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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN#70, the NB-IoT WID [1] was revised based on the discussions in RAN1 [2] and the outcome of the GERAN SI on cellular IoT [3].
In this contribution, considerations on power allocation and power control of NB-IoT network are given.
Discussion
Power allocation


In NB-IoT downlink, there are NB-PSS, NB-SSS, NB-PBCH, NB-PDCCH, NB-PDSCH and NB-IoT reference signals. In LTE, parameters  and  are specified to have the same power between OFDM symbols in case of CRS power boosting. However, in NB-IoT system, it is beneficial to have large transmit power on data symbols, and channel estimation performance can be improved by cross-subframe channel estimation. Therefore, to simplify UE processing and standards effort, the transmit power of downlink channels and signals are proposed to be the same.
One open issue is the transmit power of each NB-RS RE when two antenna ports are configured. In the case of SFBC, only one antenna port is used to transmit NB-RS REs, so the total transmit power for NB-RS REs, if not boosted, is only half of that for other REs. To maintain the total transmit power between all REs and minimize the transmit power fluctuation between OFDM symbols (when two NB-RS REs are respectively transmitted on the two antenna ports), the transmit power of any antenna port should be boosted by 3dB when transmitting NB-RS REs.
Proposal 1: If 1 antenna port is configured, the transmit power of all NB-IoT downlink channels and signals are the same. If 2 antenna ports are configured, the transmit power of any antenna port is boosted by 3dB if it is used to transmit NB-RS.
Uplink power control
Uplink power control in LTE serves the purposes of setting appropriate UE transmit power level to support required data rate, and at the same time managing interference to other users of the system and device power consumption. It is also beneficial to limit the required dynamic range of the base station receiver, by avoiding extremely high signal levels from terminals that are very close to the base station.
The uplink power control scheme in LTE employs both an open-loop operating point derived from the path-loss compensation, and a closed-loop offset updated dynamically by the base station when the terminal’s own estimate of the required power setting is not satisfactory. The closed loop power control is implemented by TPC commands as shown in Figure 1, where the TPC command applies in uplink transmission 4 TTIs later [4].


Figure 1 LTE closed loop power control
However, in the NB-IoT system, closed-loop adjustment may not generally be applicable for the following reasons:
· The infrequent, short duration characteristics of typical Cellular IoT traffic means that the closed-loop power command may be outdated because the targeted uplink data transmission has already ended prior to the reception of the power command; 
· Tight timeline may not be maintained for the scheduling and uplink transmissions in the NB-IoT system so a power adjustment signal may not be available on demand;  
· Frequent air-interface interactions for the measurement report and power adjustment will bring significant over-the-air overheads and therefore will cause degraded network capacity and increased UE power consumption.
Therefore, to reduce the complexity and overhead, only open loop uplink power control scheme is proposed for NB-IoT.
Proposal 2: Only the open loop uplink power control scheme as in eMTC is used in NB-IoT system.
Depending on the pathloss, the cell coverage can be divided into a bandwidth limited region and a power limited region, as shown in Figure 2. In the bandwidth limited region, the fractional power control strategy can be used, while UE maximum transmit power is preferred in the power limited region. Accordingly, several principles have been agreed for eMTC:
· For PUSCH in eMTC, it has been agreed that for repetition cases other than small repetitions, “the power is always Pcmax,c(i)”[5]
· On power ramping, clarify that the maximum transmission power is used on the highest (i.e. the 4th) PRACH CE level.[6]
· No power ramping is introduced for PRACH with large repetition. Otherwise, PRACH power ramping procedure is based on current PRACH transmit power equation.[7]


[bookmark: _Ref439165966]Figure 2 Bandwidth limited and power limited region in a cell
The same principle can also be applied to NB-IoT. NB-IoT UEs with extreme coverage (i.e. MCL ≥ 154 dB) would transmit NB-PUSCH or NB-PRACH at maximum power. This is because such UEs are power limited, and it is beneficial for both uplink capacity and power consumption to reduce transmission time. And the same power ramping could be kept for NB-IoT UEs with normal and extended coverage considering the delay requirement (power ramping could increase the likelihood of success of next access attempt and thus reduce delay in worst cases) and standard effort. The transmission power of NB-PUSCH for UEs with normal and extended coverage can be determined by open loop power control.
Proposal 3: The principles of eMTC uplink power control can be reused for NB-IoT:
· For NB-PRACH transmission, UE uses maximum transmit power at least under extreme coverage (coupling loss ≥ 154dB), and power ramping procedure under other coverage cases.
· For NB-PUSCH transmission, UE uses maximum transmit power under extreme coverage (coupling loss ≥ 154dB), and open loop power control under other coverage cases.

Power headroom report
In LTE, the power headroom report (PHR) is used by eNodeB to determine how much uplink bandwidth a UE can use before exceeding its maximum transmit power. With a received PHR, eNodeB can avoid allocating uplink resource to UEs that are unable to use it, otherwise the uplink resource would be wasted. PHR is sent in subframes in which a UE has an uplink grant, triggered by a number of criteria, for example more than a configured time has elapsed since previous PHR.
However, for NB-IoT system, UE may wake up for only one uplink data transmission. Thus the previous PHR would be outdated. And the PHR which is sent together with the uplink data has no use to the current uplink data scheduling. Therefore, a PHR before the first uplink data transmission after wakeup is preferable. A possible method is to transmit power headroom report in NB-IoT Msg3 of the random access procedure.
Proposal 4:  Support transmission of NB-PHR before the first NB-PUSCH transmission after wakeup. FFS if the transmission can be during the random access procedure.
[bookmark: _Ref129681832]Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we gave the analysis on NB-IoT power allocation and power control. 
Proposal 1: If 1 antenna port is configured, the transmit power of all NB-IoT downlink channels and signals are the same. If 2 antenna ports are configured, the transmit power of any antenna port is boosted by 3dB if it is used to transmit NB-RS.
Proposal 2: Only the open loop uplink power control scheme as in eMTC is used in NB-IoT system.
Proposal 3: The principles of eMTC uplink power control can be reused for NB-IoT:
· For NB-PRACH transmission, UE uses maximum transmit power at least under extreme coverage (coupling loss ≥ 154dB), and power ramping procedure under other coverage cases.
· For NB-PUSCH transmission, UE uses maximum transmit power under extreme coverage (coupling loss ≥ 154dB), and open loop power control under other coverage cases.
Proposal 4:  Support transmission of NB-PHR before the first NB-PUSCH transmission after wakeup. FFS if the transmission can be during the random access procedure.
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