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1. Introduction

At RAN#69, a new work item named NarrowBand IoT (NB-IoT) was approved [1], which supports three operation modes: stand alone, in-band and guard-band. 
At RAN#70, NB-IoT work item was updated [2], and the following were confirmed to be supported:
· OFDMA on the downlink

· 15 kHz sub-carrier spacing for all the modes of operation (with normal or extended CP). 

· For the uplink: 

· Single tone transmissions are supported. Two numerologies should be configurable by the network for single-tone transmission: 3.75 kHz and 15 kHz. A cyclic prefix is inserted. Frequency domain sinc pulse-shaping in the physical layer description.

· Multi-tone transmissions are supported, based on SC-FDMA with 15 kHz UL subcarrier spacing.

· The UE shall indicate the support single-tone and/or multi-tone, details to be discussed by RAN WGs.
In this contribution, uplink power control for NB-IoT is discussed, and some considerations on power control for NB-PRACH and NB-PUSCH are presented.
2. Uplink power control
According to [3], NB-IoT should support an extended coverage of 20 dB compared to legacy GPRS, the MCL assumption of which is 144dB. In RAN1 discussions, multiple coverage classes are considered for NB-IoT, an example is as follows, and the latter two are coverage enhancement scenarios.
· Normal coverage class, similar to legacy GPRS coverage.

· Extended coverage class, corresponding to about 10 dB improvement relative to legacy GPRS.

· Extreme coverage class, corresponding to 20 dB improvement relative to legacy GPRS.
Refer to the following conclusions for eMTC [4], maximum transmission power is used  by UE on higher coverage enhancement level.
· For a UE transmitting PUSCH or PUCCH with repetitions, the PUSCH or PUCCH transmission power remains constant over X > 1 subframes.

· For small repetitions, the UE transmission power is determined at the first subframe among the X subframes. 

· For other repetition cases, the PUSCH power is always Pcmax,c (i)

· No power ramping is introduced for PRACH with large repetition. Otherwise, PRACH power ramping procedure is based on legacy PRACH transmit power equation.
As for NB-IoT, Similar to eMTC, maximum transmission power could be considered to be used by UE in coverage enhancement scenarios to ensure the coverage performance, for UE in normal coverage scenario, power control procedure shall be implemented.
Proposal 1: Maximum transmission power is used by UE in coverage enhancement scenarios, for UE in normal coverage scenario, power control procedure shall be used.
2.1. NB-PRACH
Based on [5], single tone NB-PRACH and multi-tone NB-PRACH are designed for NB-IoT. UE could transmit preamble with single tone or multi-tone according to UE capability and NB-PRACH resources configuration. In addition, multiple preamble formats could be considered to support different cell coverage radius.
For NB-IoT UE in normal coverage scenario, PRACH power control procedure in LTE [6][7] could be reused, but some modifications need to be considered due to the differences between NB-PRACH and PRACH. 
Firstly, the preamble initial received target power for single tone NB-PRACH and multi-tone NB-PRACH are different to meet the same target SNR. So the parameter preambleInitialReceivedTargetPower needs to be configured differently. That could be realized by multiple sets of higher layer parameters, or introducing a power offset parameter.
Secondly, the designed preamble formats are different from the formats in LTE, and the target SNR requirements of the multiple preamble formats are also different. Then the DELTA_PREAMBLE values may need to be redefined for NB-IoT.
Proposal 2: For NB-IoT UE in normal coverage scenario, PRACH power control procedure in LTE is reused for NB-PRACH.
Proposal 3: For single tone NB-PRACH and multi-tone NB-PRACH, the preamble initial received target power parameter needs to be configured differently. For multiple preamble formats, the DELTA_PREAMBLE values may need to be redefined.
2.2. NB-PUSCH
As mentioned before, NB-IoT UE supports single tone uplink transmission with either 3.75 kHz or 15 kHz, or a multi-tone uplink transmission with 15 kHz subcarrier spacing. 

In [8], there is no control channel like LTE PUCCH for NB-IoT, HARQ information is considered to be transmitted on NB-PUSCH with single tone. QPSK and repetition coding is used for the HARQ information transmission.
As for uplink power control for NB-IoT UE in normal coverage scenario, some considerations are discussed below:

· Power control for data (and HARQ information) transmitted on NB-PUSCH:

· Fractional pathloss compensation power control for PUSCH in LTE [6] could be reused as follows. 
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, both of which provided by higher layers for serving cell 
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. The common parameter 
[image: image9.wmf]O_NOMINAL_ NB-PUSCH,c

()

Pj

 could be used for single tone with 3.75 kHz or 15 kHz, and  multi-tone with 15 kHz subcarrier spacing. However, for the same target SINR requirements, the received target power for single tone transmission for 3.75 kHz and 15 kHz is different, i.e, the latter is higher. One way to fix the problem is that the power control is based on 15 kHz subcarrier spacing, and the power difference is included in the UE-specific parameter 
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. Another approach is to introduce a power offset parameter for single tone with 3.75 kHz. As for the Msg3 transmission in the random access procedure, the power difference is reflected in the preamble initial received target power, as discussed above.
· 
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 is the pathloss compensation factor, which is cell-specific, and could be the same for single tone and multi-tone transmission. Different value could also be considered, for example, 1 for single tone transmission, configured by higher layer for multi-tone transmission.
· 
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 is a MCS related power compensation parameter. For NB-IoT, only QPSK is currently considered, and MCS selection is not as accurate as in legacy LTE because there is no SRS to estimate the uplink channel quality. Therefore power compensation to the inaccurate MCS may not be necessary.
· 
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 is the current power adjustment value, which is calculated based on the received TPC command. In NB-IoT, channel variation is very slow, but accurate MCS selection is still hard to achieve. Therefore the power adjustment value could still be used to track and adjust the transmission performance. Moreover, the TPC steps can be enlarged to achieve fast adjustment.
· Power control for only HARQ information transmitted on NB-PUSCH:
· Full pathloss compensation power control as follow can be used, considering that the transmission is single tone, and 
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. Additional power compensation is not needed due to the fixed transmission scheme. 
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 is not needed either since the open loop power control could ensure the transmission performance by configuring the parameter 
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 separately from data (and HARQ information) transmitted on NB-PUSCH.
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· Pathloss estimation:
· In LTE [6], the downlink pathloss estimate 
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 is calculated in the UE for serving cell 
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 = referenceSignalPower – higher layer filtered RSRP, where referenceSignalPower is provided by higher layers. For NB-IoT, stand alone, in-band and guard-band operation modes are supported. Although referenceSignalPower may be different in these three modes, eNB could configure the parameter correspondingly and then inform UE. As for RSRP  measurement, UE could do that in multiple subframes to improve the accuracy.
Proposal 4: For data (and HARQ information) transmitted on NB-PUSCH, fractional pathloss compensation power control for PUSCH in LTE is reused with the followings:
· 
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 is redefined as number of subcarriers, and for single tone transmission, the value is 1.
· The common parameter 
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 is used for single tone with 3.75 kHz or 15 kHz, and multi-tone with 15kHz subcarrier spacing. The power control is based on 15 kHz subcarrier spacing, and the power difference between single tone with 3.75 kHz and 15 kHz is included in the UE-specific parameter 
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, or in a power offset parameter introduced for single tone with 3.75 kHz.
· 
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 is the same for single tone and multi-tone transmission. Different value could also be considered.
· 
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 may not be necessary.
· 
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 could be used to track and adjust the transmission performance. Moreover, the TPC steps can be increased to achieve faster tracking.
Proposal 5: For only HARQ information transmitted on NB-PUSCH, full pathloss compensation power control is used:
· The parameter 
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 is configured separately from data (and HARQ information) transmitted on NB-PUSCH.
· Additional power compensation is not needed due to the fixed transmission scheme, and 
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 is not needed either.
3. Conclusions

In this contribution, uplink power control for NB-IoT was discussed, some considerations on power control for NB-PRACH and NB-PUSCH are presented. The followings are proposed:
Proposal 1: Maximum transmission power is used by UE in coverage enhancement scenarios, for UE in normal coverage scenario, power control procedure shall be used.
Proposal 2: For NB-IoT UE in normal coverage scenario, PRACH power control procedure in LTE is reused for NB-PRACH.

Proposal 3: For single tone NB-PRACH and multi-tone NB-PRACH, the preamble initial received target power parameter needs to be configured differently. For multiple preamble formats, the DELTA_PREAMBLE values may need to be redefined.
Proposal 4: For data (and HARQ information) transmitted on NB-PUSCH, fractional pathloss compensation power control for PUSCH in LTE is reused with the followings:

· 
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· The common parameter 
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 is used for single tone with 3.75 kHz or 15 kHz, and multi-tone with 15kHz subcarrier spacing. The power control is based on 15 kHz subcarrier spacing, and the power difference between single tone with 3.75 kHz and 15 kHz is included in the UE-specific parameter 
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 is the same for single tone and multi-tone transmission. Different value could also be considered.
· 
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 may not be necessary.
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[image: image34.wmf]()

c

fi

 could be used to track and adjust the transmission performance. Moreover, the TPC steps can be increased to achieve faster tracking.
Proposal 5: For only HARQ information transmitted on NB-PUSCH, full pathloss compensation power control is used:

· The parameter 
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 is configured separately from data (and HARQ information) transmitted on NB-PUSCH.
· Additional power compensation is not needed due to the fixed transmission scheme, and 
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