


3GPP TSG RAN Meeting #98-e	RP-223261
Electronic Meeting, December 12-16, 2022

[bookmark: Source]Agenda Item:		9.2.5
Source:		    ZTE, Sanechips
Title:				Discussion on Rel-18 network energy savings
[bookmark: DocumentFor]Document for:    Discussion
1. [bookmark: _Ref27419]Introduction
In RAN#95e, the Rel-18 SID[1] for network energy savings for NR was approved. According to the time budget, TR 38.864[2] for study on network energy savings shall be approved in RAN#98e meeting. In the SID, the network energy saving techniques in time, frequency, spatial, and power domains to achieve dynamic and/or semi-static operation and finer granularity adaptation of transmissions and/or receptions are identified and the evaluation results are captured in TR 38.864.
In this contribution, the network energy saving techniques for WI scope based on the study in TR 38.864 are discussed.
2. Discussion
The proposed network energy saving techniques and specification impacts for Rel-18 WI scope are discussed in this section.  
2.1. SSB/SIB-less operation
Current specification supports SSB/SIB1-less operation for intra-band CA, where UE retrieves system information from PCell and performs synchronization based on SSB transmitted in another intra-band cell. In other cases, the mandatory transmission of dense DL common signal/channel reduces network sleep opportunity and increases network power consumption, especially in empty/low traffic load. 
Therefore, the reduced or even elimination of common signal/channel has been thoroughly studied in both RAN1 and RAN2. Based on this, the following observation is concluded in TR 38.864[2].
	Based on the study and summary, from time and frequency domain, 
· -----omitted part-----
· Adaptation/reduction/elimination of common channels/signals (UE WUS can also be considered) in single or multi-carrier operation are beneficial for network energy savings. 
-----omitted part-----



[bookmark: _Toc121147757]In TR 38.864, it is concluded that adaptation/reduction/elimination of common channels/signals (UE WUS can also be considered) in single or multi-carrier operation are beneficial for network energy savings.
Based on the study in TR 38.864, the adaptation/reduction/elimination of common channels/signals includes two main directions, i.e., common channels/signals with larger periodicity (technique A-1-3) and SSB/SIB-less scheme (including technique A-5-1 and technique B-1-1). 
For technique A-1-3, it is observed in TR 38.864 that the latency, access delay and UE power consumption are increased in accompany with energy saving gain. 
	· 9 sources show technique A-1-3 of statically adapting the periodicity of SSB longer than 20ms up to 1280ms (with current maximum periodicity being 160ms) could achieve BS energy savings by 0.9%~84.8% in range, meanwhile when traffic occurs and load increases, the UPT significantly decreases and the latency/access delay/UE power consumption increases proportionally as the periodicity of SSB/SIB increases compared to a corresponding baseline.


For SSB/SIB-less scheme, up to 98.4% energy savings can be achieved based on the TR conclusion. Meanwhile, the UE power consumption is not negatively impact and UPT can be even slightly increased.
	Under various conditions,
8 sources show technique A-5-1 (for non-CA) or B-1-1 (for CA) of SSB- and/or SIB1-less operation in two carriers deployment could achieve BS energy savings by 0.3%~98.4% in range on the energy saving cell/carrier and if more information, such as system information, needs to be transmitted at the anchor carrier then 2.3%~18.9% BS energy increases on the associated cell/carrier, meanwhile the UPT/UE power consumption is not negatively impacted while 1 source shows slightly increased UPT and 1 source shows reduced SCell activation delay, assuming UE sync is based on SSB from anchor carrier and UE measurement is not considered,


Therefore, it is proposed that SSB/SIB-less schemes should be included in Rel-18 network energy saving (NES) WI scope.
[bookmark: _Toc121161446]SSB/SIB-less schemes should be included in Rel-18 NES WI scope.
Herein, SSB/SIB-less schemes including inter-band CA with SSB-less SCell (technique B-1-1), NES cell without SIB and SSB (technique A-5-1), and WUS (technique A-3-1) are analyzed. 
Based on current BS implementation, even for inter-band multi-carrier operation, high time synchronization accuracy between the cells in different bands can be achieved, especially in the case that the SSB/SIB-less SCell is in the same TAG with SpCell or a normal SCell. For SSB/SIB-less operation, it is assumed that the UE obtains system information from other associated carriers/cells and synchronize from other associated carriers/cells. 
Considering the requirements such as synchronization, timing, etc. are defined in RAN4, RAN4 involvement is needed in WI phase for SSB/SIB-less scheme.
[bookmark: _Toc120900326][bookmark: _Toc121161447]RAN4 involvement is needed in WI phase for SSB/SIB-less scheme.
· Inter-band CA with SSB-less SCell
For inter-band CA, the RF chains and other processing units between different cells are decoupled at network side. If inter-band SSB-less SCell can also be supported, it will bring more network energy saving benefits from longer inactive period. 
According to the simulation results in TR 38.864, SSB-less for inter-band CA has the potential to provide large gain for network energy savings. To be more specific, it can provide up to 80.4%~97.4% energy saving gain at empty load, up to 72.7% energy saving gain at low load. Considering the attractive network energy saving gain, SSB-less for inter-band CA should be included in Rel-18 network energy saving WI scope.
[bookmark: _Toc121147758]SSB-less for inter-band CA can provide up to 80.4%~97.4% energy saving gain at empty load, up to 72.7% energy saving gain at low load.
[bookmark: _Toc121161448]SSB-less for inter-band CA should be included in Rel-18 NES WI scope.
It is also observed in TR that BS energy saving gain from SSB-less cell with UL traffic is 12.6%~24.2% larger than SSB-less cell with DL traffic for BS category 2. Furthermore, there was concerns about the AGC adjustment in SCell without SSB. For SSB-less SCell with only UL traffic, the AGC adjustment in SCell is not needed. Therefore, SSB-less SCell with only UL traffic should be considered in SSB-less inter-band CA in Rel-18.
[bookmark: _Toc121161449]SSB-less SCell with only UL traffic should be considered in SSB-less inter-band CA in Rel-18.
In TR 38.864, the RAN1 specification impact of SSB-less inter-band CA includes enhancement on SCell activation procedure. In Rel-17, a fast/efficient SCell activation was specified, where aperiodic TRS (i.e., temporary RS) can be triggered by SCell activation MAC CE. For an SSB-less SCell, the AGC in the SCell can be omitted and synchronization can rely on the associated cell, e.g., PCell. Therefore, the aperiodic TRS for SCell activation can be eliminated at least for SSB-less SCell with UL traffic only. In this way, the latency of fast SCell activation could be reduced to about 6ms based on the results in TR 38.864. 
[bookmark: _Toc6903][bookmark: _Toc121161450]RAN1 to specify the enhancement on SCell activation procedure at least for SSB-less SCell with UL traffic only.
· NES cell without SIB and SSB 
[bookmark: OLE_LINK2]The deployment scenario of NES cell should be discussed. For the non-colocated deployment, since the location and coverage are quite different for anchor cell and NES cell, separate reference signal is required for RRM. So far, majority UEs in the market can only support SSB based RRM, and it seems the UE may not support the CSI-RS based RRM in the further release. Therefore, separate SSB transmission will be required for the non-colocated cells for the RRM purpose. Although the maximum SSB period is 160ms, to ensure the performance, it is very much likely a short period (e.g. 20ms) will be used in the field (e.g. the NW may either turn off the cell or turn on the cell with 20ms SSB period).
[bookmark: _Toc121147759]For the non-colocated deployment, since SSB-based RRM may be required by majority UE, the SSB has to be transmitted on non-colocated cell with a short period.
However, if SSB transmission with a short period is required, it will be difficult for the NW to switch the cell to deep sleep due to the transmission of SSB, no matter SIB is transmitted or not. Also considering the energy consumption caused by the transmission of extra SIB on anchor cell, the power saving gain for SIB-less will be quite limited in such case. Based on results of 8 resources, it is observed that SIB-less NES cell achieves BS energy saving gain by 3.7%~ 53.8% at empty load and by 3.3%~51.2% at low load, while SSB-less and SIB-less NES cell achieves BS energy savings gain by 34.5%~98.4% at empty load, 9.4%~80.3% at low load. Therefore, the SSB and SIB-less operation can achieve almost twice energy saving gain as SIB-less operation.
[bookmark: _Toc121147760]According to simulation results in TR 38.864, SSB-less and SIB-less NES cell can achieve almost twice energy saving gain as SIB-less operation in empty load and low load.
In addition, although the anchor carrier has already been supported in NB-IoT, a clear restriction can be found in 36.133 that “The anchor and the non-anchor carrier frequencies are in the same base station or in co-located base stations”. We think such restriction should still be valid for the NES non-anchor cell in 5G.
Based on the analysis above, we think RAN2 should prioritize the scenario where the energy saving cell is co-located with anchor cell, and focus on the study of non-anchor cell without SSB and SIB.
[bookmark: _Toc831377009][bookmark: _Toc121161451] RAN2 should prioritize the scenario where the non-anchor NES cell is co-located with anchor cell, and focus on the study of non-anchor NES cell without SSB and SIB.
For idle mode, RAN2 has agreed that UE only camps on the anchor cell and receives paging from the anchor cell. And UE couldn’t discovery the non-anchor cell due to the absent SSB, thus, there is no specification impact on cell reselection and neighbour cell measurement.
For accessing procedure, considering if more UEs camp on the anchor cell, the RACH overload in the anchor cell will be extremely high. In order to improve the successful access probability, it is beneficial to offload the RACH from the anchor cell to the non-anchor NES cell. Hence, RAN2 could prioritize the study that UE could directly access to the non-anchor NES cell. 
Moreover, in order to support UE to connect to the non-anchor cell, the following aspects should be studied in RAN2:
· system information including the necessary information of accessing to the non-anchor NES cell is transmitted in the anchor cell
· the system information of the non-anchor NES cell is updated for UE that connects to the non-anchor cell
· RACH procedure is finished in non-anchor NES cell.
[bookmark: _Toc637391280][bookmark: _Toc121161452]For the non-anchor NES cell, the system information transmitted by anchor cell, the system information update, RACH procedure should be studied in RAN2.
· WUS
In TR 38.864, UE wake up signal (WUS) is mainly used to trigger on-demand SSB/SIB1 combined with common channels/signals reduction/elimination. As we mentioned before, high synchronization accuracy can be maintained among different cells by current network implementation. However, WUS sent by UE can be additionally considered to further address the concerns about NES cell without SSB and SIB.
Specification impacts of WUS may include design of uplink wake-up signal/channel and associated UE behavior.
[bookmark: _Toc121161453][bookmark: _Toc1125312036]WUS can be additionally considered for NES cell without SSB and SIB.
2.2. Adaptation of spatial elements
Massive MIMO is a major contributor to base station power consumption. The adaptation of spatial elements, i.e., TxRU, has been well studied (technique C-1). It can achieve up to 48.2%BS energy savings with different impacts on UPT depending on adaptation scheme. Hence, following conclusion in drawn in TR 38.864.
	Based on the study, at least a technique based on C-1 is beneficial for network energy savings, and can be recommended. 


Therefore, TxRU adaptation should be included in Rel-18 NES WI scope.
[bookmark: _Toc121161454]Spatial element adaptation should be included in Rel-18 NES WI scope.
In TR 38.864, the following specification impacts are captured:
· mechanisms to indicate spatial element adaptation to the UE,
· signaling to update the active CSI-RS configurations,
· enhancements on CSI-RS (re)configuration, CSI/RRM/RLM measurements, CSI reporting (e.g., multiple CSI reports), and beam management for gNB to switch between different spatial domain configurations,
· associated UE behavior in case of spatial element adaptation occurs, if needed, e.g., measurements, CSI feedback, power control, PUSCH/PDSCH repetition, SRS transmission, TCI configuration, beam management, beam failure recovery, radio link monitoring, cell (re)selection, handover, initial access, etc.
In general, these specification impact can be categorized into indication update to UE and CSI measurement/ reporting enhancement. 
[bookmark: _Toc121161455][bookmark: _Toc5898]Specify solutions for spatial element adaptation:
· [bookmark: _Toc15344][bookmark: _Toc121161456]Mechanisms to indicate spatial element adaptation to the UE
· [bookmark: _Toc121161457]Enhancement on CSI measurement and reporting, e.g., multiple CSI reports 
As to the techniques in power domain, adaptation of transmission power also provides energy saving gain according to the simulation results in TR 38.864. The controversial issue is whether transmission power can be implemented by pure network implementation. Consider the limited TUs in NES WI phase and the overlapping of enhancements between the techniques in power domain and spatial domain (e.g., indication signaling, CSI reporting enhancement), power domain adaptation needs to be combined with the enhancement on spatial domain adaptation if the techniques in power domain is considered. 
2.3. Adaptation of DTX/DRX
The cell load changes with the arrival data, and the dynamic sleep mode of gNB would coordinate with the cell load to maximum the NES gain. In other words, the sleep mode of gNB would change dynamically. Moreover, UE should align with gNB’s sleep mode, otherwise, the data cannot be delivered, for example, when gNB turn off UL, UE continues to transmit UL data. However, from NW side, if gNB reconfigures every UE’s DRX configuration dynamically to suit the varied load, it causes too much signaling overhead. A more reasonable way is to inform UE the information about the gNB’s sleep mode. 
According to RAN2’s progress, RAN2 agreed to adopt dedicated RRC message + L1/L2 command to activate/deactivate cell DTX/DRX configuration. The different DTX/DRX configurations could be activated under different sleep time duration or to support different sleep modes which may include only active DL or only active UL. Hence, the multiple DTX/DRX configurations should be supported. In this way, gNB could pre-estimate the possible sleep mode and sleep time, flexibly configure the separate cell DTX configurations for UL and cell DRX configurations for DL in advance, and then activate the corresponding one or two settings (e.g. one for UL, one for DL) according to the current cell load.  
Moreover, if DTX/DRX configuration is informed, RAN2 should discuss and specify the corresponding UE behavior. The possible impacts on UE behavior as following need to be studied: 
· Impact 1: whether UE needs to suspend the DL reception, including: PDCCH, PDSCH;
· Impact 2: whether UE needs to stop measurement, including CSI-RS/SSB measurement;
· Impact 3: whether UE needs to suspend the UL transmission, including: PUSCH, PUCCH;
· Impact 4: whether UE needs to delay the UL procedure, including: RACH, SR, SRS;
[bookmark: _Toc121161458]RAN2 to specify UE behavior to align with DTX/DRX configuration.
2.4. Exchange on Cell NES state information
The current Rel-17 energy saving scheme of cell switching on/off only supports empty load or extremely low load scenarios, NW has to handover the UEs to other cell(s) before switching off the cell, which introduce negative impact on performance and limit the use of this energy saving method. Therefore, in practice, operators are more likely to shut down some parts of equipment of the cell/base station than to switch off the whole cell/site for energy saving. 
In general, the energy saving approach of "shutdown" is implementation-based. By shutting down some equipment, the cell can enter into an NES state, and a certain capacity can be provided in this NES state accordingly. In this way, the cell can provide better capacity in line with the cell load, while reducing network energy consumption. In additional, the number of NES state supported by a cell is dynamic and based on implementation, for example, if N carriers are deployed in a cell and carrier shutdown strategy for energy saving is using, the cell may have following NES states (1 carrier off, 2 carriers off, .. N-1 carriers off, cell off), and more granular cell status information can be associated with a cell NES state, e.g., cell capacity, energy efficiency. 
In NW energy saving SI, RAN3 discussed the exchange on the NES states or more granular cell status information between inter-nodes. If the node providing basic coverage is aware of the supported NES states and current NES state of the capacity booster cells, the node can request the booster cell to switch to a certain NES state for energy saving or providing better capacity. There are following WA and agreement in RAN3, "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." and "On the exchange NES state over network interfaces, RAN3 can further work pending on other group decision at normative phase.". We propose to include the exchange on NES state in the scope of Rel-18 network energy savings WI. 
Define Cell NES state by RAN3/RAN2, RAN3 studies the exchange on the NES states and associated cell status information between inter-nodes for energy saving strategies, e.g, the node providing basic coverage can request the capacity booster cell to switch to a certain NES state for energy saving.

2.5. Inter-node Beam activation/deactivation
In Rel-17, there is no support for per SSB beam level activation request from neighbor node and only cell level activation is supported. According to TR 38.864, the inter-node Beam activation/deactivation method is introduced for energy saving. This mechanism allows an NG-RAN node to request a neighbouring NG-RAN node to switch on certain SSB beams which have been deactivated e.g., in the capacity layer. With this mechanism, the NG-RAN node (e.g., in the coverage-layer) can request the re-activation of SSB beams that are deactivated before. The impact to spec is to introduce the list of beams to be activate over network interface. RAN3 can study how to support inter-node beam activation/deactivation. 
RAN3 studies how to support inter-node beam activation/deactivation.

2.6. Paging in certain SSB(s)
According to TR 38.864, paging enhancement for energy saving is proposed, i.e., NG-RAN node pages the stationary UEs in a restricted area. For example, paging can be done in certain SSB(s) instead of all the SSBs within a cell. In order to support paging in certain SSB(s), the last served SSB information shall be introduced over the interface, e.g., the gNB-DU can assist the gNB-CU by providing an area indication within the cell (e.g., the last served SSB), that can be later used by gNB-CU to limit the area paged within the cell. RAN3 can study how to support paging in certain SSB(s). 
RAN3 studies how to support paging in certain SSB(s).
3. Suggested WID objectives
According to the discussion above, we propose the following objectives to be considered in WID.
Adopt the objectives in section 3 for Rel-18 NES WID.
	1. Specify solutions to supporting SSB-less/SIB-less cell:
· Requirements of SSB-less/SIB-less operation (RAN4)
· SCell without SSB in inter-band CA (RAN1, RAN2)
· Enhancement on SCell activation process at least for UL only traffic (RAN1) 
· NES Cell without SIB and SSB (RAN2, RAN1)
· System information transmitted by anchor cell, the system information update, RACH procedure (RAN2, RAN1)
2. Specify solutions for spatial element adaptation: (RAN1, RAN2)
· Mechanisms to indicate spatial element adaptation to the UE
· Enhancement on CSI measurement and reporting, e.g., multiple CSI reports
3. Specify UE behavior to align with DTX/DRX configuration. (RAN2, RAN1)
4. Specify signaling for network exchange information (RAN3, RAN2)
· Network exchange information includes NES state, inter-node beam activation/deactivation, support paging in certain SSB(s)



4. Conclusion
In this contribution, we discuss the techniques for network energy saving WI scope and have the following observations and proposals.
Observation 1:	In TR 38.864, it is concluded that adaptation/reduction/elimination of common channels/signals (UE WUS can also be considered) in single or multi-carrier operation are beneficial for network energy savings.
Observation 2:	SSB-less for inter-band CA can provide up to 80.4%~97.4% energy saving gain at empty load, up to 72.7% energy saving gain at low load.
Observation 3:	For the non-colocated deployment, since SSB-based RRM may be required by majority UE, the SSB has to be transmitted on non-colocated cell with a short period.
Observation 4:	According to simulation results in TR 38.864, SSB-less and SIB-less NES cell can achieve almost twice energy saving gain as SIB-less operation in empty load and low load.

Proposal 1:	SSB/SIB-less schemes should be included in Rel-18 NES WI scope.
Proposal 2:	RAN4 involvement is needed in WI phase for SSB/SIB-less scheme.
Proposal 3:	SSB-less for inter-band CA should be included in Rel-18 NES WI scope.
Proposal 4:	SSB-less SCell with only UL traffic should be considered in SSB-less inter-band CA in Rel-18.
Proposal 5:	RAN1 to specify the enhancement on SCell activation procedure at least for SSB-less SCell with UL traffic only.
Proposal 6:	RAN2 should prioritize the scenario where the non-anchor NES cell is co-located with anchor cell, and focus on the study of non-anchor NES cell without SSB and SIB.
Proposal 7:	For the non-anchor NES cell, the system information transmitted by anchor cell, the system information update, RACH procedure should be studied in RAN2.
Proposal 8:	WUS can be additionally considered for NES cell without SSB and SIB.
Proposal 9:	Spatial element adaptation should be included in Rel-18 NES WI scope.
Proposal 10:	Specify solutions for spatial element adaptation:
	Mechanisms to indicate spatial element adaptation to the UE
	Enhancement on CSI measurement and reporting, e.g., multiple CSI reports
Proposal 11:	RAN2 to specify UE behavior to align with DTX/DRX configuration.
Proposal 12:	Define Cell NES state by RAN3/RAN2, RAN3 studies the exchange on the NES states and associated cell status information between inter-nodes for energy saving strategies, e.g, the node providing basic coverage can request the capacity booster cell to switch to a certain NES state for energy saving.
Proposal 13:	RAN3 studies how to support inter-node beam activation/deactivation.
Proposal 14:	RAN3 studies how to support paging in certain SSB(s).
Proposal 15:	Adopt the objectives in section 3 for Rel-18 NES WID.
[bookmark: _GoBack]
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