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1 Introduction
This paper looks at the requirement for absolute tolerance. 
2 Proposal for discussion
2,1

General 
The absolute output power setting is used for the initial power setting of the PRACH preambles and other physical channels where there is a transmission gap > 20ms. This initial output power setting uses the estimated path loss from the received RSRP and the transmitted output power signalled in the broadcast channel. 

The accuracies of the power contributed in the UE include thus the estimation of the absolute received power, RSRP and the actual output power settings.  
In TS36.101 the Current requirement for LTE absolute tolerance is specified below
6.3.5.1
Absolute Power Tolerance

Absolute power tolerance is the ability of the UE transmitter to set its initial output power to a specific value for the first sub-frame at the start of a contiguous transmission or non-contiguous transmission with a transmission gap larger than 20ms. This tolerance includes the channel estimation error (the absolute RSRP accuracy requirement specified in clause 9.1 of TS 36.133) 

In the case of a PRACH transmission, the absolute tolerance is specified for the first preamble. The absolute power tolerance includes the channel estimation error (the absolute RSRP accuracy requirement specified in clause 9.1 of TS 36.133).

6.3.5.1.1

Minimum requirements

The minimum requirement for absolute power tolerance is given in Table 6.3.5.1.1-1 over the power range bounded by the Maximum output power as defined in sub clause 6.3.1 and the Minimum output power as defined in sub clause 6.2

Table 6.3.5.1.1-1: Absolute power tolerance

	Conditions
	Tolerance

	Normal 
	[± 10.5] dB

	Extreme 
	[± 13.5] dB


In R4-090820 a CR proposes that 
In Absolute power tolerance is observed dominating the interference generation in system level simulations in R4-090264. Current requirements on absolute power tolerance originate from the counterparts in WCDMA, which are acceptable for UMTS where the absolute power tolerance is applied much more seldom than in LTE, and is too relaxed for LTE and result in significant cell-edge capacity loss on PUCCH.
	Conditions
	Tolerance

	Normal 
	[±8.5] dB

	Extreme 
	[± 11.5] dB


In R4-090686 it states

Note that in a narrow band system (e.g. 1.4MHz, 3MHz), the DL measurement calibration errors can be further increased by the lack of frequency averaging, which has not been accounted for so far.    In [3], simulation results were given that showed that in an LTE system, open loop tolerance will be more frequently applied if DRX periods over 20ms are used.  We note that in actual systems, 5ms…20ms PUCCH and / or SRS repetition periods could be used, which would greatly reduce the frequency of initial transmissions, which in turn would reduce the impact of open loop power setting tolerance.  
Nevertheless, we also realize that improving the outer loop tolerance will be beneficial for the LTE system performance; therefore we propose to tighten the existing requirements by setting them formally equal to the WCDMA requirements, which had been also our initial proposal.  This proposal is captured in Table 3 below.   
	Conditions
	Tolerance

	Normal 
	[± 9] dB

	Extreme 
	[± 12] dB


Since WCDMA is used is indicated as a reference point, it may be useful to look at the requirements in TS25.101 where it states;
6.4.1
Open loop power control

Open loop power control is the ability of the UE transmitter to sets its output power to a specific value. The open loop power control tolerance is given in Table 6.3
6.4.1.1
Minimum requirement

The UE open loop power is defined as the mean power in a timeslot or ON power duration, whichever is available.
Table 6.3: Open loop power control tolerance

	Conditions
	Tolerance

	Normal conditions
	± 9 dB

	Extreme conditions
	± 12 dB


So what should be the LTE requirements for absolute tolerance??
2.2 

LTE // WCDMA transmission configuration duration and transient period 
If we consider the difference between LTE and WCDMA the following observations can be made; 

a) Transmission configuration
· WCDMA the length of a basic slot corresponds to 2560 chips which is 0.67 ms 
· In LTE the PUCCH/PUSCH time slot is 0.5ms duration in the case >20ms gap
· LTE also have to support a single SRS symbol of 0.072ms in the case >20ms gap
· WCDMA each preamble is of length 4096 chips which is 0.667ms
· LTE the PRACH pre-amble format range is from  0.9031ms to 0.1479ms to duration 
· In WCDMA we are allowed of transient duration of ±25µs 
· In LTE we are allowed of transient duration of ±20µs 
The longer the mean power measurement period and transient period allowed the better the absolute power tolerance. In all cases; LTE presents a significant challenge due to smaller signal duration (0.67ms to 0.072ms) and allowed transient period (±25µs to ±20µs). 

b) Modulation bandwidth
· In WCDMA the signal bandwidth is 3.84MHz 
· In LTE we the signal bandwidth can range for 1RB (180KHz single PUCCH), 6RB 1.08MHz PRACH) to higher RB configuration.  
Due to the difference in signal bandwidths (3.84MHz to 180 KHz), LTE will have a significant challenge to meet the same absolute tolerance.  At the low modulation bandwidths LTE will need a much longer transient duration to accurately measure and reach the desired power level

One alternative would be to specify an absolute tolerance table for the different physical channels, timeslots and signal bandwidth.
2.3 

LTE  CQI  transmission configuration 

In R4-090820 it states

In [3], simulation results were given that showed that in an LTE system, open loop tolerance will be more frequently applied if DRX periods over 20ms are used.  We note that in actual systems, 5ms…20ms PUCCH and / or SRS repetition periods could be used, which would greatly reduce the frequency of initial transmissions, which in turn would reduce the impact of open loop power setting tolerance. 

In R4-090616 it states

In the simulations in [1], with PUCCH CQI period of 40 ms, the ratio of initial UE transmissions and noncontiguous transmission with transmission gap larger than 20 ms is 37% of the total UE transmissions. This is the major evidence to show the importance of absolute power tolerance. However, there was some concern on the rationale of this parameter setting, since the ratio of the application of absolute power tolerance will be much low with CQI period ≤ 20 ms. This is true, but we would like to further clarify the motivation for this CQI period setting in our simulations.
· As addressed in [2,3], the PL/RSRP estimate in the UE uplink power control algorithms is the estimate of the slow fading of the channel, which is directly related to the selection of the CQI index and CQI report period in a real network. For example, at a speed of 100Km/h within a time interval of 20-40 ms, a UE will move from 0.56-1.1 m. In such a small distance travelled by the UE, the PL can be considered to be constant. 

· In current discussion [4], a typical CQI test environment in fading channel assumes the UE moves at low speed, i.e. EPA5 and EPA70. In these scenarios, the coherent time of the fast fading channel is long. CQI report with short period is unnecessary. On the other hand, a higher CQI report rate will generate redundancy in uplink signaling and lead to unnecessary UE power consumptions and increased inter-cell interference. 

· According to TS 36.133, a UE is allowed to stay in DRX to reduce power consumption. Although a UE is requested to measure RSRP at least for every DRX cycle, which is from 0.32 to 2.56 s, it is not necessary to report CQI during DRX according to current RAN2 discussion.  This means that the CQI report period can be large due to DRX. 

· Current CQI reporting period ranges from 2 to 256 ms. The CQI period of 40 ms is relative short in the allowed range.  

· In a real network, the CQI reporting period is a UE specific parameter. It will be an unrealistic assumption by setting all CQI period to be less than or equal to 20 ms to suppress the potential risk in the simulations. 

Based on these motivations, we think it is a reasonable assumption to set the CQI period to be 40 ms to model the possible UE transmission behavior in a real network, at least not on purpose to hide the problem due to initial transmission. Again in this study we aim at studying the joint impact of absolute and relative power tolerance, but not to enlarge or suppress any impact of these power tolerances deliberately.  
In [1] R1-071956 (E-UTRA performance check point downlink) we note the following;
	CQI reporting
	E-UTRA: Time interval: every 5 ms, with 2 ms delay, CQI bin bandwidth: 2 RBs. CQI measurement error: Log-Normal with 1dB standard deviation.

UTRA: Time interval: every 4 ms, with 4 ms delay, CQI measurement error: Log-Normal with 1dB standard deviation.


In [4] we note results are presented based on this checkpoint without any reference that this CQI point may not reflective of the true operating point in a network 
Reducing the CQI period to realistic levels will decrease the fraction of initial PUCCH transmissions considerably (from the 37% indicated).  CQI reporting is a function of data traffic. For VOIP this is less than 20ms based on RAN4 discussions,  So what should be the assumption be used for CQI feedback (and absolute power requirement0 and how do we understand the current CQI reporting period ranges from 2 to 256 ms??
2.4

Impact of RF spectrum flatness 
Since, the absolute accuracy includes the estimation of the absolute received power and the actual output power settings a degradation in spectrum flatness will impact the absolute accuracy. This was the main rationale to include an additional ±1.5dB tolerance relative to WCDMA. As shown in R4-090847 in practise a much higher value of >± [3.0-3.6] dB may need to accounted relative to a 5MHz channel bandwidth. 
In practise this value would be reduced as most operation would not be at band edge, however as the absolute specification is band and channel bandwidth agnostic 
2.5

Impact of throughput 
In R4-090616 it states

With 2 dB tightening of the absolute power tolerance, the cell-edge PUCCH capacity can be improved by 22% comparing to current specification. 
In [2] R4-071661 it states

Accuracy of transmission power adjustments will impact the effectiveness of uplink power control. Results in [4] show that if power adjustment errors made by UEs are large (e.g. +/-5dB), LTE network capacity can be degraded by as much as 20%. 
In [5] a similar loss of throughput is also indicated. Hence we do acknowledge that based on the current RAN1 specification the transceiver power control may have difficult in addressing needed  level of performance based on worst case assumptions.  However do note this is a minimum requirement, and that the UE performance would have to be significantly better than these worst case requirements 
3.0
Conclusion
This paper looks at the requirement for absolute tolerance taking into account the impact of RF spectrum flatness and calibration error.
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