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NB M2M – Considerations on Power Control
1 Introduction
Power control plays a key role in the cellular systems to strike a balance between the need for sufficient transmitted energy per bit to ensure adequate link quality and the need to minimize inter/intra cell interference and to minimize UE power consumption.
This document provides general considerations for the power control design in the NB M2M system. This is of particular importance because some mechanisms for power control that are commonly assumed in traditional cellular systems may not be easily applicable to Cellular IoT networks due to the special requirements of Cellular IoT, in particular very long UE battery life and a traffic model that requires infrequent transmissions of short data packets.
2 Downlink power control
There are three types of downlink physical channels in the NB M2M system, PBSCH, EPBCH and PDSCH, which are multiplexed in the frequency domain according to different frequency re-use strategies (re-use factor 1 is typically used for PBSCH and EPBCH, but a larger re-use factor is typically expected for PDSCH) [1]

 REF _Ref409794242 \r \h 
[2]. Furthermore, different physical layer structures (e.g. coding scheme, resource mapping, etc.) are applied to these three channels as they are serving different functions, i.e. PBSCH and EPBCH are used for broadcast transmissions whereas PDSCH is used for data transmission. Therefore, it is beneficial to allow for the adjustment of the power levels for dedicated physical channels to cater for the different interference environments and different performance requirements.
The base station determines the power level per physical downlink channel, which are not expected to vary frequently. Therefore, the downlink power control is fundamentally a power allocation scheme rather than a power control scheme. The PSD limitation to allow for co-existence between the existing GSM system and the NB M2M system, for the case that re-farmed GSM spectrum(s) is used for the NB M2M deployment, must also be taken into account for the downlink power allocation.  
3 Uplink power control
3.1 Design considerations
Uplink power control is widely used in traditional cellular systems including GSM, UMTS and LTE. In the NB M2M system, the goal of uplink power control is to transmit an appropriate power level to support a certain data rate and to meet the coverage target, but at the same time minimizing inter-cell interference and 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.
Although traditional cellular systems have a variety of detailed designs, the same basic uplink power control scheme is applied: 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. However, in the NB M2M 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 traffic burst transmission has already ended prior to the reception of the power command; 
· No tight timeline is maintained for the scheduling and uplink transmissions in the NB M2M 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.
Furthermore, the design of the NB M2M uplink is inherently more resilient to sub-optimum power control due to the use of FDMA rather than OFDMA, which considerably reduces inter-user interference since the uplink transmissions are separated in frequency.
For these reasons, only open-loop uplink power control is adopted in the NB M2M system.
3.2 Uplink power control behaviour
Only one uplink physical channel, PUSCH, is supported in the NB M2M system. Two types of uplink transport channels, RACH and UL-SCH, are mapped to PUSCH [1]. An overall algorithm has been designed for the uplink power control although the parameter settings could differ depending on the different use cases (e.g. RACH or UL-SCH transmission).
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is the maximum allowed power that is configured by higher-layer signaling. 
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 is the PUSCH power offset which is given as:
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· when j=0, 
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 are configured by higher layer signalling, where j=0 is used for UL-SCH transmission. 
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 is configured by the base station for all terminals in the same cell and 
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 is configured per terminal to enable the base station to correct for systematic offsets in a terminal’s transmission power setting, for example arising from errors in path-loss estimation or in absolute output power setting. The default value of 

 is set to zero if no higher layer signaling for 
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· when j=1, 
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, where j=1 is for RACH transmission. 
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 is the initial target received power for the RACH with the lowest MCS and is the step-size of RACH power ramping. Both 
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 and  are provided by higher layers. 
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, where  is the power offset for RACH with MCS of index 
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which is used to compensate the power difference introduced by different MCS. The parameter 
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 which is assumed to be 3 dB. 
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 is the transmission counter which corresponds to the Nth attempt of RACH transmission.


 is set to zero. The
· 
[image: image34.wmf]()

j

a

is a scaling factor of the path-loss which allows one to account for the uplink/downlink path-loss mismatch due to feeder losses and other deployment aspects. For j=0, the values of 
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.
· 
[image: image38.wmf]PL


is the downlink path-loss estimated at the terminal in dB and  = BaseStationPower – higher layer filtered SSRP, where BaseStationPower is provided by higher layers and SSRP is the measurement result defined in [3].

Note that the basic design of the uplink power control in the NB M2M system is quite similar to that used for LTE open-loop control except that a different power offset is introduced to reflect the different RACH configurations for the initial power setting (RACH MCS is used to derive the power offset in the NB M2M system, instead of the PRACH preamble format that is used in LTE, due to the different RACH mechanism design). The value range of each parameter may also differ from LTE due to the different application scenarios and different requirements.  

4 Conclusions
This document outlines the basic considerations on the power control design in the NB M2M system. Open-loop uplink power control scheme is proposed by the sourcing company and the corresponding uplink power control behaviour is provided. 
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