
3GPP TSG-RAN WG2 #119bis-e	R2-2210707
Electronic meeting, 10th – 19th October 2022

Source:	NTT DOCOMO, INC.
Title:	Discussion on Network Energy Saving in RAN2 study
Document for:	Discussion and decision
Agenda Item:	8.3.2
1. Introduction
Discussion on Rel-18 Network Energy Saving started in RAN2#119-e where RAN2 achieved following agreements on Network energy saving techniques [1].
	Agreements for NES technique and assistance information:
· We will prioritize time domain and frequency domain techniques until RAN1 further progresses on other techniques.
· RAN2 to adopt the term “assistance information from the UE” as agreed in RAN1

Solution groups:
1 Adaption of MIB/SSB/SIB 
	-  partial/simplified SSB
2	Increase of SSB/SIB periodicity 
3	On demand SSB/SIB1 (FFS if there are enhancements for other SIBs)
	- FFS for on-demand MIB
4	Receiving SSB/SIB on one carrier/cell and performing access to another carrier/cell 
5	Handover/Fast PCell change for NES
	- CHO or new configuration
	- group HO
6	Resource adaptation (frequency and time domain)
	- Including PRACH, SRS, PUSCH, PUCCH resources and periodicities 
	- cell DTX/DRX  
	- measurement 
	- reference signal type and configuration of reference signal pattern for connected mode
	- BWP adaptation
7	Any Cell activation/re-activation or UE wake up request signal (connected/idle)
8	Paging enhancements (includes paging-less solutions)
9	Cell selection/reselection (ie. cell prioritization also including legacy UEs)

Things to study 
1 Study group configuration and signalling for transitions for different solutions
	- pre-configuration and L1/L2 signaling to trigger change of configuration
2	Identify/capture RAN2 impact to legacy for the different solutions 
3	Awareness of the NES states at the UE side for the different solutions
4	Aim to minimize DL signalling for NES
5	Consider UE complexity and energy consumption
6	UE assistance information for the specific network energy technique, it’s benefits and impact to UE/NW 




Furthermore, among the solutions discussed as time domain and frequency domain techniques, those to be further investigated were discussed in an offline e-mail discussion, and the following were proposed as conclusions [2].
	Proposal: RAN2 will continue studying the following aspects: 
1) Common signals related:
1-1) SSB/SIB/Paging-less (multi-carrier case is studied first)
1-2) On-demand SSB/SIB1 (e.g., triggered by WUS)
1-3) Extended SSB/SIB1 periodicity
2) Group signalling/configuration related:
2-1) Group HO/CHO
2-2) NW DTX/DRX
2-3) BWP adaptation
3) Cell selection/reselection.



This contribution presents our views on what should be discussed in RAN2, based on the discussions in RAN1.

2. Discussion
2.1. Discussions in RAN1
RAN1#110
In August meeting, RAN1 mainly discussed NW energy savings performance evaluation, and there was no agreement on "Network energy saving techniques" related to RAN2. There was no agreement on "Network energy saving techniques" related to RAN2, and it was carried over to future meetings as follows. [1]
	For future meetings:
· Companies are encouraged to review the summary of description of potential techniques of the moderator summary in Section 3 of R1-2208185. It should be noted that the description of the techniques are a draft and additional updates and modification of the description are expected.
· Based on the summary, companies are encouraged to work further to formulate description of potential network energy techniques to be eventually captured into the SI TR.



RAN1#109
Since there is no agreement in RAN1#110, the only RAN1 agreement on the time domain/frequency domain in "Network energy saving techniques" is the following in RAN1#109 [1].
	Agreement
Further study techniques and enhancements for increasing time domain energy saving opportunities by the gNB, including (but not limited to) the following aspects:
a) potential methods of reducing/adapting transmission/reception of common channels/signals, e.g. SSB, SIB1, other SI, paging, PRACH, and its impact to initial access procedure, cell (re)selection, handover, synchronization and measurements performed by the idle/inactive/connected UE;
· potential methods of reducing transmission/reception of common channels/signals can include no- or reduced-transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common channels/signals, or offloading of common channels/signals to other carriers or use of light or relaxed versions of common channels /signals
b) potential methods of reducing/adapting transmission/reception of periodic and semi-persistent signals and channels configuration such as CSI-RS, group-common/UE-specific PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH, SRS, positioning RS (PRS), etc.
c) semi-static and/or dynamic cell on/off in one or more granularity, e.g. /subframe/slot/symbol; some examples are:
· Cell/network node activation request by the UE, for example using signal/channel from UE for gNB’s wake-up request
· enhancements to L1/L2 based mobility to efficiently enable a network node (e.g. TRP, repeater) on/off operation within a cell (within network energy saving SI scope)
· signaling enhancements for indication of semi-static and/or dynamic cell/subframe/slot/symbol on/off duration
d) support of periodic and/or on-demand reference signal(s) from the gNB to aid discovery of a cell;
e) dynamic adaptation of UE C-DRX configurations in a UE-group or cell-specific manner
f) Mechanism to utilize potential energy saving states or sleep modes and the transition between states from leveraging cell on/off opportunities
· including studies of waking up gNB due to user traffic, or user density, or gNB receiving wake up signal
· including technique to allow discovery and measurement of cells in sleep or dormant states
g) UE assistant information facilitating BS time domain adaptation
Note: For all techniques above, study of time domain techniques is applicable for single component carrier and multi-component carrier cases. Use of UE grouping and its interaction with proposed techniques can be considered.

Agreement
Further study techniques and enhancements for frequency resource usage adaptation by the gNB, including (but not limited to) the following aspects:
1) For operations with single-carrier or within a single CC
a) Enhancements to dynamic bandwidth adaptation
· including adjustments to RBs and/or BWP used by (Rel-18) UEs for transmission and reception, reducing BWP switch delay, UE-group BWP switching, and joint adaptation of transmission bandwidth and power spectral density
b) supporting UE group-common BWP or cell-specific BWP or dedicated BWP for network energy savings, and related BWP switching mechanism
c) Enhancements for the case of frequent BWP switching such as resource configurations for SPS PDSCH and Type-2 CG PUSCH
2) For operation with multi-carrier
a) enablement of reducing/adapting common channels/signals for some CC in multi-carrier operations
· including enablement of SSB-less secondary cell operation for some CC in case of inter-band CA. For SSB-less cell operation enablement, study the conditions and restrictions required for the operation and the related procedures for idle/inactive/connected UEs including SCell activation procedure with potential RAN4 involvement
· including enablement of SIB-less operation for some CC in case of intra-band and inter-band CA.
· Reducing/adapting gNB’s transmission/reception of other common channels/signals (than SSB) and TRS for some CC in multi-carrier operations
b) enhancements on Scell activation and deactivation, enhancements on Scell dormancy and dynamic Pcell switching
· including triggering conditions and methods for signaling activation/deactivation
· including UE group common dynamic Pcell switching





There are still many undecided points regarding solutions that will be discussed in RAN1. So, when discussions on procedures and assistance information in RAN2 are conducted before RAN1 discussions, there is a possibility of regression in RAN2 due to the dependence on RAN1 discussions.
Observation 1. When discussions on procedures and assistance information in RAN2 are conducted before RAN1 discussions, there is a possibility of regression in RAN2 due to the dependence on RAN1 discussions.

2.2. Expected RAN2 action
In the offline e-mail discussion, the following solutions were proposed for future discussion [2].
	Proposal: RAN2 will continue studying the following aspects: 
1) Common signals related:
1-1) SSB/SIB/Paging-less (multi-carrier case is studied first)
1-2) On-demand SSB/SIB1 (e.g., triggered by WUS)
1-3) Extended SSB/SIB1 periodicity
2) Group signalling/configuration related:
2-1) Group HO/CHO
2-2) NW DTX/DRX
2-3) BWP adaptation
3) Cell selection/reselection.



In our understanding, it would be beneficial to proceed with discussion in RAN2 of those areas that are not dependent on the RAN1 discussion, and it is appropriate to discuss the points below.
a) Common signals related
For Common signals related solutions, the discussion on signaling and legacy UE is highly dependent on the discussion in RAN1. In addition, since the solutions are not expected to use assistance information, the scope of RAN2 discussion is very limited to prevent regression.
Therefore, RAN2 should wait for RAN1 discussions on Common signals related solutions and should take action based on RAN1 consensus or input.

Observation 2. the discussion on signaling and legacy UE is highly dependent on the discussion in RAN1. 
Proposal 1. RAN2 should wait for RAN1 discussions on Common signals related solutions and should take action based on RAN1 consensus or input.

b) Group HO/CHO
Group HO/CHO is an item that is least affected by the RAN1 discussion. Since similar discussions have been made in other WIs (e.g. NR Mobility enh. / NR NTN enh. / Mobile IAB), general perspectives should wait for discussions in other WIs, and this WI should give priority to discussions based on NES use cases.
The two main aspects to be discussed are "how to trigger HO/CHO" and "useful UE assistance information". As for "how to trigger HO/CHO," it seems that not only group-common signaling but also timer-base and pre-configuration (and even what to pre-configure) should be discussed from the NES perspective. Similarly, "useful UE assistance information" should be discussed as to what candidates can be useful for NES use case (e.g., traffic status). Then, RAN2 can capture some "how to trigger HO/CHO" and "useful UE assistance information" into the TR.
Observation 3. Group HO/CHO is an item that is least affected by the RAN1 discussion. Since similar discussions have been made in other WIs (e.g. NR Mobility enh. / NR NTN enh. / Mobile IAB), this WI should give priority to discussions based on NES use cases.
Proposal 2. Mainly, Group HO/CHO should be discussed in terms of "how to trigger HO/CHO" and "useful UE assistance information", and some candidates can be captured into the TR.

c) NW DTX/DRX
NW DTX/DRX is dependent on RAN1 discussions regarding NES state. So RAN2 should consider when DTX/DRX should be used and discuss useful UE assistance information. Then, RAN2 can capture some candidate UE assistance information into the TR.
Proposal 3. NW DTX/DRX should be discussed in terms of "useful UE support information" to identify when DTX/DRX is suitable and then some candidates can be captured into the TR.

d) Cell selection/reselection.
We believe that having a preference on Cell is less dependent on what is being discussed in RAN1.NES gain depends on the discussion in RAN1, but it is a solution that can be discussed in RAN2.Since this solution is not directly related to NES gain, we assume that there are a variety of use cases. Therefore, it is beneficial for RAN2 discussions to study use cases and 
Observation 4. For Cell selection/reselection, NES gain depends on the discussion in RAN1, but it is a solution that can be discussed in RAN2.
Proposal 4. For Cell selection/reselection, it is beneficial for RAN2 discussions to study use cases.

3. Summary and proposal
Observation 1. When discussions on procedures and assistance information in RAN2 are conducted before RAN1 discussions, there is a possibility of regression in RAN2 due to the dependence on RAN1 discussions.
Observation 2. the discussion on signaling and legacy UE is highly dependent on the discussion in RAN1. 
Observation 3. Group HO/CHO is an item that is least affected by the RAN1 discussion. Since similar discussions have been made in other WIs (e.g. NR Mobility enh. / NR NTN enh. / Mobile IAB), this WI should give priority to discussions based on NES use cases.
Observation 4. For Cell selection/reselection, NES gain depends on the discussion in RAN1, but it is a solution that can be discussed in RAN2.

Proposal 1. RAN2 should wait for RAN1 discussions on Common signals related solutions and should take action based on RAN1 consensus or input.
Proposal 2. Mainly, RAN2 should be discussed in terms of "how to trigger HO/CHO" and "useful UE assistance information" for Group HO/CHO.
Proposal 3. NW DTX/DRX should be discussed in terms of "useful UE support information" to identify when DTX/DRX is suitable and then some candidates can be captured into the TR.
Proposal 4. For Cell selection/reselection, it is beneficial for RAN2 discussions to study use cases.
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