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The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
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[bookmark: _Toc139017935]3	Abbreviations and Definitions
[bookmark: _Toc139017936]3.1	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1], in TS 36.300 [2] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1] and TS 36.300 [2].
5GC	5G Core Network
5GS	5G System
5QI	5G QoS Identifier
A-CSI	Aperiodic CSI
AGC	Automatic Gain Control
AKA	Authentication and Key Agreement
AMBR	Aggregate Maximum Bit Rate
AMC	Adaptive Modulation and Coding
AMF	Access and Mobility Management Function
ARP	Allocation and Retention Priority
BA	Bandwidth Adaptation
BCCH	Broadcast Control Channel
BCH	Broadcast Channel
BFD	Beam Failure Detection
BH	Backhaul
BL	Bandwidth reduced Low complexity
BPSK	Binary Phase Shift Keying
C-RNTI	Cell RNTI
CAG	Closed Access Group
CAPC	Channel Access Priority Class
CBRA	Contention Based Random Access
CCE	Control Channel Element
CD-SSB	Cell Defining SSB
CFR	Common Frequency Resource
CFRA	Contention Free Random Access
CG	Configured Grant
CHO	Conditional Handover
CIoT	Cellular Internet of Things
CLI	Cross Link interference
CMAS	Commercial Mobile Alert Service
CORESET	Control Resource Set
CP	Cyclic Prefix
CPA	Conditional PSCell Addition
CPC	Conditional PSCell Change
DAG	Directed Acyclic Graph
DAPS	Dual Active Protocol Stack
DFT	Discrete Fourier Transform
DCI	Downlink Control Information
DCP	DCI with CRC scrambled by PS-RNTI
DL-AoD	Downlink Angle-of-Departure
DL-SCH	Downlink Shared Channel
DL-TDOA	Downlink Time Difference Of Arrival
DMRS	Demodulation Reference Signal
DRX	Discontinuous Reception
DTX 	Discontinuous Transmission
E-CID	Enhanced Cell-ID (positioning method)
EHC	Ethernet Header Compression
ePWS	enhancements of Public Warning System
END OF FIRST CHANGE
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[bookmark: _Toc20388047][bookmark: _Toc29376127][bookmark: _Toc37232024][bookmark: _Toc46502082][bookmark: _Toc51971430][bookmark: _Toc52551413][bookmark: _Toc115390050]15.4	Support for Energy Saving
[bookmark: _Toc20388048][bookmark: _Toc29376128][bookmark: _Toc37232025][bookmark: _Toc46502083][bookmark: _Toc51971431][bookmark: _Toc52551414][bookmark: _Toc115390051]15.4.1	General
The aim of this function is to reduce operational expenses through energy savings.
The function allows, for example in a deployment where capacity boosters can be distinguished from cells providing basic coverage, to optimize energy consumption enabling the possibility for an E-UTRA or NR cell providing additional capacity via single or dual connectivity, to be switched off when its capacity is no longer needed and to be re-activated on a need basis, and other various techniques in time, frequency, spatial and power domains.
[bookmark: _Toc20388049][bookmark: _Toc29376129][bookmark: _Toc37232026][bookmark: _Toc46502084][bookmark: _Toc51971432][bookmark: _Toc52551415][bookmark: _Toc115390052]15.4.2	Solution description
[bookmark: _Toc115390053]15.4.2.1	Intra-system energy saving
The solution builds upon the possibility for the NG-RAN node owning a capacity booster cell to autonomously decide to switch-off such cell to lower energy consumption (inactive state). The 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 may initiate 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 neighbour NG-RAN nodes are informed by the NG-RAN node owning the concerned cell about the switch-off actions over the Xn interface, by means of the NG-RAN node Configuration Update procedure.
All informed nodes maintain the cell configuration data, e.g., neighbour relationship configuration, also when a certain cell is inactive. If basic coverage is ensured by NG-RAN node cells, NG-RAN node owning non-capacity boosting cells may request a re-activation over the Xn interface if capacity needs in such cells demand to do so. This is achieved via the Cell Activation procedure. During switch off time period of the boost cell, the NG-RAN node may prevent idle mode UEs from camping on this cell and may prevent incoming handovers to the same cell.
The NG-RAN node receiving a request should act accordingly. The switch-on decision may also be taken by O&M. All peer NG-RAN nodes are informed by the NG-RAN node owning the concerned cell about the re-activation by an indication on the Xn interface.
[bookmark: _Toc115390054][bookmark: _Toc20388050][bookmark: _Toc29376130][bookmark: _Toc37232027][bookmark: _Toc46502085][bookmark: _Toc51971433][bookmark: _Toc52551416]15.4.2.2	Inter-system energy saving
[bookmark: _Hlk46846606]The solution builds upon the possibility for the NG-RAN node owning a capacity booster cell to autonomously decide to switch-off such cell to dormant state. The 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 indicates the switch-off action to the eNB over NG interface and S1 interface. The NG-RAN node could also indicate the switch-on action to the eNB over NG interface and S1 interface.
The eNB providing basic coverage may request a NG-RAN node's cell re-activation based on its own cell load information or neighbour cell load information, the switch-on decision may also be taken by O&M. The eNB requests a NG-RAN node's cell re-activation and receives the NG-RAN node's cell re-activation reply from the NG-RAN node over the S1 interface and NG interface. Upon reception of the re-activation request, the NG-RAN node's cell should remain switched on at least until expiration of the minimum activation time. The minimum activation time may be configured by O&M or be left to the NG-RAN node's implementation.
15.4.2.x1	Cell DTX/DRX
To facilitate reducing gNB downlink transmission/uplink reception activity time, UE can be configured with a periodic cell DTX/DRX pattern (i.e. active and non-active periods). The pattern configuration for cell DTX/DRX is common for the UEs configured with this feature in the cell. The cell DTX and cell DRX patterns can be configured and activated separately. A maximum of two cell DTX/DRX patterns can be configured per MAC entity. When cell DTX is configured and activated for the concerned cell, the UE does not monitor PDCCH in selected cases or SPS occasions during cell DTX non-active duration. When cell DRX is configured and activated for the concerned cell, the UE does not transmit on CG resources or transmit a SR during cell DRX non-active duration. This feature is only applicable to UEs in RRC_CONNECTED state and it does not impact Random Access procedure, SSB transmission, paging, and system information broadcasting.  Cell DTX/DRX can be activated/deactivated by RRC signalling or L1 group common signalling. Cell DTX/DRX is characterized by the following:
-	active duration: duration that the UE waits for to receive PDCCHs or SPS occasions, and transmit SR or CG. In this duration, the gNB transmission/reception of PDCCH, SPS, SR, CG, periodic and semi-persistent CSI report are not impacted for the purpose of network energy saving; 
-	cycle: specifies the periodic repetition of the active-duration followed by a period of non-active duration;
Active duration and cycle parameters are common between cell DTX and cell DRX, when both are configured;
Once the gNB recognizes there is an emergency call or public safety related service (e.g. MPS or MCS), the network should ensure that there is no impact to that service (e.g. it may release or deactivate cell DTX/DRX configuration). The network should also ensure that there is at least partial overlapping between UE’s connected mode DRX on-duration and cell DTX/DRX active duration, i.e. the UE’s connected mode DRX periodicity is a multiple of cell DTX/DRX  periodicity or vice versa.   

Editor’s note: FFS on how to mention cell DTX/DRX on sections 10.2, 10.3 and 11.
[bookmark: _Toc115390223]15.4.2.x2	Conditional Handover
[bookmark: _Toc115390220]The same principle as described in 9.2.3.4 applies to conditional handover in case the source cell is using a network energy saving solution, unless hereunder specified. In this case, the following additional triggering conditions are supported, upon which UE may execute CHO to a candidate cell, as defined in TS 38.331 [x]:
Editor’s note: FFS further updates on triggering conditions.
Editor’s note: FFS on how UE knows the source cell is using a network energy saving solution and whether this needs to be captured in stage 2.
Editor’s note: FFS if this clause could be merged with another clause e.g. 15.4.2.1.
15.4.2.x3	Camping Restrictions
The access of NES Capable UEs to a cell is  controlled by a single bit in SIB1 (if present), otherwise the barring mechanisms described in clause 7.4 apply. The definition of NES capable UEs is FFS.
15.4.2.x4	Inter-band CA SSB-less SCell
Editor’s note: FFS on content and whether a section is needed for inter-band SSB-less.
15.4.2.x5	Spatial and power domain adaptation

To assist the gNB on muting transceivers and/or adapting transmission power, the UE can be configured to report multiple CSI entries in a CSI report based on one or more sub-configurations, as specified in clause 5.2.1.6 in TS 38.214 [xy]. Each sub-configuration corresponds to a spatial domain adaptation pattern (subsets of available spatial elements) and/or a power offset between PDSCH and CSI-RS. 
[bookmark: _Toc115390055]15.4.3	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 to perform autonomous cell switch-off;
-	The ability of an NG-RAN node to request the re-activation of a configured list of inactive cells owned by a peer NG-RAN node.
O&M may also configure:
-	policies used by the NG-RAN node for cell switch-off decision;
-	policies used by peer NG-RAN nodes for requesting the re-activation of an inactive cell;
-	The minimum time an NG-RAN node's cell should remain activated upon reception of a re-activation request from an eNB.
END OF SECOND CHANGE

[bookmark: _Toc51971519][bookmark: _Toc46502171][bookmark: _Toc29376162][bookmark: _Toc60788154][bookmark: _Toc37232085][bookmark: _Toc20388080][bookmark: _Toc52551502]Annex: RAN2 Agreements
RAN2#121
[bookmark: _Ref178064866]Agreements 
1. There will be no impact to RACH, paging, and SIBs in idle/inactive for both gNB and Rel-18 and legacy UEs
2. Rel-18 NES capable CONNECTED UE(s) can perform RACH and receive SIBs in non-active duration of cell DTX and/or DRX (i.e., same behavior for cell DTX and cell DRX).  No further enhancements for CBRA and CFRA will be pursued.
3. Pattern configuration for cell DRX/DTX is common for Rel-18 UEs in the cell.   FFS whether we have DTX UE specific inactivity timer .  FFS on configuration signaling and stage 3.  
4. Confirm study item agreement that we can have separate DTX and DRX configuration.   We will focus on designing DTX/DRX for at least single configuration.  FFS whether multiple configuration of cell DTX or DRX will be supported.  

Agreements:
1. RAN2 confirms that non-NES UEs can access to NES cells if NES solution is backwards compatible

Agreements:
1. Study whether CHO enhancements are needed for the purpose of turning off the cell
2. Continue discussing CHO in the context of different NES techniques.  

RAN2#121bis-e


Agreements 
1. A periodic cell DTX/DRX configuration is explicitly signalled to the UEs. 
2. A periodic cell DTX/DRX pattern is configured by UE specific RRC signalling. 
3. The Cell DTX/DRX configuration contains at least: periodicity, start slot/offset, on duration. 
4. As a baseline Cell DTX/DRX is activated/deactivated implicitly by RRC signalling, i.e. activated immediately once configured by RRC and deactivated once the RRC configuration is released. 
5. From RAN2 point of view, majority companies see a benefit with L1 signalling for Cell DTX/DRX activation/deactivation, send a LS to RAN1 (email 308) with our preference and ask about feasibility and design details.   Ask about feasibility and reliability of using L1 signaling.  Clarify that the question is about activation/deactivation copy the agreement from last meeting that we are focusing on single configuration.  Extract a few key benefits of dynamic signaling from email discussion and online discussions
6. As baseline, UE doesn’t monitor SPS occasions during Cell DTX non-active period. As baseline, gNB is assumed to be not transmitting PDSCH to that UE on such SPS occasions during the Cell DTX non-active period
7. As baseline, UE does not transmit on CG occasions during Cell DRX non-active periods
8. As baseline, UE does not transmit SR occasions overlapping with Cell DRX non-active periods, e.g. SR transmissions are dropped during the non-active period 
FFS: whether we will allow to configure the UE per SR configuration with whether SR can be transmitted during Cell DRX non-active period to to support high priority traffic 
9. (for the SRs that will be dropped) If SR is not to be transmitted on an PUCCH occasion during Cell DRX non-active time, the UE keep the SR pending, i.e., the UE delays the SR transmission till the Cell DRX active period without triggering RACH.  For the FFS case there may be some exceptions.  
10. The understanding for the gNB scheduling behaviour for new transmissions during Cell DTX non-active period is that the gNB does not schedule UE-specific dynamic grants/assignments, even if the UE is in C-DRX Active Time.   UE doesn’t monitor PDCCH for dynamic grants/assignments for new transmissions during Cell DTX non-active period, even if the UE is in C-DRX Active time.   FFS how to deal with any exceptions (e.g. SR if agreed and RACH).  
FFS how to deal with retransmissions


Agreements
-	RAN2 agree to make enhancement in CHO procedure based on that the source cell entering “NES mode”.  FFS further details
-	For source cell CHO framework, RAN2 assumes a reference scenario where the UE has already performed CHO conditions evaluation by the time the source cell starts some “NES-mode”
-	As a baseline, UE initiates CHO evaluation upon receiving the CHO configuration.  FFS what trigger is used for execution of CHO


RAN2#122

Agreements:
1	UE monitors PDCCH for RAR during Cell DTX non-active time. The ra-ResponseWindow could be started as legacy.
2	UE monitors PDCCH for msg4 during Cell DTX non-active time. The ra-ContentionResolutionTimer could be started as legacy.
3	Working assumption:  When the retransmission timer is running (if C-DRX is configured), the UE is expected to monitor PDCCH, like in legacy.  It is up to the network whether it schedules retransmissions out of the Cell DTX active period, i.e., when the DRX retransmission timer is running, the UE should monitor PDCCH regardless of the Cell DTX.   
4	Once gNB recognizes there is an emergency call or public safety related service (e.g. MPS/MCS), the NW should ensure there is no impact to the emergency call (e.g. may deactivate Cell DTX/DRX).  The behavior is captured in stage 2 spec
5	When an DG grant is received, by the gNB during cell DRX/DTX, the UE follows the grant assignment (i.e. like in legacy).  This includes DL HARQ feedback.  

Agreements:
1. If RAN4 conclude SSB-less SCell for inter-band CA for FR1 and co-located cells is feasible, the signaling of intra-band CA (including RRC change on timing of SSB-less SCell and capability signaling) can be considered as its baseline. Whether other new signaling is required depends on RAN4 input.
2. If RAN4 concludes it is feasible, RAN2 can further work on at leaest the following specification impacts:
-	RRC configuration of the frequency of the SSB to be used for the UE to obtain the timing reference for the inter-band SCell.
-	UE capability reporting to indicate whether UE supports configuration of inter-band SCell that does not transmit SS/PBCH block.





Agreements:
1. We will define UE capabilities with signaling.  Details are FFS and will be discussed later during the WI phase.  
2. Separate camping restrictions for NES-capable and non-NES UEs will be defined.  FFS if it is a single bit or more.   


Agreements
1.	We will have a CHO solution that considers NES mode of at least source cell.  
2.	We can have a specific NES CHO execution condition based on source cell NES mode.   FFS how the UE determines is in NES mode.   FFS on how this is achieved in RRC
3.	We will not introduce new L1 signalling for the purpose of CHO
4.	Event A3, A4, A5 can be configured as a CHO execution condition in the NES scenario.   We will study the time based mechanism
RAN2#123

Agreements:
1	Activation/deactivation is per serving cell.  FFS if the configuration is per cell or per MAC entity 
2	RAN2 will reuse the start timer formula of the onDurationTimer from UE C-DRX (including SlotOffset) to specify the start of cellDTX-onDurationTimer (and cellDRX-onDurationTimer) in 38.321.
[bookmark: _Hlk144280414]3	The gNB should ensures that there is at least partial overlapping between UE C-DRX on-duration and cell DTX/DRX on-duration.  It is up to network implementation to ensure the alignment.  We will capture this in stage 2 specification.  
[bookmark: _Hlk144280467]	Understanding is that alignment means that the cell DTX/DRX and C-DRX periodicity should be multiple of each other.   FFS if we anything needs to be specified in stage 3 (i.e. in IE description)
4	As a baseline legacy C-DRX reconfiguration is used to change UE C-DRX configuration once Cell DTX/DRX is activated/deactivated.
5	RAN2 specifies cellDTX-onDurationTimer (and cellDRX-onDurationTimer) to have the same value range as UE C-DRX on-duration timer. 
6	RAN2 specifies cellDTX-Cycle (and cellDRX-Cycle) to have the same value range as UE C-DRX Long cycle. 
7	Separate DTX and DRX configuration means that the features can be enabled separately (i.e. Cell DTX can be configured without Cell DRX)
[bookmark: _Hlk144280811]8	On-duration and Cycle parameters are common between cell DTX and DRX, when both are configured.  FFS if we have different start offset configuration for cell DTX and cell DRX
9	RAN2 will not introduce a MAC CE for cell DTX/DRX (de)activation.  
10	Confirm working assumption, when the retransmission timer is running (if C-DRX is configured), the UE is expected to monitor PDCCH, like in legacy.  It is up to the network whether it schedules retransmissions out of the Cell DTX active period, i.e., when the DRX retransmission timer is running, the UE should monitor PDCCH regardless of the Cell DTX.
11	We focus on the case where DTX in RRC can only be configured when C-DRX is configured.  We will not optimize for the case where C-DRX is not configured.


Agreements
[bookmark: _Hlk144281162]-	One single bit in SIB1 is introduced for controlling all “NES-capable UEs” to access a cell.  FFS what “NES capable UE” bit means.  The NES UE always follows the NES bit used for barring, if present.  If not present the UE shall follow legacy barring.  
-	No new cell baring techniques for non-NES UEs will be specified.  
-	No new cell re-selection techniques will be considered in this Rel-18

Agreements 
1	We will support the CHO triggers for the use case of turning off the cell 
2	(At least for cell DTX/DRX) Time-based CHO is not to be considered in NES.
3 	Do not consider using an indication in SIB1 for triggering NES CHO execution condition

RAN2#123bis


	Agreements
1. Cell DTX/DRX configuration is provided per Serving Cell with the following restrictions:
· A maximum of two cell DTX/DRX patterns can be configured per MAC entity 
· The two configured patterns are aligned, 
· The start and slot offset are common for the two patterns.
· one periodicity is an integer multiple of the other.

2. Working assumption: UE triggers RACH upon determining that an emergency call is initiated during the cell DTX/DRX non active period. We rely on the UE implementation to determine whether an emergency call is initiated.  We will take time to check until next meeting to confirm the WA.





Agreements on CP open issues:
1. Introduce explicit activation/deactivation in RRC once DTX/DRX is configured (i.e. not for dynamic activation/deactivation).   This reverses previous agreement on implicit activation.
2. Start offset and slot offset configuration is also common between Cell DTX and Cell DRX when both are configured 
3. Standalone cell DRX configuration is possible to configure  
4. Multiple configurations of Cell DTX/DRX are not pursued in Rel-18 for serving cell.  

Agreements for MAC open issues:
1. The case that Cell DRX activation is received between delivering a configured grant to the HARQ entity and HARQ processing for the CGO will not be addressed by RAN2, as it is not valid for the MAC model.  


Agreements for cell reselection:
1. For NES-capable UEs, introduce single code point, meaning not barred.
2. A NES-capable UE in the cell barring context is at least UE supporting cell DTX/DRX.  FFS if other NES features will need to be included only if legacy impact is found.   FFS how we capture it in the CR in terms of wording
3. If the NES UE is barred in the NES cell and the IntraFreqReselection field of the MIB is set to ‘Not Allowed’, the UE cannot reselect to another cell of the same frequency as the barred cell.  If it is set to “Allowed” UE follows intra frequency reselection bit in the MIB.

=>	RAN2 agrees that there no RAN2 impact of paging enhancement. The paging failure could be avoided by proper NW implementation.

Agreements
Group common DCI format 2-X is reused to notify the UE that source cell is entering NES mode.
•	add one bit of DCI 2-X to trigger both use cases of Cell DTX/DRX activation and cell turning off. RAN2 send LS to RAN1 to request this signaling change.

Agreements:
RAN2 will not specify anything related to target cell NES mode for CHO


Agreements:
1. design a new MAC CE for activating/deactivating SP CSI report configurations and selecting N out of L subconfigurations for each CSI reportconfiguration.
2. The new MAC CE can be used to activate/deactivate configuration and sub-configuration. One new bit per sub-configuration will be added to activate/deactivate.  




