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1 Introduction 
The LTE PRACH power tolerance was approved in RAN4#49 Prague meeting as in [1]. In this requirement, it was implicitly assumed that the frequency position of the RA opportunity is identical for consequent RA preamble transmissions, where the power tolerance, except the initial PRACH transmission, is [± MAX {0.5, P/2}] when  
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 is the power ramping step and it can be 0, 2, 4 and 6 dB respectively. However, this is not true in general. For FDD, the frequency position of the RA resource is always adjacent to the PUCCH. But it can be different for LTE TDD. Such a problem is discussed in this paper. A correction to LTE PRACH power tolerance is proposed.    
2 Frequency position of RA opportunity
The random access procedure can be initialized by PDCCH order or by MAC sub layer. Before the procedure starts the time-frequency allocation of the PRACH resource and other information, are assumed to be available at L1. The PRACH resource, also called RA opportunity, is indicated by RA-RNTI, which is 

RA-RNTI= t_id+10*f_id

where t_id is the index of the first subframe of the specified PRACH resource (0≤ t_id <10), and f_id is the index of the specified PRACH resource within that subframe, in ascending order of frequency domain (0≤ f_id< 6) [2]. Note that  one RA opportunity occupies 6RB and 1 ms.
Obviously, the UE PRACH transmission faces a dynamic RA opportunity allocation in general, so that the RA preamble transmission might carried on different frequency positions when previous RA failed. This means the power of PRACH preamble transmission suffers from the filter variation. Since the PRACH transmission is also in PUSCH region, a similar power tolerance relaxation as those specified for PUCCH and PUSCH is considered to be suitable for PRACH.  
3 Correction of PRACH power tolerances
Since the PRACH transmission might suffers frequency position change in TDD, but not in FDD. We propose the PRACH power tolerance with/no RA frequency position change separately as given in Table 1 and 2. The relevant TP of the correction is given in Appendix A.
In Table 1, the PRACH power tolerance with RA frequency position change (last column) is inline with the requirements for PUSCH/PUCCH transition as proposed in [3], i.e. relaxation due to frequency change of 1.5 dB under normal conditions. This is because PRACH and PUSCH share the same frequency band. The PRACH power tolerance with no RA frequency position change is ΔP/2 with a minimum tolerance of 0.5 dB as in the second column in Table 1. 
Table 1 PRACH power tolerances (normal conditions)

	Power step size ΔP [dB]
	PRACH (no RA frequency position change) [dB]
	PRACH (with RA frequency position change) [dB]

	0≤ ΔP ≤ 4
	[±MAX{0.5, ΔP/2}]
	 [±(ΔP/2+1.5)]

	ΔP=6
	[±3.0]
	[±4.0]


In Table 2 the PRACH power tolerance with RA frequency position change (last column) is inline with the requirements for PUSCH/PUCCH transition approved in [1].  The PRACH power tolerance with no RA frequency position change (2nd column) is identical to previous proposal [1]. 

Table 2 Relative Power Tolerance for Transmission (extreme conditions)

	Power step size ΔP [dB]
	PRACH (no RA resource frequency position change) [dB]
	PRACH (with RA resource frequency position change) [dB]

	0≤ ΔP ≤ 4
	[±4.0] 
	[±(ΔP/2+4)]

	ΔP=6
	[±5.0] 
	[±6.0]


3 Conclusions

The frequency position change of the RA resource for LTE PRACH is discussed. The PRACH power tolerance is proposed for with and no RA frequency position change separately under different conditions. The relevant TP on the correction is provided.    
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Appendix A: TP for 36.101 on LTE PRACH power tolerances
================================= Begin of TP   ======================================

6.3.5.2
Relative Power tolerance

 Relative power tolerance is the ability of the UE transmitter to set its output power to a specific value for the 2nd and subsequent sub-frame after the start of a contiguous transmission or non-contiguous transmission with a transmission gap ≤20ms.

 In the case of a PRACH transmission, the relative tolerance is the ability of the UE transmitter to set its output power to a specific value for the 2nd and subsequent preambles. The measurement period for the PRACH preamble is specified in Table 6.3.4.2-1.

6.3.5.2.1
Minimum requirements

The UE shall meet the requirements specified in Table 6.3.5.2.1-1, Table 6.3.5.2.1-2, Table 6.3.5.2.1-3 and Table 6.3.5.2.1-4. 
To account for RF Power amplifier mode changes a number of exceptions are allowed (TBD).

Table 6.3.5.2.1-1 Relative Power Tolerance for Transmission (normal conditions)
	Power step size (Up or down)

ΔP [dB]
	PUSCH/PUCCH
[dB]
	SRS

[dB]

	0 ≤ ΔP ≤4
	[± MAX {2.0, P/2+2.0}]
	

	4< ΔP ≤10
	[± 4.0]
	

	10< ΔP ≤15
	[± 5.0]
	

	15< ΔP ≤20
	[± 6.0]
	

	20< ΔP
	[± 6.0]
	


Table 6.3.5.2.1-2 Relative Power Tolerance for Transmission (extreme conditions)
	Power step size (Up or down)

ΔP [dB]
	PUSCH/PUCCH
[dB]
	SRS

[dB]

	0 ≤ ΔP ≤4
	[± MAX {4.0, P/2+4}]
	

	4< ΔP ≤10
	[± 6.0]
	

	10< ΔP ≤15
	[± 7.0]
	

	15< ΔP ≤20
	[± 8.0]
	

	20< ΔP
	[± 8.0]
	


Table 6.3.5.2.1-3  PRACH power tolerances (normal conditions)

	Power step size ΔP [dB]
	PRACH (no RA frequency position change) [dB]
	PRACH (with RA frequency position change) [dB]

	0≤ ΔP ≤ 4
	[±MAX{0.5, ΔP/2}]
	 [±(ΔP/2+1.5)]

	ΔP=6
	[±3.0]
	[±4.0]


Table 6.3.5.2.1-4  PRACH power tolerances (extreme conditions)

	Power step size ΔP [dB]
	PRACH (no RA resource frequency position change) [dB]
	PRACH (with RA resource frequency position change) [dB]

	0≤ ΔP ≤ 4
	[±4.0] 
	[±(ΔP/2+4)]

	ΔP=6
	[±5.0] 
	[±6.0]
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1. 


For a sub-frame excluding a SRS symbol, the power change is defined as the relative power difference between the mean power of the original (reference) sub-frame and the mean power of the target subframe, not including the transient duration. . The mean power of successive sub-frames shall be calculated according to Figure 6.3.5.2-1-1

The observation period for a power step tolerance for a sub-frame which includes SRS symbol is FFS and requirements for handling PUCCH and SRS symbols power steps in the same sub-frame to be progressed. 
During the transient period there are no additional requirements on UE transmit power beyond what is required in sub – clause 6.3.1 and clause 6.6.2.3
Figure 6.3.5.2.1-1:  Power step template (TBD)

==================================  End of TP   =======================================
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