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1. Introduction
In RAN4#77 AH NB-IoT UE power control tolerances were agreed to be re-used from LTE as such [1]. There was very little discussion or any papers indicating if these are applicable. Even this is not a good approach in creating specifications, it is understandable due to high schedule pressure. Some items depend on RAN1 agreements which were not in place and are still missing. In this paper we identify details how to change the LTE power tolerance requirements to suite better for NB-IoT.    

2. Discussion

NB-IoT system includes means for extending coverage from LTE. One key method is repetition. For UL, UE repeats its transmission to improve received SNR in base station. At extreme coverage mode, UE may send 2048 consecutive sub-frames. Also in the case of data to be transmitted is large in normal coverage mode, the UE may be allocated a large number of consecutive subframes.  

An other difference to LTE is that system does not include power control loop but eNodeB can send a power adjustment command but this is only in a rare case eNodeB can not receive the UE UL anymore and the commanded power step is expected to be big (> 5 dB). This means that UE needs to be able to send with equal power for a long period of time without TPC commands.

2.1. Relative power control

As a result, some items in LTE power control requirements need to be studied further. In 36.101 sub-section 6.3.5.2 Relative Power tolerance the gap time may need to revisited since channel may be occupied by an other UE sending a long transmission burst. The 20 ms gap may therefore be too small. Also, the small step sizes may be redundant but since RAN1 has not studied what is the needed numerology in power reconfiguration, we propose to leave lines in the table. 
Since there is no TPC command, how to define the reference power and power after the step may need new text. The reference to subclause 5.1 in 36.213 may need to be modified to point NB-IoT power reconfiguration command.

2.2. Aggregate power control

Similarly as in relative power control, the duration of the transmission time is too short and should be revised. The maximum time of 2.048 sec may be too aggressive specification would represent the worst case requirements. Further studies are needed what is the minimum requirement for UE here. If RAN4 decides to extend the time, it may be difficult to meet in UE without sophisticated internal power control which is against the low cost objective of the WID.    
The proposed change are outlined in Appendix.
3. Conclusion

Power control accuracy requirements were discussed and modifications for NB-IoT in comparison LTE were proposed.
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 Appendix
6.3.5.2
Relative Power tolerance

The 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 ≤ [FFS] ms.
For PRACH transmission, the relative tolerance is the ability of the UE transmitter to set its output power relatively to the power of the most recently transmitted preamble. The measurement period for the PRACH preamble is specified in Table 6.3.4.2-1.

3.1.1.1.1 6.3.5.2.1
Minimum requirements

The requirements specified in Table 6.3.5.2.1-1 apply when the power of the target and reference sub-frames are within the power range bounded by the Minimum output power as defined in subclause 6.3.2 and the measured PUMAX as defined in subclause 6.2.5 (i.e, the actual power as would be measured assuming no measurement error). This power shall be within the power limits specified in subclause 6.2.5.

To account for RF Power amplifier mode changes 2 exceptions are allowed for each of two test patterns. The test patterns are a monotonically increasing power sweep and a monotonically decreasing power sweep over a range bounded by the requirements of minimum power and maximum power specified in subclauses 6.3.2 and 6.2.2. For these exceptions the power tolerance limit is a maximum of ±6.0 dB in Table 6.3.5.2.1-1

Table 6.3.5.2.1-1 Relative power tolerance for transmission (normal conditions)

	Power step P (Up or down) 

 [dB]
	All combinations of PUSCH and PUCCH transitions [dB]
	All combinations of PUSCH/PUCCH and SRS transitions between sub-frames [dB]
	PRACH [dB]

	[FFS]
	[FFS]
	[FFS]
	[FFS]

	[FFS]
	[FFS]
	[FFS]
	[FFS]

	[FFS]
	[FFS]
	[FFS]
	[FFS]

	4 ≤ ΔP ≤ 10
	±4.0
	±6.0
	±4.0

	10 ≤ ΔP < 15
	±5.0
	±8.0
	±5.0

	15 ≤ ΔP
	±6.0
	±9.0
	±6.0

	NOTE 1:
For extreme conditions an additional ± 2.0 dB relaxation is allowed

NOTE 2:
For operating bands under NOTE 2 in Table 6.2.2-1, the relative power tolerance is relaxed by increasing the upper limit by 1.5 dB if the transmission bandwidth of the reference sub-frames is confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high and the target sub-frame is not confined within any one of these frequency ranges; if the transmission bandwidth of the target sub-frame is confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high and the reference sub-frame is not confined within any one of these frequency ranges, then the tolerance is relaxed by reducing the lower limit by 1.5 dB. 




The power step (ΔP) is defined as the difference in the calculated setting of the UE Transmit power between the target and reference sub-frames with [FFS]. The error is the difference between ΔP and the power change measured at the UE antenna port with the power of the cell-specific reference signals kept constant. The error shall be less than the relative power tolerance specified in Table 6.3.5.2.1-1.

For sub-frames not containing an SRS symbol, the power change is defined as the relative power difference between the mean power of the original reference sub-frame and the mean power of the target subframe not including transient durations. The mean power of successive sub-frames shall be calculated according to Figure 6.3.4.3-1 and Figure 6.3.4.1-1 if there is a transmission gap between the reference and target sub-frames.

If at least one of the sub-frames contains an SRS symbol, the power change is defined as the relative power difference between the mean power of the last transmission within the reference sub-frame and the mean power of the first transmission within the target sub-frame not including transient durations. A transmission is defined as PUSCH, PUCCH or an SRS symbol. The mean power of the reference and target sub-frames shall be calculated according to Figures 6.3.4.1-1, 6.3.4.2-1, 6.3.4.4-1, 6.3.4.4-2 and 6.3.4.4-3 for these cases.

6.3.5.3
Aggregate power control tolerance

Aggregate power control tolerance is the ability of a UE to maintain its power in non-contiguous transmission within [FFS] ms with respect to the first UE transmission, when the power control parameters specified in TS 36.213 are constant. 

3.1.1.1.2 6.3.5.3.1
Minimum requirement

The UE shall meet the requirements specified in Table 6.3.5.3.1-1 for aggregate power control over the power range bounded by the minimum output power as defined in subclause 6.3.2 and the maximum output power as defined in subclause 6.2.2.

Table 6.3.5.3.1-1: Aggregate power control tolerance

	
	UL channel
	Aggregate power tolerance within [FFS] ms

	
	PUCCH
	[FFS]

	
	PUSCH
	[FFS] 

	NOTE: 
The UE transmission gap is 4 ms. TPC command is transmitted via PDCCH 4 subframes preceding each PUCCH/PUSCH transmission.
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