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1 Introduction

It is observed in IOT testing that UE would transmit at the maximum power when a UE starts to transmit data on PUSCH or UCI on PUCCH after no data transmission on PUSCH or no UCI transmission on PUCCH for a short period of time. This kind of transmit power error ramping issue is due to the PDCCH/EPDCCH false alarm at UE side. The power error ramping issue at UE side has negative impact on system performance. We propose to resolve this issue in the specification.
2 Discussion
2.1 The PDCCH and EPDCCH false alarm
The PDCCH false alarm was intensively analyzed since Rel-8. It is defined as the case that UE detects the PDCCH which is intended for other UE but the CRC checking is passed [1-5]. The PDCCH false alarm rate 
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 (the number of false alarms per second) is calculated roughly as
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The CRC length for PDCCH is 16 bits and the number of blind decoding attempts for UE specific search space is 32 considering the simplest case of only one serving cell of FDD in Rel-8, the PDCCH false alarm rate
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, which means there are about 30 PDCCH false alarm events of UE specific search space every minute per UE. This is similar case for EPDCCH if the 16-bit CRC is reused for EPDCCH.
Observation 1: With a 16-bit CRC, the false alarm of PDCCH or EPDCCH will occur frequently.
2.2 The transmit power error ramping at UE side
Several PDCCH DCI formats are used for uplink power control. Table 1 is defined in 36.213 [1] for PUSCH power control using DCI format 0/3/4. When a UE configured falsely detects the DCI format 0 in UE specific search space, the TPC command field is randomly determined among 0, 1, 2, and 3 with each value having a probability of 1/4. Therefore, the value of 
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 is selected from -1, 0, 1 and 3 with the same probability when accumulated mode is configured. It is noted that there are three positive values and one negative value of 
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. The additional positive value of 3 which is highlighted in Table 1 will cause the power error ramping at UE side rapidly. This kind of power error ramping rate 
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 (dB/sec) can be illustrated as the equation below. 
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Where 
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 is defined for PUSCH in Table 1. On average, the UE will ramp the transmit power about 0.336 dB per second or 22 dB per minute due to the false detection of PDCCH/EPDCCH DCI 0 in UE specific search space. If there are no additional power control signalings from eNB, the UE would ramp to the maximum power (23 dBm) in a minute due to the PDCCH/EPDCCH false detection. 
Table 2 is defined in 36.213 for PUCCH power control using DCI format 1A/1B/1D/1/2A/2B/2C/2/3. The UE will ramp the transmit power for PUCCH in error as well. In addition, an absolute value for PUCCH power control is not supported.
The transmit power error ramping at UE side is severe to the system performance when a UE starts to transmit data on PUSCH or UCI on PUCCH after no data transmission on PUSCH or no UCI transmission on PUCCH for a short period of time.
The eNB has to detect the undesired receiver power of these UE and signal TPC command in the corresponding DCI to reduce the transmit power of these UEs. In this case, a large amount of DCI signalling will be needed, and the performance of other UEs in this cell and neighbour cells is seriously impacted during this stage, especially for PUCCH considering there is no re-transmission for PUCCH.
Table 1 [Table 5.1.1.1-2 in 36.213]: Mapping of TPC Command Field in DCI format 0/3/4 to absolute and accumulated 
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 [dB] only DCI format 0/4

	0
	-1
	-4

	1
	0
	-1

	2
	1
	1

	3
	3
	4


Table 2 [Table 5.1.2.1-1 in 36.213]: Mapping of TPC Command Field in DCI format 1A/1B/1D/1/2A/2B/2C/2/3 to 
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	0
	-1

	1
	0

	2
	1

	3
	3


It is noted that several existing techniques, such as virtual CRC, may mitigate the effect of power error ramping caused by false alarm. For example, there would be one or more than one padding bits in DCI format 0 which can be utilized as virtual CRC bits. However, to achieve a reliable CRC false alarm rate, a relatively large amount of virtual CRC bits would be needed (say 11 virtual CRC bits in DCI format 0 as SPS release), which cannot be provided by the existing DCI formats used for dynamic scheduling.
Another aspect to be taken into account is DRX. Configured in DRX mode, UE will not monitor every DL sub-frame. If the DRX period is long, e.g. 640 ms period with 20 ms on duration timer/10 ms inactivate timer, false alarm events can be reduced greatly. However, the configured DRX can relieve the issue, but cannot resolve this issue. In addition, longer DRX can have some negative impact on RLF, measurements accuracy and latency and we cannot always assume long DRX period. 
Observation 2: With the frequent false alarm of PDCCH or EPDCCH, the transmit power at UE side will ramp in error. The performance of other UEs is seriously impacted, especially for PUCCH. 
Proposal: It is proposed to resolve this issue of the transmit power error ramping at UE side in the R10/R11 specification.
3 Conclusion

In the contribution, the transmit power error ramping issue due to the PDCCH/EPDCCH false alarm at UE side is discussed. We have the following observations and proposal:
Observation 1: With a 16 bit CRC, the false alarm of PDCCH or EPDCCH will occur frequently.

Observation 2: With the frequent false alarm of PDCCH or EPDCCH, the transmit power at UE side will ramp in error. The performance of other UEs is seriously impacted, especially for PUCCH. 
Proposal: It is proposed to resolve this issue of the transmit power error ramping at UE side in the R10/R11 specification.
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