3GPP TSG RAN Meeting #98-e						             RP-223094
Electronic Meeting, December 12-16, 2022

Source:	vivo
Title:	View on SI recommendation for Rel-18 network energy saving study
Agenda Item:	9.2.5
Document for:	Discussion and Decision
1. Introduction
In RAN#94-e meeting, a study item on network energy saving was approved in [1]. The main work of the ongoing study item includes:
· Definition of a base station energy consumption model
· Definition of an evaluation methodology and KPIs
· Study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception
According to the performance evaluation results and technique discussions so far [2], it is undoubted that a normative phase to specify techniques for network energy saving (NES) is needed. In this contribution, we provide our views on SI recommendation into WI phase for Rel-18 network energy saving.
2. Discussions on RAN1 NES techniques
In RAN1, various NES techniques in time, frequency, spatial and power domain are evaluated and analyzed where the output are captured in Section 6.1-6.4 of TR 38.864 [2] respectively. The following table provides a summary of comparison of all the techniques in the following various aspects:
· No. Sources: number of source companies that provided evaluation results for the NES technique;
· ES gain: Minimum, maximum and average evaluated energy saving gain across all source companies’ result;
· Use of agreed PM: Whether the evaluation is based on the agreed baseline power model;
· Proposed enhancement justified by the evaluation: Whether the proposed enhancement can be justified by the evaluation results
· UE impact: UE impact resulting from NES technique in terms of UPT loss, latency and etc.
· Possible support by legacy mechanism: Whether and how the proposed enhancement can be achieved by existing specification or implementation
· RAN2 feasibility: Whether the feasibility is concluded in RAN2 for the NES technique (‘-‘ means no discussion)
Table 1   Summary of RAN1 NES techniques in time, frequency, spatial and power domain
	Technique
	No. Sources
	ES gain (%)
	Use of agreed PM
	Proposed enhancement justified by the evaluation
	UE impact

	Possible support by legacy mechanism
	RAN2 feasibility

	
	
	min
	max
	avg
	
	
	
	
	

	A-1-1
(Simplified SSB)
	3
	0.7
	30.49
	7.41
	Yes
	Yes for 2 sources and No for 1 source

Proposed scheme is simplified version of SSB. However,
1 source reported energy saving gain by combination of simplified SSB and half-reduced SIB1 transmission.
	No evaluation
	No
	-

	A-1-2
(skipping of SSB/SIB1 transmission occasion)
	2
	0.3
	25.4
	8.05
	Yes
	No for all sources

Proposed scheme is dynamic skipping of of SSB/SIB occasion. However, 
the evaluation only compared different SSB periodicities, no dynamic adaptation
	No evaluation
	No
	-

	A-1-3
(Dynamic adaptation of SSB/SIB1 and/or RACH period)
	9
	0.9
	84.8
	30.9
	Yes
	No for all sources

Proposed scheme is dynamic adaptation of SSB/SIB1 period. However,
the evaluation only compared different SSB periodicities, no dynamic adaptation
	No evaluation
	Yes
The period of SSB/SIB1 can be adapted by SIB1 in current spec.
	-

	A-1-4
(Concentrating gNB paging transmissions)
	2
	0.5
	42.3
	14.48
	Yes
	Unclear whether the proposed scheme is dynamic adaptation of paging resource

If so, the performance of dynamically adapting paging configurations is not provided.
	No evaluation
	Yes
Proper configuration may achieve to concentrate the gNB paging transmission in one PF.
	-

	A-1-5
(Dynamically adapting PRACH periodicity and occasions)
	1
	14.4
	24.9
	20.6
	Yes
	No for all sources

Performance of dynamic RACH configuration is not provided.
	On UPT/access delay/latency, this scheme increases access delay/latency from 10ms to 70ms
	Yes

The period of RACH can be adapted by SIB1 in current spec.
	-

	A-1-6
(scheduling of SIB1 without PDCCH)
	1
	4.8
	14.8
	10.3
	Yes
	Yes
	No evaluation
	No
	-

	A-2
(reducing /omitting time occasions for the UE specific resources)
	0
	
	
	
	
	
	
	
	

	A-3-1
WUS trigger SSB/SIB1/RACH for RRC INDLE/INACTIVE/CONNECTED
	5
	6.2
	80.7
	35.57
	Yes
	Yes
	When WUS period is 20ms, marginal UPT loss, access delay/latency increment and UE power consumption increment are observed. 
	No
	Yes

	A-3-2
WUS trigger UL reception for RRC CONNECTED
	1
	25.7
	93
	67.86
	1. No RAN1 agreement of feasible power model for low power WUS detection
2. gNB is assumed to be in a state such that the main UL receiver is still in deep sleep when detecting wake-up signal and gNB is able to wake up from deep sleep to active in one slot after WUS detection.

	Yes
	There is latency reduction observed
	Yes
SR may be used as a kind of WUS with potential low power detection by gNB
	Yes

	A-4 (cell DTX/DRX)
	6
	0.2
	71.4
	27.7
	Yes
	Yes for UE C-DRX alignment with cell DTX/DRX

No evaluation results shown whether and how informing cell DTX/DRX to UE would be useful
	one result shows there is marginal negative impact while one result shows it can be up to 15.5%
	Yes
Proper RRC configuration/ reconfiguration can achieve UE C-DRX alignement with cell DTX/DRX
	Yes

	A-5-2
On-demand SSB/SIB1
	3
	2.6
	43.4
	20.35
	Yes
	Yes for 1 source
No for 2 sources
Proposed scheme is on demand SSB/SIB1. However, 2 sources evaluate zero load without any triggering of SIB1 transmission
	Performance impact of on demand SSB/SIB was not provided.
	No
	-

	A-5-1/B-1-1
SSB- and/or SIB1-less operation
	8
	0.3
	98.4
	29.19
	Yes
	Yes
	In most results for SSB and/or SIB saved from one carrier of two carriers, the UPT is not negatively impacted while one result shows slightly increased UPT.
	No
	RAN2 discussed but concluded that the feasibility is
left to RAN1

	B-1-2
Dynamic Pcell switching
	1
	37.5
	37.5
	37.5
	Yes
	No. The evaluation did not consider dynamic Pcell switching. 
Baseline: Keep 2 CCs activated
Enhancement: deactivate 1 CC and keep 1CC activated
	UPT degrades by 14% if one Scell goes to dormant state.
	Yes
Handover procedure can be used for Pcell switching in current spec
	-

	B-2 (BWP adaptation)
	1
	17.4
	52.2
	28.5
	Yes
	No. The evaluation only compares two static BWPs, with no dynamic adaptation
Furthermore, BWP switching delay is not modelled.
	UPT loss by 28.4%~14.47%, and packet latency increases by 6.44%~39.4%
	Yes
BWP adaptation can be done by RRC or DCI in current spec
	-

	B-3 (Bandwidth adaptation)
	3
	-75.4
	1.75
	-26.71
	Yes
	No. The evaluation only compares two static BWPs, with no dynamic adaptation

	significantly reduced UPT, and additionally reduced average EE
	Yes
BWP bandwidth can be changed by RRC reconfiguration or BWP switching
	-

	C-1 (adaptation of spatial elements)
	12
	0.00
	48.2
	19.02
	Yes
	4 sources evaluated dynamic adaptation of spatial elements

8 sources only evaluated static adaptation of spatial elements
	UPT loss of 0.3%~18.5% observed
	Yes
With CSI reports respect to different number of spatial elements available, gNB is able to dynamically adjust the number of spatial elements for PDSCH transmission in current specification.
	-

	C-2 (Adaptation of TRPs)
	3
	19.7
	39
	33.79
	Yes
	1 source evaluated dynamic adaptation of TRPs

2 sources only evaluated static adaptation of spatial elements. 

	UPT loss of 7.27%~28.7%
	Yes
With CSI reports respect to different TRPs available, gNB is able to dynamically select the TRPs for PDSCH transmission in current specification.
	-

	D-1 (DL power adaptation)
	10
	2.3
	40.5
	16.08
	Yes
	2 sources evaluated dynamic DL power adaptation

8 sources evaluated
 
semi-static power adaptation only.
	UPT loss is observed from 2.03%~19.49%
	Yes
Dynamic PDSCH power adaptation can be achieved by following legacy schemes:
1. UE reports CSI based on one PDSCH power offset and gNB implementation to estimate CSI for other PDSCH power;
2. gNB configures multiple CSI-RS with different power offsets
	-

	D-2 (over-the-air DPD)
	1
	8.9
	8.9
	8.9
	No
Note PA scaling values used for this NW ES scheme are not covered by RAN1 power consumption scaling model.
	No
Modeling of OTA information is not provided
	On UPT/latency, no negative impact is observed.
	Yes
gNB can implement DPD without OTA informaiton
	-

	D-3 (Tone reservation)
	1
	2.1
	9.5
	4.53
	No
Note PA scaling values used for this NW ES scheme are not covered by RAN1 power consumption scaling model.
	No
Tone reservation is not explicitly modeled
	On UPT/latency, no negative impact is observed.
	Yes
Legacy rate matching pattern or ZP-CSI-RS configuration may be used for tone reservation
	-

	D-4 (PA power bias adaptation)
	0
	
	
	
	
	
	
	
	

	D-5 (UE pre-distortion)
	1
	16.1
	16.1
	16.1
	No
Note PA scaling values used for this NW ES scheme are not covered by RAN1 power consumption scaling model.
	No
UE pre-distortion is not explicitly provided
	On UPT or latency, there is no negative impact observed.
	Yes
gNB can implement DPD without UE involvement to achieve PAPR reduction
	-


To further make SI recommendation of NES techniques, the following rules can be considered from our perspective:
· Number of sources providing evaluation is larger than 2
· Average ES gain is larger than 15%
· Evaluation is based on baseline power model in Section 5 of TR
· Proposed enhancement can be justified by the evaluation results from at least 2 sources
· Prioritize the necessary enhancements, i.e. similar schemes cannot be achieved by existing specification of implemtnation
· Prioritize the enhancements with RAN2 feasibility concluded, if the enhancement has non-trivial higher layer impact
Based on the above summary and rules, the following enhancements should be recommended for normative work:

· Technique A-3-1:  UE WUS triggering of SSB/SIB/RACH for RRC IDLE/INACTIVE/CONNECTED
· Technique A-4: UE C-DRX alignment with cell DTX/DRX
· Techniques A-5-1/B-1-1: SSB-less and/or SIB1-less operation in single or multi-carrier scenarios
· Technique C-1: Dynamic adaptation of spatial elements.
[bookmark: _Ref120876532]Proposal 1   Recommend the following techniques to be specified in WI phase
· Technique A-3-1:  UE WUS triggering of SSB/SIB/RACH for RRC IDLE/INACTIVE/CONNECTED
· Technique A-4: UE C-DRX alignment with cell DTX/DRX
· Techniques A-5-1/B-1-1: SSB-less and/or SIB1-less operation in single or multi-carrier scenarios
· Technique C-1: Dynamic adaptation of spatial elements.
3. Discussions on higher layer aspects for NES
When NES mode is employed, there will be some potential impact to higher layer aspects as captured in In RAN2, CHO enhancement and cell selection/reselection are discussed in Section 6.5 of TR 38.864 [2].
Regarding CHO enhancement, the following TP is captured in Section 6.5.2 of TR 38.864 [2]:
	During the switching of NES modes, it is possible to handover the UEs faster by enhancing the CHO framework with:
1. Evaluation of conditional handover conditions depending on the NES mode of source/target cell,
2. How to indicate to UE the triggering of the CHO evaluation is up to the WI phase.
Whenever mobility from source cell is triggered, the NES mode of the target cell could also be considered, e.g., to avoid UEs selecting cells operating in NES mode if any other cell is available.
From RAN2 perspective, CHO enhancements are feasible.
Group HO (optimizing the Rel-15 HO procedure) and BWP adaptation with group signalling are not considered by RAN2.


From our point of view, CHO enhancement is needed considering that one or more cells will be in NES mode. Currently, when CHO is configured and multiple candidate target cells fulfill the execution condition of CHO, the UE selects one of them based on UE implementation. However, from network energy saving perspective, the network would prefer the UE to select normal cells with high priority in this case. And in this way, the network has the opportunity to switch some cells to NES mode or keep them in NES mode. So, to avoid more UEs to handover to NES cells based on their own implementation, some enhancement on the CHO is needed.
[bookmark: _Ref120876540]Proposal 2   Recommend CHO enhancement to be specified in WI phase.
Regarding cell selection/reselection, the following TP is captured in Section 6.5.1 of TR 38.864 [2]:
	For backward compatibility, there is a need to allow NES cells to prevent legacy UEs from camping. NES cells should be able to configure whether to prevent legacy UEs, while allowing NES-capable UEs to camp on. Possible solutions may include but not limited to:
· Use IntraFreqExcludedCellList/InterFreqExcludedCellList
· Use the cellBarred or cell reservation fields in MIB/SIB
The definition of NES cell will be discussed in the WI phase.
The NW should be able to configure NES-capable UEs to prioritize/down-prioritize a specific NES cell or NES cells on a specific frequency. It is left to the WI phase whether the existing mechanism for cell (re)selection is sufficient according to the NES techniques specified.
From RAN2 perspective, legacy UEs and NES-capable UEs can be handled via cell selection/reselection techniques in the presence of NES 


As mentioned above, cell re(selection) technique is mainly used for the backward compatibility issue caused by the other NES techniques. So, whether this technique is necessary should be based on what NES techniques are to be specified. Taking the SSB/SIB-less NES cell as an example, there is no backward compatibility issue as both legacy UEs and NES capable UEs cannot camp on such NES cell. 
If there is any NES technique to be specified has backward compatibility or any negative impact on legacy UEs, the backward compatibility issue which may include cell re(selection) or maybe others can be discussed for that specific technique. So, a separate objective for cell re(selection) technique seems not needed. 
Besides, cell re(selection) technique can be also served for network energy saving purpose. If the network wants one cell enters or keeps in NES mode, the network may deprioritize this cell for all RRC_IDLE/ RR_INACTIVE UEs to camp on, as these camped UEs may initiate RRC connection for MT or MO services at any time. For prioritizing NES cells for NES capable UEs, this would increase the camped NES capable UEs in NES cell, leading to the NES cell to leave the NES mode, so it is not like a reasonable network strategy. As the de-prioritization of NES cell for all UEs is already supported by the existing scheme and the necessity of having separate configurations for legacy UEs and NES capable UEs for cell re(selection) is not foreseen, we think the existig scheme is sufficient. 
Given above, cell re(selection) technique is not recommended to be specifiedin the WI.
Besides the above, we observed that in both RAN1 and RAN2 discussion, due to limited time, the discussion of potential enhancements and their potential network power saving gain stayed at concept level. The comparison between the proposed enhancement versus the best basline scheme provided by exisiting specification/specification, as well as the essential elements of the enhanced scheme were not fully studied. A study phase would therefore be necessary to identify the necessary specification changes for each of the recommended techniques. 
[bookmark: _Ref121153393]Proposal 3   For each of the recommended techniques for normative work, a study phase is required to identify the necessary specification changes considering the performance improvements beyond existing mechanisms supported by current specification or implementation.
4. Conclusion
In the contribution, we provide our views on SI recommendation for Rel-18 network energy saving WI and have the following proposals:
Proposal 1   Recommend the following techniques to be specified in WI phase
· Technique A-3-1:  UE WUS triggering of SSB/SIB/RACH for RRC IDLE/INACTIVE/CONNECTED
· Technique A-4: UE C-DRX alignment with cell DTX/DRX
· Techniques A-5-1/B-1-1: SSB-less and/or SIB1-less operation in single or multi-carrier scenarios
· Technique C-1: Dynamic adaptation of spatial elements.
Proposal 2   Recommend CHO enhancement to be specified in WI phase.
Proposal 3   For each of the recommended techniques for normative work, a study phase is required to identify the necessary specification changes considering the performance improvements beyond existing mechanisms supported by current specification or implementation.
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