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1	Introduction
In [1] a new study item has been agreed to discuss the enhancements required in a WCDMA network for small data devices. Such devices typically are characterized by low volume data transmit and receive, low power consumption requirements, capable of operating at extended coverage and exhibit a wide variance of delay tolerance (typically from a transmission/reception every few minutes to several hours or even days). 
One of the objectives of the study item is to address optimizations for uplink enhancements for e.g. improving the reception of a random access attempt and battery savings. The HSPA random access scheme starts to become a noticeable overhead in those scenarios where data plane volumes are marginal when compared to the amount of signalling traffic needed to establish the connection to the network. As will be elaborated later in this contribution, this can become an issue for small data transfer applications. 
2	PRACH optimizations
If we consider a typical device in the IDLE state that is moved to the CONNECTED mode because of outgoing or incoming data, then one can see a noticeable amount of messages exchanged between a UE and RNC.  Without delving into deeper details, there are few big phases which could be classes as initial attach, security configuration, and the PDP context activation. Each of the aforementioned stages in turn involves a number of RRC messages.
Being in the CELL_FACH state, each RRC message transmitted by a UE requires acquisition of resources involving transmission of PRACH preamble (followed by the PRACH message part or a common E-DCH transmission). 
Power ramping of the random access preamble is well known in TS 25.331 and is described below.
Preamble_Initial_Power = Primary CPICH TX power – CPICH_RSCP + UL interference + Constant Value																													(Equation 1)	
The preamble initial power is guided by the following equation where the difference of the 1st and 2nd term is the pathloss. The 3rd term is the UL rise over thermal (or UL load which is broadcast in SIB7 on a periodic basis) and the 4th term is the SIR target.
The PRACH configuration in the SIB consists of the following parameters. 
modeSpecificInfo fdd : {
     primaryCPICH-TX-Power x (dBm),  1st term in the above equation
     constantValue y (dB),  4th term in the above equation
     prach-PowerOffset {
      powerRampStep a (dB),	 Step size for next attempt
      preambleRetransMax b (up to N max attempts)	 max number of attempts
     },
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Figure 1: Legacy PRACH preamble transmission procedure
Figure 1 typically describes how a UE would operate the PRACH preamble transmission. With Equation 1 above it will first determine the initial power for the preamble and would transmit the random access preamble with this power. If there is an ACK on the AICH it would continue transmitting the PRACH message part (with an additional offset for the message part) or would start using the common E-DCH resource based on state of the art rules. If the UE receives no response on the AICH (i.e. a DTX), the UE would ramp up the preamble transmit power with a ramp step based on the SIB transmission. This it would continue doing based on the maximum number of attempts configured in the SIB.
In general, the constant value is selected to a lower value in networks so that the device always has to make at least 2 or 3 attempts before it gets a RACH resource. This ensures that the devices do not choose a high initial power to start with which may impact the other real time traffic in the uplink. If during a data session a UE needs to send PRACH preamble just a few times, which is followed by a constant transmission over a common E-DCH in CELL_FACH or over a dedicated resources in CELL_DCH, then the fact that a UE resorts to sending 2-3 PRACH attempts is not that crucial. However, in case of marginal data volumes and/or when a UE moves from IDLE to CONNECTED (whereupon each RRC level SRB message would trigger a request for a new E-DCH resource), 2-3 PRACH attempts start to create a noticeable overhead and cause unnecessary delays.
2.1 Optimization of the number of PRACH attempts
From Equation 1 in section 2, before initiating transmission of the PRACH preamble, a UE calculates and sets transmission power according to the formula that is based on the broadcast transmission power, estimated path loss, indicated UL interference, and an additional parameter called “constant value”. The latter is typically is selected so that the device makes a few attempts before it gets a resource. This ensures that a device does not choose a high initial power to start with which may impact other real traffic in the uplink direction. The downside of this approach is that per each message – and referring to a transition from IDLE to CONNECTED, per each SRB RRC message – a UE has to transmit a few PRACH preambles wasting battery and increasing delays.
In the small data scenario, the trade-off is between the following 2 factors:
a. Reduction of UL capacity for existing traffic (since small data devices are meant to coexist in the same cell with other normal users) and
b. Reduction of blocking probability (pb) for small data devices (thus improving their battery life and improving latency as well). 
Both these factors are a function of the average # of retransmissions for successful RACH access and the access “power profile” which is a function of the initial preamble power setting, the ramp-up step size and the max # of retransmissions. 
The probability of retransmissions (pr ) is a function of the access “power profile” as well as the probability of collisions (pc,) which is indirectly related to the average # of devices attempting to access the RACH within a cell – this is expected to be comparatively larger in the small data scenario.
There have been studies demonstrating that there is an optimal “Constant Value” with the opposing factors mentioned above. For e.g. in [2] it may be seen that, in the absence of collisions, the scenario wherein each RACH access attempt is successful on the first transmission is optimal in the sense of minimum impact on the UL capacity of the cell for existing traffic. Further, this minimizes the impact of pr on pc. From [2] we also see that, an SIR target value set 1-2 dB (range of -15 to -16 dB) above the target SIR value for the detection threshold at the BTS γr (set to -17 dB in [1]) results in pb ~ 0. These observations are also valid for small data devices. Also when there is a minimum impact on UL capacity of the cell, with this optimal value, there is an improvement in uplink utilization which additionally translates to a coverage gain. The numerical benefit of the coverage gain is, unfortunately, not estimated at this point of time.
With the above arguments, it might be prudent to allow the UE to select a “Constant Value” from a given set of values such that this value is closer or equal to the so-called “optimal value”.  It must also be noted that the “Constant Value” may itself not be constant and may change with varying conditions as experienced by typical small data devices.
Proposal 1: Allow the UE to choose between several “Constant Values” during the PRACH preamble transmission procedure.  
4	Conclusion
In this contribution we have discussed the effect of choosing an optimal value of “Constant Value” during the PRACH preamble transmission procedure for small data devices. We feel that if the UE is allowed to select amongst a band of values it might save battery and improve the overall latency during an uplink transmission cycle. It is also foreseen that this will improve the HSPA network resource utilization since HSPA networks are expected to support small data devices in the same cell (same carrier) along with other “normal” devices like smartphones and dongles.
Proposal 1: Allow the UE to choose between several “Constant Values” during the PRACH preamble transmission procedure.
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