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Introduction

The use case of NR energy saving has been captured into TR37.816 for the “RAN centric data collection and utilization for LTE and NR” SI. At last RAN3 meeting, Some companies have raised the issue on whether it is necessary to support the inter-RAT ES solution in NR[1]. In this contribution we further analyse the inter-RAT ES scenario and provide the corresponding TR for TR37.816. 

Discussion
The following figure From [2] shows that China's 2G and 3G users continue to move to 4G. 4G users continue to grow steadily, while 2G/3G users are steadily decreasing, but the number of 2G/3G users still cannot be ignored for a long time.
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Fig1  China's 2G and 3G users continue to move to 4G 
Similar to what happened in the 4G era shown in above figure, for operators, when 5G is deploying, 4G networks will coexist for a long time. During this period, it can be predicted that the proportion of 4G users will gradually decrease, as a result, some 4G networks are becoming less and less utilized. So when there are few or no users in some EUTRAN cell, such EUTRAN cells can be deactivated  for energy saving, while left user in the cell can be serviced by other cell (e.g neighbour NR cell or LTE cell).

Furthermore,It is up to operator's deployment whether inter-RAT ES solution needs to be applied. For example, if 5G and 4G network are deployed standalone in same coverage area, and some Marco LTE eNB have been deployed to provide basic coverage, while the other LTE small cells/NR cells are deployed to boost the capacity. The eNB/gNB node proving capacity booster cell can autonomously decide to cell switch-off based on load status. If UEs are able to connect to EUTRAN only, a activated EUTRAN cell with the same coverage can serve these UEs. (e.g. Marco LTE cell). On the other hand, if some NR cell/LTE cell is of high load, the gNB/eNB can request to switch on some neighbour deactivated LTE cells or NR cells to offload.  If the inter-RAT inter-system ES solution can not be supported, E-UTRAN/NR cells can not be switch on/off flexibility for some 4G/5G co-existence scenarios.
Observation 1: It is up to operator's deployment whether inter-RAT ES solution needs to be used.
Proposal 1:  Inter-RAT inter-system ES solution should be supported in NR. 
For inter-RAT inter-system use case, considering there is no direct interface between the eNB and gNB/ng-eNB, S1/NG based signalling mechanism needs to be considered in R16 in order to support the inter-RAT inter-system energy saving case.

Proposal 2: S1/NG based signalling mechanism needs to be considered in R16 to support the inter-RAT inter-system energy saving case.

Proposal 3:  The corresponding TR for TR37.816 is provided in Annex.
 Conclusions
Observation 1: It is up to operator's deployment whether inter-RAT ES solution needs to be used.
Proposal 1:  Inter-RAT inter-system ES solution should be supported in NR. 

Proposal 2: S1/NG based signalling mechanism needs to be considered in R16 to support the inter-RAT inter-system energy saving case.

Proposal 3:  The corresponding TR for TR37.816 is provided in Annex.
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Annex: Text proposal for 37.816 (based on Agreed TP R3-191064 )
5.6
Energy saving
5.6.1
Use case description
Editor Note: capture the use cases description and benefits of the use cases
Mobile operators are increasingly aiming at decreasing power consumption in mobile networks to lower their operational expense (OPEX) with energy saving solutions. With the foreseen deployment of more number of network elements in NR, e.g., small base stations with massive MIMO in high-band, energy saving becomes even more urgent and challenging. Energy saving can be achieved through radiated power optimization on air interface (transmission power optimization and lean carrier design), enhanced hardware supporting different sleep mode and coordinated power optimization among different cells. One of the typical energy saving scenario is that capacity boosters are deployed under the umbrella of cells providing basic coverage, the capacity booster can be switched off when its capacity is no longer needed and to be re-activated on a need basis.
In Rel-15 NR WI, some functionality of energy saving has been supported, including cell activation/deactivation over Xn/X2/F1 interface, and peer eNB/gNB are informed by en-gNB/gNB owning the concerned cell about the activation/deactivation actions. In addition to that, NR new features, e.g. sparser RS and SS signals, URLLC, CU/DU architecture and MR-DC should be studied and their need assessed in the energy saving solutions in NR. Furthermore, to support more efficient 4G and 5G synergy, inter-system inter-RAT energy saving solutions should also be studied.
5.6.2 Solution description
Editor Note: Capture the solutions for the use case, including the procedure for configuration and collection of measurements, necessary procedures and information exchange required for the solution, as well as comparison and evaluation on potential alternative solutions.
Inter-RAT Inter-system energy saving solution:
The solution builds upon the possibility for the NG-RAN node or eNB node owning a capacity booster cell to autonomously decide to switch-off such cell to lower energy consumption (dormant state), and  possibility for the NG-RAN node or eNB node owning non-capacity boosting cells to request a inter-system cell re-activation over the S1/NG interface. 

The switch-off  decision is typically based on cell load information, consistently with configured information. The switch-off decision may also be taken by O&M. The NG-RAN node or eNB node may initiate inter-system or intra-system handover actions in order to off-load the cell being switched off and may indicate the reason for handover with an appropriate cause value to support the target node in taking subsequent actions, e.g. when selecting the target cell for subsequent handovers. All peer NG-RAN nodes or eNB nodes are informed by the node owning the concerned cell about the switch-off actions over the S1 and NG interfaces. 

The switch-on  decision is typically based on cell load information, consistently with configured information. The switch-on decision may also be taken by O&M. NG-RAN node or eNB node owning non-capacity boosting cells may request a inter-system cell re-activation over the S1 and NG interfaces if capacity needs in such cells demand to do so. This is achieved via the inter-system Cell Activation procedure.  All peer NG-RAN nodes or eNB nodes are informed by the node owning the concerned cell about the switch-on actions over the S1 and NG interfaces. 

O&M requirements:
Operators should be able to configure the energy saving function.

The configured information should include:

-
The ability of an NG-RAN node or eNB node to perform autonomous cell switch-off.

-
The ability of an NG-RAN node or eNB node to request the re-activation of a configured list of dormant inter-system cells owned by a peer  node.

O&M may also configure

-
policies used by the NG-RAN node or eNB node  for cell switch-off decision.

-
policies used by peer NG-RAN nodes or eNB nodes for requesting the re-activation of a dormant inter-system cell.
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