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1	Introduction
This is the summary of the RAN#85 agreed email discussion on NR network energy savings.
2		Discussion
The RAN#84/85 contributions containing network energy saving proposals are listed at the end of this document [1-16]. 
The email discussion will be done in two phases: 
Phase 1: Collection of company inputs on use cases, scenarios and key requirements and the potential evolution areas to fulfill these. Deadline for input is Friday 15th of November 2019
Phase 2: Discussions on the scope and drafting of possible objectives before RAN#86.
2.1	Use cases, scenarios and key requirements
In this subsection the companies can list for what use cases and operation scenarios, further network energy savings are needed and any key requirements for these.
	Company
	Input on use cases, scenarios and key requirements

	ORANGE
	· cells with low traffic (depending on time and / or geography):
· ability to reduce power, up to complete switch-off of cells
· ability to manage the trade-off between energy efficiency and QoS with capability to recover radio resources “instantaneously” upon service request
· [bookmark: _GoBack]ability at the UE side to discover cells in advanced sleep mode both in idle and connected modes in an efficient manner (in terms of power consumption, delay, …)
· cells with EMF constraints
· ability reduce the power in certain directions to meet EMF limitations
· ability to maximise QoS under EMF constraints

	Deutsche Telekom
	Similar to ORANGE we think that network energy optimisation should be seriously taken into account as part of the Rel-17 work.
Multi-layer/-frequency operation: There are many use cases, but the most important are “layer optimisation” in multi-layer networks in order to allow fast switch-off and reactivation of network elements, in particular in the RAN for energy consumption minimisation.
Small cell operation: typically small cells are deployed for capacity reasons. In case of low network capacity demand, small cells are subject to switch-off or to a reconfiguration on a more energy efficient state (e.g. smaller bandwidth, potentially lower Tx power). mmW operation might be a candidate for efficiency optimisation – e.g. by complete switch off

	Telecom Italia
	We think network energy saving is an important topic, which was not considered so far, hence it could be of interest to have an initial work starting from Rel-17. Among the use cases, for us it is of great interest the possibility to optimize both network operation (i.e. reducing transmitted/radiated power in specific directions or beams) and QoS by taking electromagnetic emissions’ limitations into account.
Exploitation of Advanced Sleep Modes (the extreme case could be the complete cell swith-off) being implemented in the network for energy efficiency purposes is also interesting and the initial focus should be the idle mode operation: we are aware of an initial RAN2 discussion on this aspect in the context of Rel-16 TEI, where it was proposed to allow idle mode UEs to also monitor cells configured with SSB periodicities higher than the default value (20ms): this is beneficial not only for NES but also at UE side (higher accuracy in averaging measurements performed for intra- and inter-RAT cell reselection).

	Intel
	· Cells with low traffic
· Overlapping coverage in multi-RAT (LTE & NR) networks

	Ericsson
	Further NW energy savings and performance improvements in energy-efficient configurations are possible for cells and frequency layers not providing initial access functionality, where the improvements should not be limited to specific cell types, coverage ranges, or time of day.

	Nokia
	Network energy saving was conducted during Rel16 SON/MDT SI and still part of Rel-16 WI. Firstly we should focus on the leftovers from Rel16 SI which was not yet done, i.e. inter-system/inter-RAT case. We shouldn’t duplicate the energy saving topic in different study items (e.g. SON/MDT enhancements).

	Fujitsu
	We agree with Nokia that it’s important not to study this topic in different study items. But there are scenarios where enhanced network configurations can provide overall energy saving benefits. In particular UE assistance could provide additional information and this may be useful to study.

	Huawei
	For low traffic load, network can discontinuously transmit signals and channels for network energy savings (referred to as DTX). At the same time, the network can inform UEs of its DTX mechanism to reduce UE power consumption.
For multiple frequency-layer deployments (EN-DC, NR CA/DC), potentially at least one frequency layer can be mainly deployed as capacity carrier. Thus the capacity carrier can be quickly turned off when there is no traffic load, and it can also be activated quickly once the traffic arrives. Furthermore, long periodicity or on-demand broadcast channels can increase sleep opportunity of the carrier.

	Qualcomm
	The leftover of energy saving and CCO parts in R16 MDT/SON WI should be included in R17 WI. We are open on which R17 WI to cover network energy saving. We are also open to consider more use cases without Uu impact.

	Loon
	5G-nr service from a HAP creates a situation where we can cover a large area on the ground. The large area on the ground does not have uniform usage, and large swath’s have little or no usage. Loon would like to be reduce energy consumption for low traffic load dynamically. 
· Cells with low traffic
· UE assistance to allow for advanced sleep

	CATT
	Similar view with Nokia. Network energy saving is already part of work in Rel-16 SON/MDT. If there is still some left-over issue, it could be continued in Rel-17 data collection SI/WI. Duplicated work in different SI is not preferred.

	Bell
	Ability to reduce MIMO branches during off-peak hours, based on cell load
Ability to selectively deactivate MIMO, up to complete cell shutdown during AC power failure scenarios (battery backup) in order to extend battery runtime.
Baseband modules will also enter sleep mode (low power consumption) when all cells processed on it are in power-savings mode.
We support the study of power savings enhancements for large indoor venues:
Dynamically deactivate bands when capacity is not required. Radios enter sleep mode and use minimal power. Cells providing "umbrella" coverage stay on at all times, but other overlapping cells used for capacity will be turned off until traffic demand increases

	Verizon
	Support all use cases especially,
· Low traffic load
· Discontinued transmission



2.2	Evolution areas
What are the evolution areas that need to be considered? Based on the RAN#84/85 contributions and the online discussions, companies’ proposals fell within the following categories:
· gNB antenna adaptation 
· Network cells ON/OFF including for IAB
· UE assistance information for network power saving
· Multi-RAT networking energy saving
· Dynamically configurable periodicity of broadcast channels to reduce overhead
· [bookmark: _Hlk24756227]MDT/SON based energy saving enhancements
With respect to these areas, and possibly additionally proposed enhancements, companies are invited to quantify and qualify the issue needing enhancements. 
	Company
	Evolution areas

	ORANGE
	· Dynamically configurable periodicity: possibility to extend use of “Advanced Sleep Modes” with flexible signalling periodicity
· Ensure that cells in advanced sleep mode can be efficiently discovered by UEs in idle and connected modes 
· gNB antenna adaptation: possibility to switch off (or reduce power through DL power control) certain Transmitters (e.g. 4 Tx -> 2 Tx), or certain beams, and certain directions, with or without UE feedback
· Network cells ON / OFF: possibility to switch off entire cells, ie. one band in multi-band, or entire 5G with or without UE wake-up signals 
· AI-based decisions to assist network cells On/Off functions, with detection of traffic patterns (e.g. shopping mall out o f hours)

	Deutsche Telekom
	All possible methods should be evaluated for the given scenarios.

	Telecom Italia
	•	Dynamically configurable periodicity of broadcast channels to reduce overhead  intial focus should be for idle mode operation (UEs in connected mode are already allowed to work with two configured SSB measurement timing configurations; more configurations might be considered in the future)
•	Multi-RAT networking energy saving  the work should consider both intra-system (i.e. MR-DC operation under 5GC) as well as inter-system (i.e. MR-DC with the LTE node which could be connected to both EPC and 5GC). For the latter case we should decide whether to consider the work done in Rel-16 during the SI of RC-DCU (refer to TR 37.816) but not included in the Rel-16 SON/MDT WI
•	Dynamic gNB antenna configuration adaptation could be considered based on either traffic conditions (e.g. reduced # of TX/RX antennas in case of low system load) and monitoring operation (e.g. adaptation based on the time of day)
•	MDT/SON based energy saving enhancements  to be clarified whether something will be considered within the discussion on Rel-17 SON/MDT (strive to avoid duplication)
•	Network cells ON / OFF is of interest
•	UE assistance information for network power saving  not clear what this means: potentially all the above methods require UE assistance information for properly work.

	Intel
	Following areas have more promise in our view and can be considered for initial study
· Multi-RAT networking
· Coordination among RATs to facilitate more power saving
 
· Network cell ON/OFF (e.g., in IAB, SON/MDT)
· AI based network energy saving
· AI methods to predict cell loads and assist in determination of which cells to turn ON/OFF
In our view, more clarification and discussion are needed for the following areas to identify the scope and/or impact to UE performance before they can be agreed:
· gNB antenna adaptation 
· Impact to UE receiver processing (e.g., suitable precoder selection) need to be carefully considered if gNB dynamically adapts antenna configuration. 
· UE assistance information for network power saving
· A similar topic is also being considered in Email discussion for UE power saving in Rel17. More clarification is needed what additional UE assistance information is targeted here and its difference from the assistance information proposed for UE power saving 
· Dynamically configurable periodicity of broadcast channels to reduce overhead
· It is not clear which broadcast channel(s) are targeted here, SSB, SIBx etc, as depending on the choice, impact to UE measurement operations and cell selection/discovery operation can be significant.
· MDT/SON based energy saving enhancements
· MDT/SON features are still been discussed for R16 therefore it might be good to clarify about the requirements that might be targeted here

	Ericsson
	NW energy savings and performance improvements in energy-efficient configurations should be pursued for non-IA cells, e.g. by facilitating operation with extended SSB periods (160 ms or longer) without performance degradation compared to 5-20 ms periods. Fast Scell activation methods for cells with long SSB periods must be ensured, considering the Rel-16 outcome as the starting point for further improvements. For example, 3GPP should study supporting on-demand assistance RS/WUS on Scells/PScells to enable rapid wake-up when a data transmission is scheduled for a UE, removing the current dependence on the previous SSB. More effective beam sweeping procedures in FR2 should also be studied to shorten the gNB transceiver on-time in low-load scenarios.
However, given the anticipated scale of Rel-17, it needs to be discussed if a separate WI for NW PS should be prioritized. The improvements can be treated in WIs handling relevant functionality, e.g. MR-DC/CA.

	Nokia
	All the subjectieves seems possible to study, but we shall not duplicate the study in different study items. It is also important to match the objectives and TU, i.e. no wider topics.

	Fujitsu
	Agree with Nokia, and all topics listed are good candidates for study, perhaps with some agreed prioritisation to reduce scope. And we should be careful to align this study with existing and proposed work on UE power saving.

	Huawei
	To address the low load scenario and multiple frequency-layer deployments, potential enhancements could be in the following areas:
· Signaling enhancements for UEs to handle enhanced network DTX
· Fast network Scell/SgNB activation/deactivation, on-demand broadcast channels (e.g. SSB), and related procedure enhancements
We also think that discussions in other work areas are already considering enhancements relevant for improving network energy consumption, such as MR-DC enhancements and CA enhancements, and SON/MDT enhancements.

	Qualcomm
	We support the study of following areas:
· gNB antenna adaptation 
· Network cells ON/OFF
· Multi-RAT networking energy saving
· MDT/SON based energy saving enhancements
We are also supportive of Ericsson’s suggestions to lessen the reliance on SSB for SCell activation, idle mode operations etc by providing on-demand assistance RS. This is beneficial for both UE and gNB power consumption if SSB can be further duty-cycled without affecting UE performance. The aspect with more UE impact may overlap with NR-Light and/or UE power saving and how to partition the work can be decided at RAN #86.

	Loon
	We support the study of the following areas:
· extended SSB periods
· Network cells ON/OFF

	CATT
	We agree with Ericsson’s view to consider fast Scell/SgNB wake-up and we think it could part of MR-DC enhancement work.
As to gNB antenna adaptation,if there is specification impact,it could be further studied in Rel-17 Data collection SI.For multi-RAT network energy saving.it is already within the scope of Rel-17 Data collection SI.

	Bell
	We support the study of the following areas:
1. gNB antenna adaptation
1. Network cells ON/OFF
1. Multi-RAT networking energy saving
MDT/SON based energy saving enhancements

	Verizon
	Support studying all above at least initially



2.3  Other comments
Companies can provide additional comments here, if not covered by other subsections.
	Company
	Other comments

	ORANGE

	Adapt energy counters for gNB to match the Rel17 enhancements (as listed above). Counters should be made available through Network Management System, and provide accurate measurement of RAN equipment energy consumption

	Deutsche Telekom
	The use of AI/ML or simpler predication algorithms (based on usage history or mobility considerations) might act as a control mechanism for energy optimisation of the cellular network. 

	Telecom Italia
	AI/ML is new for 3GPP, it deserves clarification and definition; we could start by properly defining what AI/ML concepts/algorithms are and how they could be used for such purpose

	Fujitsu
	Any specific use of AI/ML for this topic may be handled better in the proposed Rel-17 RAN-centric data collection and utilization enhancement SI

	Qualcomm
	In some scenarios, there can be a tradeoff between UE power saving and gNB power saving, and the work has to be carefully done to ensure good balance between the two objectives if they are in conflict. Given that UE’s battery life is very limited, it is preferable to ensure that any gNB power saving techniques to be incorporated into the work can be deployed in a way that avoids having negative impact to UE power saving.

	Verizon
	RAN slicing and multi-band maybe considered with NW power saving




3	Summary of input 
The following contains a summary of the inputs received.
3.1	Use cases, scenarios and key requirements
For use cases, the following were brought up:
· Cells with low traffic
· Cells with EMF constraints
· Multi-layer/-frequency operation
· Small cells
· Multi-RAT (LTE & NR) networks with overlapping coverage
· Cells not supporting initial access 
Operators emphasized the need to address network energy savings also in Rel-17. Several companies pointed out that there are leftovers on the topic in the Rel-16 SON/MDT work items and these should be included in the Rel-17 work. Several companies stated that the network energy saving should npot be duplicated across work items. 
3.2	Evolution areas
The proposals for network energy saving evolution can be grouped into the following:
· (Dynamically) configurable longer periodicity for always-on signals 
· gNB antenna adaptation where TX-chains can be switched off
· Network cells ON/OFF: possibility to switch off entire cells, frequency layers or NR
· UE assistance for network energy savings
· MDT/SON based energy saving enhancements
· Fast Scell activation
3.3	Other comments
Orange commented that energy counter should be introduced to provide accurate measurements of RAN equipment energy consumption.
Application of AI/ML for energy saving was mentioned by several companies.
Qualcomm pointed out that there is a tradeoff between UE power saving and gNB power saving, and a good balance should be achieved.  
4	Proposed way forward towards RAN#86
Based on the discussion, it should be is proposed to discuss first if there should be a work or study item in Rel-17. For most topics a study item seems needed, except maybe for fast cell activation which has already be discussed as part of MR-DC/CA in Rel-16 and could be an objective in a Rel-17 MR-DC/CA work item.
The next step is then to draft objectives for the list of enhancements in section 3.2. An exception here is for MDT/SON based energy saving enhancements, where the outcome of the ongoing Rel-16 study item needs to be taken into account before adding detailed objectives and also the work split to a possible SON/MDT work item needs to be defined.
The number and scope of objectives need to be adjusted according to the time unit allocation agreed for this topic at RAN#86. In order to facilitate this, companies should indicate their priorities for the topics listed in section 3.2.
Objectives for the following functions should be drafted for the study item on NR network energy savings
· (Dynamically) configurable longer periodicity for always-on signals 
· gNB antenna adaptation where TX-chains can be switched off
· Network cells ON/OFF: possibility to switch off entire cells, frequency layers or NR
· UE assistance for network energy savings
· Fast Scell activation
5	Conclusion
Based on the proposal in section 4, a study item description has been proposed in [17].
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