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1 Introduction 
In [1], the UE power control tolerances are specified as absolute and relative power tolerance. The former is specified for initial UE transmission and noncontiguous transmission with a transmission gap larger than 20 ms, and the later is the requirement for contiguous and noncontiguous transmission with transmission gap equal to and shorter than 20 ms. However, there is no specification to test the robustness of the UE behavior in a power control process as in Table 6.5 for WCDMA in [2]. Without such requirement, the unspecified UE behavior will give rise to increased power error/ interference, and increased/unnecessary power control signaling.
In this paper, we discuss the risk of not specifying the UE behavior in power control process/loop. A similar method to those in WCDMA to specify the UE behavior is proposed in this paper. The relevant TP is presented for approval.  
2 UE behavior in UL power control process

The purpose of PUSCH/PUCCH power control in TS 36.213 is to keep equal received power spectrum density from different UEs in a cell. The driver for power control is twofold. One is to adjust the UE output power according to the transmission configuration, including the number of RB and MCS etc. The other one is to track the time varying PL estimated based on RSRP measurement. The power change due to transmission configuration is determined by the UE, and power change due to PL variation is signaled by eNB via TPC_cmd. In this section, we discuss the UE behavior to follow a group of TPC_cmd or in a power control loop. 
In an ideal case and assuming the UE transmission configuration unchanged, the UE output power should follow the TPC_cmd within a certain tolerance around the targeting power. One example of an ideal UE behavior is given in Figure 1, where the UE output power follows a number of TPC_cmd of zero dB. 

[image: image1]
Figure 1 Example of an ideal UE behavior with a sequence of 0 dB TPC_cmd
However, a non-ideal UE behavior is given in Figure 2 and can still pass the current relative power tolerance test. It can be seen that the UE output power might drift away from the targeting power after a number of TPC_cmd of 0 dB. Such a UE behavior will probably give rise to increased interference and unnecessary TPC_cmd in the DL, if the TPC_cmd can be configured at a lower rate instead of every subframe. Such a problem will be even worse, when the delay of the TPC_cmd is considered. 

[image: image2]
Figure 2 Example of non-ideal UE behavior in a sequence of 0dB TPC_cmd
Another interesting UE behavior is by taking into account the absolute power tolerance as in [3]. Such a scenario with an ideal UE behavior is given in Figure 3. In this figure, it can be seen that in the first subframe the UE output power error is large and the output power converge to the target power after several TPC_cmd. Note that such a scenario can, in general, be interpreted as an ideal UE behavior when experiencing a large power control step. However, if the UE follows the PC command, its output power will converge towarding the target power after several TPC_cmds. The sequence of TPC_cmds is not necessary to be equal in such a process. So there is no need to specify the UE behavior in the scenario given in Figure 3.  

[image: image3]
Figure 3 Example of an ideal UE behavior with initial transmission
3 Aggregate power control range
For the time being, to avoid the unexpected UE behavior in power control as in Figure 2, we suggest specifying the minimum requirement of the aggregate power control range as in Table 1, which is the power tolerance after a number of 0 dB TPC_cmd. The relevant TP is given in Appendix A. Further discussions on this issue are welcomed.  

Table 1 Transmitter aggregate power tolerance

	TPC_ cmd groups
	Power tolerance after 10 TPC_ cmd groups

	0 dB
	[± 2.5] dB

	Note: 

1. The minimum operation bandwidth is 1RB;

2. The RB location change is allowed;


 The UE shall meet the above requirements for relative power control over the power range bounded by the minimum output power as defined in subclause 6.3.2 and the maximum output power in TS 6.2.3 in TS 36.101 (i.e. the actual power as would be measured assuming no measurement error). This power shall be in the range specified for the power class of the UE in subclause 6.2.2.
4 Conclusions

One possible unexpected UE behavior in current power control specification is analyzed. The UE power drifting can give rise to increased interference and unnecessary TPC_cmd signaling. A TP on UE aggregate power control tolerance is proposed. We suggest having more study on any other necessary UE behavior test and the relevant tolerance can be added in the future meetings.  
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Appendix A: TP to aggregate power control tolerance
6.3.5.3 Aggregate power control tolerance
Aggregate power control tolerance is the ability of a UE to follow a number of zero dB TPC_cmd, while all the other transport format parameters, P_max and PL are constant as in the power control algorithms in TS 36.213. The UE tansmission gap is [x] ms, i.e. x ≤ 20 ms. 
6.3.5.3.1
Minimum requirement   
Table 6.3.5.3.1-1 Transmitter aggregate power control tolerance

	TPC_ cmd groups
	Power tolerance after 10 TPC_ cmd groups

	0 dB
	[± 2.5] dB

	Note: 

1. The minimum operation bandwidth is 1RB;

2. The RB location change is allowed;


The UE shall meet the above requirements for relative power control over the power range bounded by the minimum output power as defined in subclause 6.3.2 and the maximum output power in TS 6.2.3 in TS 36.101 (i.e. the actual power as would be measured assuming no measurement error). This power shall be in the range specified for the power class of the UE in subclause 6.2.2.
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