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1 Introduction

RAN#71 in March approved a 5G SID [1], whose initial aspect for RAN2 is to study/agree on the radio protocol architecture and procedures. Since energy efficiency is a key performance requirement of 5G from the perspectives of both eNB and UE [2], we should ensure that investigations on the overall 5G procedures/signalling give much considerations to energy efficiency from the initial stage. This contribution aims to identify new features and deployment scenarios of 5G which have impacts on energy efficiency, and discuss the aspects that need to be improved.
2 Consideration of Energy Efficiency in 5G
2.1 New 5G Features with Energy Efficiency Impacts
In 5G requirements [2], energy efficiency of both eNB and UE perspectives was agreed as a key performance indicator (KPI). Although energy efficiency has been an important KPI for enhanced user experiences in conventional cellular system, features being considered for introduction in 5G RAT (e.g. enhanced Tx/Rx beamforming) present challenges in providing enhanced level of energy efficiency:
Tight requirement on energy efficiency increase in the next 10 years 

Higher energy efficiency is referred to as an important requirement of 5G for enhancing UE battery life and reducing the operational expense for operators in the telecoms industry. In this regard, 5G RAN [2] has a consensus on energy efficiency as a key KPI: starting as a qualitative KPI as a baseline, quantitative KPI is under discussion now. For example, TR 22.891 (SMARTER) and the NGMN 5G white paper [3] [4] has decided that energy efficiency of 5G needs to be enhanced by 1000, 2000 times in the next 10 years: this comes from the estimated exponential increase of traffic (1000 times) in the near future and the energy consumption by the whole network of only half that typically consumed by today’s networks.
5G would support Gbps level data rate owing to 5G new features such as ultra-wide bandwidth and enhanced beamforming gain. Compared to 4G, 5G requires 3 times enhancement in average spectral efficiency. If transmission power is fixed and system bandwidth increases by 25 times (40MHz of 4G, 1GHz of 5G), 5G throughput is enhanced by 75 times and thus this enhanced data rate would improve energy efficiency by 75 times on average. However, transmission power may need to increase in order to ensure reliable coverage and because of additional procedures/signals to support ultra-wide bandwidth and enhanced beamforming, 5G may consume additional energy and this would lead to energy efficiency degradation. Considering all these aspects, it is foreseen that the gap between expected energy efficiency and its target requirement would still be huge. Therefore the overall 5G design mandates the improvement of energy efficiency. 
Observation 1: To fulfil 5G energy efficiency requirement, beside enhanced throughput, further improvement of energy efficiency is needed in overall 5G design.
Consideration of enhanced beamforming 
In the 5G SI, RAN1 has suggested enhanced beamforming transmission (digital/analogue beamforming) which would extend coverage and offer increased data rate over broad frequency band. Accordingly, 5G is expected to utilize enhanced beamforming technology with large numbers of antennas compared to 4G LTE. The utilization of enhanced beamforming with the massive number of antenna can impose additional power consumption on both 5G Node-B and 5G UE. To support enhanced beamforming, UE needs to do beam measurement, beam tracking and send beam feedback via uplink. Different to omnidirectional control signals of 4G LTE, if  control signals of 5G are transmitted with beamforming in all beam directions, the energy consumption problem could be even worse (i.e., synchronization signal, reference signal, system information depending on 5G network architecture).  In addition, these operations could awake inactive UE frequently and the UE even in active mode could aggravate battery consumption.
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Figure 1. Increase in transmission/reception time due to enhanced beamforming with numerous beams.
Observation 2: 5G could have more energy issues than 4G LTE due to utilization of enhanced beamforming with numerous antennas.
Proposal 1: RAN2 should consider energy efficiency as one of the objectives for 5G protocol design. 
2.2 Operational Aspects 
Operational aspects of the new 5G features (i.e. enhanced beamforming) should be taken into account in designing energy efficient 5G system. From this perspective, RAN2 is recommended to consider following aspects for 5G MAC design:
For connected mode, it is desirable to minimize common broadcast signals and channels as well as UE feedbacks. C-DRX can be optimized according to traffic characteristics and user context. In addition, RAN2 needs to develop an energy efficient mobility mechanism even in 5G dense small cell environment.
For idle mode, RAN2 needs to consider energy efficient system information delivery especially for high frequency cells. It is also required to reduce energy consumption for idle cell measurement and cell selection/reselection in the high frequency cells. Furthermore, RAN2 can bring in new RRC state (e.g. dormant or lightly connected state) keeping UE context in idle mode to reduce state transition cost (i.e. delay and energy consumption).
Overall, the initial stage of the whole 5G procedures/signals design could be studied considering energy efficiency enhancements, in addition to the examples given above.
Proposal 2: RAN2 should design 5G procedures/signals considering the energy efficiency in whole procedures of the connected and idle modes.
3 Conclusion

Based on the above observations and conclusions, RAN2 is requested to discuss and if possible agree on the following proposals:

Observation 1: To fulfil 5G energy efficiency requirement, beside of enhanced throughput, further improvement of energy efficiency is needed in overall 5G design.
Observation 2: 5G could have more energy issues than 4G LTE due to utilization of enhanced beamforming with numerous antennas.
Proposal 1: RAN2 should consider energy efficiency as one of the objectives for 5G protocol design.
Proposal 2: RAN2 should design 5G procedures/signals considering the energy efficiency in whole procedures of the connected and idle modes.
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Annex A: Text proposal for TR

In[5], 5G TR usage and structure proposed, we get the following TR skeleton structure proposal related with energy efficiency:
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4
Objectives and Guidelines 

Simplification of the UTRAN protocol architecture and actual protocols is expected. The overall requirements on the E-UTRAN are described in 3GPP TR 38.913 [2].
4.1 Objectives 
…
To meet 5G energy efficiency requirement, further improvement of energy efficiency is needed in overall 5G design. Candidate areas of enhancement are FFS.
- 
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