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1 Introduction
During RAN2 #119-e, the NES techniques were discussed online and categorized as follows:

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 

This email discussion aims to understand the solutions better (e.g. general analysis of NES gain, complexity, RAN2 impact), and attempt prioritization of the solutions.

· [POST119-e][313][NES] Details of solutions (Huawei)

- Capture more RAN2 details/impact/benefit on the solution groups and additional things to study 

- Attempt prioritization of solutions

Deadline: Long

The discussion is divided into two phases:

Phase 1: Companies are invited to check whether the solutions are captured correctly (especially proponent companies of the solution).
Note: The solutions we listed here are more stage2-like, as the main intention is to have a complete list of the directions that would be discussed in RAN2. Companies can first assess whether these stage-2 like solutions have captured the major principle from the inputs, it is not likely that all the stage 3 details can be discussed within this email thread.

(Deadline: Wednesday 2022-09-14 0800 UTC)
Phase 2: Companies are invited to provide views on each solution. 

(Deadline for companies’ inputs: Thursday 2022-09-22 0800 UTC
Deadline for rapporteur’s summary: Monday 2022-09-26 0800 UTC)
2 Discussion
Solution 1 & 4: Adaptation of MIB/SSB/SIB & Receiving SSB/SIB on one carrier/cell and performing access to another carrier/cell
Solution statement:
1)
SSB/SIB-less:
	Introduction
	Some NES Cells do not transmit SSB/SIB, UE receives SSB/SIB from a different cell (e.g. anchor cell).

	Scenario
	Multi-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
	No impact, legacy UEs can access from anchor cell

	UE assistance needed
	No

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


For the above technique, please comment if you think there is some major principle missing:
	Company
	Comments

	Apple
	First, we have clarification questions for proponent:
1. whether the anchor cell is always in inter-frequency or can be intra-frequency (compared with cell for data transmission). Note that RF retuning gap may be needed to be specified if inter-frequency to receive SSB/SIB
2. why "connected UE" needs to support this feature? Note that in legacy system, connected UE typically acquires updated SIB via dedicated signaling.

3. whether anchor cell can only perform initial access or it can also perform data transmission? Note that if it can't perform data transmission, it will have impact on legacy UE. 

Then, we have below comments/suggestions:

1. clarify definition of "anchor cell" and make it clear whether it is intra-frequency or inter-frequency, and impact to legacy UE depending on clarification of our question 3)

2. For "RAN2 impact":

   a) what is UE capability impact? Note that if it is IDLE/INACTIVE UE, we don't have capability signalling   

   b) what is "extended SIB" is not clear. suggest to change to "SSB/SIB mechanism for anchor cell" 
   c) what is RACH impact is not clear. Does it mean UE sends preamble in anchor cell and followed steps in other cell, or the UE performs cell search/sync in anchor cell and RACH in other cell?
   d) do we allow paging in SSB/SIB-less cell or only in anchor cell? 

   d) how to acquire timing for SSB-less cell is missed.

   e) It seems RRC connection procedure needs some spec changes because this solution basically requires camped cell is different from cell performing data transmission (i.e. RRC connected cell).   

  

	
	

	
	


2)  Partial/simplified SSB, MIB-less:
	Introduction
	Simplified SSB without MIB (MIB is transmitted on anchor cell), or a newly defined RS.

	Scenario
	Multi-carrier; UEs in all states

	NES gain
	Reduced time domain symbols

	Impact to legacy UEs
	No impact, legacy UEs can access from the anchor cell. 

	UE assistance needed
	No

	RAN2 impact
	Initial access, measurement, etc


For the above technique, please comment if you think there is some major principle missing:
	Company
	Comments

	Apple
	We are confused by this solution: 
1. Does "Simplified SSB without MIB" means MIB and SSB are sent in different cell? Then, we don't think legacy UE can live with it. 

2. Some info of MIB is sent implicitly sent in SSB (e.g. 4bit LSB of SFN, some SSB index are implicitly sent via DMRS sequence of SSB). Then, "MIB" here means complete MIB with these implicitly sent bits or same as legacy MIB?
3. We are not sure "a newly defined RS" is to replace simplified SSB or MIB?

For RAN2 impacts, we have similar comments of solution 1). The current description is not clear.

	
	

	
	


In case some technique related to solution 1 & 4 is submitted to RAN2 #119-e but not presented above, it can be listed here:
	#Proponent Company
	#Technique

	Introduction
	

	Scenario
	

	NES gain
	

	Impact to legacy UEs
	

	UE assistance needed
	

	RAN2 impact
	


Solution 2: Increase of SSB/SIB1 periodicity

Solution statement:
	Introduction
	Longer SSB/SIB1 periodicity

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

	NES gain
	Reduced time domain symbols

	Impact to legacy UEs
	Longer access delay

	UE assistance needed
	UE preferred SSB configuration

	RAN2 impact
	SSB/SIB1 periodicity is more of network implementation if no bigger periodicity is introduced.
Other impacts depend on the solution details, e.g, to introduce a second periodicity (NES-specific periodicity)


For the above technique, please comment if you think there is some major principle missing:
	Company
	Comments

	Apple
	1. why "connected UE" needs to support this feature? Note in legacy system, connected UE typically acquires updated SIB via dedicated signaling.
2. For "Impacts to legacy UEs", we think besides "longer access delay", some other impacts are missed:

  a) Some legacy UE may fail in access because it is specified that the UE can assume 20ms SSB periodicity in initial access (Clause 4 of TS 38.213). Then based on it, some UE implementation always performs SSB combining per 20ms. These UEs may fail in initial access. 
  b) Current RAN4 measurement requirement (also including RLM/BFR) depends on SSB periodicity. If longer SSB periodicity is used, legacy UE may not satisfy the corresponding requirements.   

For RAN2 impacts:

 1) we think impact to IDLE and CONNECTED measurement is missed due to longer periodicity of SSB as some RRM requirement in RAN4 depends on SSB periodicity 
 2) we think impact to cell selection / reselection is missed resulted from measurement impacts.   

 3) we think some other RAN4 requirement impacts need further check (e.g. legacy RAN4 requirements of measurement in DRX and Scell activation/deactivation depend on SSB periodicity)  

	
	

	
	


In case some technique related to solution 2 is submitted to RAN2 #119-e but not presented above, it can be listed here:
	#Proponent Company
	#Technique

	Introduction
	

	Scenario
	

	NES gain
	

	Impact to legacy UEs
	

	UE assistance needed
	

	RAN2 impact
	


Solution 3 & 7: On-demand SSB/SIB1 & Any Cell activation/re-activation or UE wake up request signal (connected/idle)
Solution statement:
On-demand SSB/SIB1, triggered by WUS
	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

	Impact to legacy UEs
	Legacy UEs can only access the cell after it is wakened.

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

	RAN2 impact
	Informing UEs of the DRS/WUS configuration;

Procedures related to DRS (measurement, cell selection/reselection etc);

Procedures related to WUS (triggering condition for sending WUS etc).


For the above technique, please comment if you think there is some major principle missing:
	Company
	Comments

	Apple
	1. For scenario of "multi-carrier", it is not clear how it works. Does it mean WUS can trigger cross-carrier activation? or DRS can indicate cross-carrier discovery? or SSB and/or SIB1 can be sent in cross-carrier way?
2. For impacts to legacy UE, it should at least include measurement, cell selection/reselection, RACH (as RA occasion is associated to selected SSB).

For RAN2 impacts:

1. how to acquire timing is missed

2. impact to RACH is missed, as RA occasion is associated to selected SSB

3. impact to paging is missed: whether paging can be sent when SSB is not sent?

4. for "procedures related to WUS", we think UE MAC behaviour to send WUS and UE MAC behaviour after sending WUS (e.g. monitoring gNB response similar to RACH), and retransmission behaviour are missed.      

	
	

	
	


In case some technique related to solution 3 & 7 is submitted to RAN2 #119-e but not presented above, it can be listed here:
	#Proponent Company
	#Technique

	Introduction
	

	Scenario
	

	NES gain
	

	Impact to legacy UEs
	

	UE assistance needed
	

	RAN2 impact
	


Solution 5: Handover/Fast PCell change for NES
Solution statement:
1) Group HO/CHO
	Introduction
	Pre-configure the candidate target cell(s) to the UEs, and trigger the HO/CHO with group-common signalling.

	Scenario
	Single-carrier, multi-carrier; UEs in connected state

	NES gain
	Reduced HO commands

	Impact to legacy UEs
	Not applicable to legacy UEs

	UE assistance needed
	No

	RAN2 impact
	Details of the group-common HO/CHO signalling, details for pre-configuration of candidate cells, etc.


For the above technique, please comment if you think there is some major principle missing:
	Company
	Comments

	Apple
	We are not sure the intention of "pre-configuration of candidate cells". Is it for CHO only or traditional HO as well? At least for traditional HO, we don't understand why pre-configuration is needed as only one target cell is selected in traditional HO. For CHO, why the legacy candidate cell configuration (i.e. included in CHO command) can't be reused?
For RAN2 impacts:

1. we think UE behaviour upon reception of group-common signaling is missed (e.g. how to handle T304 timer, whether/how to send response group-common signaling)
2. we think how UE updates security upon reception of group-common signaling has RAN2 impact and should be list. 

	
	

	
	


Group configuration update
For group configuration update, the solution is quite similar to the resource adaptation (Solution 6), which also discusses “triggering a configuration change using group-common signalling”. So no duplicated discussion will happen here.
In case some technique related to solution 5 is submitted to RAN2 #119-e but not presented above, it can be listed here:
	#Proponent Company
	#Technique

	Introduction
	

	Scenario
	

	NES gain
	

	Impact to legacy UEs
	

	UE assistance needed
	

	RAN2 impact
	


Solution 6: Resource adaptation (frequency and time domain)
Solution statement:
1) Resource adaptation (e.g. 2-step approach, combined with NW state transition)
	Introduction
	Pre-configure the UEs using dedicated signalling, and trigger a configuration change or UE behaviour change using group-common signalling (the triggering is based on NW state transition between NES state and non-NES state).

	Scenario
	Single-carrier, multi-carrier; UEs in connected state

	NES gain
	Reduced signalling and faster NW state transition.

	Impact to legacy UEs
	Not applicable to legacy UEs

	UE assistance needed
	No

	RAN2 impact
	Details of pre-configuration signalling and group common signalling, etc.


For the above technique, please comment if you think there is some major principle missing:
	Company
	Comments

	Apple
	1. what is "pre-configure the UEs" is not clear. In our understanding, it means preconfigure UE group(s) and related to group-common configuration. Please proponent confirm. And we suggest to make it clear if proponent can confirm.
2. "Impact to legacy UEs", we think it has legacy impacts because NW NES state are adapted which will impact legacy UE performs (e.g. if SSB periodicity is changed via NW NES state changing, legacy UE is not aware of it but it will have impacts on at least RRM/RLM performance of the legacy UE.)

For RAN2 impacts:

1. UE behaviour upon reception of the group common signling is missed. 

2. We suggest to add "legacy UE impacts due to not aware of NW NES state change".

	
	

	
	


2) Cell DTX/DRX
	Introduction
	Configure DRX in a UE-group or cell-specific manner, so that DTX at the gNB can be applied and aligned.

	Scenario
	Single-carrier, multi-carrier; UEs in connected state

	NES gain
	Reduce the always-on transmission/monitoring

	Impact to legacy UEs
	Current spec already allows DTX/DRX, where legacy UEs can only be configured by per-UE signalling.

	UE assistance needed
	Traffic characteristic/status etc. More information can be provided by proponents. 

	RAN2 impact
	Current spec already allows configuring same DRX configuration for UEs.

FFS on additional enhancements.


For the above technique, please comment if you think there is some major principle missing:
	Company
	Comments

	Apple
	1. For scenario, we don't think Cell DRX/DTX is applied to UE in connected state. In current RAN1 discussion, there are multiple proposals on UE in IDLE/INACTIVE state. Actually, if the DRX/DTX pattern is cell specific, it will impact IDLE / INACTIVE UE. So, we suggest to change to "UEs in all states"
2. For UE assistance needed", we can add "preferred DRX/DTX pattern" similar to existing preferred UE CDRX pattern.

For RAN2 impacts:

1. As we clarified in 1), we suggest to add "whether/how to apply to IDLE/INACTIVE UEs"

2. We suggest to add "UE behaviour during Cell DRX/DTX ON / OFF duration"
3. We suggest to add "NW expected behaviour / NES state during Cell DRX/DTX OFF duration" (although we don't usually specify NW behaviour, we should at least clarify what NW is expected to do during DRX/DTX OFF duration. Otherwise, it is difficulty to specify clear UE behaviour).

 

	
	

	
	


3) On-demand measurement, adaptation of RS
	Introduction
	UE is allowed to notify network its preference on reference signal pattern for measurements via assistance information. The Network can use MAC CE to activate / deactivate a different pattern of reference signals for measurements

	Scenario
	Single-carrier, multi-carrier; UEs in Connected state

	NES gain
	NW can apply sparse reference signal transmission unless additional RS is requested by the UE

	Impact to legacy UEs
	Legacy UEs cannot request on-demand RS for measurements, so they may not get sufficient RS samples to satisfy the RAN4 measurement requirement when the network decides sparse reference signal transmission.

	UE assistance needed
	Preferred RS pattern

	RAN2 impact
	UE indication, and NW activation/deactivation of RS patterns etc.


For the above technique, please comment if you think there is some major principle missing:
	Company
	Comments

	
	

	
	

	
	


4) BWP adaptation
	Introduction
	UEs can be configured with a cell-NES specific BWP, and use group common signalling to switch UEs to the cell-NES specific BWP

	Scenario
	Single-carrier, multi-carrier; UEs in Connected state

	NES gain
	Reduced frequency-domain resources, and NW can use the same smaller transmission bandwidth to serve all UEs

	Impact to legacy UEs
	Legacy UEs don’t support the group signalling, but relying on the existing UE-dedicated BWP switching or timer.

	UE assistance needed
	To be provided by proponents

	RAN2 impact
	Group-common BWP switching signalling.


For the above technique, please comment if you think there is some major principle missing:
	Company
	Comments

	Apple
	We have two questions for clarification for proponents:

1. For scenario, if cell specific BWP, we are not whether it is also applied to IDLE/INACTIVE UE (i.e. the cell specific BWP is configured in SIB)
2. whether the cell specific BWP is always one of UE dedicated configured BWP, or it can be different. If it can be different, we may have extra RAN2 impacts. 

	
	

	
	


In case some technique related to solution 6 is submitted to RAN2 #119-e but not presented above, it can be listed here:
	#Proponent Company
	#Technique

	Introduction
	

	Scenario
	

	NES gain
	

	Impact to legacy UEs
	

	UE assistance needed
	

	RAN2 impact
	


Solution 8: Paging enhancements (includes paging-less solutions)
Solution statement:
Paging reception from a non-camped cell
	Introduction
	UE camps on a cell (for Idle/Inactive), or is served by a cell (for Connected), but receives paging on another cell

	Scenario
	Multi-carrier; UEs in all states

	NES gain
	Reduced time domain symbols for the carrier where UE camps or is served

	Impact to legacy UEs
	No impact, the legacy UE can receive paging from the anchor cell

	UE assistance needed
	No

	RAN2 impact
	Indicating paging configuration to the UE, etc.


For the above technique, please comment if you think there is some major principle missing:
	Company
	Comments

	Apple
	1. whether the anchor cell is always in inter-frequency or can be intra-frequency (compared with cell for data transmission). Note RF retuning timing pattern may be needed to be specified if inter-frequency to receive paging

2. For scenario, it is stated that this solution is only applied to multi-carrier. Maybe proponent can confirm whether it is correct.

3. Suggest to add definition of "anchor cell"

For RAN2 impacts:

1. As we clarify, if anchor cell can be in different frequency, maybe we need to specify RF retuning gap for the UE to leave to anchor cell to receive paging.

2. We are not sure the turning off paging decision is made in gNB (i.e. camping cell receives paging message from AMF but it is allowed to not send paging) or CN (i.e., AMF only sends paging message to anchor cells). If it is made in CN, we will have SA2/CT1 impacts. 


	
	

	
	


In case some technique related to solution 8 is submitted to RAN2 #119-e but not presented above, it can be listed here:
	#Proponent Company
	#Technique

	Introduction
	

	Scenario
	

	NES gain
	

	Impact to legacy UEs
	

	UE assistance needed
	

	RAN2 impact
	


Solution 9: Cell selection/reselection (i.e. cell prioritization also including legacy UEs)
Solution statement:
	Introduction
	NES cells can be de-prioritized 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 symbols if the cell is in NES state

	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.

	UE assistance needed
	No

	RAN2 impact
	Cell selection/reselection enhancement etc.


For the above technique, please comment if you think there is some major principle missing:
	Company
	Comments

	Apple
	1. For "introduction", we are confused by current description:
   a) It is mentioned "aware of cell state is optional": we are not sure how cell selection/reselection can be enhanced if UE is not aware of cell state. In our understanding, only when NES capable UE can identify NES cell, the cell selection/reselection enhancement is possible. 

   b) It is mentioned "NES cells can be de-prioritized". However, we believe correct logic is that NES cell is prioritized for NES capable UE at least in cell reselection. For cell selection, maybe NES cell should be de-prioritized for NES capable UE for KPI of initial access latency consideration. But it can be further studied in RAN2. 

   So, we suggest to change this part as below:

NES cells can be prioritized or de-prioritized for NES capable UEs during cell selection/reselection, optionally, after NES capable UE is made aware of cell state (NES or non-NES).
2. For "NES gain": 

  a) what is " Reduced time domain symbols " is not clear. We think it should be "Reduce time domain SSB symbols".

  b) we think main gain of cell reselection enhancement is to ensure legacy UE performance is not impacted. 

3) For "Impact to legacy UEs", we think it has legacy impacts if NW NES state is not aware by legacy UE (e.g. if SSB periodicity is changed via NW NES state changing, legacy UE is not aware of it but it will have impacts on at least RRM/RLM performance of the legacy UE.)

    

	  
	

	
	


In case some technique related to solution 9 is submitted to RAN2 #119-e but not presented above, it can be listed here:
	#Proponent Company
	#Technique

	Introduction
	

	Scenario
	

	NES gain
	

	Impact to legacy UEs
	

	UE assistance needed
	

	RAN2 impact
	


3 Conclusion

To be completed
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