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1
Introduction

According to RAN3#103 agreement, one of the prioritized use cases in the SI “Study on RAN-centric data collection and utilization for LTE and NR” is energy saving. In this contribution, we discuss the energy saving scenarios and review the status of Rel-15 support of energy saving and provide our views on further enhancement in NR.
2
Discussion

2.1
Energy saving in Rel-15
Energy saving allows a deployment where capacity boosters can be distinguished from cells providing basic coverage. The capacity boosters can be switched off when its capacity is no longer needed and to be re-activated on a need basis.  In general, NR energy saving can be further divided into intra-RAT, intra-system inter-RAT and inter-system inter-RAT cases; in addition, new architectural features including CU/DU split and Dual Connectivity should also be discussed and considered in NR. 
Intra-RAT case: the gNB (or ng-eNB) cells are deployed to provide basic coverage, while the other gNB (or ng-eNB) cells boost the capacity. The NG-RAN cell providing capacity booster can decide to switch-off autonomously, and inform the neighbour NG-RAN cell the deactivation action via Xn-AP NG-RAN Node Configuration Update procedure. The NG-RAN node providing basic coverage can request to re-activate the switched-off booster via the Cell Activation procedure. Therefore, in case of Xn interface is available between gNBs (or ng-eNBs), current procedure in Rel-15 has satisfied the requirement of intra-RAT case.
Intra-RAT case with CU/DU split: The CU node can make switch-on and switch-off decisions to “activate” and “deactivate” associated cells and the DU decides the “in-service” and “out-of-service” service state. Current F1AP signalling has provided gNB-CU Configuration Update procedure for cell activation and cell deactivation. Therefore, current procedure in Rel-15 has satisfied the requirement of intra-RAT case with CU/DU split.
Intra-system inter-RAT case: the gNB (or ng-eNB) cells are deployed to provide basic coverage, while the other ng-eNB (or gNB) cells boost the capacity. The Xn signalling support is the same as intra-RAT case
MR-DC case: This case is similar to intra-system inter-RAT case, current X2-AP signalling has supported this energy saving scenario through EN-DC configuration update and EN-DC cell activation procedure.
Observation 1: X2, Xn and F1 signalling has been in place to support intra-RAT case and intra-system inter-RAT case, as well as new features including CU/DU split and Dual Connectivity for NR energy saving in Rel-15.
2.2
Potential enhancements for energy saving in NR
In the email discussion [1], it is proposed to support efficient 4G and 5G synergy so that inter-system inter-RAT energy saving solutions should also be considered. From operator point of view, one of the prominent scenarios in real deployment for inter-system inter-RAT energy saving case is shown in Figure 1 for which  E-UTRAN cell associated eNB and NR-RAN cell associated gNB are connected to EPC and NGC, respectively, i.e., both eNB and gNB are deployed standalone.
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Figure 1 The typical inter-system inter-RAT deployment scenario
As depicted in Figure 1, the eNB cells are deployed to provide basic coverage, while the gNB cells boost the capacity. The gNB cell providing capacity booster can autonomously decide to switch-off, this decision is typically based on cell load information or commanded by OAM. The eNB providing basic coverage can decide to re-activate the gNB cell on a per-demand basis.  Since there is no direct interface between eNB and gNB, energy saving for this case requires S1/NG signalling enhancements. However, such procedure has not been in place in S1 and NG signalling, but similar procedure as in LTE can be adopted as the baseline.
Observation 2: Inter-system inter-RAT energy saving for NR is still not supported.
One paper in [2] thinks that energy saving solutions for EUTRAN and NG-RAN are mature and rather detailed. Some questions are proposed to be answers as below, 
1) Is it possible to have UEs able to connect to EUTRAN or to the NG-RAN only? If yes, then any energy saving solution aimed at turning off coverage layer cells of one of the EUTRAN or NG-RAN systems would imply the risk of leaving UEs out of coverage

2) Is it possible to have UEs supporting only some EUTRAN/NG-RAN frequencies/bands? If yes, then turning off coverage layer cells of one of the EUTRAN/NG-RAN systems would imply the risk of leaving UEs out of coverage

3) What is a quantified benefit in terms of energy efficiency of any new suggested enhancements to the existing Energy Saving solution?  

From operator point view, there could be some NG-RAN only UE for initial 5G trial/testing, but for commercial usage, the UE should be equipped with multi-mode modems and be able to connect to multi-RAT. Moreover, switching off of the capacity layer can be fully under the operator control by following the policy configured, thus the risk of leaving UE out of coverage can be avoided. In light of above observation, at least the enhancement to the existing solution of supporting inter-RAT energy saving is required. 
Observation3: Inter-RAT energy saving was already supported in legacy systems, the use case is still valid for NR. 
Proposal 1: RAN3 to support inter-system energy saving and discuss the solutions.
In addition, besides the baseline method as in LTE, some energy saving enhancement can also be investigated. As indicated in [1], the ultra-lean design of PHY could be considered in the solution of energy saving. Compared to the uniformly distributed resource for cell-specific reference signal in LTE, there’s no CRS in NR. As a result, for timeslots which are not configured with reference signals, the base-station could go into the sleep mode with the granularity of timeslots; on the other hand, since 5G NR can achieve symbol level resource control, the energy saving mechanism can naturally evolve to the sleep mode at symbol level. A pattern based method similar to ABS pattern exchange on related interfaces could be adopted as the solution of energy saving in NR.
Proposal 2: Energy saving enhancement need to be investigated taking ultra-lean design in NR into account.
3
Conclusion
In this contribution, we discuss the energy saving for NR. Observations and proposals are listed as below,
Observation 1: X2, Xn and F1 signalling has been in place to support intra-RAT case and intra-system inter-RAT case, as well as new features including CU/DU split and Dual Connectivity for NR energy saving in Rel-15.
Observation 2: Inter-system inter-RAT energy saving for NR is still not supported.
Observation2: Inter-RAT energy saving was already supported in legacy systems, the use case is still valid for NR. 
Proposal 1: RAN3 to support inter-system energy saving and discuss the solutions.
Proposal 2: Energy saving enhancements need to be investigated taking ultra-lean design in NR into account.
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