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1. Introduction
In the past several RAN4 meetings, the issues surrounding LTE uplink power control have been discussed extensively by a number of companies.  In this contribution, we present Freescale’s view on uplink power control, specifically on the placement and duration of the power control exception.

2. Background

The setting of RF requirements for UE uplink power control is a trade-off between the degradation of system performance in terms of PUSCH throughput degradation, PUCCH/SRS multiplexing error, etc. (see [1]) with the complexity involved in UE implementation to maintain the power accuracies in spite of the large power changes allowed, the different bandwidths allowed, and the possibly varying RB locations (see [2]).  To further complicate matters, there is also a trade-off between the length/placement of the transient duration to the accuracy of the power control setting, both of which can cause system performance degradation.  

2.1 Exception period placement

A good proposal from [2] analyzed the severity of the system performance impact due of various channels and proposed different placements of the power control exception periods given a specific scenario.  We replicate the figure in [2] here for convenience:
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Figure 1: Proposal from [2] on exclusion period placement

We generally agree with this approach of varying placements, but would like to point out that there are several important cases that can inevitably cause damage despite the clever placement proposed

· PUCCH followed by PUCCH –This is scenario 2C above.  Fortunately, this could be alleviated by the fact that power changes are typically smaller in this case than the other scenarios

· PUCCH with SRS – This will always be a difficult case unless we propose changing RAN1 specs as in [2], which may be problematic at this late stage in the specification

· PUSCH data multiplexed with control information
· Especially problematic with the rank indication due to their uncoded nature, and the fact that it is located in troublesome locations:

· Extended CP without SRS – 1st SC-FDMA symbol

· Extended CP with SRS - 1st SC-FDMA symbol and symbol before the SRS 

· Normal CP with SRS – Symbol before the SRS

· Ramping outside the subframe - Interference caused to other users

2.2 Exception period duration

Several companies have different views on the length of the transient period.  Motorola in [2] considered 50 μs, which reuses WCDMA requirements, and mentions that the period could be used both for ramping and measurement to achieve the desired accuracies.  Qualcomm in [3] proposed a duration of 35 μs, citing that this figure is feasible in their implementation.  CATT in [4] proposed 15-20 μs (on-off), which takes into account the impact of the ramping period to the BS receiver performance.  In both [2] and [3] proposal, up to 50-70% of the SC-FDMA symbol could be unusable.  Note that due to the inevitable performance impacts shown above despite prudent placement of the exception period, the large durations proposed may be quite problematic.
Freescale believes that the exclusion period should be made as small as possible, e.g. [5 μs] (within the CP length), and should only include the ramping.  Including an extra measurement period does not guarantee an accurate power reference anyway due to the small times proposed.  We believe including the measurement in the exclusion period is a UE implementation specific issue, and the accuracy requirements can be met in other ways.  Furthermore, it can be seen in Fig. 2 below that the small ramping time does not cause spectral damage.  
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Fig. 2: Time-domain and PSD of a 20 MHz SC-FDMA signal with single RB allocation, 24dB power step, and 5 μs ramping

3. Conclusion

In this contribution, we proposed a reduction of the exclusion period to 5 μs, which includes power ramping without a measurement period.   
4. References

[1] R4-082066, “Impact of ON/OFF transients on PUSCH and SRS,” Ericsson

[2] R4-082029, “Transient Duration for LTE,” Motorola

[3] R4-081776, “Proposal for UE Power Control Time Profile,” Qualcomm
[4] R4-081333, “Further consideration about LTE transmit ON/OFF time mask,” CATT

[1] 
[2] 
[3] 
[4] 
[5] 
[6] 
-90





-100





-110





-120





-130





7





x 10





2





1





0





-1





-2





-60





-70





-80





 





 





PSD of LTE signal 





dB/Hz





Frequency (Hz)





w/o ramping





w/ ramping












