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1. Introduction

In RAN4#33 and 34, there has been discussion on a suitable timing accuracy for PRACH bursts e.g. [5], [6] and [7]. In this document, we present Nokia analysis of the issue, and propose possible value for PRACH timing accuracy for release 6.

Prior to making a random access transmission attempt, the UE will be receiving the FACH, so that it is able to receive any response to its RACH transmission. However, it should be noted that the UE might have switched from idle state to FACH reception state very shortly before the PRACH transmission, which may have some effect to the achievable accuracy. In general, the accuracy of the UE clocking and timing tracking at this point is somewhat implementation dependent. 

However, the approach that we have used in this paper is to try to calculate how accurate the PRACH timing accuracy could be, based on other requirements in TS25.101 and TS25.133. Provided that this approach is used with some caution, we believe that it can be used to define a suitable accuracy requirement for PRACH timing without creating additional burden for a UE implementation that is already compliant with the existing RAN4 requirements.

2. Description of the scenario

The scenario for PRACH transmission is shown in figure 1. At time T1, the UE makes a decision to schedule transmission of the PRACH. The UE then needs to decide on the start time of the suitable access slot to transmit the first PRACH preamble on.  We believe that this calculation is done as follows

· As a basis for the timing, the UE examines the PCCPCH timing of the serving cell at T1. Knowledge of the PCCPCH timing is the starting point for calculating the time of the first PRACH preamble, because downlink AICH access slots are defined in sub clause 7.1 of [1] relative to the timing of the PCCPCH. The timing relationship between AICH access slots and PRACH preamble slots is then clearly defined in sub clause 7.3 of [1] according to
 “Uplink access slot number n is transmitted from the UE (p-a chips prior to the reception of downlink access slot number n, n = 0, 1, …, 14”

· Once the UE has knowledge of the PCCPCH timing at T1, it then calculates a suitable time T2 in the future. The procedure for performing this is defined in [2] as follows: -

 “Derive the available uplink access slots, in the next full access slot set, for the set of available RACH sub-channels within the given ASC with the help of sub clauses 6.1.1. and 6.1.2. Randomly select one access slot among the ones previously determined. If there is no access slot available in the selected set, randomly select one uplink access slot corresponding to the set of available RACH sub-channels within the given ASC from the next access slot set. The random function shall be such that each of the allowed selections is chosen with equal probability.”

· At time T2, the first PRACH preamble transmission begins. It is possible that the UE will not receive an acquisition indicator on the AICH and transmit a number of PRACH preambles on available uplink access slots up to the signalled parameter Preamble Retrans Max, which is in the range 1 to 64.
· At time T3 the UE has received either a positive or negative acquisition indicator. In the case of a positive acquisition indicator, it will begin PRACH message transmission at time T3
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Figure 1: Timing diagram of scenario

3. Sources of error

a. Inaccuracy of estimate of serving cell PCCPCH timing at T1

One important factor is how accurately the UE can estimate the timing of the serving cell. One way of answering this question without making assumptions about details of the UE implementation is to look at RRM requirements for SFN-SFN time difference measurements in sub clause 9.1.8 of [3]. In the requirement, it is stated that SFN-SFN type 1 time difference has an accuracy of ( 1 chip. The conditions in which this requirement is applicable are also given in [3] sub clause 9.1.8.1. One of the key conditions is that Io is in the range -94...-50 dBm (band I, IV and VI), -92…-50 dBm (band II) or -91…-50dBm (band III).

Since the SFN-SFN type 1 timing is defined as the difference between the serving cell SFN and a neighbour cell SFN, in order to meet this requirement, the UE would need to be capable of measuring the serving cell PCCPCH timing to an accuracy of considerably better than ( 1 chip. However some caution is needed here, since the UE may have been in idle mode immediately prior to T1, and SFN-SFN requirements cannot be applied in idle mode. Therefore it is possible that the timing estimate will still be somewhat degraded at the beginning of FACH reception. For this reason, we believe that ( 2 chips is an appropriate assumption for the accuracy of serving cell PCCPCH time measurement when analysing different error source for PRACH timing. 

b. UE frequency error between T1 and T2

Since the system clock in the UE is not exactly locked to the node-B clock, there will be some inaccuracy in the first PRACH timing due to drift that occurs between T1 and T2. The worst case drift during this period can be estimated if the UE frequency error and the maximum possible time between T1 and T2 are known.

Regarding the UE frequency error, this should be less than (0.1 PPM according to sub clause 6.3 in [4]. In addition, if the UE is moving there will be a contribution from Doppler shift. In [7], the Doppler shift is calculated to be approximately 0.1PPM per 100km/h of relative speed. At a maximum UE speed of 250 km/h, the total frequency error is around (0.35ppm.

The time difference between T1 and T2 depends on the random selection of the first access slot which is available from the set of PRACH sub-channels that the UE is allowed to use. In the worst case, there will be no available sub channels in first access slot set after T1, and the sub channel assignment and random choice of access slot result in use of the final access slot of the second access slot set after. In that case, there can be approximately 20mS between T1 and T2 as shown in the figure 2 below (reproduced from [1]) when access slot #14 ends up being the chosen slot, and the decision is being made just prior to access slot zero.
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Figure 2: PRACH access slots (reproduced from [1])

This corresponds to a time drift of 

20 mS *  0.35/1000000 = (7nS

This is negligible compared to the chip period of 260nS, so even if an implementation had a greater frequency error, or calculated PRACH transmission timing earlier than expected, there would be a negligible additional error in the timing of the first PRACH preamble due to UE frequency error.

c. UE frequency error between T2 and T3

Since the node B may not receive the first PRACH preamble after the UE starts to transmit, it is also of interest how much the timing could have drifted by the end of the PRACH preamble transmission sequence. This corresponds to the node B receiving the very last preamble of the cycle. Preamble Retrans Max is specified as an integer in the range 1-64, and the minimum time difference between preambles is specified as (p-p,min = 15360 chips (3 access slots) if AICH_Transmission_Timing is set to zero or (p-p,min = 20480 chips (4 access slots) if AICH_Transmission_Timing is set to 1. Unfortunately the specifications do not specify a maximum time for (p-p,. If we assume that the UE transmits preambles as fast as possible using a spacing of (p-p,min then the duration from T2 to T3 is less than or equal to 64*20480 chips = 340mS,

Proceeding as before, and with the same frequency error of 0.35ppm as in the previous section,

340mS * (0.35/1000000) = 119nS or approximately (0.45 chips


To calculated this value we have used (p-p = (p-p,min,. However it is also possible that a UE transmits preambles with a greater spacing. The proposal is that the error due to clock drift between T2 and T3 is increased to (1 chip. This corresponds to a UE that is continuously transmitting preambles for 740mS which is a very improbable scenario in any normal network operation.

d. Uncertainty in hardware delays

In general, the delay in transmitting the PRACH preamble, especially in the RF part of the UE may vary, for example with temperature. A fixed delay can be compensated for when the UE calculates the start timing, T2, of the PRACH preambles, but there may be some component of the transmitter that has a variable or unknown delay. This component is also a source of error in DPCH transmission timing, so it can be assumed to be smaller than (1.5 chips if the UE is to meet the requirements in sub clause 7.1.2 (transmit timing).

4. Conclusions
The following factors have been identified which affect PRACH timing accuracy

	Source of error
	Estimated contribution to PRACH burst timing error

	a) Error in estimation of PCCPCH timing
	≤ ( 2chips in the conditions mentioned in TS25.133 section 9.1.8

	b) UE clock drift before first PRACH burst is transmitted
	Negligible

	c) UE clock drift while PRACH preambles are being transmitted
	≤ ( 1chip

	d) UE hardware delay uncertainty
	≤ ( 1.5chip


Therefore we propose the following accuracy requirement for PRACH preamble burst timing. The timing is referenced to the expected timing calculated from the first detected path of the PCCPCH.

The accuracy requirement is proposed to be valid under the following conditions:


CPICH_RSCP|dBm ( -114 dBm for Bands I, IV and VI

.
CPICH_RSCP|dBm ( -112 dBm for Band II and V,


CPICH_RSCP|dBm ( -111 dBm for Band III.
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 is low enough to ensure successful SFN decoding.

	Parameter
	Unit
	Accuracy [chip]
	Conditions

	
	
	
	Band I, IV and VI
	Band II and V
	Band III

	
	
	
	Io [dBm/3.84 MHz]
	Io [dBm/3.84 MHz]
	Io [dBm/3.84 MHz]

	Accuracy of  UE PRACH preamble
	Chip
	( 4.5
	-94...-50
	-92…-50
	-91…-50


Since these sources of error are based existing requirements for SFN-SFN type 1 measurement accuracy, DPCH timing accuracy and UE frequency error, we believe that UEs which are designed to meet the existing requirements can meet this new proposed PRACH burst timing requirement without much additional burden.
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T1 : UE calculates when to start PRACH preamble transmission







T2 : PRACH Preamble transmission starts







T3 : start of PRACH message transmission or end of procedure if UE receives negative AICH
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