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1 Introduction
[bookmark: _Hlk61519723]SI of Network energy saving (RP-213554) was agreed in RAN#94e [1]. The related SID objectives involving RAN2 are summarized below.
1. 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 study should prioritize idle/empty and low/medium load scenarios (the exact definition of such loads is left to the study), and different loads among carriers and neighbor cells are allowed. 
In RAN2#119-e [2], multiple identified Network Energy Saving (NES) solutions were discussed and continued in post-meeting email discussion [3]. Based on company input, the Rapporteur summary proposal is: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 periodicity
2) Group signalling/configuration related:
2-1) Group HO/CHO
2-2) NW DTX/DRX
2-3) BWP adaptation
3) Cell selection/reselection.

Among these solutions, SSB/SIB/Paging-less, on-demand SSB/SIB1, cell (re)selection and NW DTX/DRX can be applied to RRC_IDLE/INACTIVE UE. Note that because NW DTX / DRX is applied to all RRC states (i.e. RRC_IDLE / RRC_INACTIVE / RRC_CONNECTED), we discuss it in our companion contribution [4]. Thus, we discuss the other 4 techniques in this contribution:
· Cell (re)selection
· SSB/SIB/Paging-less
· On-demand SSB/SIB1
· Extended SSB/SIB1 periodicity
2 Discussion 
2.1 Cell selection and reselection 
In post-meeting email discussion summary [3], the details of this solution are captured as below:
	Introduction
	NES cells can be (de-)prioritized for NES capable UEs or legacy UEs during cell selection/reselection, optionally, UE is made aware of cell state (NES or non-NES).

	Scenario
	Single-carrier, multi-carrier; UEs in Idle/Inactive

	NES gain
	Reduced time domain SSB symbols if the cell is in NES state. Legacy UEs can avoid reselecting to an NES cell.

	Impact to legacy UEs
	1) In case legacy mechanism (frequency priority, or adding frequency/cell-specific offsets) is used, there is no impact on legacy UEs
2) In case cell state (NES, or non-NES, or other states) is introduced, legacy UEs are not aware. The NES cells can be barred to legacy UEs for backward compatibility.

	UE assistance needed
	No

	RAN2 impact
	Cell selection/reselection enhancement etc.


Table.1: Converged solution illustration of cell (re)selection in email discussion summary
This solution gets majority support (15 Yes vs 2 No) during email discussion. What's more, it is within RAN2 expertise. Thus, we think RAN2 should prioritize the study of cell (re)selection.
Proposal 1: RAN2 prioritize the study of cell selection and reselection in Network energy saving.
Although a lot of NES solutions were proposed in RAN1, we think it is a common understanding that some cell sleep mode / state will be introduced, where the main diverse opinion is how to define cell sleep mode / state. In our understanding, the possible cell sleep model / state may include:
1) Transmit SSB with a long periodicity
2) SSB is absent
3) SIB1 is absent
4) NW DRX/DTX is configured in SIB
5) Discovery RS is used 
In either of the above 5 cases, we think it impacts UE's IDLE / INACTIVE measurements, and will further impact cell (re)selection. For NES capable UE, if it can identify the NES cell, it can take the cell sleep state / mode information into account during the cell selection / reselection. For example, a NES capable UE may (de)prioritize the NES cells for load balancing consideration. 
Observation 1: Although a lot of NES solutions were proposed in RAN1, it is a common understanding that some cell sleep mode(s) / state(s) will be introduced.  
The details on how the NES capable UE identify NES cells and whether to prioritize or deprioritize the NES cells can be further discussed. 
Proposal 2: NES capable UE may (de)prioritize NES cells during cell selection / reselection. FFS how NES capable UE can identify NES cells. FFS whether to prioritize or deprioritize the NES cells.  
On the other hand, legacy UE may not identify NES cell, and they may meet interoperation issues when camping in NES cell. Thus, NES cells should be allowed to bar legacy UEs for backward compatibility. With regarding to the solution, we think RAN2 can either consider to introduce a new barring bit similar to Rel-17 redcap, or gNB can reject the RRC connection of legacy UE. Details of the mechanism can be FFS. 
Proposal 3: Legacy UE can be barred by NES cells. FFS detailed mechanism on how legacy UEs avoid NES cells.
2.2 SSB/SIB/Paging-less 
In post-meeting email discussion summary [3], the details of this solution are captured as below:
	Introduction
	Some NES Cells do not transmit SSB and/or SIB, UE receives SSB and/or SIB from a different cell (e.g. anchor cell).
“anchor cell” refers to the cell transmitting SSB and SIB.

	Scenario
	Multi-carrier (FFS inter-frequency or intra-frequency), FFS single carrier; UEs in all states (Connected/Idle/Inactive)

	NES gain
	Reduced time domain symbols for SSB/SIB-less NES cell. Possibly increased power consumption for anchor cell when the anchor cell broadcasts system information for other NES cells.

	Impact to legacy UEs
	legacy UEs can access from anchor cell

	UE assistance needed
	No

	RAN2 impact
	extended SIB for anchor cell, cell selection/reselection, RACH, etc


Table.2: Converged solution illustration of SSB/SIB/Paging-less in email discussion summary
According to our understanding, majority companies intend to introduce anchor carrier design similar to multi-carrier operation of LTE NB-IoT specified in Rel-13/Rel-14. However, there were some confusion and misunderstanding during email discussion. To ensure each company in the same page, we summarize multi-carrier operation of NB-IoT in Table 3.
	
	NB-PSS/SSS/PBCH and SIB
	RACH in initial access
	Paging
	PDCCH ordered RACH
	Non-anchor carrier details
	After release to IDLE

	Rel-13 multi-carrier of NB-IOT
	Only in anchor carrier
	Only in anchor carrier
	Only in anchor carrier (return to last stayed non-anchor carrier after paging reception)
	Only in anchor carrier (return to last stayed non-anchor carrier after RACH)
	1 DL and UL non-anchor carrier can be configured in RRC for unicast data traffic
	Retune to anchor carrier

	Rel-14 multi-carrier of NB-IOT
	Only in anchor carrier
	Only in anchor carrier
	In either anchor carrier or one non-anchor carrier
	In either anchor carrier or one non-anchor carrier
	Up to 15 DL and 15 UL non-anchor carriers can be configured in RRC for unicast data traffic
	Retune to anchor carrier


 Table.3: Summary of multi-carrier operation of NB-IoT specified in Rel-13/14
We are fine if RAN2 study this solution with multi-carrier operation of Rel-13 NB-IoT as baseline. However, one difference between LTE and NR is that RACH and paging resource selection depend on the selected SSB in NR while SSB is absent in non-anchor carrier. Thus, whether Rel-14 multi-carrier enhancement (i.e. allow paging and PDCCH-ordered RACH in non-anchor carrier) can be introduced needs further study. 
Observation 2: One difference between LTE and NR is that RACH and paging resource selection depend on the selected SSB in NR while SSB is absent in non-anchor carrier. Thus, whether Rel-14 multi-carrier enhancement (i.e. allow paging and PDCCH-ordered RACH in non-anchor carrier) can be introduced needs further study. 
We think it is necessary to confirm that RAN2 should use Rel-13 multi-carrier operation as baseline.
Proposal 4: RAN2 confirm the study of SSB/SIB/Paging-less solution uses the anchor carrier mechanism of NB-IOT specified in Rel-13 as baseline, i.e. the UE receives SSB/SIB/paging and performs RACH in anchor carrier. 
Meanwhile, another aspect worth discussion is intra-band CA vs inter-band CA. As can be seen, anchor carrier mechanism is on top of CA framework. And as specified in NR Rel-15, SSB-less SCell can only be configured in intra-band CA because of different timing requirement in inter-band CA. Currently, RAN1 and RAN4 are evaluating the feasibility of SSB-less SCell in inter-band CA. We believe RAN2 should focus on intra-band CA case before RAN1 and RAN4 make the feasibility conclusion.
Observation 3: As specified in NR Rel-15, SSB-less SCell can only be configured in intra-band CA. Currently, RAN1 and RAN4 are evaluating the feasibility of SSB-less SCell in inter-band CA.
Proposal 5: RAN2 confirm the study of SSB/SIB/Paging-less solution focus on intra-band CA only before RAN1 and RAN4 conclude the feasibility of SSB-less SCell in inter-band CA. 
2.3 On-demand SSB/SIB1 
In post-meeting email discussion summary [3], the details of this solution are captured as below:
	Introduction
	Cells in NES state only transmit discovery signals (DRS), UE uses wake-up signals (WUS) to trigger the transmission of SSB/SIB1 (FFS enhancements to other SIBs and MIB) 

	Scenario
	Single-carrier, multi-carrier; UEs in all states

	NES gain
	Reduced time domain symbols, enabling the gNB to reach deeper sleep states

	Impact to legacy Ues
	Legacy Ues can only access the cell after it is wakened. There could be issues if the cell turns off without realizing legacy Ues camping on it.

	UE assistance needed
	No (if wake-up signal is not considered as “assistance information”)

	RAN2 impact
	Informing Ues of the DRS/WUS configuration; FFS timing acquisition, paging, initial access.
Procedures related to DRS (measurement, cell selection/reselection etc);
Procedures related to WUS (triggering condition for sending WUS etc, FFS MAC behaviour and retransmission aspects).

	Note
	FFS other use cases of UE WUS (solution 7 decoupled with solution 3)
FFS whole SSB suspension without DRS transmission


Table.4: Converged solution illustration of on-demand SSB/SIB in email discussion summary
In our view, RAN2 can't make progress in this solution if without sufficient RAN1 and RAN4 inputs:
1) NES gain depends on RAN1 design on DRS, i.e. difference between transmission of DRS and transmission of SSB+SIB1
2) Main impacts of WUS are in RAN1 (sequence and use case) and RAN4 (regulation requirement and allowed band combination). Even if introduced, RAN2 impact of WUS is minor and heavily depends on RAN1 design:
· If RAN1 WUS design is like SRS, then there is no RAN2 impact
· If RAN1 WUS design is like SR, then the section 5.4.4 of TS 38.321 can be reused
· If RAN1 WUS design is like Preamble, then the section 5.1 of TS 38.321 can be reused   
3) Main impacts of DRS are in RAN1 (RS design) and RAN4 (requirement)
· RAN2 can't start work on DRS before RAN1 design is clear
4) Legacy UE impacts need to first evaluate initial access (RAN1 expertise) rather than cell reselection
Observation 4: On-demand SSB/SIB1 should be first evaluated by RAN1/RAN4 due to below reasons:
1) NES gain depends on RAN1 design on DRS, i.e. power of DRS vs power of SSB+SIB1
2) Main impacts of WUS are in RAN1 (sequence and use case) and RAN4 (regulation requirement and allowed band combination). 
3) Main impacts of DRS are in RAN1 (RS design) and RAN4 (requirement)
4) Legacy UE impacts need to first evaluate initial access (RAN1 expertise) rather than cell reselection
Observation 5: Main RAN2 impact of on-demand SSB/SIB1 is MAC procedure of UL WUS. However, it highly depends on RAN1 design: there will be no RAN2 impact in case of SRS like design; section 5.4.4 of TS 38.321 can be reused in case of SR like design; section 5.1 of TS 38.321 can be reused in case of Preamble like design.  
Thus, we propose that on-demand SSB/SIB1 study should wait for sufficient progress of RAN1 and RAN4.
Proposal 6: For on-demand SSB/SIB1, RAN2 wait for sufficient progress of RAN1 and RAN4.
2.4 Extended SSB/SIB1 periodicity 
In post-meeting email discussion summary [3], the details of this solution are captured as below:
	Introduction
	Longer SSB/SIB1 periodicity

	Scenario
	Single-carrier, multi-carrier; UEs in all states

	NES gain
	Reduced time domain symbols, enabling the gNB to reach deeper sleep states

	Impact to legacy Ues
	Longer access delay, possible failure in initial access if UE assumes an SSB periodicity of 20ms

	UE assistance info candidates
	UE preferred SSB configuration

	RAN2 impact
	SSB/SIB1 periodicity is more of network implementation if no bigger periodicity is introduced. FFS impact on measurement (e.g. to fulfil RRM requirements in RAN4) and resultant cell selection/reselection, RLM/BFD, UE power consumption.
Other impacts depend on the solution details, e.g, to introduce a second periodicity (NES-specific periodicity)


Table.5: Converged solution illustration of extended SSB/SIB1 periodicity in email discussion summary
Similar to on-demand SSB/SIB1, we don't think RAN2 can make progress in this solution if without sufficient RAN1 and RAN4 inputs:
1) Legacy UE impacts need to first evaluate initial access (RAN1 expertise) rather than cell reselection.
· For example, RAN1 should evaluate whether legacy UE will fail in initial access with assumption of 20ms periodicity of SSB as specified in clause 4 of TS 38.213.
· Depending on RAN1 evaluation outcome, RAN2 impacts will be quite different (e.g. if RAN1 conclude yes and prefer to specify this solution, RAN2 need to first define mechanism to bar legacy UE in NES cell).
2) It may need to introduce new requirements of RRM/RLM/BFD in RAN4. 
Observation 6: Extended SSB/SIB1 periodicity should be first evaluated by RAN1/RAN4 due to below reasons:
1) Legacy UE impacts need to first evaluate initial access (RAN1 expertise) rather than cell reselection.
2) It may need to introduce new requirements of RRM/RLM/BFD in RAN4. 
Thus, we propose that extended SSB/SIB1 periodicity study should wait for sufficient progress of RAN1 and RAN4.
Proposal 7: For extended SSB/SIB1 periodicity, RAN2 wait for sufficient progress of RAN1 and RAN4.
On the other hand, we think both extended SSB/SIB1 periodicity and on-demand SSB/SIB1 are target for the same intention (i.e. reducing NW energy consumption caused by SSB in single carrier). If RAN2 is ambitious to study this scenario before RAN1, we don't think RAN2 need to study both solutions for duplicated intention. 
Observation 7: Both extended SSB/SIB1 periodicity and on-demand SSB/SIB1 are target for the same intention (i.e. reducing NW energy consumption caused by SSB in single carrier). RAN2 don't need to study both.
Between them, we think that extended SSB/SIB1 periodicity should be studied before on-demand SSB/SIB1 because of its better backward compatibility.   
Proposal 8: If RAN2 decide to study SSB based single carrier solution before RAN1, extended SSB/SIB1 periodicity should be studied before on-demand SSB/SIB1 because of its better backward compatibility.   

3 Conclusion
In this contribution, we share our view on network energy saving for RRC_IDLE / RRC_INACTIVE UEs. Our observations are:
Observation 1: Although a lot of NES solutions were proposed in RAN1, it is a common understanding that some cell sleep mode(s) / state(s) will be introduced.  
Observation 2: One difference between LTE and NR is that RACH and paging resource selection depend on the selected SSB in NR while SSB is absent in non-anchor carrier. Thus, whether Rel-14 multi-carrier enhancement (i.e. allow paging and PDCCH-ordered RACH in non-anchor carrier) can be introduced needs further study. 
Observation 3: As specified in NR Rel-15, SSB-less SCell can only be configured in intra-band CA. Currently, RAN1 and RAN4 are evaluating the feasibility of SSB-less SCell in inter-band CA.
Observation 4: On-demand SSB/SIB1 should be first evaluated by RAN1/RAN4 due to below reasons:
1) NES gain depends on RAN1 design on DRS, i.e. power of DRS vs power of SSB+SIB1
2) Main impacts of WUS are in RAN1 (sequence and use case) and RAN4 (regulation requirement and allowed band combination). 
3) Main impacts of DRS are in RAN1 (RS design) and RAN4 (requirement)
4) Legacy UE impacts need to first evaluate initial access (RAN1 expertise) rather than cell reselection
Observation 5: Main RAN2 impact of on-demand SSB/SIB1 is MAC procedure of UL WUS. However, it highly depends on RAN1 design: there will be no RAN2 impact in case of SRS like design; section 5.4.4 of TS 38.321 can be reused in case of SR like design; section 5.1 of TS 38.321 can be reused in case of Preamble like design.  
Observation 6: Extended SSB/SIB1 periodicity should be first evaluated by RAN1/RAN4 due to below reasons:
1) Legacy UE impacts need to first evaluate initial access (RAN1 expertise) rather than cell reselection.
2) It may need to introduce new requirements of RRM/RLM/BFD in RAN4. 
Observation 7: Both extended SSB/SIB1 periodicity and on-demand SSB/SIB1 are target for the same intention (i.e. reducing NW energy consumption caused by SSB in single carrier). RAN2 don't need to study both.

Based on observations, our proposals are:
Enhancement to cell selection and reselection
Proposal 1: RAN2 prioritize the study of cell selection and reselection in Network energy saving.
Proposal 2: NES capable UE may (de)prioritize NES cells during cell selection / reselection. FFS how NES capable UE can identify NES cells. FFS whether to prioritize or deprioritize the NES cells.  
Proposal 3: Legacy UE can be barred by NES cells. FFS detailed mechanism on how legacy UEs avoid NES cells.

SSB/SIB/Paging-less
Proposal 4: RAN2 confirm the study of SSB/SIB/Paging-less solution uses the anchor carrier mechanism of NB-IOT specified in Rel-13 as baseline, i.e. the UE receives SSB/SIB/paging and performs RACH in anchor carrier. 
Proposal 5: RAN2 confirm the study of SSB/SIB/Paging-less solution focus on intra-band CA only before RAN1 and RAN4 conclude the feasibility of SSB-less SCell in inter-band CA.
 
On-demand SSB/SIB1 / Extended SSB/SIB1 periodicity
Proposal 6: For on-demand SSB/SIB1, RAN2 wait for sufficient progress of RAN1 and RAN4.
Proposal 7: For extended SSB/SIB1 periodicity, RAN2 wait for sufficient progress of RAN1 and RAN4.
Proposal 8: If RAN2 decide to study SSB based single carrier solution before RAN1, extended SSB/SIB1 periodicity should be studied before on-demand SSB/SIB1 because of its better backward compatibility.   
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