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1
Introduction
Essential corrections to the core RF specifications within the NB-IoT Work Item [1] include the topic of power control.  During the RAN4 #80 meetings a potential issue with the LTE definition of power control when applied to NB-IoT was discussed in [2].  RAN4 agreed the following in the way forward on this topic [3]:

During RAN4#80 NB-IoT aggregate power control was discussed [2] and two possible methods for defining the requirement was mentioned.

1. Define aggregate power control requirement such way that it covers the 256 ms max transmission period or shorter but requirement does not include a gap in transmission

2. Define aggregate power control requirement such way that it extends over the gap to ensure that accuracy is kept also when gap in transmission occurs.

During the offline discussion it was concluded that if there is a transmission gap larger than 20 ms then Absolute power tolerance applies as defined in 6.3.5.1. Note: for NB-IoT E-UTRA absolute power tolerance applies. Hence first transmission after UCG shall fullfill absolute power tolerance requirement.
In conclusion Option 1 seems to be only possibility to define aggregate power tolearace for NB-IoT.
From 36.521 we can see the test patters to E-UTRA
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From: 36.521: E-UTRA requirement consists of 5 consecutive transmissions separated by 4 ms in time. Measurement is done on power of 5 consecutive transmissions to verify the UE transmitted power is maintained within 21 ms. The transient periods of 20us are excluded from the power measurement.
This paper presents Intel’s views.
2
Discussion
According to the WF on aggregate power control [3], the following aspects need to be defined to finalize the aggregate power control requirement:
1. Test pattern for the NPDCCH and NPUSCH allocations

2. Duration of test

3. Sub-test parameters (such as number of tones, subcarrier spacing, modulation)

4. Aggregate power tolerance requirement

The NPUSCH procedure for NB-IoT is defined in Clause 16.5.1 of 36.213 [6].  The DCI parameter k0 determines the gap between the reception of the last subframe of NPDCCH and the beginning of NPUSCH transmission.  The lowest value for this parameter is 8, and we have assumed this value for the analysis below.  The NPDCCH procedure is defined in Clause 16.6 of 36.213 [6].  The minimum gap between the end of an NPUSCH transmission and the beginning of the UE’s search space for NPDCCH is 3 subframes.  However, the NPDCCH search space occurs periodically according to the maximum configured repetition level (Rmax).  Thus, some possible test patterns for the aggregate power tolerance test are shown in Figure 1 below.
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Figure 1: Possible test pattern options for the aggregate power tolerance test
Observation 1: The test pattern with Rmax=1 and k0=8 allows the most frequent uplink transmissions with a period of 12 subframes.
The duration of the test should correspond to the maximum time the UE is expected to continuously transmit PUSCH.  The uplink compensation gap period is 256 ms, and this corresponds to the maximum time the NB-IoT UE can transmit PUSCH.

Observation 2: Given the period of the test pattern above (12 ms), the actual length of the test can be 12*21 = 252 subframes.

According to Clause 6.1 of 36.212 [5], UL-SCH maps to NPUSCH (format 1), and UCI maps to NPUSCH (format 2).  Further, Clause 10.1.3 of 36.211 [4] provides further parameters on the possible allocations for the two NPUSCH formats.  NPUSCH format 1 may be QPSK modulated and may allocate N_RU > 1, where N_RU is the parameter defining the number of uplink resources that are allocated to the UE.  NPUSCH format 2 is BPSK modulated and may allocate N_RU = 1.
Observation 3: Two sub-tests are recommended:  a single-tone allocation with subcarrier spacing of 3.75 kHz and a multi-tone allocation (12 tones) with subcarrier spacing of 15 kHz.
The aggregate power control tolerance requirement should take into account the different modulation and tone allocations for the two sub-tests.
Observation 4: It is recommended to set the aggregate power tolerance to +/- 2.5 dB for the single-tone sub-test and +/- 3.5 dB for the multi-tone test.

3
Conclusions

In this paper we have presented Intel’s views on power control for NB-IoT UEs.  The following observations have been made:
Observation 1: The test pattern with Rmax=1 and k0=8 allows the most frequent uplink transmissions with a period of 12 subframes.

Observation 2: Given the period of the test pattern above (12 ms), the actual length of the test can be 12*22 = 264 subframes.
Observation 3: Two sub-tests are recommended:  a single-tone allocation with subcarrier spacing of 3.75 kHz and a multi-tone allocation (12 tones) with subcarrier spacing of 15 kHz.

Observation 4: It is recommended to set the aggregate power tolerance to +/- 2.5 dB for the single-tone sub-test and +/- 3.5 dB for the multi-tone test.
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