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1 Introduction
The LTE relative power tolerance has been studied [1-5]. In this paper, we discuss the possible scenarios of power control in LTE. Based on the case by case analysis, it was identified that the most challenging scenarios for power control is the transition from PUSCH to PUCCH, where the power step could be large and the power tolerance should be stringent. More simulation results are suggested to know the necessary requirement.   
2 Power control scenarios
In LTE, three UL physical channels are specified, which are PRACH, PUSCH and PUCCH.  Except the contention based random access preamble transmission on PRACH, a UE transmission on PUCCH and PUSCH is scheduled by the eNB. Depending on the received UL signal strength (or power spectrum density), the eNB will select the MCS, allocate RBs, and order the UE to increase or decrease its transmission power through the TPC command.
The UE transmission could be on PUCCH or on PUSCH in consecutive subframes. It also can transit from PUCCH to PUSCH in consecutive subframes, or vise verse. During these channel transitions, the bandwidth allocation (RB allocation) can be different, including change of the number of RBs or locations of the RBs. These changes of RB is termed Frequency Hopping (FH).  In order to gain frequency diversity, the UE transmission is allowed to hop within a subframe in LTE.  
In this section, we analyze the possible UE transmissions between PUSCH and PUCCH from the power control perspective, i.e. the possible power change steps and required tolerance on system level. Although the UE transmission is most likely to be in noncontiguous transmission, we analyze the contiguous transmission only.   This is because the power inaccuracy after a transmission gap less than 20 ms is very limited in comparison to the impact due to FH and filter variation.   
2.1 PUSCH to PUSCH
In Figure 2.1, 3 different transitions from PUSCH to PUSCH in adjacent subframes are presented. In the first transition (from subframe 1 to 2), the UE transmit without inter-subframe and intra-subframe FH. This is an easy case, since the power change will be only due to the TPC command, which is small. The power accuracy will not be affected by the filter variation as well. In the second transition (from subframe 2 to 3), the UE experienced inter-subframe FH,  but the UE keeps the same bandwidth. So the power change step is still small, but the power accuracy is impacted by the variation of the RF filter response. This variation can be up to +/-3 dB as reported [3,4]. Within subframe 3, the UE performs intra-subframe FH. Such a UE behavior will suggest how to measure the output power. As suggested in [2], it is reasonable to measure the power in a timeslot.  In the last transition (from subframe 3 to 4), the UE has FH and increased number of RBs. Such a transition gives rise to large power change steps. 
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Figure 2.1 Power control scenarios (PUSCH to PUSCH)
To summarize these typical transitions, the PUSCH to PUSCH transitions can have small and large power change steps. The intra-subframe FH of UE suggests to measure the power in one timeslot after power change excluding any transient period. On the system level, PUSCH carriers UL user data and is less sensitive to the power inaccuracy than the control signals on PUCCH.  So a relatively relaxed power tolerance can be accepted for the transition from PUSCH to PUSCH. However, simulations are needed to find  reasonable power tolerances.  
2.2 PUCCH to PUCCH
In Figure 2.2, the typical transitions from PUCCH to PUCCH are given. The UE transmit in both timeslots with intra-subframe FH. During these PUCCH to PUCCH subframe transitions, the transmission bandwidth is constant. The power change will be generated by the TPC command, which means small steps. But the filter variation might give rise to extra power inaccuracy. However, if the power measurement is made on the same side of the whole frequency band before and after the power change, the influence of the filter variation can be removed. In other words, there will be same relative changes at both ends of the channel, i.e. a 1 dB step at first slot will also be a 1 dB change for the second, measured relatively to a slot at the same frequency.

[image: image2]
Figure 2.2 Power control scenarios (PUCCH to PUCCH)

In summary, the transition from PUCCH to PUCCH will experience small power change steps due to the TPC command. Extra power inaccuracy can come from the intra-subframe FH. But one can define the measurement to be done on the same side of the whole frequency band to remove the impact due to filter variation. It was also observed in [1] that stringent requirement, WCDMA TFC-like requirement, on PUCCH is necessary [6]. However, this might not be tough to achieve due to the small power steps in reality. 
2.3 PUSCH to PUCCH
In Figure 2.3, the transitions between PUSCH to PUCCH are presented. The first transition is from PUSCH to PUCCH. In this transition, the UE experienced FH. The power change, which is most likely to be a down step, can be large. Again as in [1], the power accuracy is important for PUCCH. So this is probably the most challenging case for power control, and the WCDMA-like requirement is necessary. In the second transition, the UE transits from PUCCH to PUSCH. Although the power step can be large, the requirement on the power control in this case can be relaxed, because PUSCH is less sensitive to the power inaccuracy as explained early.  
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Figure 2.3 Power control scenarios (PUSCH to PUCCH)

From the above discussion, it was found that the most challenging case for power control is the transition from PUSCH to PUCCH, where a stringent requirement is necessary for large power change steps [1].  An impact of the filter variations depends on the actual PUSCH allocation, and the requirements like the WCDMA TFCs will be required (achieved with a power detector). Filter variations can be controlled by placing a power detector after the duplexer at the antenna, but this needs to be wideband which is difficult and expensive. Practically, there is a need for more PUCCH system simulations to know how accurate is needed. 
3 Conclusions and suggestions

In this paper, we discuss the power change due to the transitions between PUSCH and PUCCH. Different transitions are analyzed by looking into possible power change steps and required power tolerance. It was identified that the most challenging transition is from PUSCH to PUCCH. In such a transition, the UE power change can be large and the required power tolerance is stringent. In conclusions, we suggest to specify a stringent requirement on relative power tolerance based on more studies and simulations on the transition from PUSCH to PUCCH. On the other hand, a relative relaxed requirement can be made based on other transitions, e.g. the transition from PUSCH to PUSCH for both FH and non-FH. Again the system simulation results are needed
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