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1	Background
At the last RAN3 meetings, we started the work on the new Rel 18 Study on network energy savings for NR, [1].
	The following objective is on RAN3:

Study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception, which may include:
· How to achieve more efficient operation dynamically and/or semi-statically and finer granularity adaptation of transmissions and/or receptions in one or more of network energy saving techniques in time, frequency, spatial, and power domains, with potential support/feedback from UE, and potential UE assistance information [RAN1, RAN2]
· Information exchange/coordination over network interfaces [RAN3]
Note: Other techniques are not precluded



The agreements made at last RAN3#117bis-e meeting are:
Cell DTX/DRX (pCR endorsed)
· The inter-node exchange of the cell DTX/DRX (if defined by RAN1/RAN2) is considered necessary.  
Cell NES states
· WA: The inter-node exchange on the NES states or more granular cells status information if defined by RAN1/RAN2 is needed if the benefits are confirmed. The detailed NES state or more granular information is pending to other groups. 
Enhanced cell on/off
· RAN3 considers that inter-node beam activation is needed, i.e. to request a neighbouring NG-RAN node to switch on beam(s) which has been deactivated.   
To be continued at the next meeting, taking into account of progress in RAN1/RAN2: 
· Further work on cell DTX/DRX, if possible
· work on the pCR for the inter-node beam activation
· the increased autonomy in the DU for energy saving; measurement relaxation; paging enhancements; handover enhancement; RRC inactive enhancement; etc.  

2	Discussion
This paper further discuss the areas that see more potentials for network energy saving and we would like to propose to RAN3 to further study on them.
2.1	Related to Inter NG-RAN nodes coordination
[bookmark: _Hlk118399433]2.1.1	On-demand reference signal transmission upon requests by other RAN nodes
Based on current Xn signaling, an NG-RAN node can deactivate one or more of its cells and notify its neighbor NG-RAN nodes about the cell deactivation, or request activation of one or more deactivated cells to the NG-RAN node serving the cells.
As cited above, it was agreed at last RAN3#117bis-e meeting to enhance the current Xn signaling for cell on/off to also allow for inter-NG-RAN node beam activation, i.e., an NG-RAN node can request a neighboring NG-RAN node to activate one or more beams that have been deactivated before.
[bookmark: _Hlk118287172]Such enhancement would enable deactivation of cells or beams (of cells) when the traffic demand in an area covered by multiple cells or beams is sufficiently low, and activation of cells or beams when the traffic demand in that area is too high and traffic offloading to dormant cells or beams is necessary. 
Note that, for maximum energy saving, it is assumed (and it has been assumed in RAN3 in the past) that a deactivated cell or beam does not transmit any (periodic) reference signals, e.g., SSB, since this would result in a waste of energy, especially if cell deactivation and activation happens infrequently.
It is therefore unclear for a RAN node which dormant cell or beam to request to be activated at a neighboring RAN node to achieve the desired goal, namely traffic offloading, e.g., if multiple dormant cells or beams are overlapping in coverage with the overloaded cell or beam and if served UEs have very different traffic demands. A wrong cell or beam activation may not lead to offloading of UEs to the neighboring RAN node or may lead to offloading of UEs with very little traffic, causing additional energy consumption and signaling overhead without improving the (load) situation at the overloaded RAN node.
In current solutions, it may be that all dormant cells in the area are activated, and those not needed, e.g., those not taking over (enough) traffic, are again deactivated after a certain time. But this approach results in inefficient cell activation with avoidable energy consumption, ping-pong handovers and cell reselections, etc., particularly problematic when cell deactivation and activation happens more frequently.
Observation 1: Blind cell or beam activation as well as periodic reference signal transmission, e.g., SSB, in deactivated cells or beams causes additional and avoidable energy consumption. There is therefore a need for on-demand transmission of reference signals for discovery and measurement of cells or beams in dormant states. 
To avoid this excess energy consumption, we propose to add support for an NG-RAN node to ask a neighboring NG-RAN node to transmit a certain reference signal like SSB or DRS in a certain cell or beam in a dormant state for a short time period while at the same time avoiding idle mode UEs’ reselection to the corresponding cell. In one example, this can be done as a preparatory step before requesting a neighboring NG-RAN node to activate a certain cell or beam to ensure that the requested cell or beam activation will result in meaningful traffic offloading. 
Proposal 1: It is proposed that RAN3 to discuss and agree the TP related to On-demand reference signal transmission upon requests by other RAN nodes

2.1.2	Cell DTRX
We had endorsed the pCR at the last meeting related to Cell DTRX.
In addition, we further propose to capture that the coordination could also avoid that all the RAN nodes may be OFF at the same time, which can impact UEs that are in process of performing serving cell or neighbour cell measurements, or plan to start a handover, and thus may be interrupted in their service or loose connectivity.
Proposal 2: RAN3 to discuss and agree that TP related to cell DTRX information.

2.1.3	Beam Activation
One NG-RAN node may indicate to another NG-RAN node to active the early deactivated Beams within the cell. When one NG-RAN node receives many requests from the neighbouring NG-RAN nodes to active the beams, It may end up activate all the beams in the cell, which is not what network energy saving prefers. 
Thus it is beneficial to allow the NG-RAN node to response if the requested Beam is activated, which beam configuration, and if it is not, which alternative beams can be used.
Proposal 3: RAN3 to discuss and agree the TP related to Beam Activation.
2.1.4	Measurement Relaxation
[bookmark: _Hlk115085305]An NR UE performs Radio Link Monitoring (RLM) and Beam Failure Detection (BFD) evaluations on SSB or CSI-RS. RLM and BFD relaxation methods are introduced for UE power saving. For RRC idle and RRC Inactive, when certain criteria related to serving cell quality and/or UE mobility are met, the UE may choose to not perform measurements on intra/inter-frequency and inter-RAT neighbours. 
The UE informs its relaxation state to the relevant node (primary cell of MCG or SCG). 
3GPP also supports other types of measurement related relaxations for the UE to enhance the UE power saving both in RRC idle/inactive and RRC connected modes.
All the above are introduced for the UE energy saving purpose. We would like to look from the network perspective, particular at low or medium load, that if the UE, in connected mode is not measuring, or only measurement a subset of reference signals, the cells could obtain the knowledge and only transmit e.g. the reference signal when it is needed. The serving NG-RAN node should collect the UE measurement relaxation report and conclude how it impacts the serving cells and the neighbouring cells.
[bookmark: _Hlk115086851]Proposal 4: RAN3 to discuss and agree that the TP related to measurement relaxation information exchange.
2.2	Paging enhancements
The use case for paging an area within a cell is most useful for stationary UEs or when it is likely that the UE has been in RRC inactive a short time and is unlikely to have left the area. Only one or few of the SSBs in the Cell need to be paged.
gNB-DU is able to estimate the UE position within a cell and it is advantageous to notify such higher precision to the gNB-CU. Examples of such position corelated information may be SSB or timing advance (TA). When the UE is released, the DU then provides the SSBs within the cell to the gNB-CU. It could be used by the gNB-CU in at least the two following ways:
1. Based on the enhanced position the gNB-CU can make a better prediction of where the UE will move in the network. 
2. If the gNB-CU with high confidence knows the cell and associated SSB where the UE is likely to be located when it shall page the UE, it can indicate to the gNB-DU to page in the area.
Better understanding of the UE location in the cell reduces paging cost because the gNB-DU can select paging strategy to reduce paging cost and the gNB-CU can better predict the UE movement in the network. 
We see the potentials to enhance:
1. at high paging loads, the Network paging resources become limited as each beam instance is unnecessarily filled with identity of the UEs which are decoding one or few instances of the beams. 
2. the unnecessary transmission/repetitions waste Network energy,
Another paging related enhancement is related to send the paging message via another cell, i.e. the paging message can be “delegated”. gNB-CU has the overview of the load situation, therefore it is the best entity to decide which cells in the gNB-DU could be the “delegated” cell.
Proposal 5: RAN3 to discuss and agree the TP related to the paging enhancements
2.3	Handover enhancement
[bookmark: _Hlk115122743]With the NG-RAN node energy saving model, we could assume at low and medium load, some cells may go to short or longer sleep mode. The handover target NG-RAN node may want to delay the handover process for an incoming handover and allow its cells for example, to wake-up from sleep mode.  The target NG-RAN node accepts the handover, the handover is successful but the target NG-RAN node indicates a wanted delay in the handover execution. Upon the reception of such information, the source NG-RAN node will keep the UE for the given time not sending the handover command and execute handover towards UE after the given time period.
Proposal 6: RAN3 to discuss and agree the TP on handover enhancement.

2.4	RRC Inactive enhancement
The RRC Inactive state is particularly efficient when resuming in the same NG-RAN node where the UE context is stored.
In other cases, introducing UE context retrieval, data forwarding and paging via the core network enable the potential of energy saving gains related to the efficient signalling for RRC inactive UEs.
At RAN3#117bis we received the following comments for the proposal to improve network energy efficiency by improving the scalability for RRC Inactive.
· Context fetch via the core network has huge impact and is complicated.
· Energy consumption/justification should be further justified. 
The solution Context fetch via the core network consists of three main parts:
· The new NG-RAN node needs to access routing information (TAI and global NG-RAN node identifier) of the old NG.RAN node
· The old NG-RAN node needs to provide the necessary UE context information to allow the UE to continue serving the data 
· Data forwarding from the old NG-RAN node to the new NG-RAN node.
2.4.1	Retrieving the routing information from the AMF
The information the new NG-RAN node needs are:
· Global NG-RAN node ID of the old NG-RAN node
· TAI to which the old NG-RAN Node belongs to
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The NG-RAN nodes provide the selected Local NG-RAN node indices to the AMFs e.g., in the NGAP Setup procedure or the NGAP RAN Configuration Update procedure. 
When the new NG-RAN node receives a RRC Setup Request containing an I-RNTI with an unknown Local NG-RAN Node Identifier it requests the TAI and Global NG-RAN Node ID from an AMF. 
Observation 2: With the introduction of Local NG RAN Node Address index in rel-16 the complexity related to core network assisted UE context retrieval is resolved.
2.4.2	 Core network assisted context transfer and data forwarding
When the UE has resumed, and the TAI and global NG-RAN node identifier is available e.g., as described in previous sections, the new NG-RAN node can retrieve the information needed to continue serving the UE in the new NG-RAN node. The figure below illustrates one example on how to achieve this.
· In step 1 user data arrives at the old NG-RAN node (NG-RAN1) at the same time the UE resumes in a new node. 
· In step 2 and 3 the old NG-RAN node (NG-RAN1) informs the new NG-RAN node (NG-RAN2) that the UE has resumed. Information the I-RNTI and resume MAC-I is also provided. These two messages are non-UE associated in this example. The old NG-RAN node finds the UE context based on the I-RNTI and checks that the resume MAC-I matches.
· In step 4,5 the UE context information is provided to the new NG-RAN node (NG-RAN2). Either new messages optimized for RRC Inactive are standardized or the N2 Handover signalling messages are used by adding additional information such as the I-RNTI. The I-RNTI would then be used by the new NG-RAN node (NG-RAN2) to understand that this is not a handover but related to RRC Inactive and to associate the message to the UE which is waiting for the RRC Resume message. Since indirect data forwarding is already supported for N2 handover there is no, or only minor, impact on the core network.
· In step 6,7 the new NG-RAN node (NG-RAN2) sends the necessary information for data forwarding back to the old NG-RAN node (NG-RAN1) in a similar way as in the N2 handover response signalling.
· In step 8 the network sends the RRC Resume message to the UE
· In step 9 the UE sends the RRC Resume Complete message to the network.
· In step 10 the NG-RAN notifies the AMF that the UE has resumed and is now served by the new NG-RAN node (NG-RAN2)
· In step 14,15 the AMF releases the UE association on the source side. Data forwarding may however continue after the UE association is released.
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Observation 3: UE context retrieval via the core network uses already known mechanisms hence the complexity is low.
Observation 4: It may be possible to re-use already existing NG handover signalling to support parts of the UE context retrieval and data forwarding but this is a topic for further evaluation in the study item or in the work item.
2.4.3 	Autonomous establishment of Xn link
With the Global NG.RAN Node ID and TAI available in the new NG-RAN node, it can initiate establishment of an Xn link to the old NG-RAN node using the RAN Configuration Transfer procedures. It may however not always be possible to establish this connection e.g. due to limitations in the transport network or that there are not sufficient resources in either the new or the old NG-RAN node to establish one more Xn link. 
Observation 5: By enabling the new NG-RAN node to retrieve routing information to the old NG-RAN node via the core network autonomous establishment of suitable Xn links is achieved using the same mechanisms as for ANR. 
2.4.4	 Core network assisted paging
RAN2 specifications support RNAs of a size up to the registration area of the UEs. To minimize the signalling in RRC inactive which enables the possibility to reduce the user inactivity timer we need to use large registration areas. The problem is that UEs move into NG-RAN nodes, part of the RNA configured in the UE, but without Xn connectivity. To reach those UEs, an alternative path is needed. The AMF serving the UE has connectivity to the complete registration area of the UE hence core network paging via the serving AMF provides a connection.
The functionality needed for the core network assisted RAN paging are at least:
· New NGAP core network assisted RAN paging message from the NG-RAN node to the AMF where the NG-RAN can indicate the area where it requests the AMF to page the UE using the I-RNTI. To reach all NG-RAN nodes in the registration area, the area needs to support a list of TAIs. The NG-RAN provides all information needed to page the UE which is then forwarded to the NG-RAN nodes where RAN paging is requested.
· New NGAP core network assisted RAN paging message from the AMF NG-RAN node containing the information needed to page the UE.
Since the UE becomes reachable when the Xn link does not exist, the NG-RAN node can configure the RNA for the UEs with their registration area. Based on where the UEs resume the NG-RAN can learn where to establish Xn links in an optimal way.
Observation 6: Core network assisted paging in combination with UE context retrieval and data forwarding enables large RNAs.
From observations above we see that from the progress in release 16 the complexity present in release 15 with respect to UE context retrieval via the core network. We also see that the functionality in the core network needed for data forwarding is already there for N2 handover. It only a matter of designing messages re-using already existing functionality.
Conclusion 1: The complexity with introducing UE context retrieval in release-15 is resolved from release-16 with the introduction of the Local NG-RAN Node Identifier.
Conclusion 2: The functionality needed to enable the energy saving gains by using RRC Inactive is known. The remaining work is protocol design only.
A description of the gains and how they are achieved is provided in Annex X. Here we provide further justify the energy saving gains in Annex V.
Proposal 7: It is proposed that RAN3 to study the RRC Inactive enhancements to achieve the network energy saving.
[bookmark: _Hlk115117682]Proposal 8: Enable the potential of energy saving gains related to the efficient signaling for RRC inactive UEs by introducing UE context retrieval, data forwarding and paging via the core network.

2.5	UAI to aid the gNB to perform energy saving techniques
We understand that RAN2 will further discuss the UAI related topic. 
When there are agreements in RAN2, RAN3 should discuss how the information is transferred inside the network, in order to make the best use of UAIs in Network Energy saving.
Proposal 9: For UAI related topic, RAN3 waits for the RAN2 progress.
3	Proposals
Observation 1: Blind cell or beam activation as well as periodic reference signal transmission, e.g., SSB, in deactivated cells or beams causes additional and avoidable energy consumption. There is therefore a need for on-demand transmission of reference signals for discovery and measurement of cells or beams in dormant states. 

Observation 2: With the introduction of Local NG RAN Node Address index in rel-16 the complexity related to core network assisted UE context retrieval is resolved.
Observation 3: UE context retrieval via the core network uses already known mechanisms hence the complexity is low.
Observation 4: It may be possible to re-use already existing NG handover signalling to support parts of the UE context retrieval and data forwarding but this is a topic for further evaluation in the study item or in the work item.
Observation 5: By enabling the new NG-RAN node to retrieve routing information to the old NG-RAN node via the core network autonomous establishment of suitable Xn links is achieved using the same mechanisms as for ANR. 
Observation 6: Core network assisted paging in combination with UE context retrieval and data forwarding enables large RNAs.
Proposal 1: It is proposed that RAN3 to discuss and agree the TP related to On-demand reference signal transmission upon requests by other RAN nodes
Proposal 2: RAN3 to discuss and agree that TP related to cell DTRX information.
Proposal 3: RAN3 to discuss and agree the TP related to Beam Activation.
Proposal 4: RAN3 to discuss and agree that the TP related to measurement relaxation information exchange.
Proposal 5: RAN3 to discuss and agree the TP related to the paging enhancements
Proposal 6: RAN3 to discuss and agree the TP on handover enhancement.
Proposal 7: It is proposed that RAN3 to study the RRC Inactive enhancements to achieve the network energy saving.
Proposal 8: Enable the potential of energy saving gains related to the efficient signaling for RRC inactive UEs by introducing UE context retrieval, data forwarding and paging via the core network.
Proposal 9: For UAI related topic, RAN3 waits for the RAN2 progress.
Proposal 10: It is proposed to discuss and agree the Text Proposal in Annex A below to TR 38.864
Proposal 11: It is proposed to discuss and agree to capture Annex B related to signal cost in TR 38.864 Annex and Appendix.
4	Annex A
************ Text Proposal to TR 38.864**************
[bookmark: _Toc104496583][bookmark: _Toc104497312]6	Techniques to improve network energy savings
Editor's note: simulation results to be captured under this section.
Editor's note: RAN2 and RAN3 related aspect to be provided by using separate sections like 6.X when applicable.
6.1	Techniques in X domain
6.1.1	Technique 1 (e.g. Adapting transmission/reception of common channels/signals)
6.1.1.z	Impacts on network interfaces

6.1.a	Cell DTX/DRX
6.1.a.z	Impacts on network interfaces
The cell DTX/DRX information is considered necessary to be exchanged and coordinated between neighbour gNBs. The gNB can use the received cell DTX/DTX information to determine its own cell DTX/DRX configuration for network energy saving purpose. The coordination could also avoid that all the RAN nodes may be OFF at the same time, which can impact UEs that are in process of performing serving cell or neighbour cell measurements, or plan to start a handover, and thus may be interrupted in their service or loose connectivity. Instead of each NG-RAN nodes exchange cell DTRX information, we propose an efficient structure, while one NG-RAN node collects all the information and sends out the coordination.
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Step 1: The involved NG-RAN nodes send the Cell DTRX information to the NG-RAN Collector Node.
Step 2: The NG-RAN Collector collects the information and coordinate.
Step 3: The NG-RAN Collector sends out the Cell DTRX information per cell/node.
Editor’s note: The details of cell DTX/DRX is finally up to RAN1 and RAN2.

6.2	Techniques in Y domain

6.x	Higher layer aspects for network energy savings
Editor's note: This section includes common aspects of higher layers deduced from the above candidate directions.
6.x.1 Inter-RAN node signaling for on-demand reference signals
The current Xn signaling enabling deactivation and (re)activation of cells or beams for network energy saving lacks a technique to enable discovery and measurement of cells or beams in sleep or dormant states to avoid wrong cell or beam activation. To prevent unnecessary energy consumption, reference signals for cell or beam discovery and measurement should be transmitted by dormant cells or beams only when needed, meaning that such reference signals should be transmitted only when activation of dormant cells or beams is needed for traffic offloading. The NG-RAN node requests a neighboring NG-RAN node to transmit a certain reference signal in a certain cell or beam for a short time period, enabling UEs to measure on and report results for that cell or beam, before requesting the neighboring NG-RAN node to (re)activate the cell or beam. 
[image: ]
Step 1: NG-RAN node 1 determines one or more cells or beams of NG-RAN node 2 that may be suitable for traffic offloading. 
Step 2: NG-RAN node 1 requests NG-RAN node 2 to temporarily transmit a certain reference signal in the one or more potentially suitable cells or beams.
Step 3: NG-RAN node 2 confirms to NG-RAN node 1 temporary transmission of the requested reference signal in the requested one or more cells or beams.
Step 4: NG-RAN node 2 temporarily transmits the requested reference signal in the requested one or more cells or beams.
Step 5: NG-RAN node 1 configures relevant UEs to measure the reference signal transmitted by NG-RAN node 2 and report the results.
Step 6: NG-RAN node 1 identify the most suitable cell or beam to be activated for traffic offloading.
Step 7: NG-RAN node 1 requests NG-RAN node 2 to (re)activate the identified cell or beam, if any.

6.x.2 Beam Activation
One NG-RAN node may activate the early deactivated beams within the cell. It may indicate the configuration to be used. When many nodes are requesting the same cell to active its beams, it may end up that all the beams are activated anyway. Thus it is allowed that the Node receiving the request to instead of active the requested beam, response the alternative beams and configurations.
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Step 1: NG-RAN node 1 activate beam(s), including beam configuration;
Step 2: NG-RAN node 2 response, if the requested Beam is activated; if there are alternative beams, and the beam configuration used.
6.x.3 Measurement relaxation Information exchange
An NR UE performs Radio Link Monitoring (RLM) and Beam Failure Detection (BFD) evaluations on SSB or CSI-RS. RLM and BFD relaxation methods are introduced for UE power saving. The UE informs its relaxation state to the relevant node (primary cell of MCG or SCG). 
At low or medium load, that if the UE in connected mode is not measuring, or only measurement a subset of reference signals, the cells could obtain the knowledge and only transmit e.g. the reference signal when it is needed.
The serving NG-RAN node should collect the UE measurement relaxation report and conclude how it impacts the serving cells and the neighbouring cells.
Exchange measurement relaxation information between NG-RAN nodes is beneficial for network energy saving.
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Step 1: UEs report to the serving NG-RAN node the measurement relaxation status;
Step 2: The serving NG-RAN node prepare the per Cell Measurement relaxation status and send to the neighbouring NG-RAN node
Step3: The cells in the neighbouring NG-RAN node relax the RS transmission when applicable.

6.x.4 Paging Enhancements
Stationary idle or RRC-Inactive UE is fixed in SSB. When the UE is released, the DU then provides the SSB within the cell to the gNB-CU. When the UE is paged, only the SSB is paged within the cell.
If the UE has only been in RRC inactive a couple of seconds, it is likely that the UE would remain also in not only its cell but in a smaller area, e.g. SSB, in the cell.
We see the potentials to enhance:
· at high paging loads, the Network paging resources become limited as each beam instance is unnecessarily filled with identity of the UEs which are decoding one or few instances of the beams. 
· the unnecessary transmission/repetitions waste Network Energy.
gNB-DU is able to estimate the UE position within a cell and it is advantageous to notify such higher precision to the gNB-CU. Examples of such position corelated information may be SSB or timing advance (TA). Based on the enhanced position the gNB-CU can make a better prediction of where the UE will move in the network. 
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Step 1: When UE context is released, gNB-DU includes the served SSB(s) to gNB-CU; gNB-CU may store it;
Step 2: When the UE is paged, the gNB-CU includes the early served SSB to gNB-DU, to be paged.
Another paging enhancement is on delegating the paging message to another suitable cell. gNB-CU may indicate gNB-DU the delegated cell, based on the overview situation, e.g. load.
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6.x.5 Handover Enhancement
With the NG-RAN node energy saving model, we could assume at low and medium load, some cells may go to short or longer sleep mode. The handover target NG-RAN node may want to delay the handover process for an incoming handover and allow its cells for example, to wake-up from sleep mode.  The target NG-RAN node accepts the handover. The handover is successful, but the target NG-RAN node indicates a wanted delay in the handover execution. Upon the reception of such information, the source NG-RAN node will keep the UE for the given time not sending the handover command and execute handover towards UE after the given time period, in order to achieve the better network energy saving scheme.
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Step 1: UE performs Measurement report
Step 2: Handover is requested. the source NG-RAN node may indicate the Handover with Delay is allowed, based on the resource situation, service requirements.
Step 3: The target NG-RAN node analyses the handover request and determine the handover can be accepted with a delay.
Step 4: The target NG-RAN node accepts the handover, indicates the source NG-RAN node to perform Handover command after the delay:
Step 5: The source NG-RAN node keeps the UE with the delay, and performs handover command. 
[bookmark: _Hlk115124093]
6.x.6 RRC Inactive Enhancements
[bookmark: _Hlk118146339]The RRC Inactive state is particularly efficient when resuming in the same NG-RAN node where the UE context is stored.
With the analysis in Annex B, we conclude that we need to achieve the following:
· Increase robustness enabling the old NG-RAN node to reach an UE if the UE is not reachable when the Xn link connecting the new NG-RAN node is not operational or does not exist.
· Enable an NG-RAN node just outside the RNA assigned to the UE, and without any Xn link to the old NG-RAN node, to retrieve user data delivered to the old NG-RNA node while the UE made an RNA update.
· Enable an NG-RAN node to detect in which NG-RAN nodes an RRC inactive UE may resume, in its registration area, if not limited by an RNA smaller than the registration area to autonomously establish suitable Xn connections.
With these mechanisms, the majority of the UEs can be assigned with their registration area as RNA enabling the energy saving gains discussed.
RAN3 should study the RRC Inactive enhancements to achieve the network energy saving.
[bookmark: _Hlk118146392]Introducing UE context retrieval, data forwarding and paging via the core network enable the potential of energy saving gains related to the efficient signalling for RRC inactive UEs.

************ THE END**************

5	Annex B
************ Text Proposal to TR 38.864**************
Annex V: Energy saving model 
Figure x shows two models where the power consumption increases with the number of RRC connected UEs. Let the function f1 (red) represent the trend for energy saving gains with a limited amount of energy saving features enabled. What we see from the model f1 is that the power consumption when the network is empty is high and the system does not scale very good with respect to the number of connected UEs either. By using energy efficient hardware, scaling in and out in virtualized deployments, the possibility to switch off cells and other enhancements in RAN1, RAN2, RAN3 etc we try to use as few resources as possible while still meeting the service requirements. What we achieve with these mechanisms is better scaling of the energy consumption with the number of served UEs. This is in Figure x illustrated by the function f2 (blue) where the power scales better with the number of UEs. 
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[bookmark: _Ref117867862]Figure x: The function f2 illustrates a more energy efficient network than f1. The target of many energy efficiency features is to enable better scalability with the number of UE.
Observation: A benefit of several energy saving mechanisms is better scalability of power consuming resources with respect to the number of connected UEs.
We now introduce the model below to calculate the expected power consumption:
· N: Number of UEs served by a part of the network.
· n: Number of RRC Connected UEs in the part of the network. 
· nmax: Maximum capacity of the part of the network.
· f(n): Power consumption as a function of the number of RRC Connected UEs n.
· p: Probability that a UE is in RRC connected.
· X: Stochastic variable describing the number of RRC connected UEs with probability distribution function g(n)
· P: Expected power consumption
Here, g(n) is a binomial distribution 
We are interested in the expected power consumption P = E[g(X)] which we calculate as:

In the example we assume that a UE on average, with a timer suited to RRC Idle, is connected for 20s and RRC Idle for 100s corresponding to the probability to the UE being RRC Connected to p2 = 20/120 =1/6 = 0.1667. Using the estimate from the model in [1], that the probability for the UE is in RRC Connected can be reduced by 30% when using RRC Inactive for all UEs, we get the probability for the UE to be in RRC Connected to p1 = 0.7*1/6 = 7/60 = 0.1167.
Selecting N = 20, p2 = = 0.1167 and  = 0.1667p2 = 0.1667 gives 


The power model we use is a line normalized between 0 and 1. We assume that the power consumption when there are no UEs in the area (N=0) is 0.1 since some power is needed for SIBs etc. The resulting distributions are shown in the upper plot in Figure y.
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[bookmark: _Ref117865104]Figure y: Probability and power models to illustrate energy saving gains using RRC Inactive.
The lower plot in Figure y shows the calculated power estimates P1 and P2. that when the probability that the number of RRC connected UEs become lower, and the power consumption scales with the number or RRC Connected UEs, the power is reduced since P1 < P2.
Observation: Reducing the probability that a UE is in RRC connected reduces the energy consumption when the power consumption scales with the number of RRC connected UEs. 
The cost-benefit analysis performed here shows that the introduction of the RRC Inactive solution is justified
Annex X: Signal Cost Analysis related to RRC Inactive
Annex X.1 Signalling cost
[bookmark: _Hlk115116531]The RRC Inactive state is particularly efficient when resuming in the same NG-RAN node where the UE context is stored. To get transparency on the signalling over the standardized interfaces we use the following cost model: c = [c1, …, cN]T
· c1: Number RRC messages
· c2: Number of E1 AP messages
· c3: Number F1 AP messages
· c4: Number NG AP messages
· c5: Number of core network messages between AMF and UPF
· c6: Number of core network messages between SMF and UPF
· c7: Number of core network messages between AMF and SMF
· c8: Number of Xn messages
We also use the following notation 
· NA: Number of NAS messages to establish security between AMF and UE
· NB : Number of bearer contexts
· NS: Number of PDU sessions
· NPN: Mean number of paging message sent to a different NG-RAN node than the one which released the UE.
· NPF: Mean number of paging messages sent over F1 to the DU per CU-CP.
· NPR: Mean number of paging records used by the DUs.
· P: Probability that the UE resumes in a new NG-RAN node
· PP: Probability that the UE resumes to send data because it is paged
The signalling cost estimates in the document are presented in the Appendix. They are:
· cA: Cost RRC release to RRC Inactive
· cB: Cost RRC Release to RRC Idle
· cC: Cost RRC Resume to for data in the same NG-RAN node
· cE: Cost RRC Setup for data in the same NG-RAN node
· cG: Cot RRC Resume at Xm mobility with context relocation data/no data

Annex X.1.1 Cost RRC Inactive
The control plane signalling for a UE released to RRC Inactive state followed by RRC resume to RRC Connected state to send data in the same NG-RAN node is (see Appendix for cost model):
RRC Release + RRC Resume = cA+ cC  = [1 2NB 2 0 0 0 0 0 0]T + [3 2NB 3 0 0 0 0 0 0]T = [4 4NB 5 0 0 0 0 0 0]T
The cost when the UE resumes in a new NG-RAN node to send data the cost is larger due to Xn signalling and Path switch and this cost becomes.
RRC Release + RRC Resume + page = cA + cG = [1 2NB 2 0 0 0 0 0 0]T + [3 4NB 3 2 0 2NS 2NS 3 0]T =
= [4 6NB 5 2 0 2NS 2NS 3 0]T
If the UE on average resumes in a new NG-RAN node with probability P the cost for RRC Inactive as 
c’inactive = (1-P) [4 4NB 5 0 0 0 0 0 0]T + P [4 6NB 5 2 0 2NS 2NS 3 0]T =
= [4 4NB+2PNB 5 2P 0 2PNS 2PNS 3P 0]T
Also taking the paging cost into account and using PP to denote the probability that the UE is paged, we get the following signaling cost for RRC inactive.
cinactive = c’inactive + PP cH = [4 4NB+2PNB 5 2P 0 2PNS 2PNS 3P 0] T + PP [0 1 (NPN+1)NPF 0 0 0 0 NPN (NPN+1)NPFNPR] T 
Annex X.1.2 Cost RRC Idle
A UE released to RRC Idle sets up a new connection in the same way independently of if the UE sets up the connection in a new NG-RAN node or not. The signalling cost is:
cidle = RRC Release + RRC Setup + page = cB + cE + PPcJ = [1 2NB 2 2 2NS 2NS 0 0 0]T + 
[7+NA 2NB 7+NA 3+NA 0 0 2NS 0 0]T + PP [0 0 (NPN+1)NPF (NPN+1) 0 2 2 NPN (NPN+1)NPFNPR] T =
= [8+NA 4NB 9+NA 5+NA 2NS 2NS 2NS 0 0]T + PP [0 0 (NPN+1)NPF (NPN+1) 0 2 2 0 (NPN+1)NPFNPR] T
Annex X.1.3 Cost comparison of RRC Idle and RRC Inactive
When comparing the costs for RRC Idle and RRC Inactive we separate the costs for RRC signaling, NG-RAN internal signaling (E1, F1, X2), signaling visible to or internally the CN and RRC paging records using a weight matrix W.

The costs for RRC Inactive are indicated using the index 1 and index 2 indicates RRC Idle. The costs for RRC Inactive are:








The costs for the RRC Idle are:






When comparing the cost for RRC signaling get:

Observation 1: The RRC signaling cost for RRC Idle is more than double the signaling cost for RRC Inactive.
When comparing the cost for the core network signaling between RRC Inactive and RRC Idle we see a dependence on the probability that the UE resumes in a new node and that the UE resumes because it is paged according to:

To estimate the upper bound of the signaling gains with RRC Inactive compared to RRC Idle we reduce the size of the denominator by selecting the probability for paging PP equal to zero and maximize the numerator by selecting the probability for mobility P equal to one.

Observation 2: The core network signaling required by RRC Inactive is less than or equal to 2/3 of the signaling required for RRC Idle.
From observation 1 and observation 2 we make conclusion 1.
Conclusion 1: RRC Inactive is more efficient than RRC Idle with respect to core network signaling.
When comparing the signaling in the NG-RAN and from paging we have the following comparisons from the model above.

In the signal models we have assumed that core network initiated and RAN initiated paging use similar information and since both paging over Xn-C and NG-C are class 2 messages and the probability for UE mobility is independent of if the UE is RRC Inactive or RRC Idle we get the same number of paging records used. Paging initiated by the NG-RAN can in our view be more efficient compared to when the AMF pages because the NG-RAN has more information about the network from information exchanged over Xn and UE configuration selected when the UE is released to RRC Inactive.

If the NG-RAN is such that cRAN1 < cRAN2 there is a signaling gain in the NG-RAN by selecting RRC Inactive (not taking paging records into account). When this is not the case, but sufficient capacity in the NG-RAN node exists, selecting RRC Inactive instead of RRC Idle allows the NG-RAN to increase the RRC inactive overhead signaling to 3/2, or more depending on the probability for mobility, without negative impact on the core network signaling. The paging records needed as modelled here are identical for RRC Inactive and RRC Idle. The signaling gain in the core network can be used to decrease the probability that UEs are in RRC connected by selecting a shorter time limit for a UE to be released due to user inactivity. This is discussed in the next section

Annex X2 UE release because of user inactivity
When the NG-RAN node detects user inactivity on all PDU sessions for a UE it requests the UE to be released, using the UE Context Release Request message, as described in section 9.3.1.2 in [1].
	User inactivity
	The action is requested due to user inactivity on all PDU sessions, e.g., NG is requested to be released in order to optimise the radio resources. For L2 U2N Relay UE, this action is requested due to user inactivity on all PDU sessions of L2 U2N Relay UE and its served remote UE(s).



The data sent and received by an application is, in the general case, random in nature. There is often an underlying process which triggers data to be sent in bursts and it is advantageous from a resource perspective to release the UE to due to user inactivity between those bursts. Here we illustrate the impact of the selection of the time Ts the NG-RAN node uses to trigger release due to user inactivity. Looking at data in a network we see that a shorter user inactivity time Ts results in less UEs in RRC Connected state but an increased amount of state transitions to and from RRC Connected state. The dependence of the rate with which UEs connect from RRC Idle is illustrated in Figure 1.
[image: ]
[bookmark: _Ref113617778]Figure 2: The rate to RRC Connected plot illustrates the dependence of the rate a UE connects to the network given different settings on the user inactivity timer. In this example, a change from an inactivity timer set to 8s to 3.57s increases the signalling load from y1=0.18 to y2 = 0.27. The scale of the y-axis is relative and do not indicate any absolute values.
When selecting a smaller value for the user inactivity timer Ts the signaling load increases. From conclusion 1 in we know that the signaling load in the core network for RRC Inactive is lower than for RRC Idle and we have a signaling margin of at least 3/2 to not increase signaling in the core network or over RRC. We use that margin to decrease the user inactivity timer Ts to get the same signaling cost as for RRC Idle in the core network. 
In Figure 1 we see that the cost in RRC Idle is illustrated by y1 = 0.18. To achieve an equivalent signaling cost for RRC Inactive as for RRC Idle we divide the signaling rate for RRC Idle with 2/3=0.67 which gives the value y2=0.27 corresponding to a user inactivity timer t2 approximately equal to 3.57s as shown in Figure 1. RRC signaling and CN signaling is reduced to 0.5/0.67=0.74 for RRC and (2/3)/0.67=1 for the core network. 
When the user inactivity timer is reduced, the paging intensity for the UE increases. However, the higher intensity comes from the user inactivity timer Ts timer being in the order of seconds shorter hence for this additional paging intensity the UE is likely to remain in the same cell as it was released. Since the UE is in RRC inactive, the CU-CP can know for how long time the UE has been in RRC inactive, e.g., by storing the time when the UE was released. 
We have however assumed that the probability for mobility P is equal to one which is not realistic. In a network the probability is lower hence we make conclusion 2 where we assume that the power consumption in the core network increases with signaling.
Conclusion 2: Using RRC Inactive instead of RRC Idle reduces the energy consumption in the core network.
The smaller the selected user inactivity timer Ts the smaller the probability that a UE is in RRC Connected. This dependency is illustrated in Figure 2.

[image: ]
[bookmark: _Ref113618756]Figure y: Probability for a UE to be in RRC Connected for different selections of user inactivity timer Ts.
Continuing the previous example, a user inactivity timer Ts = 8s gives, using the model in Figure 2, the probability 0.19 that the UE is RRC Connected. When we reduce the inactivity timer to t2 = 3.57s the probability for a UE to be in RRC connected is 0.13 corresponding to 70% (=0.13/0.19) of the probability that the UE is RRC Connected when using RRC Idle.
Observation 3: A network using RRC Inactive state instead of RRC Idle state for a majority of the UEs can reduce the probability that UEs are in RRC connected state.
Because the probability for UEs to be in RRC connected decreases when the timer Ts is reduced, the gain of other energy efficiency mechanisms such as switching off cells also benefit. An example is that since the number of UEs in RRC connected mode using a booster cell is reduced the opportunity to switch it off, when it is not needed, increases.
Conclusion 3: Using RRC inactive state instead of RRC idle state for a majority of the UEs in the network increases the benefit of other energy saving mechanisms available to the NG-RAN.
From observation 3 we know that UEs are less likely to be in RRC connected. This shows that an additional benefit with enabling the release of a majority of the UEs to RRC Inactive instead of RRC Idle is that the UE power consumption can be reduced.
Conclusion 4: Using RRC inactive state instead of RRC idle state for a majority of the UEs in the network enables increased UE power efficiency due to the lower probability for the UE to be in RRC connected mode.
When using a shorter time until the UEs are released the amount of paging also increases. However, since the increase in paging load, according to the model, increases with the probability that PP the RRC Inactive UE is paged we can keep that load low by designing the paging requirement such that within a time TR the UE cell where the UE is located shall have been paged with a probability PR. If the UE is in RRC Inactive a very short time (order of seconds) it is likely that the requirement allows paging of one cell only. This would mean that only one extra paging record is needed for the extra load due to the shorter user inactivity supervision timer. Since the RRC signaling is reduced for RRC Inactive signaling is about 70% of the signaling when using RRC Idle this also leads to a load reduction on the DU. Also, since the probability that a UE is in RRC Connected decreases the load on the DU decreases since only RRC connected UEs are visible to the DU.
Conclusion 5: Using RRC inactive state instead of RRC idle state for a majority of the UEs in the network reduces the energy consumption in the DU.
************ THE END**************


6	Appendix
************ Text Proposal to TR 38.864**************
Appendix A
This section shows how the signalling costs are estimated.
Cost model c = [c1, …, cN]T
· c1: Number RRC messages
· c2: Number of E1 AP messages
· c3: Number F1 AP messages
· c4: Number NG AP messages
· c5: Number of core network messages between AMF and UPF
· c6: Number of core network messages between SMF and UPF
· c7: Number of core network messages between AMF and SMF
· c8: Number of Xn messages
· c9: Number of RRC paging records 
This chapter estimates the signalling cost for different actions in the network. Sequences may be performed in a different order in implementations. 
· NB : Number of bearer contexts
· NS: Number of PDU sessions
· NA: Number of NAS messages to establish security between AMF and UE
Appendix A.1 	Cost RRC Release to RRC Inactive
1. CU-CP sends Bearer Context Modification Request over E1 to CU-UP to suspend bearer (c2)
2. CU-UP sends Bearer Context Modification Response over E1 CU-CP to confirm bearer suspended (c2).
3. CU-CP sends RRC release message over F1-C to DU in UE Context release command (c3).
4. DU delivers RRC release to UE (c1)
5. DU sends UE Context release response to the CU-CP (c3)
cA = [1 2NB 2 0 0 0 0 0 0] T
Appendix A.2 	Cost RRC Release to RRC Idle
1. CU-CP sends UE context release request to AMF (c4)
2. AMF sends UE context release command to the CU-CP (c4)
3. CU-CP sends Bearer Context Release Command to CU-UP (c2)
4. CU-UP sends Bearer Context Release Complete to CU-CP (c2)
5. CU-CP sends RRC release message over F1-C to DU in UE context release command (c3)
6. DU delivers RRC release to UE (c1)
7. DU sends UE context release complete to the CU-CP (c3)
8. CU-CP sends UE context release complete to the AMF (c4)
9. AMF sends Namf_PDUSession_UpdateSMContet Request to SMF (c5)
10. SMF sends N4 Session Modification Request to UPF (c6)
11. UPF responds with N4 Session Modification Response (c6)
12. SMF responds with Namf_PDUSession_UpdateSMContext Response to AMF (c5)
cB = [1 2NB 2 2 2NS 2NS 0 0 0] T

Appendix A.3 Cost RRC Resume for data in the same NG-RAN node
1. UE sends RRC Resume Request (c1)
2. DU forwards RRC Resume Request to CU-CP (c3)
3. CU-CP sends Bearer Context Modification Request over E1 to activate suspended bearer (c2).
4. CU-UP sends Bearer Context Modification Response over E1 to confirm activation (c2).
5. CU-CP sends RRC Resume to DU (c3) 
6. DU forwards RRC Resume to UE (c1)
7. UE sends RRC Resume Complete to DU (c1)
8. DU forwards RRC Resume Complete to CU-CP (c3)
cC = [3 2NB 3 0 0 0 0 0 0]T

Appendix A.4 Cost RRC Setup for data
(Based on Figure 4.2.3.2-1 in TS23.502)
1. UE sends RRC Setup Request to DU (c1)
2. DU forwards RRC Setup Request to the CU-CP (c3)
3. CU-CP sends RRC Setup to the DU (c3)
4. DU forwards the RRC Setup message to the UE (c1)
5. UE sends RRC Setup Complete message to the DU (c1)
6. DU forwards the RRC Setup Complete message to the CU-CP (c3)
7. CU-CP sends Initial UE message to the AMF (c4)
8. AMF performs Authentication if needed NA * [1 0 1 1 0 0] (Note 1)
9. AMF sends Nsmf_PDUSession_UpdateSMContext Request to SMF (c7)
10. SMF responds with Snmf_PDUSession_UpdateSMContext Response to AMF (c7)
11. AMF sends Initial Context Setup Request to CU-CP (Note 3) (c4)
12. CU sends RRC Security Mode Command to DU (c3)
13. DU forwards RRC Security Mode Command to UE (c1)
14. UE sends RRC Security Mode Complete to the DU (c1)
15. DU forwards RRC Security Mode Complete to the CU-CP (c3)
16. CU-CP sends Bearer Context Setup Request to the CU-UP (c2)
17. CU-UP sends Bearer Context Setup Response to the CU-CP (c2)
18. CU-CP sends RRC Reconfiguration to the DU (c3)
19. CU forwards RRC Reconfiguration to the UE (c1)
20. UE sends RRC Reconfiguration Complete to the DU (c1)
21. DU forwards RRC Reconfiguration Complete to the CU-CP (c2)
22. CU-CP Sends Initial Context Setup Complete to the AMF (c3)
cE = [7+NA 2NB 7+NA 3+NA 0 0 2NS 0 0]
Note 1: A NAS message requires one NGAP message, one F1-AP message, and one RRC message which gives [1 0 1 1 0 0 0].
Note 2: All PDU sessions are assumed available for Initial Context Setup Request message. AMF implementations may select send separate PDU Session Setup messages as well.
Note 3: UE radio capabilities are provided by AMF hence no need to retrieve from the UE.
Note 4: We assume that the CU-CP waits for all PDU sessions/DRBs to be established in the CU-CP (increased delay but less RRC Reconfiguration messages)

Appendix A.5 Cost RRC Resume Xn mobility with context relocation data/no data
(From figures 4.8.2.2-1 and 4.9.1.2.2-1 in TS23.502)
To handle the scenario that the UE resumes simultaneously as there is data to be delivered from the core network resources are established for data forwarding. This minimizes the complexity in the NG-RAN nodes because the same code can be run regardless of if a UE resumes because of RNA update only or because it has data to send.

1. UE sends RRC Resume Request to DU (c1)
2. DU forwards RRC Resume Request to CU-CP (c3)
3. CU-CP sends Retrieve UE Context Request to old CU-CP (c8)
4. old CU-CP sends Retrieve UE Context Response to CU-CP (c8)
5. CU-CP sends RRC Setup to the DU (c3)
6. DU forwards RRC Setup to the UE (c1)
7. UE sends RRC Setup Complete to the DU (c1)
8. DU sends RRC Setup Complete to the CU-CP (c3)
9. CU-CP sends the Xn-U Address Indication to the old CU-CP (c8).
10. (data forwarding starts if requested)
11. CU-CP sends Bearer Context Setup Request to the CU-UP (c2)
12. CU-UP sends Bearer Context Setup Response to the CU-CP (c2)
13. CU-CP sends the Path Switch Request to the AMF (c4)
14. AMF sends the Nsmf_PDUSession_UpdateSMContextRequest to the SMF (c7)
15. SMF sends the N4 Session Modification Request message to the UPF (c6)
16. UPF sends the N4 Session Modification Response message to the UPF (c6)
17. SMF sends the Msmf_PDUSession_UpdateSMContextResponse to the AMF (c7)
18. AMF sends the Path Switch Request Acknowledge to the CU-CP (c4)
19. CU-CP sends UE Context Release to old CU-CP (c8)
20. old CU-CP sends Bearer Context Release Command to CU-UP (c2)
21. old CU-UP sends Bearer Context Release Complete to CU-CP (c2)

cG = [3 4NB 3 2 0 2NS 2NS 3 0]

Appendix A.6 Paging RRC Inactive UE
Based on Figure 4.8.2.2a-1 in TS23.502.
The use case which is most common when discussing the inactivity supervision timer is when user plane data arrives at the NG-RAN. The required control plane signaling to page the UE is.
1. CU-UP receives UP PDU and sends E1 DL data notification to the CU-CP (c2)
2. CU-CP sends on average NPN RAN paging messages to neighbors over Xn and on average is NPF messages sent to each DU per CU-CP generating on average NPR paging records in each DU before UE found (NPN c8, (NPN+1)NPF c3,  (NPN+1)NPFNPR c9  )
cH = [0 1 (NPN+1)NPF 0 0 0 0 NPN (NPN+1)NPFNPR]

Appendix A.7 Paging RRC Idle UE
Based on Figure 4.2.3.3-1 in TS23.502.
1. UPF Sends Data Notification to SMF (c6)
2. SMF responds to UPF with Data Notification Ack to UPF (c6)
3. SMF sends Namf_Comunication_N1N2MessageTransfer to AMF (c7)
4. AMF responds with Namf_Communication_N1N2MessageTransfer_Response to SMF (c7)
5. AMF sends on average NPN+1 NG Paging messages over NG and on average is NPF messages sent to each DU per CU-CP generating on average NPR paging records in each DU before UE found (NPN+1 c4, (NPN+1)NPF c3,  (NPN+1)NPFNPR c9  )

cJ = [0 0 (NPN+1)NPF (NPN+1) 0 2 2 0 (NPN+1)NPFNPR]
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