. To avoid this it is proposed that for each PRACH transmission N, MAC calculates the value 


PN_PRACH = P0_PRACH + (N-1)·RACH [dBm]
 LISTNUM equation \l 4 
and indicates it to the physical layer. The physical layer then sets the output power according to the formula

 

PPRACH = min{PN_PRACH – PL + Preamble, Pmax}  [dBm]
 LISTNUM equation \l 4 
Hence, P0_PRACH and RACH are MAC parameters, and Preamble is a physical layer parameter, included in suitable system information blocks. PN_PRACH is a parameter indicated by MAC to the physical layer for each PRACH attempt.
3.1. MAC Terminology

In the current MAC specification, the following parameters exist: PREAMBLE_TRANSMISSION_POWER, PREAMBLE_INITIAL_POWER, PREAMBLE_TRANSMISSION_COUNTER, and POWER_RAMP_STEP. By redefining the transmission power levels to received power targets, the proposed principle may be implemented as follows:

· PREAMBLE_TRANSMISSION_POWER replaced by PREAMBLE_RECEIVED_TARGET_-POWER, which corresponds to PN_PRACH.
· PREAMBLE_INITIAL_TRANSMISSION_POWER replaced by PREAMBLE_INITIAL_REC-EIVED_TARGET_POWER, which corresponds to P0_PRACH.
· PREAMBLE_TRANSMISSION_COUNTER corresponds to N.

· POWER_RAMP_STEP corresponds to RACH.
Hence, for each PRACH transmission attempt MAC calculates the parameter 
PREAMBLE_RECEIVED_TARGET_POWER  = PREAMBLE_INITIAL_RECEIVED_TARGET_POWER + (PREAMBLE_TRANSMISSION_COUNTER - 1) · POWER_RAMP_STEP
  LISTNUM equation \l 4 
and indicates it to the physical layer.
4. Summary
It is proposed that:
1) For each PRACH transmission attempt MAC calculates the parameter PN_PRACH = P0_PRACH + (N-1)·RACH and indicates it to the physical layer

2) For each PRACH transmission attempt the physical layer sets the transmission power to PPRACH = min{PN_PRACH – PL + Preamble, Pmax}.

3) P0_PRACH and RACH are MAC parameters, and Preamble is a physical layer parameter, included in suitable system information blocks.

a. The range of P0_PRACH is [-120, -90] dBm. It is represented with a granularity of 2dB using 4bits.

b. The possible values of RACH are e.g. [0, 2, 4, 6] dB. It is represented using 2bits.

c. Values for ΔPreamble are 0 dB, -3 dB, and [8] dB respectively for normal long preambles (formats 0, 1), long preambles (formats 2, 3) and short preamble (format 4).
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