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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 carefully investigate the overall 5G procedures/signalling design considering energy efficiency from the initial stage. 
In addition to the RAN 5G requirements [2], the NGMN 5G white paper [3] and TR 22.891 (SMARTER) [4] have claimed that energy efficiency (bit/J) of 5G needs to be enhanced by 1000s times in the next 10 years. To fulfil 5G energy efficiency requirement, even if triple spectral efficacy and 25 times bandwidth increase are assumed, further improvement of energy efficiency is needed. Although energy efficiency has been an important KPI in conventional cellular systems, features being considered for 5G RAT (e.g. enhanced Tx/Rx beamforming) present new challenges in providing enhanced level of energy efficiency [5].

This contribution aims to identify the aspects which have impacts on energy efficiency and what needs to be improved based on deployment scenarios of New RAT.
2 Energy Efficient Design for New RAT 
As the network architecture of New RAT, both LTE-NR tight interworking and standalone NR are considered [6]. The number of over-the-air connections on UE that varies according to the network architecture of NR has big impact on UE energy consumption. For instance, LTE-NR tight interworking has dual connectivity of LTE and NR which consumes far more energy than standalone NR where UE has single connectivity.
2.1 Energy efficient operation aspects for LTE-NR tight interworking
LTE-NR tight interworking considered as of network architecture of New RAT may be supported based on the dual connectivity of UE-LTE eNB and UE-NR eNB. It is supposed that RRC control is maintained over the LTE uu interface while Gbps level data traffic can be delivered through NR. After serving Gbps level data traffic, only LTE macrocell connection may remain in the connected state and deliver both normal data traffic and RRC signaling whereas NR connection may transition to off state. During data transmission on NR, both LTE macro and NR microcell are connected with continuous reception or C-DRX state.
Efficient measurement for New RAT

When a connection is established, only LTE macrocell connection may exist. Similar to LTE measurement framework, the UE can start to measure NR cells when requested by macrocell. When a UE measures NR cells, it scans the indicated carrier frequency with a correlator to find the PSS/SSS. These signals recur every pre-defined period, e.g., in a way that if the UE scans a frequency layer for 5 ms, it always has a chance to find the PSS/SSS for all cells on that layer. From the detected PSS/SSS, the UE may deduce the physical cell ID and achieve coarse synchronization for that cell.
NR above 6GHz operates on wider bandwidth with beamforming transmission. The beamforming is essential to overcome high penetration loss in bands above 6GHz, but may lead to heavy system overhead. The overhead of measurement in above 6GHz NR can be multiplied with number of beams, thus NR needs to be minimizing UE measurement for NR as much as possible while avoiding any performance degradation of cell discovery. 
To avoid excessive power consumption for measurement, the measurement configuration on NR should be limited only when high data rate service is required and there are candidate NR cells near the UE. Also discovery signal concept of small cell in 3GPP release 12 can be considered in NR. 
Separate DRX cycle but synchronized on duration between LTE and New RAT

During data transmission on NR, both LTE macro and NR microcell are in RRC connected state with continuous reception or C-DRX state. LTE and NR RF components and modems are activated simultaneously in UE to detect potential scheduling assignments in both air links. Even though each LTE and NR employs connected DRX operation individually, aggressive multi-radio operation drains UE´s limited battery much. 

In dual connectivity in 3GPP release 12, it was difficult to inherit common DRX principle of CA for all serving cells due to backhaul latency. The MeNB and the SeNB cannot obtain each other’s cell status in time. Per eNB common DRX can still be used in which UE follows common DRX operation for all cells of the same eNB. However, it is still possible to align DRX on duration time, i.e. the point in time when UE re-enters active time from the inactive period. This can be achieved by exchange of the DRX parameters configuration between the MeNB and the SeNB.
Because of the unsymmetrical link capacity between LTE and NR (much larger cell capacity of NR comparing to LTE), if NR connection is activated, UE will exchange Gbps level data rate traffic mostly over the NR link. On the contrary, LTE connection will be used to manage RRC connection and provide connection reliability. In this case, the DRX cycle on LTE can be extended to the extent that it doesn’t hurt connection reliability considering UE speed while the NR connection is managed with short DRX cycle to gratify data rate and latency requirements of provided service. The extended DRX cycle of LTE can be multiple of that of NR to minimize on duration of UE.

Proposal 1: RAN2 needs to consider designing an energy efficient measurement procedure and DRX operation for LTE-NR tight interworking.  
2.2 Energy efficient operation aspects for Standalone NR
Standalone is also considered as one of network architectures for New RAT. Regardless of the deployment scenarios, standalone NR has single connectivity of UE - NR eNB without LTE connection.
DRX design considering the overhead of warming up time
In legacy LTE, RRC state transitions between RRC CONNECTED state and RRC IDLE state in multiple steps, more precisely continuous reception, short/long connected DRX and idle DRX. When there is no data to receive or transmit for the pre-defined time duration (DRX inactivity-timer), UE would switch off its transceiver for an interval and turn on again with DRX cycle, so called "wake up and sleep” operation. During the wake up period, it will keep monitoring PDCCH for DL or UL grants whereas the sleep period will improve the battery savings. 
Whenever UE wakes up, besides data reception time, the warming up time (WUT) is required for synchronization and switching on hardware circuit including precise-clock, RF circuit with massive antennas and additional high speed core processor. This WUT is fixed depending on the hardware implementation or system configuration. In NR above 6GHz, the synchronization procedure can be multiplied by all beam directions as a result of beamforming transmission and thus the WUT in NR can be much longer than conventional one. 

Especially, the ratio of WUT overhead would get increased for transmission of short packets such as small data of mMTC devices. Even for large data transmission, this WUT overhead can be enlarge because eMBB in NR would provide Gbps level data rate and thus the packet size gets shorter than conventional one. Therefore, NR needs to be designed considering state transition overhead such as increased WUT in the transition of sleep to wake up in DRX. 
Observation 1: In NR, the overhead of warming up time can be worse due to the longer synchronization delay with beamforming.
Inactivity timer optimized for promotion delay
UE remains in this RRC CONNECTED state until the packet connectivity timer, known as the user-inactivity timer, expires. When the timer expires, the eNB releases the RRC connection and UE immediately triggers a transition to the idle state. For any downlink or uplink activities, the UE in RRC IDLE state transitions into RRC connected mode again. This state transition from RRC IDLE to CONNECTED so called ‘Promotion’ requires control signalling for link setup which causes packet delay and extra UE energy consumption.

In general, shorter inactivity-timer supposed to be more energy efficient for UE. However, there is trade-off relationship between UE energy consumption and CN control signalling overhead depending on the value of inactivity-timer. For instance, the shorter inactivity-timer leads to early transition to IDLE state and can reduce UE energy consumption. However, after UE transitions to RRC IDLE state, if new traffic is arrived shortly, it causes heavy CN control signalling overhead which causes packet delay and extra UE energy consumption for transition to connected state. 

Observation 2: With short inactivity timer, UE can transit to RRC IDLE state earlier but with a risk of increased CN control signalling.
In the promotion procedure, CN signalling can be the dominant delay component comparing to RAN control singling to radio setup.  If CN (MME) can keep the UE context even UE in RRC IDLE, CN is ECM CONNETED state, thus the cost of CN control signalling overhead between eNB and MME including S1-AP NAS Service Request and S1-AP Initial Context Setup Request and related latency is supposed to be reduced. In that case, NR can shorten inactivity timer with low cost from CN control signalling perspectives as the transition from RRC IDLE to CONNECTED state can be quick. 
Proposal 2: RAN2 needs to consider transition overhead such as warming up time and promotion delay in RRC state and DRX design for standalone NR.
3 Conclusion

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

Proposal 1: RAN2 needs to consider designing an energy efficient measurement procedure and DRX operation for LTE-NR tight interworking.  
Observation 1: In NR, the overhead of warming up time can be worse due to the longer synchronization delay with beamforming.
Observation 2: With short inactivity timer, UE can transit to RRC IDLE state earlier but with a risk of increased CN control signalling. 
Proposal 2: RAN2 needs to consider transition overhead such as warming up time and promotion delay in RRC state and DRX design for standalone NR.
A text proposal for NR TR [7] related to Proposal 1 and 2 can be found in Annex A.
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Annex A: Text proposal for TR 
4 Deployment scenarios and guidelines

This section describes the deployment scenarios assumed for the New Radio Access Technology and the guidelines for designing the radio interface protocols for the New Radio Access Technology.

…
4.2
Guidelines

Editor’s note: the guidelines for designing C/U-plane radio protocols are to be captured in this sub-clause.
…
To meet energy efficiency requirement, further improvement of energy efficiency is needed in overall New RAT design. 

Candidate areas of enhancement are as below.

- Measurement procedures and DRX operation for LTE-NR interworking
- DRX and RRC state design considering warming up time and promotion delay for standalone NR

- FFS

…
