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1. Introduction
During the random access e-mail Ad Hoc after RAN1 #44, basic options and principles of the LTE random access procedure were discussed. The “Random Access TP” [3] for TR 25.814 [1] captures the main principles of the random access procedure for E-UTRA. This paper addresses power control for E-UTRA random Access.
Firstly, the purposes of random accesses power control are discussed. Afterwards, possible random access power control schemes are described and analyzed. Finally, conclusions are drawn, and a corresponding Text Proposal based on the conclusions is attached.
2. Terminology
For the purpose of this paper we adopt the following terminology:
Non-synchronized random access burst: the burst used by the UE when its UL is neither time synchronized nor closed loop power controlled by the Node B by binary or multi-step power control. That bursts can be used during initial access in LTE_Idle or to resynchronize in LTE_Active Dormant. The non-synchronized random access burst conveys at least a signature sequence and possibly some number of control information bits.  

Synchronized random access burst: the burst used by the UE e.g. for requesting resources when its uplink is time synchronized, the power level of the synchronized random access burst may be controlled either by the Node B or derived by the UE on the basis of the power of a previous successful transmission of a non-synchronized random access burst.  
Detection error: a given signature was transmitted but not detected.
With the above terminology this paper addresses the power control of non-synchronized access bursts and its impact on the performance of the E-UTRA random access procedure. It is assumed that the UL PHY (e.g. TDM/FDM) resources reserved for random access are intra-cell cell orthogonal, but the resources are not orthogonal to the UL resources of neighboring cells.
3. Goals of random access power control
The goals of a design of random access power control are as follows:

· Minimize access delay
· Minimize inter-cell and possibly intra-cell interference due to random access
· Minimize UE power consumption/the transmit power required to receive non-synchronized random access bursts with a quality that guarantees a low detection error probability
Therefore, a random access PC algorithm is a trade-off between the access time and UE power consumption/inter-cell interference.
4. Discussion
There are three possible candidate algorithms for the power control of non-synchronized random access bursts:
1. Fixed power of non-synchronized random access bursts

In this scheme non-synchronized random access bursts are transmitted with a constant power level. No measurements are required; the amount of the broadcasted random access parameters is limited. However, the algorithm shall guarantee a reliable detection error probability in a broad range of UE propagation conditions dependent on shadowing, path loss, UE velocity etc. Therefore, the fixed power must be set ‘aggressively’ e.g. close or at the maximum allowed UE power. An example of this procedure is shown in Figure 1.
This scheme provides possibly the shortest access delay, but creates the highest inter-cell interference. Moreover, the UE transmit power is not minimized from the viewpoint of the required received signal quality.
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Figure 1 Fixed power of random access bursts (note that the access slots and sequences in this and the following figures are only for illustrative purposes, they neither exclude nor assume any contention protocol like e.g. S-ALOHA)
2. Power of non-synchronized random access bursts set by open loop power control
In the open loop power control scheme, the transmit power of non-synchronized random access bursts transmitted in the uplink is set based on the measurements of the downlink reference signals and on a set of parameters broadcasted by the accessed cell. Typically to calculate the open loop transmit power the following parameters are required:

1. (A) DL reference signal transmit power – broadcasted by the cell
2. (B) DL reference signal receive power – measured by the UE 
3. (C) UL received interference on the random access resources – measured and broadcasted by the cell
4. (D) Constant Value – configured and based e.g. on the non-synchronized random access burst quality target
Then the random access burst transmit power can be calculated as A – B + C + D.
The first two parameters are used to compensate for shadowing and path loss. The third parameter is meant to overcome the interference level received on the PHY random access resources e.g. due to inter-cell interference.

Such an open loop power control algorithm is burden with an error, the distribution of the error can be estimated by a log-normal distribution cf. [4]; its standard deviation depends on several parameters:

1. Channel reciprocity: i.e. the correlation between fast fading, shadowing, and path loss between the DL and UL. Note that: for FDD fast fading is not DL-UL correlated, that is why open loop power control in an FDD system estimates only shadowing and path loss of the UL.
2. Measurement interval: it shall be long enough to average out the DL fast fading and not too long in order not to loose the correlation of shadowing and path loss.
3. UE velocity: it affects the UL estimation accuracy in a similar way like the measurement interval.

4. UL propagation conditions: the received power of an unsynchronized random access burst depends on the instantaneous uplink CIR, this may rapidly vary due to UL fast fading which can not be estimated by the UE (it may be estimated in TDD).
Due to aforementioned factors, the error of open loop power control is inherently relatively high. For example the open loop power control used for the WCDMA RACH procedure has an inaccuracy of ±9 dB in normal conditions cf. [2].
Figure 2 depicts the principle of open loop power control; as shown there are two alternatives: open loop PC per random access burst and per random access procedure. In the first alternative (Figure 2 (a)), the TX power of each burst or is set separately by open loop PC until the procedure is finished e.g. by a positive acknowledgement. In the later alternative (Figure 2 (b)), open loop PC is executed only once for the first random access burst; in case subsequent burst are required, they use the same TX power until the procedure is finished.
Another alternative, not showed in Figure 2, is to perform open loop PC per defined sub-set of access bursts within a non-synchronized random access procedure. The length of the sub-set should be defined taking into account the time density of random access possibilities and the time variations of propagation conditions.
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       (a) per random access burst power control                               (b) per random access procedure power control

Figure 2 Open loop power control
Open loop power control minimizes the UE TX power battery/consumption and inter-cell interference. On the other hand this algorithm causes additional delay when a non-synchronized random access burst is transmitted with too low power due to an estimation error. That may end in random access deadlock, e.g. in case open loop power control is executed per random access procedure and the signal attenuation cause by shadowing and/or path loss increases. Therefore, it is proposed to use open loop power control per non-synchronized access burst or a set thereof.
Moreover, the delay can be reduced by allowing more interference.  Based on the foreseen deviation of the E-UTRA open loop PC error, one can set the broadcasted Constant Value so that the inaccuracy is modified from ±Δ [dB] to e.g. (0, 2·Δ).
3. Power of random access bursts set by open loop power control with subsequent power ramping in case no positive feedback is received

In this scheme the power of the first non-synchronized random access burst is set by open loop power control as discussed in point 2. However, the transmit power of subsequent bursts is incrementally increased until a positive acknowledgment is received. Figure 3 illustrates how this procedure works. The open loop power control algorithm with power ramping can be executed per non-synchronized random access procedure or per set of random access bursts within the random assess procedure.
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Figure 3 Open loop power control with power ramping

Open loop power control with subsequent power ramping produces more interference than open loop PC (as shown in Figure 2 (a)), but it offers shorter delay and allows to avoid random access deadlock. For example in attempt 4 in Figure 3, the probability that the received burst power is above the correct detection threshold is 100 % contrary to any attempt in Figure 2.
5. Conclusion
In this paper basic design options for random access power control were presented. Additionally, the advantages and disadvantages of these options were discussed leading to the following conclusions.
Using the maximum UE power for non-synchronized random access burst shall be avoided, because of a negative impact on the UE power consumption and inter-cell interference – open loop power control with a positive power offset to compensate for the estimation error gives similar delay and less interference. Instead, adaptive open loop power control algorithms shall be considered. The two described options of these algorithms, namely open loop power control and open loop power control with power ramping, offer a sufficient number of degrees of freedom to find a trade-off between UE power consumption/inter-cell interference and random access delay/reliability. Therefore, we propose to take into account the open loop power control algorithms as candidate techniques for E-UTRA non-synchronized random access. Finally, the selection of the exact power control algorithm shall be based on the optimization of random access parameters e.g. open loop power control per access bursts minimizes inter-cell interference and open loop power control with power ramping provides faster and more reliable access.
It is proposed to capture the conclusion of the paper in TR 25.814 according to the attached Text Proposal.
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7. Text proposal for 25.814

-----------------------------------------Start of text proposal for TR 25.814, section 9.1.2.1----------------------------------------

9.1.2.1
Random access procedure

The random access procedure is at least used when the UE uplink has not been time synchronized and shall allow the Node B to estimate, and, if needed, adjust the UE transmission timing to within a fraction of the cyclic prefix. The random access burst consists of at least a signature sequence. Inclusion of additional data symbols is FFS.

Random access and data transmission are time and/or frequency multiplexed.
The transmit power of non-synchronized random access bursts is set by open loop power control. Further details of the open loop power control algorithm like applying a fixed error-based power offset, or increasing the transmit power of the next non-synchronized random access burst if no positive acknowledgment of the pervious burst is received shall be studied.
-----------------------------------------End of text proposal for TR 25.814, section 9.1.2.1-----------------------------------------
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