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1. Introduction
Intra-band CA Power control requirements are open. This contribution proposes the frame work on how to define those and what the tolerance values should be.
2. Discussion

2.1 Power Control Requirements
LTE has three different power control requirements specified in [1].  These are
1. Absolute power tolerance

2. Relative power tolerance

3. Aggregate power control tolerance

These requirements set the limits to UE transmitted power accuracy for different power control situations, see Figure 1. 
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1)

Absolute power tolerance

-UE’s ability to set the level of the initial subframe to a specific value or if there has 

been a transmission gap > 20 ms

-Tolerance NTC ± 9 dB

2) 

Relative power tolerance

-is the ability of the UE transmitter to set its output power in a target sub-frame 

relatively to the power of the most recently transmitted reference sub-frame if the 

transmission gap between these sub-frames is ≤ 20 ms

-Tolerance depends on power step size

3) 

Aggregate power control tolerance

-UE’s ability to keep the output power constant in case no change inoutput power is 

required

-5 bursts in 21 ms separated by 4 ms gap must fullfill ± 3.5 dB tolerance
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Figure 1 LTE Power control requirements

2.2 Error sources for Power Control 
Next we discuss what are the reasons that cause inaccuracy in UE transmission power and we start that by taking a look the RAN1 [2] power control formula for PUSCH transmission, see Figure 2.
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Figure 2 PUSCH power control formula

From the formula we can note that all parameters except path loss (PL) are known. PL is based on UE RSRP measurements and contains uncertainty which is specified in [3]. So the error in received signal power estimation is one source for transmission power inaccuracy.
Another source for Tx power inaccuracy is the variability in the UL band frequency response due to component imperfections. Biggest contributor to non-flat frequency response is the duplex filter but also possible inter-stage filters and baseband filters can have effect. Variability in frequency response can have big impact for narrow allocations as those can be located totally in local minima or local maxima of the response. In theory these response variations can be calibrated out but only in theory. In practice it would take far too long in production and the calibration would be correct only in one temperature.

Third source for Tx power inaccuracy are the transmission gaps that are inherent part of LTE UL. During the transmission gaps the PA operating temperature changes and can potentially affect the gain.

2.2 Linking Error sources and Power Control Requirements
What are the error sources that contribute to UE’s ability to meet the Absolute Power tolerance requirement? As the requirement is defined in absolute terms then PL estimate errors will affect to the UE’s Tx power accuracy. Because this requirement has to be met on all frequencies and allocation sizes the frequency response variations has to be taken into account also. Lastly as the Absolute power tolerance requirement is valid for first transmission or a transmission after a gap larger than 20 ms also the temperature variations in PA effect the output power accuracy. So Absolute Power tolerance is the hardest power control requirement to meet which is reflected also in the allowed tolerance value.
If we consider the relative power control tolerance requirement we can note that the PL estimate error do not contribute as the requirement is defined as an accuracy requirement between subsequent transmissions and thus both transmission would have the same error. But error from both frequency response variation and due to transmission gap has to be taken into account as the requirement is very generic.

If we consider Aggregate power control tolerance we can again note that PL estimate error does not affect with same reason that was valid for relative power tolerance. Frequency response variations do affect as the requirement does not limit the allocation location. In accuracies due the transmission gap are limited as the gap is limited to 4 ms.
To summarize we can list following error sources to power control requirements 

1) Absolute Power Tolerance

a) PL estimate error

b) Frequency response variation

c) Transmission gap effect

2) Relative Power Tolerance

a) Frequency response variation

b) Transmission gap effect

3) Aggregate power control tolerance

a) Aggregate power control tolerance

b) Limited Transmission gap effect

2.3 Power Control Requirement framework for intra-band contiguous CA
In LTE REL-10 each physical channel has separate and independent power control. For CA that means that individual PUCCH/PUSCH/SRS transmissions on separate component carriers follow their own power control commands. When we couple this information to the purpose of the UL power control which is to ensure proper signal level at the eNodeB receiver and same time to avoid unnecessary high signal levels which would interfere neighbouring cells it becomes evident that CA Power control requirements should be defined per physical channel basis.
LTE REL-10 RAN1 specifications are versatile and allow multitude of different channel combinations for CA. Even if the scope is reduced to cover only REL-10 RAN4 CA Bandwidth class C cases we can easily come up with various different CC/channel combinations, some of those illustrated in Figure 3 below.
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Figure 3 Possible channel combinations for CA
When considering the large amount of different channel/CC combinations which will further increase when bandwidth classes D - F are being specified it becomes clear that the Power control core specifications must be simplified to cover a sub-set of channel / CC combinations in order to keep the testing effort in reasonable level and the RF core specification manageable and understandable. 
One pragmatic way forward for CA Power control is that the power control requirements apply per transmitted channel (PUSCH or PUCCH or SRS) when there is only one transmitted channel per component carrier, see Figure 4.
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Figure 4 One channel per CC

One difference in CA power control requirements compared to single carrier LTE Power control requirements will be the fact that for CA there is no carrier specific PUMAX defined. This means that the requirements are bounded by the carrier specific – 40 dBm requirement at the lower end of the dynamic range and the PUMAX = 10 log10 ∑ pUMAX,c  defined for the total output power of the UE at the high end of the dynamic range, see Figure 5. 
In practice this means that when testing a for example Pcc relative power control requirements then test system must be aware of the power level of the Scc in case the test includes a steps where the whole dynamic range is tested and it is necessary to check that the UE used the whole dynamic range it is supposed to use.
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Figure 5 Power control test dynamic range
To summarize intra-band contiguous CA Power control framework we propose following
Proposal 1: Intra-band CA power control requirements apply per transmitted channel (PUSCH or PUCCH or SRS) when there is only one transmitted channel per component carrier
Proposal 2: Intra-band CA power control requirements apply over the power range bounded by the PUMAX as defined in sub-clause 6.2.5A and the Minimum output power as defined in sub-clause 6.3.2A
2.3 Intra-band contiguous CA Power control tolerance values

In previous chapter we made two proposals how the framework for intra-band CA Power control requirements should be defined. In this chapter we discuss what the actual tolerance values should be.
As was already discussed in previous chapter UL power control is needed to ensure proper signal level at the eNodeB receiver and same time to avoid unnecessary high signal levels which would interfere neighbouring cells. Hence the power control is vital for the operating UE itself for it to be able as efficiently as possible to transmit and it is important for the other UE’s in neighbouring cell so that the operating UE does not transmit with excessive Tx power and interfere other UE’s transmissions.  Given these in mind it seems feasible to apply the existing power control tolerance values for CA operation also.
Proposal 3: Current LTE single carrier Power control tolerance values are applied for CA per transmitted channel
3. Conclusion

In this contribution we have discussed intra-band CA power control and made three proposals as a way forward. Also we have related CR submitted to this meeting.

Proposal 1: Intra-band CA power control requirements apply per transmitted channel (PUSCH or PUCCH or SRS) when there is only one transmitted channel per component carrier
Proposal 2: Intra-band CA power control requirements apply over the power range bounded by the PUMAX as defined in sub-clause 6.2.5A and the Minimum output power as defined in sub-clause 6.3.2A
Proposal 3: Current LTE single carrier Power control tolerance values are applied for CA per transmitted channel 
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1) Absolute power tolerance
- UE’s ability to set the level of the initial subframe to a specific value or if there has been a transmission gap > 20 ms
- Tolerance NTC ± 9 dB
2) Relative power tolerance
- is the ability of the UE transmitter to set its output power in a target sub-frame relatively to the power of the most recently transmitted reference sub-frame if the transmission gap between these sub-frames is ≤ 20 ms
- Tolerance depends on power step size
3) Aggregate power control tolerance
- UE’s ability to keep the output power constant in case no change inoutput power is required
- 5 bursts in 21 ms separated by 4 ms gap must fullfill ± 3.5 dB tolerance
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MPUSCH is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks valid for subframe i.


10log(MPUSCH(i))+PO_PUSCH(j) + a(j)PL + ΔTF (i) + f(i)


PO_PUSCH(j) is the target power level eNodeB wants to receive


PL is the downlink pathloss estimate calculated in the UE in dB and PL = referenceSignalPower – higher layer filtered RSRP, where referenceSignalPower is provided by higher layers and RSRP is defined in RRM specification


a(j) is a parameter which NW uses to control whether UE compensates the PL fully or only partially


ΔTF (i) parameter used to compensate different SINRs requirered by different MCS


f(i) up/down power control commands fromeNodeB



