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1
Introduction
 In this contribution, we discuss the outstanding aggregate power control requirement for NB-IoT based on agreed WF [1].
2
Discussion

Current LTE aggregate power control core and test requirements are captured below. 
******************************** From TS 36.101 ********************************************
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 21 ms in response to 0 dB TPC commands with respect to the first UE transmission, when the power control parameters specified in TS 36.213 are constant. 

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

	TPC command
	UL channel
	Aggregate power tolerance within 21 ms

	0 dB
	PUCCH
	±2.5 dB

	0 dB
	PUSCH
	±3.5 dB

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


*********************************** From TS 36.521 ******************************************

6.3.5.3.4.2
Test procedure

The procedure is separated in two subtests to verify PUCCH and PUSCH aggregate power control tolerance respectively. The uplink transmission patterns are described in figure 6.3.5.3.4.2-1.
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Figure 6.3.5.3.4.2-1 Test uplink transmission

1. PUCCH sub test:

1.1 The SS transmits PDSCH via PDCCH DCI format 1A for C_RNTI to transmit the DL RMC according to Table 6.3.5.3.4.1-1. The SS sends downlink MAC padding bits on the DL RMC. The transmission of PDSCH will make the UE send uplink ACK/NACK using PUCCH. Send the appropriate TPC commands for PUCCH to the UE to ensure that the UE transmits PUCCH at 0dBm +/- 3.2 dB for carrier frequency f ≤ 3.0GHz or at 0dBm +/- 3.5 dB for carrier frequency 3.0GHz < f ≤ 4.2GHz.

1.2. Every 5 subframes transmit to the UE downlink PDSCH MAC padding bits as well as 0 dB TPC command for PUCCH via the PDCCH to make the UE transmit ACK/NACK on the PUCCH with transmission gap of 4 subframes. The downlink transmission is scheduled in the appropriate sub-frames to make the UE transmit PUCCH as described in figure 6.3.5.3.4.2-1.

1.3. Measure the power of 5 consecutive PUCCH transmissions to verify the UE transmitted PUCCH power is maintained within 21 ms. The transient periods of 20us are excluded from the power measurement.
2. PUSCH sub test:

2.1. The SS sends uplink scheduling information via PDCCH DCI format 0 for C_RNTI to schedule the PUSCH. Since the UE has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC. Send the appropriate TPC commands for PUSCH to the UE to ensure that the UE transmits PUSCH at 0dBm +/- 3.2.dB for carrier frequency f ≤ 3.0GHz or at 0dBm +/- 3.5 dB for carrier frequency 3.0GHz < f ≤ 4.2GHz.
2.2. Every 5 subframes schedule the UE's PUSCH data transmission and transmit 0 dB TPC command for PUSCH via the PDCCH to make the UE transmit PUSCH with 4 subframes gap. The uplink transmission patterns are described in figure 6.3.5.3.4.2-1.

2.3. Measure the power of 5 consecutive PUSCH transmissions to verify the UE transmitted PUSCH power is maintained within 21 ms. The transient periods of 20us are excluded from the power measurement.
***********************************************************************************************


Based on the agreed WF NB-IoT aggregate power controll requirement does not include the UCG. Hence the requirement could be defined similarly as for LTE. As can be seen from previous extractions from RAN4 and RAN5 specs LTE test pattern consists of 5 PUCCH or PUSCH transmissions of duration of 1 sub-frame and a gap of 4 sub-frames between the transmissions. NB-IOT does not have uplink control channel hence the requirement is valid only for NPUSCH.
As was discussed in [2] according to NB-IoT specification minimum separation of NB-IoT UL transmission is 12 ms, see Figure 1 and if NB-IoT requirement consists of 5 transmissions similarly as LTE then the length of the period for which the UE needs to be able to meet the requirement is 61 ms. 
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Figure 1. Timing relation ship for UL transmission

NB-IoT requirement could be formulated as below
*********************** NB-IoT Aggregate power control requirement **************

6.3.5F.3
Aggregate power control tolerance for category NB1
Category NB1 aggregate power control tolerance is the ability of a UE to maintain its output power in non-contiguous transmission within 61 ms with respect to the first UE transmission, when the power control parameters specified in TS 36.213 are constant. 

6.3.5F.3.1
Minimum requirement

The UE shall meet the requirements specified in Table 6.3.5F.3.1-1 for aggregate power control over the power range bounded by the minimum output power as defined in subclause 6.3.2F and the maximum output power as defined in subclause 6.2.2F.

Table 6.3.5.3.1-1: Aggregate power control tolerance

	UL channel
	Aggregate power tolerance within 61 ms

	NPUSCH
	±3.5 dB

	NOTE: 
For five consecutive UE transmissions the UE transmission gaps are 12 ms. Uplink scheduling grant is transmitted via NPDCCH eight subframes before NPUSCH transmission.


3 
Summary

In this contribution, we have discussed how the NB-IoT Aggregate power control requirement could be defined. We have also provided a CRs fo this meeting to implement this requirement into corresponding release 13 and 14 specifications [3][4].
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