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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 – Phase 1

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 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


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

[HW] Inter-frequency should be the typical case. An FFS is added.
2. why "connected UE" needs to support this feature? Note that in legacy system, connected UE typically acquires updated SIB via dedicated signaling.

[HW] Updating SIB via dedicated signalling is mainly for the UEs with an active BWP not configured with common search space. Other Connected mode UEs still read broadcast information.
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. 

[HW] I think both initial access and data transmission are allowed on anchor cell.
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)

[HW] My understanding is “anchor cell” refers to the cell transmitting SSB and SIB.
2. For "RAN2 impact":

   a) what is UE capability impact? Note that if it is IDLE/INACTIVE UE, we don't have capability signalling   
[HW] The current spec already allows SSB-less SCell for intra-band CA, and there is a UE capability scellWithoutSSB. Agree that the capability is mainly for Connected mode UE.
   b) what is "extended SIB" is not clear. suggest to change to "SSB/SIB mechanism for anchor cell"
[HW] “Extended SIB” is from the anchor cell’s perspective, it means the anchor cell will broadcast SIB for the NES 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?

[HW] The tentative RAN2 impact is only for reference, details can be discussed later. About RACH, my understanding is that, Idle/Inactive mode UEs can select which carrier (anchor carrier or NES carrier) to perform RACH.
   d) do we allow paging in SSB/SIB-less cell or only in anchor cell? 

[HW] I think the simplest solution is to only allow paging in anchor cell, but open to discuss this.

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

[HW] The timing of SSB-less cell is based on anchor cell.
   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).   

[HW] For Connected mode UEs, the legacy CA mechanism can be reused. For Idle/Inactive mode UEs, it can be further discussed.  

	Fraunhofer
	For us it is not clear why Solution 4 is conflated with Solution 1. In our understanding Solutions 1, 2 and 3 are all ways to reduce always-on signals. Reducing such always-on signals could be done either:

· In a non-backward compatible way on a single carrier, or

· In a multi-carrier scenario, one carrier (anchor) is kept backward compatible whereas other carriers can be relieved of having too much always-on signals. This is exactly what Solution 4 is about in our opinion. 

Therefore, Solution 4 should be described separately, as a technique which enhances solutions 1, 2 or 3 for the multi-carrier case, making it more practical because legacy supported can be defined. With that separate description it will be clear that “No impact, legacy UEs can access from anchor cell” refers to solution 4, not to 1   
[HW] My understanding is that solution 1 is applicable only to multi-carrier scenarios. But to address your concern, I can add “FFS for single carrier”

	CATT
	Some NES cells may transmit SSB but not transmit SIB, so maybe the description could be reworded to "SSB and/or SIB"
[HW] Ok, the description in “Introduction” is changed.

	Ericsson 
	-
The current terminology “reduced time domain symbols” may be a bit ambiguous because it may be misinterpreted as the reduction of the symbol length. We suggest changing it to “reduction of symbols in time domain”.

[HW] No strong view on this. Even if the wording is a bit ambiguous, it can be combined with the overall description so probably no misunderstanding will be caused?
-
For the RAN2 impact, we understand the UE capability aspect may anyway be applicable to all of the solutions listed here and it is a discussion subject we usually take later once the feature is specified. Therefore, we suggest removing “UE capability” from “RAN2 impact” for now.

[HW] Agree, it is removed now.
-
We agree with Apple that it would be good to clarify whether the solution is meant for an inter or intra frequency case, or for both.

[HW] An FFS is added.

	Qualcomm
	Agree with general comments of Apple

1. There are many conditions for a Rel-18 UE to be able to perform such an operation. We refer to our  RAN1 paper (R1-2207246), that discussed this scheme in depth.. We would also like to denote that this would be a complicated UE capability that will likely not be easily available for all Rel-18 UEs

a) Reliability of the time/frequency/spatial information from one carrier with SSB to be used for SSB-less carrier 
b) collocation requirements for secondary cells and associated primary cell, 
c) band requirements for secondary cells and associated primary cell,  
d) requirements on timing difference between secondary cells and associated primary cell, 
e) QCL for receiving/transmitting signal/channel on secondary cells, 
f)  transmit power determination for receiving signal/channel on secondary cells, 
g) Path loss and TA determination for transmitting signal/channel on secondary cells. 
h) Mobility measurement for SSB-less carrier. 

In the end, we think that scheme would end up with a lot of RAN1/RAN4 conditions to make it work for legacy (if possible) so it would be more accurate to carefully assess the legacy impact once those conditions are determined. 

2. We would like to confirm the following understanding or SSB-less and clarify the target use case for SIB1-less

·  SSB-less: This is for inter-band CA

· SIB1-less: Is it intended for intra-band CA or inter-band CA or both? [HW] both
3. This solution cannot apply to FR2 due to the nature of common beam management and initial access. [HW] I think the SIB1-less solution is not suitable for FR2, because multiplex pattern 2 and 3 are used in FR2, and even if SIB1 is not transmitted, the cell cannot be turned off because of the transmission of SSB. But SSB-less can be applicable for both FR1 and FR2.
4. Need to clarify the impact on RACH. Does UE perform RACH on anchor cell or the other cell. [HW] This can be further discussed.
As a general comment/request on the email discussion structure. We propose adding a “Rel-18 UE impact” (Perhaps in Phase 2 if no time in Phase 1?), as we have covered the impact on legacy and standardization point of view. But solutions like this one impose serious design constraints for the UEs that ought to be discussed and assessed in discussion, so we think we should have this as an important “thing to study” to use the agreement language. 
[HW] I agree this needs to be studied, but this is covered in “RAN2 impact” and companies can contribute on that.

	Intel
	For the NES cell, is it assuming that it is intra-band to the anchor carrier so that the UE can assume the SSB for the anchor carrier is also for the non-anchor carrier. For the inter-band case, we assume that it is still under discussion in RAN1.

[HW] Intra-band case is already allowed in the current spec. Inter-band case should be studied in R18.
For the RAN2 impact: If the NES cell is not broadcasting the SSB, why is there an impact to cell selection/reselection since the UE will camp on the anchor cell?  Will there be an impact to RACH and paging?
[HW] UE can also camp on NES cell. Impact to RACH and paging can be further studied.

	vivo
	General suggestions for all the solutions from here on:

1. Different ‘or’ relation descriptions are mixed in one table, e.g. SSB/SIB1, Connected/Idle/Inactive, UE capability/extended SIB for anchor cell/cell selection/reselection/RACH, which can cause some confusion as Apple mentioned above. We suggest to focus only on clarification and details fill-in for the introduction and scenario in phase 1 and share comments on the impact to RAN2 and legacy UEs in phase 2. 

2. It’s not necessary to clarify whether UE assistance is needed in each solution, this depends on future contributions and discussion from companies. [HW] This is tentative discussion, and more UE assistance information can be added/discussed in future meetings.
3. We should keep in mind that negative impact to legacy UE for one ES-state cell doesn’t mean the solution should be removed from candidate solution list, because there can be normal-state cells for legacy UE to maintain services by flexible network implementation. [HW] Agree
4. We also need to evaluate the impact to Rel-18 NES UE, not only legacy UE.

[HW] But that can be covered in “RAN2 impact”.
As for this solution，we have below comments/suggestions:
1. If this scenario is limited for multi-carrier case, we think this solution is similar to the way in which NB-IOT defines (non-)anchor carrier, thus it’s possible UE receives SSB/SIB from a different intra-band cell. FFS whether it’s applicable for inter-band case per RAN1/4 discussion. 
2. For scenario, multi-carrier is meaningless for IDLE/INACTIVE, so we suggest to change to ‘multi-carrier operation for CONNECTED and standalone operation for IDLE/INACTIVE’; [HW] One company commented that single carrier case can also be studied.
3. For RAN2 impact, cell selection/reselection of legacy UE may be impacted, so we suggest to combine the impact to legacy UEs and RAN2 impact together. [HW] For now we tend to keep the current structure, and it does not prevent any further discussion.

	Fujitsu
	1. The basic principle is necessary, i.e., whether the anchor cell should be intra-band frequency with the ES cells or can be inter-band frequency with the ES cells. The scenario of using SSB/SIB of “anchor cell” for ES cell should be clarified. Does it mean that SSB-based operation in the ES cell such as SSB-based measurement or SSB-based RA can rely on the RS of anchor cell if UE receiving SSB of anchor cell instead of SSB of ES cell? [HW] In my understanding, the SSB-less solution is mainly extending the existing SSB-less SCell from intra-band case to inter-band case. The SIB-less solution is to let the anchor cell broadcast the system information of the NES cell.
2. If that is the case, the usage and relevant restriction on “anchor cell” should be studied by RAN2/RAN1. For example, SSB-based operation in ES cell relying on the RS of anchor cell may require:
1) the anchor cell is synchronized with the ES cell.
2) the RS transmitted in anchor cell is QCLed to that of the ES cell, in other words, UEs should be able to use the RS of anchor cell for deriving the Rx parameters of channel estimation for the ES cells or measure the RS of anchor cell for SSB-based measurement in ES cell. [HW] Agree on the synchronization requirement. The QCL requirement may need RAN1 input as well.
3. Based on scenarios as well as usage/restriction of anchor cell, the cases for different UE states, i.e., connected/idle/inactive mode, should be studied.

4. It’s better to confirmed “SSB-less” here means the whole SSB transmission is stopped. 

5. ES cells can offload system information (MIB and SIBs) to the anchor cell, however, the necessary information of the ES cell that needs being broadcasted by the anchor cell should be identified since it may not be desirable the whole system information blocks are offloaded to anchor cell. This is mainly for idle/inactive mode UEs.

6. In multi-carrier scenario, legacy UE will not be impacted if the cell which it camps on or the cell which it connects to as SpCell enters ES mode and stop SSB/SIB1 transmission. Legacy UEs in connected mode should be handed over to another normal cell when the cell enters ES mode. Legacy UE in idle mode will reselect to other cells.

7. RAN2 impact: 

1) Indication on anchor cell for ES cells to UE

2) RACH: receiving SSB on anchor cell and performing SSB-based RA on the ES cell

3) measurement: measuring SSB on anchor cell for deriving the measurement result of the ES cell/beam

Cell (re)selection: selecting the ES cell based on the measurement result of anchor cell as well as MIB/SIB1 which is offloaded to the anchor cell
[HW] For 3~7, agree with most of the comments. But this email discussion is mainly for companies to have the whole picture, instead of sorting out all the details.

	OPPO
	It is unclear to us what the function of the non-anchor cell is and what the impact on UE is in cell selection/reselection, RACH, and paging. For instance, it needs to be clarified whether the NES UE can perform such procedures on non-anchor cells, or, whether the NES UE only performs such procedures on the anchor cell. Does the non-anchor cell support other functions other than data transmission?
[HW] My understanding is that at least for the SIB-less solution, UE can perform cell selection/reselection, RACH to non-anchor cell. For paging, the simplest way is to receive paging on anchor cell, but it can be further studied.

	Nokia
	Legacy UE impact is stated to be not present but isn’t there impact as legacy UE cannot camp/access cell without SSB. I guess intention is to say that legacy UE could still camp on some other carrier where SSB is provided but not on the carrier without SSB.

[HW] Yes
For Ran2 impacts it said that impact is “extended SIB” – should this say extended SIB period or is intention to extend SIB transmission length?
[HW] The intention is that, anchor cell needs to broadcast “extended SIB”, as it needs to broadcast the system information for NES cell as well.

	MediaTek
	We are not convinced yet there is no impact to legacy UE unless we can clarify the solution will not introduce functional changes for, for example, Short Message in PDCCH (paging for SI modification), RACH resource/procedure and so on in stage 2 spec., no matter in a piggyback/non-critical-extended way, or in a separated but co-existed way. (May need more RAN1/4 inputs)
On the other hand, we assume that theoretically the more SSBs/SIBs (of more NES cells) carried in anchor cells, the higher power saving gains the network has, but it is still unclear how much performance requirement and complexity it would impose to the anchor cell and the UE. For example, we assume by this solution the SI modification or PWS indication is still through Short Message in PDCCH on the NES cell but the Rel-18 UE needs to switch to and acquire SIB1 on anchor cell then back to the NES cell. Would it impact time-critical mission requirement and UE power consumption? These aspects are mentioned in stage 2 spec. and the related procedure, e.g., paging, may be also included in the RAN2 impact estimation.
[HW] If the legacy UE accesses via anchor cell, there will be no negative impact, but it cannot camp on or access to SSB/SIB-less NES cell.

Besides, we agree there will be extra power consumption for anchor cell, but that will be comparatively less than the power saved for NES cell.

	Samsung
	“Legacy UEs cannot access the NES cells.” is a legacy impact from the performance perspective. 
[HW] Seems companies have some concern on “no impact”, it is removed now.


Phase 1 summary:

Companies mainly have concerns on the following issues:

· Whether it applies to intra-frequency or inter-frequency
· The definition of “anchor cell”

· Whether it applies to single carrier case

· The “no impact to legacy UEs” is debatable

· “UE capability” should be discussed for each solution, so no need to add here.
Based on the above, the solution is modified and the discussion will continue in Phase 2.
2)  Partial/simplified SSB, MIB-less:

	Introduction
	Simplified SSB without MIB (MIB is transmitted on anchor cell, FFS the implicit bits), FFS a newly defined RS.

	Scenario
	Multi-carrier, FFS single carrier; UEs in all states

	NES gain
	Reduced time domain symbols

	Impact to legacy UEs
	Legacy UEs can access from the anchor cell (FFS how legacy UEs interpret the simplified SSB on the sync raster). Possibly increased power consumption for anchor cell when MIB is transmitted on the anchor cell only.

	UE assistance needed
	No

	RAN2 impact
	Initial access, measurement, etc, FFS measurement, cell selection and RACH


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. [HW] I guess the intention is that NES cell only transmits PSS and SSS, while MIB is sent on another cell. But proponent company can clarify.
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? [HW] I will add an FFS for this. Proponent company can clarify.
For RAN2 impacts, we have similar comments of solution 1). The current description is not clear.

	Fraunhofer
	As we described on previous answer, “No impact, legacy UEs can access from the anchor cell.”, refers to solution 4 and not to 1 . To understand impact and the proposal we should also describe which functionalities a “partial/simplified SSB” supports. Initial access? RRM? RLM/BFD? Or are different combinations at the discussion table?
[HW] An FFS is added for single carrier case.

	Ericsson 
	-
The current terminology “reduced time domain symbols” may be a bit ambiguous because it may be misinterpreted as the reduction of the symbol length. We suggest changing it to “reduction of symbols in time domain”.

[HW] I do not see a major difference, open to hear from more companies on this.
-
Since MIB is transmitted on the anchor cell, the same reasoning as in “SSB/SIB-less” case applies for NES gain, i.e., we could add under NES gain “Possibly increased power consumption for anchor cell when MIB is transmitted on the anchor cell only.”.

[HW] Agree to add this


	Qualcomm
	1. If legacy PSS/SSS without MIB is sent on a sync raster, it can confuse the legacy UEs.
2. We expect additional RAN2 impact on cell selection and RACH depending on solution specifics
3. Same to the comment in the last question, this will also have some constraints on the UE Rel-18 capability and design since the new UE need to search for MIB between “anchor” and “NES” cells or be configured to obtain the MIB information on some other signal?
We agree with Apple that it is unclear how the RS is used in idle/inactive/connected mode for this solution. The scope of RAN2 impact would depend on that.
[HW] Some more FFSs are added.

	vivo
	1. From our understanding, this solution is not only applicable for non-anchor cell. Rather, it’s a general solution for any ES-state cell, including the case that simplified SSB can be a discovery RS so that UE can refer to it and send wake-up request accordingly for solution 7. 

so we suggest to remove the description in the brackets:

Simplified SSB without MIB (MIB is transmitted on anchor cell), or a newly defined RS.
[HW] Prefer to keep the contents in the brackets. WUS is discussed in Solution 3 & 7.
2. As analysed in 1, we don’t agree that simplified SSB doesn’t impact legacy UE. If this solution applies to a general cell, it may cause a legacy UE failing to access this SSB-simplified cell. 
[HW] “no impact” is removed.

	Fujitsu
	1. The basic principle is necessary, i.e., whether the anchor cell should be intra-band frequency with the ES cells or can be inter-band frequency with the ES cells. The scenario of using simplified/partial SSB or newly defined RS instead of legacy SSB for ES cell should be clarified. Does it mean that DL synchronization and SSB-based operation in the ES cell such as SSB-based measurement or SSB-based RA can rely on the simplified/partial SSB or the newly defined RS?
2. If that is the case, the usage and relevant restriction on “anchor cell” should be studied by RAN1/RAN2. Since MIB is not transmitted in the ES cell, using the simplified/partial SSB or the newly defined RS for DL synchronization may require the UEs being able to derive some information of timing from the anchor cell.
3. Based on scenarios as well as usage/restriction of anchor cell, the cases for different UE states, i.e., connected/idle/inactive mode, should be studied.

4. We think partial SSB, e.g. MIB-less SSB, can be a kind of SSB-less and simplified SSB can also be considered as a case of SSB-less since the legacy SSB is not transmitted if partial/simplified SSB is transmitted in ES cells.

5. Similar with the case of SSB-less, in case of partial/simplified SSB, ES cells can offload system information (MIB and SIBs) to the anchor cell, however, the necessary information of the ES cell that needs being broadcasted by the anchor cell should be identified.
6. Legacy UE in connected mode will not be impacted, they can be handed over to another normal cell when the cell enters ES mode. There may be impact to legacy UE in idle mode since the legacy UEs may not know the gNB state is changed.
8. RAN2 impact: 

1) Indication on anchor cell for ES cells to UE

2) RACH: using partial/simplified SSB or newly defined RS during SSB-based RA on the ES cell

3) measurement: measuring partial/simplified SSB or newly defined RS for deriving the measurement result of the ES cell/beam

4) Cell (re)selection: selecting the ES cell based on the measurement result of partial/simplified SSB or newly defined RS as well as MIB/SIB1 which is offloaded to the anchor cell

[HW] Indeed we see some similarities between this solution and the SSB/SIB-less solution.

	OPPO
	To us, the following concept is unclear:

1. "Simplified SSB without MIB", what is the exact meaning of “simplified SSB”? [HW] I guess the intention is that NES cell only transmits PSS and SSS, while MIB is sent on another cell. But proponent company can clarify.
2. What is the functionality of “a newly defined RS”? [HW] an FFS is added
3. Similar to the case of SSB/SIB-less, what is the function of the non-anchor cell and what is the impact on NES UE in cell selection/reselection, RACH, and paging?

	MediaTek
	Agree with companies comments abovementioned, and it is the key how the newly defined RS is introduced (or say, is co-existed) in a backward compatible way to replace MIB and to further reduce time domain symbols. Like a further enhanced version of NCD-SSB?


Phase 1 summary:

Companies mainly have concerns on the following issues:

· How to deal with implicit bits

· Whether it applies to single carrier case

· Details/functionalities of a possible new RS

· The “no impact to legacy UEs” is debatable

Based on the above, the solution is modified and the discussion will continue in Phase 2.
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, 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)


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.

[HW] Updating SIB via dedicated signalling is mainly for the UEs with an active BWP not configured with common search space. Other Connected mode UEs still read broadcast information.

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. 

[HW] Revised accordingly.
  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.   

[HW] Not in RAN2 scope.
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 

[HW] Agree there is some impact, but not sure whether it is in RAN2 or RAN4. An FFS is added.
 2) we think impact to cell selection / reselection is missed resulted from measurement impacts.   

[HW] An FFS is added, but not sure what exactly the impact is.
 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)  
[HW] This is not in RAN2 scope.

	Fraunhofer
	We think that “NES gain” as “Reduced time domain symbols” does not describe accurately the gains of this method. The main advantage of this increased periodicity is to enable the gNBs to reach deeper sleep states, which should provide energy savings far beyond just “Reduced time domain symbols”.
[HW] Added
From a signalling perspective, increasing the SSB periodicity is already supported in a legacy way (up to 160ms). However, SSB periods above 20ms does not come without impact. The most crucial, also stated by Apple, is the assumption of 20ms periodicity for initial access leading to delayed or even failed initial access. In addition to that, we have to analyze: 1) RRM impact, 2) RLM/BFD impact, 3) UE power consumption impact. 

Mitigating such impacts may be crucial to make Solution 2 practical. (see e.g. listed proposals below)   
[HW] The aforementioned RRM impacts have been added as FFS. But not sure what exactly the UE power consumption impact is.

	Ericsson
	-
The current terminology “reduced time domain symbols” may be a bit ambiguous because it may be misinterpreted as the reduction of the symbol length. We suggest changing it to “reduction of symbols in time domain”.

-
The current wording “UE assistance needed” seems to hint that what we are evaluating is whether UE assistance from the UE is required for the solution to work. It is not required for this case. Therefore, maybe a more appropriate wording is to use “UE assistance information candidates” instead of “UE assistance needed”. Note that this comment is applicable to all solutions.
[HW] Agree that this solution can also work without UE assistance info, the wording suggestion is adopted. But it seems some other solutions can keep “UE assistance needed: No” if no specific assistance information is proposed so far.

	Qualcomm
	1. If larger periodicity is introduced, the legacy UE cannot access this cell. [HW] “possible failure in initial access” is added to the impact to legacy UEs.
2. This solution requires higher UE power and complexity which we may consider as a Rel-18 UE effect [HW] UE power is added to RAN2 impact.
3. RAN2 should affect cell selection/cell reselection procedure as per our understanding of the solution. Also agree with Apple on all the RAN2 impacts. [HW] Some FFSs are added.
Two questions for the proponents that we also want to clarify:

1. Is the proposal to introduce new longer SSB periodicities beyond what’s available in the spec. already (160ms)? [HW] I have not seen such proposal, but some company proposed to introduce a second periodicity (NES-specific periodicity).
Is the intention in this proposal initial access, connected UE periodicity adaptation, or both? [HW] I think both. Proponent company can clarify.

	Intel
	We think one other question which need to be addressed is whether the existing SIB update mechanism is sufficient for such change to allow the network to indicate the change quicker. This should be listed as for further study if this solution is agreed to be further discussed in the WI phase. Also, other impact to legacy UEs that rely on the SSB configuration (e.g. RLM/BFD) may need to be further studied.
[HW] RLM/BFD is added. Enhancement to SIB update mechanism is a separate solution, and should be listed based on company contributions.

	vivo
	Since longer SSB/SIB1 periodicity is a cell-specific feature, UE assistance might not be needed. But as we comment above, this is open to future discussion. Besides, we share similar view with Apple on RAN4 impact on the RRM measurement aspect. 
[HW] The table is revised accordingly.

	Fujitsu
	1. Whether longer SSB/SIB periodicity can be supported by legacy UEs or whether longer SSB/SIB periodicity has any impact to legacy UEs except longer initial access delay should be confirmed. If it cannot be supported by legacy UE, the scenario of single carrier should be excluded.

2. Longer SSB/SIB periodicity is more of network implementation and the NES-specific periodicity seems unnecessary if longer SSB period is introduced. 

3. The scenario for UE reporting preferred SSB periodicity and the necessity is not clear. Maybe the period of SSB can be extended due to RRM relaxation of UE, however, the report on RRM relaxation has already supported, the network can decide to extend SSB periodicity based on UE’s report on fulfilment of relaxed measurement criteria.

RAN2 impact:

The solution used for the SSB-less case can also be applied to the case of longer SSB periodicity to reduce the initial access delay, i.e., receiving SSB on anchor cell and performing initial access on the ES cell. 
[HW] The combination of different solutions are not precluded, it can be discussed later.

	Nokia
	Why is UE assistance information needed for this solution? Maybe it could be used in this solution context but it does not strictly seem necessary to implement this solution.

Also we think Apple has valid comments on possible legacy UE impacts although we do not think legacy UE would be completely prevented accessing cell with longer SSB periodicity but it may result in delayed access. We are sure Ran1 will study this aspect in more detail.

[HW] The wording related to UE assistance information is changed based on Ericsson’s comments. Impact to legacy UE is also revised.

	Samsung
	Another impact to the legacy UE is that longer periodicity will degrade the performance on operation using SSB, e.g. physical layer operations such as AGC, AFC. 
[HW] Impacts like AGC are not in RAN2 scope.


Phase 1 summary:

Companies mainly have concerns on the following issues:

· NES gain also includes enabling the gNB to reach deeper sleep states

· Initial access may be failed for legacy UEs

· Impacts related to RRM measurement, cell selection/reselection, RLM/BFD, UE power consumption should be studied

· This solution can work without UE assistance information

Based on the above, the solution is modified and the discussion will continue in Phase 2.
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
	


	Fraunhofer
	Pre-paging dense SSB (combined with increased SSB period) - R2-2207960

	Introduction
	SSB burst period is increased, but just prior to paging denser synchronization is sent (e.g. multiple SSBs per burst on the same beam)

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

	NES gain
	Increased period can be used more often, without affecting paging performance or UE power consumption

	Impact to legacy UEs
	No legacy support

	UE assistance needed
	None

	RAN2 impact
	SSB timing and information


	Fraunhofer
	Cell Classification - R2-2207960

	Introduction
	The UEs classify different cells regarding RRM relevancy (preferably in a way aligned with RRM relaxation)

	Scenario
	UEs in connected mode

	NES gain
	The network can precisely know which cells are most relevant to the UE mobility. Therefore, the network can switch more cells to NES mode. 

	Impact to legacy UEs
	No legacy support

	UE assistance needed
	Cell classification (RRM relevancy)

	RAN2 impact
	Signaling


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, 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


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?
[HW] The intention is that UE may be connected with the anchor cell and send the UL WUS to activate an NES cell.
2. For impacts to legacy UE, it should at least include measurement, cell selection/reselection, RACH (as RA occasion is associated to selected SSB).

[HW] But after the cell is wakened, these aspects are the same as current mechanism, right?
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.    
[HW] Some FFSs are added.  

	Fraunhofer
	We think that “NES gain” as “Reduced time domain symbols” does not describe accurately the gains of this method (Solution 3). The main advantage of on-demand SSB is to enable the gNBs to reach deeper sleep states, which should provide energy savings far beyond just “Reduced time domain symbols”.
[HW] Added
It is clear that Solution 7 is essential to implement Solution 3. Nonetheless, Solution 7 also can be used with other methods. For example, some of the proposals in RAN1 and RAN2 involve sending the wake-up signal to change SSB periodicity (related to solution 2). Therefore, Solution 7 also warrants a separate description (independent of Solution 3)
[HW] “involve sending the wake-up signal to change SSB periodicity” can be discussed further under Solution 2.

	CATT (R2-2207511)
	Autonomous cell activation/deactivation triggering in the Connected UE based on conditions unambiguously known at both the UE and gNB. Examples are the implicit secondary cell activation in a CA duplication configuration, when duplication is activated, or PUCCH SCell/sSCell autonomous activation/deactivation based on UCI mapping onto it. This saves the explicit activation/deactivation commands which both consume gNB power and involve some delay in the cell activation/deactivation.
[HW] This is a different solution with the one in the table. The discussion can be triggered if proponent company provides an overview/NES gain/RAN2 impact.

	Ericsson
	-
The current terminology “reduced time domain symbols” may be a bit ambiguous because it may be misinterpreted as the reduction of the symbol length. We suggest changing it to “reduction of symbols in time domain”.

[HW] I failed to see a major difference here. Combined with the overall descriptions of the technology, it seems companies will not misinterpret the solution as reducing symbol length.
-
Regarding the “Impact on legacy UEs”, we think that one could add the following as well. If legacy UEs are camping on this cell without gNB knowledge, there will be impact when the gNB turns the cell off. It will sort itself out eventually, e.g., UE will interpret it as lost coverage and go to the other cell. However, if this happens too often there will be impact.
[HW] Added.

	Qualcomm
	A couple of points to be carefully considered:

1. Dynamic switching ON-OFF SSB/SIB can confuse the legacy UEs, if this cell sends SSBs on a sync raster, and the legacy UE (especially in idle/inactive mode) selects this cell. [HW] This seems covered by “Legacy UEs can only access the cell after it is wakened”.
2. Due to the previous point, we thing this is only applicable for a cell with Rel-18 UEs only with WUS capability, which brings the overall gain into question, since the “NES gains” depend on a very specific deployment. 
3. Cell selection would have to be reworked since the UE can now select a cell based on its understanding of DRS. 
4. Does UE trigger RACH after the cell wakes up? How would the UE know that happened as the gNB can always ignore WUS? Initial access, need to be carefully described since we think this solution would end up affecting many aspects of the system.
[HW] Impacts related to cell selection and initial access are added.

	Intel
	For the impact to legacy UE: When UE is in such cell in a single carrier deployment, it will mean that there is a coverage hole when the cell is not broadcasting SSB/SIB1. Hence, we think this should not be applied to single carrier deployment. The impact to legacy UE needs to be studied further if single carrier deployment is to be supported.
[HW] I think the negative effect to legacy UEs does not prevent the solution to be further studied.

	vivo
	1. We don’t think solution 3&7 should be merged for discussion. On-demand SSB/SIB1 can only be a subset use case for UE wake up request signal (UE WUS). It’s possible that a UE WUS-supporting NES cell only switch its working state between normal state and DL-shut down state. The discussion of UE WUS involves more issues, e.g. ES state definition, applicable scenarios for UE in different state(connected/inactive/idle), ES cell identification, etc.

2. For on-demand SSB/SIB1, we think the most likely case is for a connected UE to send UAI to a ES-state cell to trigger on-demand SSB/SIB1.

3. Therefore, we suggest to separate the discussion for solution 3&7.
[HW] The reason for separating solution 3 & 7 is that UE WUS involves more issues. I will add a note for that.

	Fujitsu
	1. According to solution 1&4, two scenarios of SSB adaptation are considered, one is the whole SSB transmission is stopped and not using any DRS and the other is partial/simplified SSB or newly defined RS (e.g., DRS) is transmitted. We think the scenario of whole SSB suspension without DRS transmission should also be included.
2. Basically, WUS is used to trigger the transmission of whole legacy SSB. In case the SS is used as DRS (i.e., partial/simplified SSB), WUS is used to trigger MIB transmission. 
3. Legacy UEs cannot work in ES cells before wake-up and they need to access the overlapping carrier/cell, thus the scenario of single carrier should be excluded.
4. The scenarios for UEs in different modes to send WUS should be discussed. We consider the WUS can be triggered in idle UE for obtaining MIB/SIB1 in order to camp on the ES cell or is triggered in idle/connected UEs before random access on the ES cell.

RAN2 impact is mainly for configuration of WUS via another cell (e.g., anchor cell). Other aspects are DRS related operation such as measurements, random access, cell selection.
[HW] Negative impact on legacy UEs does not prevent the solution to be further studied. I can add a note about “whole SSB suspension without DRS transmission should also be included”, but that also has negative impact on legacy UEs.
The aforementioned RAN2 impacts (e.g. WUS configuration, measurement, initial access) are captured in the table now.

	OPPO
	We also support de-coupling solutions 3 & 7 for the reason mentioned by the above companies.
[HW] A note is added.

	MediaTek
	Upon waking up a sleep/in-NES-state cell, it refreshed the network topology. In that sense, it is still unclear if this solution introduces further functional requirements or dependencies on SON (or similar techniques) which is probably related to the evaluation of the impact to legacy UE and UE assistance needed.
[HW] Impact to legacy UE and UE assistance can be further studied.

	Samsung
	WUS is mainly for single cell scenario. A potential RAN2 impact would be design of WUS.

For multicarrier scenario, how do the WUS and On-demand SIB/SSB work?
[HW] The intention is that UE may be connected with the anchor cell and send the UL WUS to activate an NES cell.


Phase 1 summary:

Companies mainly have concerns on the following issues:

· NES gain also includes enabling the gNB to reach deeper sleep states

· If legacy UEs are camping on this cell without gNB knowledge, there will be impact when the gNB turns the cell off.

· Impacts related to timing acquisition, paging, initial access, MAC behaviour and WUS retransmission should be studied

· Several companies think Solution 7 and solution 3 should be decoupled as UE WUS may involve other use cases

· Whole SSB suspension without DRS transmission can also be studied

Based on the above, the solution is modified and the discussion will continue in Phase 2.
In case some technique related to solution 3 & 7 is submitted to RAN2 #119-e but not presented above, it can be listed here:

	CATT (R2-2207511)
	On-demand SIB acquisition from another UE via PC5-S connection 

	Introduction
	Idle/Inactive UE reselecting a cell first checks (via PC5-S connection, leveraging sidelink relay discovery) if other UEs have the needed SIBs, and acquire those from such UEs.

	Scenario
	Any configuration (single cell, CA, DC). Idle/Inactive states.

	NES gain
	Reduced transmission of on-demand SIBs by the network, which can be numerous considering high-density cells where the majority of UEs moving in and out are in idle/inactive. And in practice, a UE reselecting a cell will typically request the missing SIBs to that cell, although many other UEs in proximity likely already have acquired such SIBs.

	Impact to legacy UEs
	None

	UE assistance needed
	No

	RAN2 impact
	Sidelink relay discovery procedure is upgraded to signal the stored SIBs of relay UE in sidelink discovery message, and the remote UE can select relay UE which has stored its interested SIBs to establish the PC5-S connection.

Note:

1) Legacy sidelink relay procedure already supports transferring SIBs to another UE

2) Relay UE does not need to acquire the requested SIBs from the gNB if it already has them

3) Requesting UE does not need to first acquire SIB12 to check if gNB supports SL relay, since gNB is not involved in the operation.

4) This solution requires no additional RS and has no RAN1 impact.


	#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 (e.g. via RRC), and trigger the HO/CHO with group-common signalling (e.g. L1/L2).

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

	NES gain
	Reduced HO commands; allowing the network to go into sleep mode timely.

In a multi-carrier deployment, it also allows the coverage cell to offload back to the small cells that had been turned off but now turning on.

	Impact to legacy UEs
	 Depends on the cell energy saving state after it sends group-common signalling

	UE assistance info candidates
	FFS UE location, mobility status, measurement report of small cell with reduced SSB (e.g. with Solution 2) to the coverage cell

	RAN2 impact
	Details of the group-common HO/CHO signalling, details for pre-configuration of candidate cells, etc. FFS handling of T304, whether/how to send response to group-common signalling, security update upon receiving group-common signalling.


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. 
[HW] Some FFSs are added.

	Qualcomm
	A common note on all HO proposals is that there would probably be no gain from L3 RRC signalling mobility. In our opinion, the gains can only come if the signalling is specific to Rel-18 L1/L2 mobility, so we propose to specify that.

We propose a separate table for CHO as the proponent as that is a separate solution than the HO and group common signalling solution.

The proposed CHO table is attached below:

As for group HO (the other proposed technique):

1. Agree with Apple on the behaviour of the UE upon receiving group signalling needs specification, and also, it’s important to outline the behaviour of UE if it missed group HO signalling due to multicast error.

Where is the energy saving from group HO coming from? is it just the overhead of reducing individual HO unicast commands for Rel-18+ UEs only? Again, better to focus enhancement on L1/L2 mobility as in our opinion this is the only way to get realistic NES gains.

	Intel
	Our understanding is that it should be pre-configured with at least one candidate cell (e.g. the coverage cell).

On the NES gain, it is not just reducing HO commands, it is also allowing the network to go into sleep mode in timely manner (i.e. quicker in a finer granularity) and thus improve network energy saving.

In a multi-carrier deployment, it also allows the coverage cell to offload back to the small cells that have been turned off. To aid in the turning on of small cell, there is a need of UE assistance (e.g. UE location, mobility status, measurement report of small cell with reduced SSB e.g. with Solution 2 to the coverage cell).
[HW] Thanks for clarifying the NES gain.

	vivo
	We think many NES methods are not applicable to legacy UEs, it’s a different issue from impact to legacy UEs. However, if we can’t determine it, we suggest to revise the impact to legacy UEs description as:

Depends on the cell energy saving state after it sends group-common signalling.

[HW] Adopted
For apple’s comments, the solution is like CHO with some new trigger related to NES, why security update is necessary for NES case? 

[Apple response] For any inter-gNB HO, security update is necessary since PDCP anchor changes. In legacy HO/CHO, the UE determines whether to perform vertical key change or horizonal key change depending on comparing the NCC value carried in HO command. However, in this solution, it is not clear how NCC is indicated to UE (e.g. via group common signaling or via another RRC message).So, we are just raising the specific issue here.  

	Fujitsu
	1. It’s better to clarify the solution focus on pre-configuring the candidate target cell(s) to the UEs by RRC and triggerring the handover/cell change with L1/L2 group-common signalling. [HW] I added an e.g. in the bracket, but not sure companies have the same understanding.
2. To reduce the cell change signalling, not only PCell change but also SCell activation/deactivation and PSCell change should be discussed. [HW] This is not in the solution groups identified online. Maybe the discussion can be triggered based on company contribution.
3. Note that this solution can be used for fast NES states transition for UEs supporting NES states. On this aspect, not only ES technique in frequency but also time/spatial/power domain technique can be applied to the NES state cell.
4. We assume several cases to initiate cell change:

1) For UEs which are not able to work under NES state, the UEs can only be changed between two legacy cells, e.g., change the UE to another normal cell before the cell that UEs connect enters NES state

2) For UEs which support working under NES state, the UEs can be changed back and forth between legacy cell and NES state cell or between the cells in different NES states.

This solution can be used for fast NES states transition for UEs supporting NES states. For example, change configuration of the cell that the UEs connect to the parameters corresponding to the NES state before the cell enters the NES state, or change configuration of the cell in NES state which the UEs connect to legacy parameters before the cell goes back to normal state.

We think the method to reduce signalling is not only L1/L2 group-common signalling, other solutions, such as semi-static configuration or timer-based cell change can also be considered. [HW] These aspects can be discussed later on. Since they are not mentioned by multiple companies, I prefer to keep the solution simple.

	OPPO
	We also agree that UE behaviour should be studied when receiving group signalling.

In addition, we also propose NES-aware CHO i.e. NES state should be considered as a factor for cell selection in CHO procedure, which in our understanding is similar to what Qualcomm proposed (maybe Qualcomm can check/confirm). For example, the NES UE should not select the cell in the NES state, or the NES UE can adjust the CHO execute parameters/threshold to avoid selecting a cell in the NES state.

	Nokia
	Is this solution more generally group common RRC message signaling? Maybe we could make it more generic? Or is the intetion just to limit to handover – that would seem bit counterproductive.

[HW] I think this solution is focused on HO/CHO.
Gains would be synchronised change of configuration quickly (SIB updates may be slow) as well as some reduced signaling.

From Ran2 impacts one would need to study in detail how this could be realized in ASN.1 so that delta/full configurations are feasible for multiple UEs at same time.

	Samsung 
	In our understanding, using group-common signalling could be additional condition to execute HO. In this sense, some company call this as CHO. Note that in legacy CHO, there is no immediate signal for triggering. For comparison with legacy HO, there should be a dedicated signal which is HO command, and this is per UE signal. If we assuming to introduce group-common signal, then this could be different with legacy HO. For the R2 impact, we think current list is ok, and after agreeing to adopt this, further details can be discussed.


Phase 1 summary:

Companies mainly have concerns on the following issues:

· Pre-configuration uses RRC signalling whereas group-common signalling is achieved by L1/L2 signaling

· NES gain includes more than reduced HO commands

· Some UE assistance information is mentioned by one company

· RAN2 impact should also include UE behaviour after receiving the group-common signalling, etc

Based on the above, the solution is modified and the discussion will continue in Phase 2.

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:
	Qualcomm R2-2208120
	NES-aware CHO

	Introduction
	New CHO event triggers considering cell NES state

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

	NES gain
	Better control of cell loads; discouraging low load cells from serving new UEs

	Impact to legacy UEs
	Not applicable to legacy UEs

	UE assistance needed
	No

	RAN2 impact
	Define new triggering conditions that are based on relative qualities of neighbouring cells or cell-specific priorities.


Solution 6: Resource adaptation (frequency and time domain)

Solution statement:

1) Resource adaptation (e.g. 2-step approach, combined with NW state transition)
	Introduction
	UE is pre-configured with UE group(s) and corresponding group-common configuration (e.g. related to BWP, SCell, UL/DL common physical control signalling), and NW can 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
	Legacy UE impacts due to not aware of NW NES state change

	UE assistance info candidates
	 UE assistance information introduced in Rel-15 overheating and Rel-16 UE power saving (e.g. BW preference, number of CC preference, C-DRX preference, MIMO layer preference)

	RAN2 impact
	Details of pre-configuration signalling and group common signalling, etc. FFS UE behaviour upon reception of the group common signalling.


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.)

[HW] This solution comes from R2-2207115 (Intel):

Proposal#2: RAN2 to further study 2-Step approach (preconfiguring the UEs using dedicated signalling and triggering a configuration change using common group signalling) that allows the network to move between different network energy efficiency levels quickly and efficiently by simultaneously reconfiguring multiple UEs securely.
It is also mentioned in R2-2207246 (InterDigital):

Proposal 3:
Support adaptation of semi-statically configured uplink and downlink data and control resources:

-
UE does not monitor downlink resources when the network is not active due to NES (e.g. for configured PDCCH and PDSCH resources)

-
UE does not transmit on preconfigured uplink resources when the network is not blind decoding due to NES (e.g. PRACH, SRS, PUSCH, and PUCCH resources)
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".
[HW] Revised accordingly.

	Fraunhofer 
	What is being pre-configured? We agree with Apple that this is not clear.
[HW] I think it includes C-DRX configuration, BWP configuration, SR configuration etc. But proponent company can clarify.

	Ericsson
	-
It is not clear what is meant by “1) Resource adaptation (e.g. 2-step approach, combined with NW state transition)”. Is the proposed solution applicable to both frequency and time domain resources? It may be good to clarify this in the description in the table.

	Qualcomm
	What is meant by a resource here? CG, BWP, general time domain resources? The reason we ask is that some resources are already controlled by L1 signalling so is the suggestion here group common signalling in general? In this case we cannot really figure out RAN2 impact beyond designing the signalling itself as this completely depend on what changes upon entry of NES state by the group signalling.

	Intel
	On the introduction, it should be made clear the UE is pre-configured with UE group(s) and corresponding group-common configuration as suggested by Apple. As for the configuration, our understanding is that it can be related to BWP, SCell, UL and DL common physical control signalling etc.

On the NES gain, it is to reduce the signalling (as currently changing the configuration in RRC Connected is via dedicated signalling) and also it provides a timely manner to changing the configurations of a group of UEs to allow the network to turn off components faster.

On the UE assistance, we think that UE assistance information introduced in Rel-15 overheating and Rel-16 UE power saving (e.g. BW preference, number of CC preference, C-DRX preference, MIMO layer preference) are also useful here to allow the network to configure the UEs to the configurations corresponding to the right NES state.  
[HW] Thanks for clarification. The table is modified accordingly.

	vivo
	We are not sure if pre-configuration&group-common signalling is the only option for the stated resource adaptation, so we suggest to revise the introduction as:

Trigger a configuration change or UE behaviour change using dedicated signalling (the triggering is based on NW state transition between NES state and non-NES state), e.g. pre-configure the UE and trigger the configuration change with group-common signalling.
[HW] The suggested wording here is ok but lacks details. Since Intel is one of the proponent company, I will add some details according to Intel’s comments.

	Fujitsu
	1. It’s better to clarify the solution is probably pre-configure the UE using dedicated or common RRC signalling and trigger a configuration change with L1/L2 group-common signalling. [HW] Maybe we don’t put the restriction for now. As you can see the solution is already somewhat confusing.
2. The solution is very similar with fast cell change in Solution 5 and BWP adaptation because they are all 2-step approach method. The relationship between the 3 solutions should be clarified. In our opinion, the fast cell change in Solution 5 and BWP adaptation are the exact schemes for this solution.



	OPPO
	To us, it is unclear what “pre-configure the UEs” means. It is better to clarify the scope: pre-configure the UE group, or, pre-configure the multiple configurations for resource usage (e.g. BWP, CG/SPS, SR, control channel configuration, etc). In addition, we wonder if it is possible to use common signalling to pre-configure the UEs.

[HW] Using common signalling to pre-configure the UEs can be further discussed later on. But not added now to avoid complicating the email discussion.

	MediaTek
	Solution introduction is not clear enough so that we are not sure how the stated NES gain can be achieved through what kind of pre-configuration mechanism for resource adaptation.

	Samsung
	Instead of group-common signalling, UE-specific signalling can be considered, e.g. MAC CE or DCI for the case that group-common signalling is not introduced.
[HW] UE-specific signalling is supported by current mechanism.


Phase 1 summary:

Companies mainly have concerns on the following issues:

· It is unclear what is being “pre-configured”

· NW NES state are adapted which will impact legacy UEs
· Some UE assistance information is proposed by one company
Based on the above, the solution is modified and the discussion will continue in Phase 2.

2) NW 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 all states

	NES gain
	Reduce the always-on transmission/monitoring

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

	UE assistance info candidates
	short-term traffic characteristic/status etc. FFS preferred DRX/DTX pattern

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

FFS UE behaviour during NW DRX/DTX on/off duration, NW expected behaviour/ NES state during NW DRX/DTX on/off duration.


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).

[HW] Revised 

	Ericsson 
	- It is not clear at the moment whether DTX/DRX would be at cell level or not, as also detailed in the introduction here. Therefore, in the name of the solution in bold we could say “Network DTX/DRX” instead of “Cell DTX/DRX”. 

- We understand the current specifications allow DRX but not necessarily DTX since the UE can send on the UL even if it’s supposed to be off according to DRX settings. Hence, it could be update to “Current spec already allows DRX”.

-Related to the previous comment, we suggest having “Configuration of DTX/DRX pattern for UEs” instead of “Current spec already allows configuring same DRX configuration for UEs.”

-The current wording (“UE assistance needed”) seems to hint that what we are evaluating is whether UE assistance from the UE is required for the solution to work. It is not required for this case. Therefore, maybe a more appropriate wording is to use “UE assistance information candidates” instead of “UE assistance needed”. Note that this comment is applicable to all solutions.

- We suggest adding the “short-term” in front of “traffic characteristics/status” information in order to avoid the confusion with the average long-term traffic characteristics.

-We would also like to point out that RAN1 is discussion DTRX for both idle and connected UEs, and hence we agree with Apple’s comment to replace “UEs in connected states” by “UEs in all states”.
[HW] Revised

	Qualcomm
	As a proponent of cell DTX/DRX solution, we propose splitting the proposal in two parts. The first part is the network-imposed cell DTX/DRX which involves a pattern of discontinuous transmission or reception. No necessity in aligning the UE DRX configuration with the BS DTX pattern. The RAN 2 impact in this case is the UE behaviour when BS DTX and UE DRX configurations interact. 
The second part of the proposal is described in the table below. The main idea is that UE assistance information about traffic is not really needed to effectively apply cell DTX/DRX. The proposal is to keep the name for this proposal as cell DTX/DRX and name the second part of the proposal “Synchronized cell/UE DTX/DRX and DRX/DTX”.

	Intel
	See our response on UE assistance in 1) Resource adaptation (i.e. the C-DRX preference should be included for this for the Cell DTX case).
[HW] The preferred DRX/DTX pattern is added based on Apple/Intel comment.

	vivo
	Agree with apple of the change to "UEs in all states" for the same reason.

	OPPO
	We think the main point is to introduce a discontinuous transmission or reception pattern at the gNB side. We understand that the gNB can configure UE DRX considering the cell DRX, but there is no deep coupling between cell DTX and UE DRX. Also, we understand cell DTX/DRX can be used for UEs of all types. 

On UE assistance needed, we are open to discussing the "preferred DRX/DTX pattern" proposed by Apple.

	MediaTek
	If we want to align the traffic in the same ON duration, the further traffic characteristic information for traffic shaping or alignment is still needed somehow.

	Samsung
	If the UE is not in Active Time, UE transmits UL CG and receives DL SPS. For DTX, UL CG and DL SPS needs to be deactivated. It may have a legacy impact. 


Phase 1 summary:

Companies mainly have concerns on the following issues:

· RAN1 discussion on DTX/DRX includes both connected and idle UEs

· UE preferred DTX/DRX pattern can be added to assistance information

· UE behaviour and NW expected behaviour should be discussed

· It is unclear whether DTX/DRX should be cell level or not

Based on the above, the solution is modified and the discussion will continue in Phase 2.
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. 

	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 info candidates
	Preferred RS pattern (frequency and/or time domain configuration). FFS Preferred RS type (SSB, CSI-RS or TRS) or indication that measurement requirement is not satisfied.

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


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

	Company
	Comments

	Ericsson
	-
We understand “The Network can use MAC CE to activate / deactivate a different pattern of reference signals for measurements” is not essential for this solution and can be discussed at a later stage. Therefore, this aspect can be removed from the “introduction” description and from RAN2 impact (“NW activation/deactivation of RS patterns”). 

[HW] This solution mainly comes from R2-2207424 (Apple)

Proposal 1: The UE is allowed to notify Network its preference on reference signal pattern for measurements via assistance information. FFS the assistance information is RRC message, MAC-CE or L1 signaling 

Proposal 2: The Network can use MAC-CE to activate / deactivate a different pattern of reference signals for measurements

R2-2207246 (InterDigital) has a similar proposal:

Proposal 4:
Study adaptation of measurements, including RLM and BFD, when the serving cell is in an NES state
I am ok with Ericsson’s suggestion to remove the latter half.

-
The current wording “UE assistance needed” seems to hint that what we are evaluating is whether UE assistance from the UE is required for the solution to work. It is not required for this case. Therefore, maybe a more appropriate wording is to use “UE assistance information candidates” instead of “UE assistance needed”. Note that this comment is applicable to all solutions.
[HW] Adopted

	Qualcomm
	What is being proposed here that is not available by implementation? Is it only UE assistance? We emphasize for schemes like this, the extra overhead and power consumption of new assistance signalling may defeat the purpose. There is no guarantee different UEs would individually come up with a nice set of recommended patterns. That is at the end, the union of all these recommended patterns could be as bad as the original pattern (w/o any UE assistance).

Also, as RAN2 impact, UE measurement and request procedure need to be discussed.
[HW] One spec impact is UE assistance, another could be the signalling for activation/deactivation of the RS pattern.

About gain vs complexity, and whether to pursue the solution, it can be discussed in phase 2.

UE measurement is added to the RAN2 impact. Request procedure is already there (UE indication).

	vivo
	Questions for clarification for proponent:

1. What’s the exact RS it means here? SSB or CSI-RS? If it’s SSB, it may overlap with solution 3 “on-demand SSB”

2. What’s the necessity of UE informing the NW of its preference on RS? We think once the UE enters connected mode, the NW can adjust the density of RS directly by implementation.

	Fujitsu
	We think whether sparse reference signal (such as SSB/CSI-RS) pattern is used depends more on network implementation. 

The scenario for UE reporting preferred RS pattern and the necessity is not clear. Maybe the period of RS can be extended due to RRM relaxation of UE, however, the report on RRM relaxation has already supported, the network can decide to use sparse RS transmission based on UE’s report on fulfilment of relaxed measurement criteria.

	Apple
	We agree with Ericsson's comments: 1) Remove "NW activation/deactivation of RS patterns" 2) use “UE assistance information candidates” instead of “UE assistance needed”.

For Qualcomm's comments, we disagree:

1) We don't have legacy signaling for UE to notify NW on preferred its preference on reference signal pattern for measurements. Then, how it can be achieved by implementation?

2) For the issue of extra overhead and power consumption, isn't it a common potential issue for all UE assistance information? Note that following basic principle of legacy UE assistance information, it is up to NW to decide whether to response/satisify UE's preferred configuration in UAI. We believe the same principle will be followed in Rel-18 NES.

For vivo's 2 questions, our response:

1) The RS can be SSB, CSI-RS and TRS. Note that this solution is for CONNECTED UE only while solution 3 is mainly target for IDLE/INACTIVE UE. 

2) Different UEs may have different measurement requirements, and even for same UE, it may have different types of traffics (e.g. maybe the UE doesn't have any traffic for some duration then it can tolerant sparser RS transmission during this duration). So, gNB may not be aware whether one particular UE has sufficient RS samples to satisfy its measurement requirement or not during some duration. Furthermore, if the UE is performing measurements based on SSB (as mandatory RRM options), gNB can't adjust SSB density freely because SSB is cell specific. 

For Rapporteur, we have two other suggestions:

1) For "legacy UE impacts", we think it is a common issue for longer SSB periodicity (solution2), right?   
[HW] I think it’s similar, unless the sparse transmission in this solution attempts a bigger SSB periodicity not defined in the current spec.
2) For "UE assistance needed", we think more details are needed according to some companies' comments. So, we suggest below changes:

 Preferred RS pattern (frequency and/or time domain configuration), Preferred RS type (SSB, CSI-RS or TRS) or indication that measurement requirement is not satisfied. 
[HW] ok, added

	Nokia
	· We do not see why one would need UE assistance information for this solution? Maybe it can be used but hardly needed in our view to make the solution to work [HW] please refer to Apple’s response to vivo
· How does this differ from existing CSI-RS? [HW] One spec impact is UE assistance, another could be the signalling for activation/deactivation of the RS pattern.

	MediaTek
	In practical view, we wonder how much NW power saving gain in this solution would be, thinking of that even a single or a few powerful UEs request sparse RS allocations, the network still needs to deal with the same (i.e. RS allocation) for tons of UEs including legacy ones and to further decide if a wanted RS pattern is allowed or not. At least a new handshaking mechanism is needed, and it probably involved from layer 1/2 control up to layer 3 signaling.

Also, another presumption to its success is that the Rel-18 UE assistance signaling and corresponding RS pattern signaling exchanges are less frequent, but currently we do not see any evidence it is the case.


Phase 1 summary:

Companies mainly have concerns on the following issues:

· The NW activation/deactivation is not essential for the solution

· Some more details for UE assistance info and RAN2 impact can be added

Based on the above, the solution is modified and the discussion will continue in Phase 2.

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, FFS UEs in Idle/Inactive state

	NES gain
	Reduced signalling and faster NW state transition 

	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 info candidates
	To be provided by proponents

	RAN2 impact
	Group-common BWP switching signalling. FFS group-common BWP configuration. FFS semi-static configuration or timer-based BWP switching. FFS periodic switching.

	Note
	FFS whether this solution will be merged to the solution of “resource adaptation”


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) [HW] I added an FFS for this.
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. [HW] I think it should be one of the dedicated BWP, but proponent can clarify. The stage 3 details can be discussed later.

	CATT
	About the RAN2 impact: maybe it is a RAN1 signalling/impact? [HW] It depends on whether RRC, MAC CE or DCI is used.

	Ericsson 
	-
To state “cell-NES specific BWP” seems to imply that a new BWP definition is required for this solution, which is not the case. We suggest changing it to “BWP that allows NES”.

[HW] But others may argue that how to define whether a BWP allows NES or not. Maybe the wording can be discussed later when coming to stage 3 details.
-
Regarding NES gain, note that simply changing BWP configuration to a shorter BW is already possible. This solution is actually aiming at defining a group signaling for that legacy behaviour. Therefore, the new gain in this case is the same as listed for group signaling previously, i.e., “Reduced signalling” rather than “Reduced frequency-domain resources, and NW can use the same smaller transmission bandwidth to serve all UEs”. 

[HW] modified
-
The current wording (“UE assistance needed”) seems to hint that what we are evaluating is whether UE assistance from the UE is required for the solution to work. It is not required for this case. Therefore, maybe a more appropriate wording is to use “UE assistance information candidates” instead of “UE assistance needed”. Note that this comment is applicable to all solutions.
[HW] modified

	Qualcomm
	How is that different than the resource adaptation? Is it just a sub-case of “resource adaptation”?

[HW] I also see some similarity, but several companies proposed BWP-specific enhancement in their papers. I will add a note on whether this will be merged to resource adaptation.
The actual gain of this proposal is very minor as it saves some L1 signalling, so we would think actual NES gain of this proposal is potentially “saving some signalling overhead or latency”. Also, in FR2, where group common signalling is beam-swept, such savings are always questionable

On RAN2 impact per our understanding: the NES specific BWP may be cell-specific and  configured and indicated by SI? [HW] Not necessarily by SI, can also via dedicated signalling or group common signalling.

	Intel
	See our response on UE assistance in 1) Resource adaptation (i.e. the bandwidth preference should be included for this).

As on the NES gain, we also think that it will be the same as resource adaptation if group signalling is used.

	vivo
	We think NES-specific BWP can be also applicable to IDLE/INACTIVE UE. Group-common BWP switching signalling is only for CONNECTED UE.

For RAN2 impact, group-common BWP configuration is missing. [HW] An FFS is added.

	Fujitsu
	1. We’d like to clarify the solution is probably pre-configure the UE with dedicated-NES or cell-NES BWP and switch UE to or from the NES BWP using L1/L2 group-common signalling.

2. Note that this solution can be used for fast NES states transition for UEs supporting NES states. On this aspect, not only ES technique in frequency but also other domain technique (e.g., spatial domain technique) can be applied to the NES BWP.
3. We consider several cases to initiate BWP switching:

1) For UEs which are not able to work under NES state, the UEs can only be changed between two legacy BWPs, e.g., change the UE to another normal BWP before the activated BWP applying the NES configuration.

2) For UEs which support working under NES state, the UEs can be changed back and forth between legacy BWP and NES BWP or between the BWPs for different NES states. 
4. We think the method does not only rely on L1/L2 group-common signalling, other solutions, such as semi-static configuration or timer-based BWP switching can also be considered.

[HW] An FFS is added

	OPPO
	In our paper, we focus on the UE in RRC_CONNECTED, but we are open to discussing other UE types in this direction.

In our understanding, the dedicated NES-specific BWP can be pre-configured and the UE can switch to or from this dedicated NES-specific BWP by using group-based signalling. For example, the NES UE can switch to the NES-specific BWP when the cell is in an NES state, otherwise, the UE can switch from the NES-specific BWP back to the (legacy) BWP that is previously activated for the UE. This solution benefits the fast NES state transition and signalling reduction.

	Nokia
	Why is this not possible with existing BWP framework already? [HW] I think the main difference is the group common signalling.

	Samsung
	Instead of group-common BWP switching, BWP switching pattern (e.g. periodic switching) can be considered. [HW] An FFS is added.


Phase 1 summary:

Companies mainly have concerns on the following issues:

· Whether the solution should be merged to “resource adaptation”

· Whether Idle/Inactive UEs are also involved

· Some other details related to RAN2 impact (group common or semi-static configuration, timer-based or periodic switching)

Based on the above, the solution is modified and the discussion will continue in Phase 2.
In case some technique related to solution 6 is submitted to RAN2 #119-e but not presented above, it can be listed here:
	Qualcomm R2-2208120
	Cell DTX/DRX

	Introduction
	Cell DTX: Configure DRX in a UE-group or cell-specific manner, so that DTX at the gNB can be applied and aligned, and apply dynamic reconfiguration of UE DRX by L1, L2 signalling or based on a timer => Alternative RRC slow + heavy signalling

Cell DRX: gNB indicates cell DRX configuration to UE in RRC or SIB. UEs refrain from transmission during that period with possible dynamic activation or deactivation.

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

	NES gain
	Cell DTX:  reduced signalling overhead and faster cell state transition”.
Cell DRX: Reduce blind decodes and allows opportunistic gNB micro-sleeping.

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

	UE assistance needed
	DTX: No assistance needed. 

DRX: BSR would be sufficient; Traffic characteristics as an optimization only if benefits are shown but not an essential feature   

	RAN2 impact
	Cell DTX: New signalling to enable fast UE DRX configuration, introduce UE NES state awareness, interaction between BS DTX and UE DRX configurations.
Cell DRX: Signalling to (re)configure Cell-DRX occasions


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 (FFS if PWS is included) on another cell
“anchor cell” refers to the cell transmitting SSB and SIB.

	Scenario
	Multi-carrier (FFS inter-frequency or intra-frequency); UEs in all states

	NES gain
	Reduced time domain symbols for the carrier where UE camps or is served. Possibly increased power consumption for anchor cell when the anchor cell broadcasts paging for other NES cells.

	Impact to legacy UEs
	The legacy UE can receive paging from the anchor cell. FFS cell selection/reselection and cell barring of the paging-less cell

	UE assistance needed
	No

	RAN2 impact
	Indicating paging configuration to the UE, etc. FFS whether turning off paging decision is made by gNB or CN (in this case SA2/CT1 needs to be consulted). FFS whether definition of “Camped on a cell” needs to be modified.


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. 

[HW] Some FFSs are added.

	Ericsson
	-
The current terminology “reduced time domain symbols” may be a bit ambiguous because it may be misinterpreted as the reduction of the symbol length. We suggest changing it to “reduction of symbols in time domain”.

[HW] I failed to see a major difference here. Combined with the overall descriptions of the technology, it seems companies will not misinterpret the solution as reducing symbol length.

-
It is not clear here what is meant by “paging”. For example, is Public Warning Indication (Short message ETWS/CMAS) counted as paging? There could be different interpretations here if not clarified.
[HW] An FFS is added.

	Qualcomm
	1. Clarification required on: If UE “camps” on a cell but does not receive “paging” on that cell. Then what is the meaning of “camping”? 

[HW] In 304, the definition of “Camped on a cell” includes paging:

Camped on a cell: UE has completed the cell selection/reselection process and has chosen a cell. The UE monitors system information and (in most cases) paging information.

But the discussion here is mainly to confirm the understanding of the overall procedure. If the solution is to be pursued, there could be modification for the definition of “camping”. An FFS is added.

2. If the paging is sent on another cell, the UE perhaps should keep track of SSBs/SIs of this other cell too, which would be increased power and complexity for the UE (tracking the paging from man cells and not just measurements)

Perhaps a relevant scenario is that UE camps on a cell over which it does the legacy procedures including paging. But there are other cells that do not provide paging and hence cannot be used for camping. However, they support initial access (i.e., support SSB/SI/RACH). So the UE may initiate a connection to these cells under some circumstances

3. 3. Another question, can this cause higher energy consumption for the cell that does the paging. In that case, where would NES gains come from? 

[HW] Agree that the anchor cell assumes more power, but that should be less than the power saved on NES cell. The description for “NES gain” is modified.
4. 4. Impact on legacy UE: Legacy UE should camp on the cell that provides paging. However, there is this other ES cell that could potentially be a better choice for the legacy UE, but legacy UE cannot select this cell. The impact to the legacy UE could be (1) it could have been enjoying a better service but they are prohibited, and/or (2) how does the legacy UE know it should select paging-less cell? If it is backlisted in SIB2/3/4, perhaps it is OK. If not, then the legacy UE would get to know the access to the paging-less cell is barred only after reading MIB/SIB1 This would cause some extra power consumption on the legacy UE.

[HW] I added an FFS for cell selection/reselection and cell barring of the paging-less cell.

	vivo
	1. If this scenario is limited for multi-carrier case, we think this solution is similar to the way in which NB-IOT defines (non-)anchor carrier. thus it’s possible UE receives paging from a different intra-band cell. FFS whether it’s applicable for inter-band case per RAN1/4 discussion.

2. Proponents may confirm whether this solution also applies to single-carrier case. [HW] My understanding is that it does not apply to single-carrier, but case without the help of other carriers, the UE cannot be paged.

	MediaTek
	The introduction “UE camps on a cell but receives paging on another cell” itself has already imposed a new requirement for legacy UE therefore we do not agree that there is no impact to legacy UE.

By TR 21.905:

Camped on a cell: The UE is in idle mode and has completed the cell selection/reselection process and has chosen a cell. The UE monitors system information and (in most cases) paging information. Note that the services may be limited, and that the PLMN may not be aware of the existence of the UE within the chosen cell.
[HW] Yes the definition of 38.304 also mentions paging, so if the solution is to be pursued, there could be a modification of the definition.


Phase 1 summary:

Companies mainly have concerns on the following issues:

· Whether it applies to intra-frequency or inter-frequency

· The definition of “anchor cell”

· Whether the turning off paging decision is made by gNB or CN

· Whether PWS is also managed by anchor cell

· The “no impact to legacy UEs” is debatable

Based on the above, the solution is modified and the discussion will continue in Phase 2.
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

Samsung
	#Technique

Adaptation of Paging Resources

	Introduction
	To maximize NW energy efficiency, gNB turns off some POs/PFs or increases paging cycle. 

	Scenario
	Single-carrier; UEs in Idle/Inactive state

	NES gain
	Reduce gNB power consumption by skipping some resources.

	Impact to legacy UEs
	No critical issue

Legacy UEs may monitor unnecessary POs/PFs which are not used by the network

	UE assistance needed
	No

	RAN2 impact
	Paging resource configuration for NES

Switching mechanism between normal paging resource and NES paging. 


	#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 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.


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. [HW] I think NW implementation could add cell specific offsets to the cells in NES states, to influence the reselection results. Therefore NES awareness is not necessary.
   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).

[HW] But the solution is for legacy UEs as well, legacy UEs should try to avoid reselecting to an NES UE.
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. 

[HW] Ok with the two suggestions.
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.)

    [HW] The solution is to try to help legacy UEs avoid reselecting to an NES cell.

	  Ericsson
	-
The current terminology “reduced time domain symbols” may be a bit ambiguous because it may be misinterpreted as the reduction of the symbol length. We suggest changing it to “reduction of symbols in time domain”. [HW] I failed to see a major difference here. Combined with the overall descriptions of the technology, it seems companies will not misinterpret the solution as reducing symbol length.

	 Qualcomm
	1. Same comment as Apple, what does it mean for legacy UE to be unaware? Does this mean the UE can perform cell selection normally or sees the NES cell as a barred cell

2. Same confusion Apple has about the expected NES gain

Depending on what exactly is being proposed here, the UE legacy effect may be better determined. 

	  vivo
	NES gain depends on the NES state the cell applies, which is similar to our comment for solution 5.

	OPPO
	Regarding impact to legacy UEs, it is described as “legacy UEs are not aware”. Does it mean the network will set the NES cell as a barred cell for legacy UEs? [HW] Barring is one method.

	MediaTek
	We can agree the bullet 1) in the Impact to legacy UEs only if the network do it in a completely transparent way (i.e., through cell selection/reselection settings differentiated in existing signaling).

	Samsung
	For backward compatibility (depending on NES techniques), legacy UEs need to be barred and only NES capable UEs select/reselect an NES capable cell. 
[HW] Added to the description


Phase 1 summary:

Companies mainly have concerns on the following issues:

· Main gain of cell reselection enhancement is to ensure legacy UE performance is not impacted

· NES cells can be barred for legacy UEs for backward compatibility.

Based on the above, the solution is modified and the discussion will continue in Phase 2.

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 Discussion – Phase 2

Solution 1 & 4: Adaptation of MIB/SSB/SIB & Receiving SSB/SIB on one carrier/cell and performing access to another carrier/cell

1)
SSB/SIB-less:

	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


Question 1: Do you consider the solution as beneficial and would like to further study?

	Company
	Yes/No
	Comments

	Apple
	Yes but with restricted scope in RAN2
	We agree that this solution is beneficial to further study in RAN2, but some restrictions are needed:

1. We prefer RAN2 to focus on multi-carrier first. For single-carrier, we think main efforts / evaluation should be done in RAN1 first (e.g. impacts to legacy UE's initial access if w/o SSB). 

2. We prefer RAN2 to focus on intra-band case. For inter-band case, RAN2 should wait for RAN1/RAN4 conclusion on its feasibility. 

3. What is "extended SIB" is still not clear to us. Then, it is hard to evaluate RAN2 impacts. So, we suggest to make a working assumption that extended SIB just means legacy SIB from anchor cell (i.e. no new type of SIB).
4. We can start from inter-frequency case, which is same as LTE NB-IoT. Intra-frequency case was not specified in LTE before and can be FFS.
In addition, as we mentioned in Q16, if majority prefer to study paging in anchor cell, we can simple merge it here by adding "paging" in "RAN2 impacts" row. 

	Lenovo
	No
	The solution assumes that the coverage of two cells is fully overlapping or at least that the coverage of anchor cell overlaps and extends that of the ES cell, this may not be practically true, even from different operators – for same operator it is even difficult to assume.
Is it unclear how this will affect an RRC Idle UE’s behaviour? Can it maintain DL timing in the ES cell, can it continue to receive paging here?

Legacy UEs: We think also that RRC Connected UEs configured with an active BWP with common search space will struggle to maintain a valid copy of the essential SIBs.

	Interdigital
	No
	· Affect on legacy UEs in idle is not clear.

· For connected mode, the network already can deactivate and activate SCells quickly, and such would work for both legacy and NES-capable UEs.

	Samsung
	No
	Receiving SSB in other cell is feasible only for intra-frequency co-located scenario. The benefit is limited to this scenario only. We think SSB needs to be transmitted in the NES cell. 

	MediaTek
	Yes but with limited scope
	Suggest focusing on inter-frequency multi-carrier, the most typical cases first. We should leave highly complicated or unclearly beneficial items to Rel-19.

	Huawei, HiSilicon
	Yes
	On Apple’s comments: 

We are ok with starting from multi-carrier case as it is simpler and has less impact on legacy UEs. But we don’t think it should be limited to intra-band. In current intra-band CA, SCell is already allowed to not broadcast SSB and SIB, so there is nothing to be studied.

“extended SIB” means broadcasting legacy SIB by the anchor cell, but it is too early to say “no new type of SIB” because it depends on the details of SI scheduling. For instance, if the legacy SIB1 of NES cell is broadcast by anchor cell as SIBxx, is SIBxx a new SIB or not?

On Lenovo’s comments:

We don’t think this is a difficult deployment. In current CA, we can also have the coverage layer and capacity layer. In NES context, the anchor cell serves as coverage layer, and NES cell serves as capacity layer.

About impacts to Idle UE, we think this solution bears much some similarity with solution 3&7: if the NES cell does not broadcast SSB and SIB, it can broadcast DRS instead, and the Idle/Inactive UEs use UL WUS to activate the cell.

On InterDigital’s comments:

The point here is that SCell is not deactivated, so data transmission is possible. Meanwhile, SCell omits SSB/SIB transmission so NES gain is achieved.

	CATT
	Yes but
	We think the “SSB-less” part is in RAN1 domain. For the MIB/SIB, we can study in RAN2. For other SI, we can also take the solution of Q7 into account.

	CMCC
	Yes
	It’s a reasonable scenario that multi- carriers are overlapped deployed, and anchor cell is used for SSB and SIB transmitting. Similar method was first introduced in Rel-14 NB-IoT, so we think it can be applied to NR. Besides, for legacy UE compatibility issue, the solution is only used on the new carrier, which is not supported by legacy UEs to avoid legacy UE effects.

	vivo
	Yes, but
	We think it’s better to wait for RAN1/4 input first on whether to support both inter-frequency or intra-frequency cases, and whether SSB/SIB can be offloaded to another carrier under these cases. 

Besides, we have the same question as Lenovo about paging reception in these scenarios. 
However, we’re open to discuss about the clear definition for ‘(non-)anchor cell’ from RAN2 perspective, which may be a valuable input for RAN1.

	OPPO
	No
	Receiving SSB from an anchor cell, or, receiving SSB and SIB from different cells has a huge impact at least on synchronization and beam usage. The feasibility should be evaluated by RAN1 firstly. It may be feasible if we focus on the intra-band cells which are co-located and with the same coverage, but not sure it values such attention if the scenario is restricted. 

	ZTE
	Yes
	We see clear energy saving gain for this solution thus would like to further study the details and impact.
For the statement part, we suggest to add the following highlighted bullet to make the whole solution more clear:

------------------ 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).

UE perform random access to the NES Cells based on the SSB and/or SIB provided from the anchor cell.
“anchor cell” refers to the cell transmitting SSB and SIB.

------------------ Introduction --------------------
We also understand the scenario should include both Multi-carrier and single carrier.

	Ericsson
	Wait for RAN1 progress
	We think that before discussing this solution in RAN2, RAN1 should first investigate whether the solution can bring tangible gains. We also think that the multi carrier case should be prioritized over the single carrier case.

	Intel
	Depending on the scope of the solution
	Our understanding of the scope of the solution is modelled in the form of anchor and non-anchor carrier concept as in NB-IoT where the UE in RRC CONNECTED can be configured to a non-anchor carrier via dedicated RRC signalling for all unicast transmissions/reception. For UE in RRC Idle or RRC Inactive, the UE can use the non-anchor carrier for random access and/or paging reception. 
Also, this is assuming that the non-anchor carrier is intra-band to the anchor carrier so that UE can assume the SSB for the anchor carrier also for the non-anchor carrier. For the inter-band case, it will need further discussion.

	Qualcomm
	No
	Agree with Apple and Samsung. This solution may only work for intra-band collocated cells, and even then, there are a lot of necessary complicated conditions for the UE namely, we would have to study:

a) Reliability of the time/frequency/spatial information from one carrier with SSB to be used for SSB-less carrier 
b) collocation requirements for secondary cells and associated primary cell, 
c) band requirements for secondary cells and associated primary cell,  
d) requirements on timing difference between secondary cells and associated primary cell, 
e) QCL for receiving/transmitting signal/channel on secondary cells, 
f)  transmit power determination for receiving signal/channel on secondary cells, 
g) Path loss and TA determination for transmitting signal/channel on secondary cells. 
h) Mobility measurement for SSB-less carrier. 
Due to the big RAN1/RAN4 impact, we are also fine for leaving this to RAN1.


	Fraunhofer
	Yes to Solution 4

No to Solution 1
	We think that solution 2 and 3 are superior to solution 1, and therefore solution 1 (SSB/SIB-less) could be deprioritized. In fact we share the view with Huawei that solution 1 already bears similarity with 3&7. Solution 1 is however lacking a simple way to restore functionality (e.g., a request via UL WUS) and is pushing the burden (SIBs, RACH) completely to the anchor carrier. Therefore, 3&7 is the more complete solution which solves the related problem. 

(Solution 2 has a number of advantages over 1 – see our answer to 2)

Solution 4 on the other hand is essential for backward compatibility. We envision that for a long time a coverage layer will be needed with a carrier which is fully backward compatible (Rel-15, Rel-16, Rel-17). That layer, however can be used to convey information needed to access the other carriers. For example, in a solution combining 4&3&7, the anchor carrier can help to define where WUS is sent (even on the other carrier.)    


2)  Partial/simplified SSB, MIB-less:

	Introduction
	Simplified SSB without MIB (MIB is transmitted on anchor cell, FFS the implicit bits), FFS a newly defined RS.

	Scenario
	Multi-carrier, FFS single carrier; UEs in all states

	NES gain
	Reduced time domain symbols

	Impact to legacy UEs
	Legacy UEs can access from the anchor cell (FFS how legacy UEs interpret the simplified SSB on the sync raster). Possibly increased power consumption for anchor cell when MIB is transmitted on the anchor cell only.

	UE assistance needed
	No

	RAN2 impact
	Initial access, measurement, etc, FFS measurement, cell selection and RACH


Question 2: Do you consider the solution as beneficial and would like to further study?

	Company
	Yes/No
	Comments

	Apple
	No
	In our understanding, this solution should first evaluated in RAN1. How to simplify SSB without MIB is RAN1 scope. Without clear understanding of what is "simplified SSB", we doubt how RAN2 can make progress. Of course, RAN2 can start study if RAN1 trigger the discussion via LS. 

	Lenovo
	No
	Similar questions as for Q1, with regards to MIB:

The solution assumes that the coverage of two cells is fully overlapping or at least that the coverage of anchor cell overlaps and extends that of the ES cell, this may not be practically true, even from different operators – for same operator it is even difficult to assume.

Legacy UEs: We think also that RRC Connected UEs configured with an active BWP with common search space will struggle to maintain a valid copy of the essential SIBs.
Now, with regards to partial/ simplified SSB:

Measurements and Mobility: How can we do partial/ simplified SSB without sacrificing mobility? How will a legacy UE understand the “weak” filtered measurements since some measurement samples are not being received not due to weak coverage but since the ES cell does not transmit them?

	Interdigital
	Yes
	But this can be left for RAN1, for the reasons explained by Apple

	Samsung
	No (RAN1 scope)
	Simplified SSB/MIB should be first discussed in RAN1.

	MediaTek
	No
	We are open to new ideas but the intention here is to have a significant change in NR air interface so we think it would be better to be further studied in Rel-19.

	Huawei, HiSilicon
	No
	We think this solution can be de-prioritized, as MIB-less seems more complicated than SSB-less and SIB-less solution, it is changing the contents/structure of SSB.

	CATT
	Wait for RAN1
	We agree with Apple. This is in RAN1 scope.

	CMCC
	No
	Share similar view with Huawei.

	vivo
	No
	We think this solution is not meant to work for NES independently, which means it needs to combine with some other solutions, e.g. anchor cell, UE wake-up request. How much gain it can achieve depends on the power model and simulation results from RAN1. Therefore, we suggest not to pursue it in RAN2, at least for now.

This solution seems to define a new RS for non-anchor carrier, which can be discussed later when we conclude on the anchor carrier technique. 

	OPPO
	No
	It should be evaluated/justified by RAN1 firstly. It changes the basic design of cell detection/synchronization.

	ZTE
	No (RAN1 scope)
	Same opinion as above.

	Ericsson
	No
	One should keep in mind that MIB is important, e.g., for initial access, and the proposed solution can mean that the UE needs to access two cells for initial access. Consequently, the described solution may introduce some extra delays for initial access. Furthermore, in this solution some symbols are “OFF” on one carrier but “ON” on another carrier, and to make this useful, we need additional optimization like packing SSBs. Finally, the benefits that this solution can bring in terms of NW energy savings are likely to be very small, because the solution implies that SSBs are still transmitted, just simplified, and thus the deeper sleep modes (that can provide more meaningful gains in NW energy savings) cannot be achieved. Therefore, the proposed solution may require a lot of effort for marginal benefits in NW energy savings. Another way of achieving the same would be through solution 3&7, which should have less impact on MIB.

	Intel
	No
	See our response to Q1. It is also not clear to us in what scenario this simplified SSB is needed for and designing a simplified SSB is also not in the scope of RAN2.

	Qualcomm
	No
	Given the negative effects in the legacy UE and the fundamental changes to the air interface, this solution would be too complex to warrant the expected gains. Aside from that, this can also be similarly left for RAN1.

	Fraunhofer
	No
	We agree with Samsung that this should be first discussed in RAN1.


Solution 2: Increase of SSB/SIB1 periodicity

	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)


Question 3: Do you consider the solution as beneficial and would like to further study?

	Company
	Yes/No
	Comments

	Apple
	No (Hold on until triggered by RAN1)
	In our understanding, this solution should first evaluated in RAN1:

1. This solution may have significant impacts on initial access of legacy UE, which should be evaluated by RAN1 first. For example, whether some legacy UEs may fail with assumption of 20ms SSB periodicity. Depending on the answer, 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. This solution may have multiple cross-WG impacts (e.g. RRM/RLM/BFD) impacts, which may make RAN2 load unpredictable. So, we think RAN2 is better to be careful when/whether to study.
So, we prefer RAN2 to hold on this study until RAN1 triggers RAN2 to study it.

	Lenovo
	Acceptable as a starting point
	Measurements and Mobility: 
How can we do more sparely transmitted SSB work without sacrificing mobility? 
How will a legacy UE understand the “weak” filtered measurements since some measurement samples are not being received not due to weak coverage but since the ES cell does not transmit them?
RACH access to the network will see performance degradation and possibly failures depending on how periodic the SSBs/ SIB1 become.
Network needs to be able to judge the severity on the UEs: how many RRC Idle UEs, what’s the rate of transition to RRC Connected, UEs’ radio condition etc., before it can aggressively start to save energy by transmitting SSBs/ SIB very sparsely.

	Interdigital
	Yes
	It should be studied how the UE can determine whether SSB periodicity is changed and how this impacts PRACH resources.

	Samsung
	Ok but
	It is more of network implementation. 

	MediaTek
	No (wait for RAN1)
	We want to remind that sparse SSB may not only affect the mobility performance, but also impact UE power consumption. A new in-band assistance information to UE is probably needed if the longer SSB/SIB1 is per-UE basis. All in all, RAN2 work shall be based on a unified framework agreed in RAN1.

	Huawei, HiSilicon
	No
	Current spec already allows a maximum periodicity of 160ms. Longer periodicity increases SIB1 acquisition delay, which may eventually increase the possibility of access failure.

	CATT
	Wait for RAN1
	Agree with Apple. This falls in RAN1 scope.

	CMCC
	Yes
	With longer SSB/SIB1 periodicity, more symbols are available for scheduling or sleep, which results to higher spectrum efficiency or energy efficiency. And it can be used in both multi-carrier and single-carrier scenario.

	vivo
	No
	Agree with Apple & MediaTek.

	OPPO
	Hold on until triggered by RAN1/4
	As described, the enlarged SSB/SIB1 periodicity may introduce measurement issues, but the exact problem on measurement in our understanding should be evaluated by RAN1/RAN4 firstly. 

On the other hand, we understand the SSB/SIB1 can have a sparer transmission frequency than that UE detects. For example, the gNB can send SSB with a periodicity larger than 20ms but the UE shall detect/measure SSB in each 20ms. Not sure what exact different results are between the case and this solution.

	ZTE
	Not triggered by RAN2
	We would expect such solution to be evaluated in RAN1 first.

	Ericsson
	Wait for RAN1 progress
	In our opinion, this is more RAN1/RAN4 than RAN2 work, and needs to be studied first by RAN1. However, we are fine with revisiting the need for this solution and possible RAN2 impact once when RAN1 makes further progress. It should be also noted that it is already possible to have SSB periodicity increased up to 160ms. Therefore, we wonder where this increase of periodicity is intended to be applied?

	Intel
	No (Wait for RAN1 for new longer periodicities for SSB/SIB1)
	As long as the longer periodicities for SSB/SIB1 is still based on the legacy values, this solution is already available and can be applied if the network implementation see the need to perform such solution for network energy saving. New longer values need further RAN1 evaluation before it can be introduced.

	Qualcomm
	No (Unless otherwise specified by RAN1)
	This is actively being discussed by RAN1 so in the end, they can make the final decision on that as the effects would better be understood in RAN1.

On the solution itself, this would be a cell that is inaccessible for the legacy UE so it is not encouraged. For Rel-18 UEs, NES gains would come at the cost complexity and power. 

	Fraunhofer
	Yes
	We understand “increased periodicity” as anything larger than the default and common 20ms.

We see solution 2 as essential and with a great potential to bring large energy savings as it enables gNBs to reach very deep sleep states. Also, it is the only solution which can to a great extent support legacy devices as they already can support up to 160ms. This is true even for single band (though we may expect some performance degradation to legacy then). In order to facilitate the discussion we should further categorize the solution into 2 sub-solutions. 

a) Performance enhancements to better support periodicities from 40ms to 160ms. ( Still support legacy UEs (expecting SSB every 20ms) albeit with some performance penalty. New UEs could use the new enhancements / NES awareness to perform better.

b) Non-backward compatible changes: Periodicities larger than 160ms and enhancements on signalling. E.g. solution 7 (UL WUS) can be used to change periodicity.  


	Fraunhofer
	Pre-paging dense SSB (combined with increased SSB period) - R2-2207960

	Introduction
	SSB burst period is increased, but just prior to paging denser synchronization is sent (e.g. multiple SSBs per burst on the same beam)

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

	NES gain
	Increased period can be used more often, without affecting paging performance or UE power consumption

	Impact to legacy UEs
	No legacy support

	UE assistance needed
	None

	RAN2 impact
	SSB timing and information


Question 4: Do you consider the solution as beneficial and would like to further study?

	Company
	Yes/No
	Comments

	Lenovo
	No
	Sounds too complex and if not implemented accurately will neither benefit network (no real ES if too many IDLE UEs in the cell or saved energy does not justify the complexity) nor UE.

	Samsung
	No (RAN1 impact)
	The proposed mechanism changes the current periodic SSB transmission. It should be first discussed in RAN1.

	MediaTek
	Yes but shall be considered with solution 2 together
	P1 to address what we concern on sparse SSB in Question 3 and could be an enhancement to longer SSB solution.

	Huawei, HiSilicon
	No
	As answered in Q3, we are a bit hesitant to have longer SSB/SIB1 periodicity. Even if paging is enhanced, longer periodicity still has other impacts like measurement, access delay etc.

	CATT
	Wait for RAN1
	This should be discussed in RAN1 first.

	vivo
	No
	We understand that the solution should base on the discussion of the other aforementioned solutions. It’s a bit early to discuss this issue since we cannot determine its impact to the NW and the UE.

	OPPO
	No
	This solution changes the legacy SSB design and should be studied in RAN1 firstly. 

	ZTE
	No
	Pre-paging dense SSB means introducing a new pattern of SSB, it is up to RAN1.

	Ericsson
	No
	This may also depend on UE implementation, i.e., on whether a denser SSB burst can speed up the UE synchronization, which seems to be more up to RAN4.   

	Intel
	No (Leave it to RAN1)
	RAN1 can make such evaluation directly whether such enhancement is beneficial.

	Qualcomm
	No
	Agree with OPPO and ZTE

	Fraunhofer
	Yes (Proponent)
	On MediaTek´s comment – correct. This is an enhancement to make Solution 2 more practical. 

On Huawei´s comment – yes, the other impacts also deserve their own enhancements to make Solution 2 more practical.




	Fraunhofer
	Cell Classification - R2-2207960

	Introduction
	The UEs classify different cells regarding RRM relevancy (preferably in a way aligned with RRM relaxation)

	Scenario
	UEs in connected mode

	NES gain
	The network can precisely know which cells are most relevant to the UE mobility. Therefore, the network can switch more cells to NES mode. 

	Impact to legacy UEs
	No legacy support

	UE assistance needed
	Cell classification (RRM relevancy)

	RAN2 impact
	Signaling


Question 5: Do you consider the solution as beneficial and would like to further study?

	Company
	Yes/No
	Comments

	Lenovo
	
	Will this not be creating holes for the legacy RRC Idle UEs when using cell classification (RRM relaxation and network energy saving) since legacy UEs do not understand that?


	Samsung
	
	It is not clear what is not supported by the existing mechanism. 

	MediaTek
	
	For P2 we think the intention is already mentioned as UE assistance information in solution 2.

	Huawei, HiSilicon
	No
	RRM relaxation is mainly for UE power reduction. The network energy saving can hardly be achieved unless all Connected UEs support RRM relaxation and report the fulfilment, but that will affect Idle UEs.

	CATT
	Yes, see comment
	This can be studied in the context of UE assistance information in support of helping NW deciding which and when cells can be turned on/off. Other UAI proposals are not precluded of course. Since RAN2 agreements classified UAI as “things to study” for each “solution group”, maybe this is not an additional solution but could be discussed as part of Solution 6?

	vivo
	
	We are not clear about the necessity of the solution. From the NES gain claimed by the proponent, it seems the NW can also determine which cells to enter NES mode even without this dedicated cell classification.

	ZTE
	
	We understand UE reporting some mobility related information to NW would be helpful for NW to dynamically switch on/off some cells or beams to turn some cells into energy saving state.

	Ericsson
	No
	We think that this solution is inspired by a corner case in which the UE is exactly on the edge of two cells and constantly transmitting. The NW, however, can already know which cells are most relevant to the UE mobility, e.g., from the measurement reports received from the UE in connected mode. Therefore, we do not see how the UE can provide any additional information that can assist the NW.  

	Intel
	No
	Network knows the UE NES capability and can base on this to configure the appropriate RRM measurement and select the relevant cell for handover. 

	Qualcomm
	No
	Agree with Ericsson

	Fraunhofer
	Yes (Proponent)
	On LeNovo`s comment - As we commented in Question 1, we think that a coverage and mobility layer needs to be maintained for legacy (Solution 4). Otherwise, yes this and pretty much any other NES solution will create coverage holes to legacy.

On Huawei`s comment - The main use case would be in areas with few UEs per cell. For example, a dense picocell deployment in a business district: at night it is needed to pretty much only to support a few surveillance cameras. The alternative would be to have many more cells ON than needed. 


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, 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


Question 6: Do you consider the solution as beneficial and would like to further study?

	Company
	Yes/No
	Comments

	Apple
	No (Hold on until triggered by RAN1)
	In our understanding, the solution 3/7 should be studied in RAN2 only triggered by RAN1:

1. These solutions strongly depend on design of discovery RS (DRS) and uplink WUS signal, both of which should be first studied / concluded in RAN1:

  a. For DRS, it is our understanding that RAN1 just list it as one candidate solution without agreement to adopt (i.e. introducing a new DRS). Moreover, even if RAN1 agreed to introduce DRS, RAN2 can study it only after RAN1 concluded whether it is SSB-like or CSI-RS like reference signal. Otherwise, we don't think RAN2 can make progress.ß
  b. For UL WUS, it is our understanding RAN1 also just list it as one candidate solution without agreement to adopt (i.e. agreement to introduce UL WUS). And in RAN1 study, proposals on usage of UL WUS are quite diverse (e.g. for cell ON/OFF, for cell DRX/DTX, for trigger SSB/SIB1). Moreover, even if RAN1 agreed to introduce UL WUS, RAN2 can study it only after RAN1 concluded whether it uses a reserved set of Preambles or a new-brand sequence, because their MAC impacts are quite different.

2. DRS may impact on legacy UE's initial access, which should be evaluated by RAN1 first. 
So, we prefer RAN2 to hold on this study until RAN1 triggers RAN2 to study it.

	Lenovo
	No
	This already sounds very complicated, impacts legacy UEs too much without knowing how many IDLE UEs are in the cell etc. and unclear how much energy saving will be there if SSB is replaced with DRS. In absence of DL timing (SSB) how would WUS reception at the gNB be ensured in a reasonable time-window?

	Interdigital
	Yes
	- we think the scenario is mostly for single carrier case; the benefit is diminished for multi-carrier case, as the anchor cell can be used instead and is already awake. We suggest focusing on the single carrier case in the scenario section.

- Solution 7 captured WUS can be used for Connected or IDLE state, but the current description only focusses on SSB activation. The solution should also capture enabling resource adaption (in support of solution 6) for connected mode.

What RAN1 is also studying is how to use it to enable deeper sleep modes in connected mode, captured as 

"Technique #A-3: wake up signal (WUS) for gNB" "Can be used in support of techniques #A-1 techniques #A-2 and other techniques." whereby technique A-1 is for SSB/SI activation and technique A-3 is "Dynamic adaptation of UE specific signals and channels" Note that the latter doesn't involve legacy UE impact, as the adaptation is for UE resources only rather than common signals. We therefore suggest reflecting this in the "impact to legacy UEs" section. Further, regarding the impact to legacy UE, "There could be issues if the cell turns off without realizing legacy UEs camping on it." is not really related to the WUS itself, but rather a general issue if the gNB turns off on a legacy UE. We therefore suggest removing it from the solution description, or having something similar to other solutions, as suggested below.
Adding an FFS note doesn’t really address this solution group we already discussed last meeting. Therefore, we have the following suggested change:

· Solution description: Cells in NES state only transmit discovery signals (DRS), UE uses wake-up signals (WUS) to trigger the adaptation of common signals and channels or UE specific signals and channels, including transmission of SSB/SIB1 (FFS enhancements to other SIBs and MIB) 
· Impact to legacy UEs: Legacy UEs can only access the cell after it is wakened or not being aware of the NW NES state change. For adaptation of common signals, there could be issues if the cell turns off without realizing legacy UEs camping on it.
· NES gain: Reduced time domain symbols, enabling the gNB to reach deeper sleep states, enabling adaptation of common signals and channels or UE specific signals and channels.

	Samsung
	No (RAN1 scope)
	DRS should be defined in RAN1.

	MediaTek
	No (wait for RAN1/RAN4)
	For new UL WUS, we may need to take the RF regulations into account, and it could be a RAN4 work. Also, how a deeper sleep cell monitors the UL WUS is still unclear and considering the new DL DRS mechanism, so far, we do not have enough information to estimate the power saving gain for this proposal. So, we suggest stopping discussing for this solution until further justifications are available from RAN1/RAN4.

Another view is, can we have NW-based wake-up mechanism instead? For example, the anchor cell is responsible to wake up its neighbouring deeper sleep cell. We do not see any data or evaluation result to show the benefit of UE-based wake up mechanism compared to the NW-based wake up mechanism. So we are wondering if the pure UE-based wake up mechanism is a more reasonable choice than the NW-based one.

	Huawei, HiSilicon
	Yes
	On InterDigital’s rewording, we are ok with the “Impact to legacy UE” parts. About introduction and RAN2 impact, the rewording seems to extend the on-demand operation to more than SSB and SIB1. We prefer to start the discussion from SSB/SIB1, as there is already an FFS for other SIBs. And other resource adaptation is in the scope of Solution 6.

	CATT
	Yes but…
	We agree with Apple that DRS and UL WUS aspects are presented in the description as only possible options in this solution group and they are in RAN1 scope anyways. We also think that solutions 3 & 7 should be discussed separately, so it should not be FFS in the above added Note. In our view, RAN2 should primarily focus on studying Cell activation/reactivation mechanisms, aiming at increasing the efficient of SCell usage in view of saving NW energy, which fits well the RAN2 scope. And we disagree with Rapporteur’s comment in Phase 1 that autonomous cell activation “is a different solution with the one in the table”. On the contrary, we think it perfectly fits in the “Any Cell activation/re-activation” solution group.   

	CMCC
	Yes
	There’s potential network energy saving gain of on-demand SSB/SIB1, though the magnitude of the gain may depend on the DRS design in RAN1.

	vivo
	Yes
	We agree with Apple that we should avoid some premature discussion that is related to RAN1.

However, there are some discussion that RAN2 can start off:

· use cases of UL WUS;

· conditions for triggering WUS;

· impact to legacy UE for the NES cell supporting WUS;

	OPPO
	See comments
	If we face the combination of solution 3 and solution 7, we think RAN2 should wait for RAN1 to progress, because we rely on RAN1 to decide whether/how the 5G system support on-demand SSB, and how to implement DRS. 
If we face the decoupling of solution 3 and solution 7, i.e. the UE wake-up signal can trigger the data transmission and/or the UE-specific signals. RAN2 may have some discussion in parallel.

	ZTE
	Not triggered by RAN2
	It depends on RAN1 agreement, e.g. DRS design in RAN1.

	Ericsson
	Wait for RAN1 progress
	Our understanding is that this solution is heavily RAN1 dependent, and WUS has been studied in RAN1. Therefore, this solution should be considered once RAN1 makes more progress.   

	Intel
	No
	For legacy UE in such cell in a single carrier deployment, it will mean that there is a coverage hole when the cell is not broadcasting SSB/SIB1. Hence, we do not think this should be applied to single carrier deployment. 
For a multi-carrier deployment, solution 1 and 4 are sufficient. There is no need for such on-demand SSB/SIB1 and wake up request as it can be left to the anchor cell on how to use the non-anchor or NES cell.

	Qualcomm
	No (unless otherwise indicated by RAN1)
	DRS and WUS is RAN1 domain so they should take the initiative on that.

On the solution itself, note that dynamic switching with legacy UE camped would mean an unidentified behavior for legacy which can simply means legacy declares RLF when cell switches off. Also, his would have a lot of effects on cell selection and possibly RACH, so it is not a preferred solution.

	Fraunhofer
	Yes, but let RAN1 lead the way
	The definition of a new DL signal (be it a DRS or something else) and UL WUS lies on RAN1 scope. If that is defined then RAN2 should study what else needs to be activated/signalled after SSB is restored.


	CATT (R2-2207511)
	On-demand SIB acquisition from another UE via PC5-S connection 

	Introduction
	Idle/Inactive UE reselecting a cell first checks (via PC5-S connection, leveraging sidelink relay discovery) if other UEs have the needed SIBs, and acquire those from such UEs.

	Scenario
	Any configuration (single cell, CA, DC). Idle/Inactive states.

	NES gain
	Reduced transmission of on-demand SIBs by the network, which can be numerous considering high-density cells where the majority of UEs moving in and out are in idle/inactive. And in practice, a UE reselecting a cell will typically request the missing SIBs to that cell, although many other UEs in proximity likely already have acquired such SIBs.

	Impact to legacy UEs
	None

	UE assistance needed
	No

	RAN2 impact
	Sidelink relay discovery procedure is upgraded to signal the stored SIBs of relay UE in sidelink discovery message, and the remote UE can select relay UE which has stored its interested SIBs to establish the PC5-S connection.

Note:

1) Legacy sidelink relay procedure already supports transferring SIBs to another UE

2) Relay UE does not need to acquire the requested SIBs from the gNB if it already has them

3) Requesting UE does not need to first acquire SIB12 to check if gNB supports SL relay, since gNB is not involved in the operation.

4) This solution requires no additional RS and has no RAN1 impact.


Question 7: Do you consider the solution as beneficial and would like to further study?

	Company
	Yes/No
	Comments

	Lenovo
	Acceptable as a starting point
	Worth studying further. How about the UEs that do not support PC5 or support sidelink but not the U2N remote UE behaviour? 

	Samsung
	No
	Only a few NES-capable UEs in the coverage could support PC5 link. We prefer a common solution.

	Huawei, HiSilicon
	No (postponed)
	We think this can be discussed later, as we anyway need to consider the UEs not supporting sidelink.

	CATT
	Yes (proponent)
	A small enhancement to the sideling relay discovery procedure that can bring significant NW energy saving by reducing the number of on-demand SIBs broadcasting. A RAN2-only study (unlike most other proposals).

Answering Lenovo: we agree that this solution only applies to UEs supporting PC5 (note though the UE never needs to connect remotely to NW via a relay UE), but we believe more and more UEs will support this feature in future (as UE-UE connections demands will increase with connected objects density increase), so this solution also is future-proof. Especially in high density cells, current networks favour broadcasting SIBs from other SI rather than delivering them on-demand due to the too high demand from Idle/Inactive UEs moving around and frequent reselections. Thus the current power saving benefit of on-demand SIB is not big in high density cells. This solution would also address this issue.

	CMCC
	No strong view
	It depends on whether PC5 link is supported by NES-capable UEs.

	vivo
	Not sure
	It seems this solution achieves NES gain at the cost of unpredictable UE energy consumption. The remote UE may achieve SIB from other UEs, but this does not gaurantee that the SIB is from a suitable cell for this remote UE:

1. The relay UE does not always have the desired SIB for the remote UE. If not, the remote UE better send a preamble requesting SIB from the serving cell directly instead of wasting relay UE’s energy.

2. The remote UE likely needs to try establishing several connections before it can achieve the SIB it’s interested in.

[CATT] In legacy (L2 U2N) Relay (re)selection procedure, the cell ID can already be used as additional AS criteria. So UE can leverage this to get the required SIB(s) from a UE in the same cell. And considering the selected relay UE will always be closer than the gNB, we think there is also a potential power saving benefit for the requesting UE. I agree there is a power cost for the relay UE, but that relay UE may also benefit from the feature from another relay UE, when reselecting, so overall this is mitigated.

Besides, we are not sure this is in the scope of WID.

[CATT] We think it fits in the below WID objective:

· 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]

	OPPO
	No
	We may focus on the normal scenario firstly.

	ZTE
	No
	Acquire SIB from cell is a more simple way. The UE power may be increased via PC5 Link, because the UE should attempt to acquire SIB via PC5 link, and then acquire SIB from cell if not available from PC5 link. 

	Ericsson
	No
	Our opinion is that this solution should not be prioritized since it would imply that the NES gain depends on the support of a particular feature. i.e., sidelink in this case. Furthermore, we think that this solution is not favourable for UEs placed on cell edge as these UEs would constantly need to transmit SIBs to new UEs entering the cell.

	Intel
	No
	Not all UEs have PC5 capability. Hence we do not see the need to prioritise such use case for NES.

	Qualcomm
	No
	Sidelink-dependent solution are in our view not in scope of this SI.

	Fraunhofer
	Yes
	This is worth further studies. However, the global power consumption (also UEs) should be considered


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 (e.g. via RRC), and trigger the HO/CHO with group-common signalling (e.g. L1/L2).

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

	NES gain
	Reduced HO commands; allowing the network to go into sleep mode timely.

In a multi-carrier deployment, it also allows the coverage cell to offload back to the small cells that had been turned off but now turning on.

	Impact to legacy UEs
	 Depends on the cell energy saving state after it sends group-common signalling

	UE assistance info candidates
	FFS UE location, mobility status, measurement report of small cell with reduced SSB (e.g. with Solution 2) to the coverage cell

	RAN2 impact
	Details of the group-common HO/CHO signalling, details for pre-configuration of candidate cells, etc. FFS handling of T304, whether/how to send response to group-common signalling, security update upon receiving group-common signalling.


Question 8: Do you consider the solution as beneficial and would like to further study?

	Company
	Yes/No
	Comments

	Apple
	Yes 
	We think the intention of this solution is clear and study of Handover is typically led by RAN2, which means RAN2 can have some study before RAN1. So, we think this solution should be studied in RAN2 further. 
[Apple 2]: a clarification to address Lenovo and QC's concern: it seems different understanding on the intended scenario of this solution. Our understanding: gNB decided to enter sleep state/mode, and so it need to handover a group of UEs to other cells because the gNB in sleep mode / state can't serve these UE or can't satisfy their QoS requirement. We think the motivation is clear and valid.


	Lenovo
	No
	Mobility is very specific situation to a UE unless of course it is a mobility of the mobile phone and the wristwatch of a runner. 

So, like QC we also are not sure:

“Where is the energy saving from group HO coming from? is it just the overhead of reducing individual HO unicast commands for Rel-18+ UEs only? Again, better to focus enhancement on L1/L2 mobility as in our opinion this is the only way to get realistic NES gains”

	Interdigital
	Yes
	The NES gain can further clarify “better control of cell loads”

	Samsung
	No
	Group-common signalling does not guarantee the successful delivery. Even NES-capable UE may not receive the group-common signalling. This makes another problem and increases complexity.

	MediaTek
	Yes, but
	New Group-common HO shall be deprioritized because no matter the solution is to hand group UEs over to another serving cell (signalled individually), or to use group-common HO command for multiple UEs (a common signal to a group), they could have downsides (The former is the signalling storm/Uu loading concern; The later is the grouping decision and how to accommodate different variants of UE capability/measurement). It is very likely complicated, and only a suboptimal gain. We prefer a CHO-like solution, could be coupled with L1/L2 mobility enhancement.

	Huawei, HiSilicon
	No
	Entering a sleep mode does not necessarily require HO all Connected UEs to other cells, it can be based on DRX/DTX, and some more dynamic turning on/off (e.g. symbol-level) can even be achieved during DRX active time. So the necessity of this solution is not clear to us.

	CATT
	No
	When the cell decides to go to sleep, there are not many UEs serviced by the cell in most case. So the benefit is not clear. Moreover group HO signaling may lead to complex exception handling issues.

	CMCC
	Yes
	Group HO is a potential scenario in ES cells, thought the overhead of HO configurations (pre-configured) for a group UEs cannot be avoided in this way, we see the gain that network can go into sleep/NES state quickly without transmitting HO commands over a period of time when it makes the decision. 

	vivo
	Yes
	We think it’s beneficial for RAN2 to start discussion of this issue. 

No matter how different NES states are defined, a common solution mentioned much to reduce signalling overhead is group-common signalling. We may be able to identify some RAN2 issues regarding HO/CHO upon the reception of such signalling.

	OPPO
	Yes but
	We understand the benefit but the relative issues (e.g. such as UE feedback, key update, etc) may increase unpredictable RAN2 impact. 

	ZTE
	No
	The NES gain is not clear. In general, gNB considers NES under low load, the decrease of RRC message in group HO is small, but, the group HO requires the pre-configuration of common PDCCH, the complexity of gNB increases.

We also notice that such solution has been raised and discussed in several other Rel-18 WIs, e.g,. mobility enhancement and NTN, parallel discussion should be avoided thus we would like to down-prioritize such solution in this WI.

	Ericsson
	No
	We would first like to point out that the PCell cannot be always simply changed for a group of UEs due to e.g., different UE capabilities. Furthermore, given that the PCell change is meant for low to medium load scenarios, we think that the gain from the group signalling would be marginal in terms of NW energy savings compared to a PCell change per UE. Finally, the NW may not configure multiple PCells in the case of a low or no load, or the source node may want to change the configured target cell for some of the UEs (e.g., because of the load balancing), which anyway implies a dedicated signaling per UE.

	Intel
	Yes
	As in the updated NES gain, it is not just reducing HO commands, it is also allowing the network to go into sleep mode in timely manner (i.e. quicker in a finer granularity) and thus improve network energy saving.

As mentioned by Fujitsu, such procedure can be initiated:

“

1) For UEs which are not able to work under NES state, the UEs can only be changed between two legacy cells, e.g., change the UE to another normal cell before the cell that UEs connect enters NES state

2) For UEs which support working under NES state, the UEs can be changed back and forth between legacy cell and NES state cell or between the cells in different NES states.

This solution can be used for fast NES states transition for UEs supporting NES states. For example, change configuration of the cell that the UEs connect to the parameters corresponding to the NES state before the cell enters the NES state, or change configuration of the cell in NES state which the UEs connect to legacy parameters before the cell goes back to normal state.

“

Just in response to Ericsson, in the 2-step approach, a UE is still receiving its pre-configuration for group HO in dedicated signalling and the UE capability will also be taken into account during this pre-configuration like in CHO. It is only the trigger that is based on group indication.



	Qualcomm
	No Group HO, Yes for CHO clarified below 
	Agree with Ericsson that practically group signalling a HO command to a number of UEs is not simple since UEs have different capabilities and measurements wrt different cells, aside from reliability issues of group signalling to a progressively larger number of UEs. That being said, we also note that legacy UE should still unicast signalling to trigger HO so we don’t see that much gain in the resulting groupings for several UEs to hasten HO. 

For CHO we are generally supportive and we explain our reasoning on the table below. 

	Fraunhofer
	No to group HO, 

Yes to CHO
	In principle, a group HO would be something you would do if you need to move many UEs at once between 2 targets. If the cell has so many UEs it should probably not go to energy saving state. 

On the other hand, CHO can be enhanced to facilitate the handling of the (few) UEs being handed over prior to a cell turning off.  


	Qualcomm R2-2208120
	NES-aware CHO

	Introduction
	New CHO event triggers considering cell NES state

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

	NES gain
	Better control of cell loads; discouraging low load cells from serving new UEs

	Impact to legacy UEs
	Not applicable to legacy UEs

	UE assistance needed
	No

	RAN2 impact
	Define new triggering conditions that are based on relative qualities of neighbouring cells or cell-specific priorities.


Question 9: Do you consider the solution as beneficial and would like to further study?

	Company
	Yes/No
	Comments

	Apple
	
	We assume this solution is already included in solution 5 (it has /CHO). So, it seems no need to have a separate item for CHO.

	Interdigital
	Yes
	Agree with Apple that this can be combined with the previous one.

	Samsung
	
	It is not clear what is not supported by the current CHO.

	MediaTek
	Yes
	See our comment in Question 8. (CHO-like mechanism is preferred and shall be studied further)

	Huawei, HiSilicon
	
	We also think there is no need for a separate item.

	CATT
	
	Same view as Apple

	CMCC
	
	Agree with Apple.

	vivo
	
	Agree with above comments.

	OPPO
	Yes
	The main intention we understand here is to reuse the current CHO procedure but additionally consider the NES state/information in selecting a cell to hand over. A group-common signalling is not needed in this solution.

	ZTE
	
	Agree with Apple.

	Ericsson
	
	We agree with Apple’s comment.

	Intel
	
	Agree with Apple that this can also be considered as part of Solution 5.

	Qualcomm
	Yes
	Since this is different than group HO we prefer just weighing on this solution separately. We think as a proponent that CHO configurations would be a powerful tool to load-balance on different cells and selectively loading cells, i.e., targeting some ES cells for savings by discouraging HO into those cells while guaranteeing coverage for legacy and Rel-18 UEs. Aside from no effect on legacy, we think that mobility optimization is a relevant part for RAN2 to further study that does not need to follow a lead form RAN1. 

	Fraunhofer
	Yes
	We agree with Mediatek (CHO-like mechanism is preferred and shall be studied further)


Solution 6: Resource adaptation (frequency and time domain)

Solution statement:

1) Resource adaptation (e.g. 2-step approach, combined with NW state transition)
	Introduction
	UE is pre-configured with UE group(s) and corresponding group-common configuration (e.g. related to BWP, SCell, UL/DL common physical control signalling), and NW can 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
	Legacy UE impacts due to not aware of NW NES state change

	UE assistance info candidates
	 UE assistance information introduced in Rel-15 overheating and Rel-16 UE power saving (e.g. BW preference, number of CC preference, C-DRX preference, MIMO layer preference)

	RAN2 impact
	Details of pre-configuration signalling and group common signalling, etc. FFS UE behaviour upon reception of the group common signalling.


Question 10: Do you consider the solution as beneficial and would like to further study?

	Company
	Yes/No
	Comments

	Apple 
	No (wait trigger from RAN1)
	We think solution strongly depends on RAN1 defined usage scenario for group common signalling and details of "NES state":

1) For group common signalling, we assume it will be similar to MIMO discussion in RAN2, i.e. RAN1 defines the UE-gNB interaction behaviour and sends LS to trigger RAN2 to complete required ASN.1, MAC-CE format and UE capability. And RAN2 impacts will be quite similar to MIMO MAC-CE discussion (i.e. RRC config for code-bit mapping in MAC-CE + MAC-CE format design). We are not sure what RAN2 can study before RAN1. If company can raise some RAN2 specific issue to discuss, we are open to it.
2). For NES state, there are a lot of discussion in RAN1 on its details, and the proposals are quite diverse. For example, whether gNB will turns off all TX and RX, or whether gNB can allow some periodic UL resource for RACH / CG-PUSCH, or whether SSB transmission is allowed in NES. And there are some proposals to define multiple NES states for adaptation. Obviously, different NES states will have different RAN2 impacts (e.g. if periodic UL RACH/CG-PUSCH is allowed, the UE behavior to send RACH / CG-PUSCH in NES needs to be specified).

So, although we agree the benefit of this solution, we prefer to treat it like RAN2 MIMO discussion (i.e. wait RAN1 LS to trigger this work).

	Lenovo
	No (wait for R1)
	Similar questions as from Apple. In fact, it is not apparent where the ES is coming from?

	Interdigital
	Yes
	For the solution description,

· “BWP and Scell” seem to be covered in other solution description on bwp adaptation and solution 1, so we suggest removing it from this table.
· "pre-configure" can be clarified to “semi-statically configured"

· RAN1 also is studying adaptation of data resources in addition to control resources (e.g. configured grant occasions). This should therefore be reflected in the description of the solution: 
“UE is pre- semi-statically configured with UE group(s) and corresponding group-common configuration (e.g. related to BWP, SCell, UL/DL common physical control signalling and data resources)”

for the UE assistance information, we are not sure just the R16 power savings info is sufficient. RAN1 is also considering "UE assistance information including traffic relation information, such as pattern, volume etc." for this. So, we suggest adding this as well.

for the NES gain, it can be clarified that this enables the gNB to reach deeper sleep states.

	Samsung
	No
	Group-common signalling does not guarantee the successful delivery. Even NES-capable UE may not receive the group-common signalling. This makes another problem and increases complexity.

	MediaTek
	No (wait for RAN1)
	We have similar view with Apple and are also open to discuss any proposal for RAN2 making real progress or working assumption without RAN1 consensus in advance.

	Huawei, HiSilicon
	No (wait for RAN1)
	

	CATT
	Wait for RAN1
	We agree with Apple that the efficiency and feasibility of this solution depends on what is defined as a NES state, in RAN1. Moreover there may not be one NES global configuration that commonly includes a set of configurations associated with different features, e.g. BWP, RS, DRX, etc, all switched simultaneously with one single group-common signalling. Instead, a more flexible approach would be that each feature has its own NES configuration with a group-common signalling for each. See below.

	CMCC
	Yes
	With UE grouping and group configuration, the signalling overhead can be reduced, and also it provides a timely manner to change UE’s configuration and network’s ES state.



	vivo
	No
	The NES gain from this solution is hard to evaluate at this early stage. Before RAN1 make any solid progress, we are not able to tell what RAN2 impact it may lead because it involves so many aspects, e.g. cell DTX/DRX, NES state definition, spatial domain ES solutions. 

	OPPO
	No
	The group-common signalling needs to be studied by RAN1 firstly. 

	ZTE
	No
	Can be studied in RAN1 firstly. 

	Ericsson
	No
	As it is defined, this solution is too broad, and possibly overlaps with some other solutions (e.g., Solution 5 -1) Group HO/CHO and Solution 6 - 4)
BWP adaptation). Therefore, we suggest studying concrete use cases (e.g., BWP adaptation) rather than a general framework.

	Intel
	Yes
	RAN2 can start studying a signalling framework to handle all the reconfigurations (e.g. related to BWP, SCell, UL/DL control signalling) of UE groups to different NES state. Using BWP switching mechanism can be part of this study.

On the NES gain, other than reducing the signalling overhead, it enables the network to go into different NES states faster and in a timely manner.

	Qualcomm
	No
	Every type of “resource” comes with its own complications so we cannot just agree to a general “resource adaptation” scheme without first knowing what resources we are talking about. Aside modifying resources via group signalling always risks putting UE and gNB out-of-sync. Given that we are potentially modifying a number of resources for a number of UEs, it would be hard for the network to detect that a UE missed on a resource change command for a long time. We propose the proponents break downs such solutions to which resources are being configured and controlled for better assessment.

	Fraunhofer
	Yes, but wait for RAN1
	The proposal sounds beneficial but to get a more concrete discussion we should wait for RAN1. As Ericsson mentioned this is too broad as it is defined so far. We should get more concrete.


2) NW 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 all states

	NES gain
	Reduce the always-on transmission/monitoring

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

	UE assistance info candidates
	short-term traffic characteristic/status etc. FFS preferred DRX/DTX pattern

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

FFS UE behaviour during NW DRX/DTX on/off duration, NW expected behaviour/ NES state during NW DRX/DTX on/off duration.


Question 11: Do you consider the solution as beneficial and would like to further study?

	Company
	Yes/No
	Comments

	Apple 
	Yes
	We think the intention of this solution is clear and DRX is typically led by RAN2 in 3GPP. So, we think RAN2 should study it before RAN1. 

For some companies' concern on whether current UE CDRX is sufficient (i.e. leave alignment of DRX pattern to gNB implementation), we think it is not sufficient:

1) Cell DRX/DTX is applied to IDLE/INACTIVE state. While CDRX is only for CONNECTED state. 

2) Cell DRX/DTX includes TX behavior while UE CDRX includes only RX behaviours. 

3) UE group common signaling may be applied to Cell DRX to reduce signaling overhead which will finally transited to gNB power reduction.

	Lenovo
	Acceptable as a starting point
	The impact on RRC Idle UEs needs to be studied and contained to a limit.

	Interdigital
	Yes
	NES gain can be clarified to include: synchronization of DTX and DRX cycles, and adaptation of uplink and downlink resources.

The solution description can clarify that DTX/DRX can be configured commonly for all UEs the cell

	Samsung
	Yes for gNB DTX and gNB DRX
	UE DRX provides conditions that UE does not need to monitor PDCCH while gNB DTX supports gNB’s complete power off. Thus, intended UE and NW behaviour would be different. Thus, we think gNB DTX needs to be discussed separately from UE DRX. 

For alignment of DRX cycle, we see UE-dedicated signalling is sufficient. Group signalling does not have a gain on NW energy saving.

	MediaTek
	Yes
	We tend to agree this proposal could be further studied if the always-on Tx/Rx is adjusted and subject to the DTX/DRX framework.

	Huawei, HiSilicon
	No
	Firstly, we need to figure out that, during the cell DRX inactive period, will the common signals (e.g. SSB/SIB) be broadcast? If not broadcast, what is the intended behaviour of Idle/Inactive UEs, especially legacy UEs in Idle/Inactive mode?

It seems there is some overlapping with Soltuion 1 and Solution 3&7.

	CATT
	Yes
	DTX at the gNB can already be applied and aligned by implementation in legacy, but this proposal allows replacing the associated dedicated signalling for each UE by one common command to the UE group. 

	CMCC
	Yes
	The solution is beneficial for network energy saving. With DRX in a UE-group or cell-specific manner, gNB knows exactly when there will be downlink transmission, so it can go to sleep when there is no data transmission. Therefore, gNB may reduce the always on signal transmission, such as SSB/SIB transmission and other period RS transmission, and it also helps to UE power saving.

	vivo
	Yes, but
	We may need further RAN1 discussion before we determine the possible RAN2 impact from NW DTX/DRX and whether it’s necessary to introduce some enhancements. For example, it may change the UE behaviour of paging reception and RACH procedure.

	OPPO
	Yes for gNB DTX and gNB DRX 
	We generally share a similar view as Samsung. 

We assume the network DRX/DTX configuration is not only for data transmission but also for partial semi-static and common signalling/channel, e.g. PRACH, SR and RS.

	ZTE
	No
	We see some overlapping with solution 1&4 and would like to further understand what is the difference and the expected UE behavior.

	Ericsson
	Yes
	We think that the NW DTX/DRX is one of the solutions for which is clear that it can bring significant NW energy savings since it allows the NW to go to sleep modes even in the case of UEs in RRC connected.    

	Intel
	Yes
	This can be seen to be part of resource adaptation particularly for NW DRX where UL signalling needs be reconfigured. 

	Qualcomm
	Yes 
	We think this solution should be followed as it is in RAN2 domain, does not affect legacy and can potentially give NW significant savings by aligning DRX/DTX to allow for gNB tailored and opportunistic sleep opportunities. We would like to clarify that in our view UE assistance about traffic is unneeded as the NW already sees BSR along with long term traffic characteristics. The table below referencing R2-2208120 represents our complete view on the solution. 

	Fraunhofer
	Yes
	We should align UE and network side 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. 

	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 info candidates
	Preferred RS pattern (frequency and/or time domain configuration). FFS Preferred RS type (SSB, CSI-RS or TRS) or indication that measurement requirement is not satisfied.

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


Question 12: Do you consider the solution as beneficial and would like to further study?

	Company
	Yes/No
	Comments

	Apple
	Yes
	Proponents. We can clarify some points according to companies' comments in phase 1:

1) The RS can be SSB, CSI-RS and TRS, and only for CONNECTED state. So, impacts to legacy UEs are minor. And study of measurement for CONNECTED UE is generally led by RAN2 in 3GPP.
2) Intention of this solution: 

· Different UEs may have different measurement requirements (e.g. different UE type). According to current 3GPP spec, not each UE type will be indicated to gNB and so gNB may not be aware of it. 
· Even for same UE, it may have different types of traffics (e.g. the UE may not have any traffic for some duration then it can tolerant sparser RS transmission during this duration). gNB can just provide extra RS in the duration when the traffic is on-going based on UE assistance info. Note that existing indication on whether related RRM condition is met can't be served for this purpose.
· If the UE is performing measurements based on SSB (as mandatory RRM options), gNB can't adjust SSB density freely because SSB is cell specific.
2) We assume to follow basic principle of legacy UE assistance information: it is up to NW to decide whether to response/satisfy UE's preferred configuration in UAI. So, if gNB think it is not useful or don't want to accommodate UE preferred RS, it can just discard the reported assistance info, without extra impact/efforts from gNB side.
3) On extra overhead and power consumption of UE side, we think it a common potential issue for all UE assistance information. Actually, we don't think it will cause much extra overhead and power for CONNECTED UE compared with its data transmission and measurements. It will be an issue if we introduce some assistance information for IDLE/INACTIVE UE.


	Lenovo
	
	Need to understand the impact on RRC Idle UEs and any impact on their mobility performance. This technique if employed blindly (without knowing how many Idle UEs, their radio etc.), will either lead to a bad user experience or network may not save energy if ES solution is conservatively implemented.
[Apple response] This solution is only target for RRC_CONNECTED UE. So, it has no impact to IDLE UE.

	Interdigital
	Yes
	This is inline with the benefits of solution 2 for UEs in connected mode.

	Samsung
	No
	Currently, UE implementation just follows measurement requirements defined in RAN4. Based on this information, gNB decides to make UE perform the actual measurement. 

Some UE implementations may support better measurement accuracy. But this is for UE’s better performance (e.g. reliability of measurement) not for NW’s energy saving.

	MediaTek
	No
	During RRC CONNECTED:

1. By existing signalling or system architecture, we assume that at least NW could identify which category the UE belongs to, such as eMBB, URLLC or mMTC, so it is unclear which finer UE type level whether we shall further classify for different measurement requirements.

2. For traffic types/characteristics, we also wonder whether UE preference is better (more dominant) than the NW intelligence for RRM and hence DL RS relaxation decision.

Thus, we do not support to further study even though we see it is beneficial in DL RS reduction aspect, but we are open to discuss if any further clarification or justification.

	Huawei, HiSilicon
	No
	It is questionable whether the UE-specific preference will really impact the cell-specific configuration.

	CATT
	No
	1) As discussed for solution 6-1 (Resource adaptation), it could be one component of the NES state, if RAN1 decides so. That is, if NES state involves sparse reference signal transmission, then associated UAI can be discussed to support it. But we don’t think UAI is an additional specific solution, but rather one “thing to study” as part of the Resource adaptation solution (also as captured in RAN2#119-e agreements).

2) Specifically for this case, we don’t prefer the UE to notify network its preference on reference signal pattern for measurements via assistance information. As mentioned above, gNB can't adjust SSB density freely based on UE assistance info because SSB is cell specific but SSB is a mandatory RRM option. In addition, if different UEs report different preferred pattern, the overhead of reference signal pattern will increase if the network tries to meet the requirement of different UEs. Hence, the benefit of the solution is not clear.

	CMCC
	
	We agree with the intention of this scenario, but there could be extra overhead and power consumption for UEs.

	vivo
	No (Wait for RAN1)
	We do not think that we can determine whether we adopt such solution in RAN2 as it seems to be like a cross-WG solution. 

	OPPO
	No
	We somehow agree with Samsung’s comments.

	ZTE
	No
	Share similar understanding with Samsung. From NW’s perspective, it would not be easy to follow the RAN4 requirements and care about UE preference at the same time.

	Ericsson
	Wait for RAN1 progress
	Our understanding is that the reference signal pattern is more of a RAN1 subject, and hence it would be good to wait for more progress in RAN1 before diving into details in RAN2. We also think that UE already provides information to the NW that it is relaxing. However, the NW does not exactly know how the UE is relaxing (NW does not know which instances of the RS the UE is skipping). Therefore, we could improve already existing UE assistance so that the NW knows which instances to turn off.

	Intel
	No
	Like MediaTek, we are not clear how practical this solution is to NES gain, when network needs to satisfy not just one UE type but multitude of UE types and also legacy UEs.

	Qualcomm
	No (unless otherwise indicated by RAN1)
	Extra overhead and power consumption of new assistance signalling may defeat the purpose. There is no guarantee different UEs would individually come up with a nice set of recommended patterns. That is at the end, the union of all these recommended patterns could be as bad as the original pattern (w/o any UE assistance). 

Aside from that, even if this solution is pursued it is going to be led by RAN1 anyway due to potential RAN1/RAN4 impact so no point of pursuing that in RAN2.

	Fraunhofer
	No
	Any issues with SSB can be further studied as part of Solution 2 and 3. For the other signals we agree with Huawei that it is not clear that UE should have any influence.


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, FFS UEs in Idle/Inactive state

	NES gain
	Reduced signalling and faster NW state transition 

	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 info candidates
	To be provided by proponents

	RAN2 impact
	Group-common BWP switching signalling. FFS group-common BWP configuration. FFS semi-static configuration or timer-based BWP switching. FFS periodic switching.

	Note
	FFS whether this solution will be merged to the solution of “resource adaptation”


Question 13: Do you consider the solution as beneficial and would like to further study?

	Company
	Yes/No
	Comments

	Apple 
	No (wait trigger from RAN1),

Merged with solution 6
	If only CONNECTED state is considered, we think it should be merged with solution 6. And although we agree the benefit of this solution, we prefer to treat it like RAN2 MIMO discussion (i.e. wait RAN1 LS to trigger this work).

If IDLE/INACTIVE state is also considered, we think RAN1 should first evaluate its impacts on legacy UE impacts in initial access. In addition, whether cell common BWP is applied to IDLE/INACTIVE UE should be concluded in RAN1 rather than RAN2.

	Lenovo
	No
	Same as for mobility, this is also very UE specific situation, and it is difficult to see the ES by using group common signalling to switch UEs to the cell-NES specific BWP. What about the legacy Connected UEs?

Further, is it correct to assume that RRC Idle UEs are not targeted in this solution?

	Interdigital
	Yes
	Agree with Ericsson that "common BWP that allows NES" can be used instead of "cell-NES specific BWP".

The benefit is mainly for UEs in connected mode.

	Samsung
	Yes
	In frequency domain, switching off some BWPs is beneficial for NW energy saving. The issue could be how fast it is supported. 

	MediaTek
	Yes but
	We only prefer to reuse current BWP framework as a starting point and to develop group-common method on top of it with RAN1 consensus.

	Huawei, HiSilicon
	No
	We think the only additional enhancement is the group-common signalling, which does not apply to UEs in Idle/Inactive, nor legacy UEs in Connected. Agree with Apple that we can wait for RAN1.

	CATT
	Wait for RAN1
	OK to study if BWP resource is a component agreed in RAN1 for NES.

	CMCC
	
	Wait for RAN1’s progress.

	vivo
	Yes
	A cell specific shorter BWP is beneficial for NW energy saving in low traffic scenario. The network can use the existing BWP configuration and triggers to switch all the legacy UEs to this cell specific BWP, while use a group common signalling to trigger the UEs supporting NES to this cell specific BWP. 

	OPPO
	Yes
	BWP adaptation is a good direction in the frequency domain network energy saving techniques, and we prefer to take the case of the CONNECTED UE as a starting point.

	ZTE
	No
	The default BWP could be considered as the cell-NES specific BWP, and the bwp-InactivityTimer could enable UE switch to default BWP without a signaling.

	Ericsson
	Wait for RAN1 progress
	As we already highlighted in the comment for Solution 6 - 1) Resource adaptation (e.g. 2-step approach, combined with NW state transition), we are supportive of studying BWP adaptation as a concrete case of group common signalling. However, we think that this topic should be first progressed in RAN1.

	Intel
	Yes (discussed as part of Q10 in Solution 6)
	This is very much related to the general solution for Solution 6 but focus only on the reconfiguration of L1 configurations for the different NES state. To also handle C-DRX, a more general solution is needed.

	Qualcomm
	No 
	The actual gain of this proposal is very minor as it saves some L1 signalling, so we would think actual NES gain of this proposal is potentially “saving some signalling overhead or latency”. Also, in FR2, where group common signalling is beam-swept, such savings are always questionable. 

Also agree with ZTE on possibility to do it with implementation with default BWP configuration.

	Fraunhofer
	Yes
	Agree with Mediatek


Question 14: Do you think this solution should be merged to “resource adaptation”?

	Company
	Yes/No
	Comments

	Apple
	Yes for CONNECTED state
	see comments in Q13.

	Interdigital
	No
	Resource adaptation is more about adapting UE control and data resources and signals, as the name suggests!

	Samsung
	Ok for Connected
	

	MediaTek
	Yes in a conceptual manner
	

	Huawei, HiSilicon
	Yes
	

	CATT
	Yes but
	keeping it independent from other resources used for NES switching. See our comment to solution 6-1.

	CMCC
	Yes
	

	vivo
	No
	We share similar view with Interdigital.

	OPPO
	No
	The way described in "resource adaptation" is just one implementation of "BWP adaptation".

	Ericsson
	No
	As stated in the answer to Q10, we think that Solution 6 -1) Resource adaptation (e.g. 2-step approach, combined with NW state transition) is too broad. To merge multiple solutions under “resource adaptation” we would need a general framework. Creating a general framework would require deeper understanding of individual use cases (e.g., what parameters would be needed for group common signalling for each of the concrete use cases), which is not obvious at this stage. Therefore, we suggest studying BWP adaptation as a separate use case.

	Intel
	Yes
	This is very much related to the general solution for Solution 6 but focus only on the reconfiguration of L1 configurations for the different NES state. To also handle C-DRX, a more general solution is needed.

	Qualcomm
	No 
	Agree with Ericsson. We think the opposite should happen, resource adaptation itself should be broken down to specific solutions like this one. 

	Fraunhofer
	Ok for CONNECTED
	


	Qualcomm R2-2208120
	Cell DTX/DRX

	Introduction
	Cell DTX: Configure DRX in a UE-group or cell-specific manner, so that DTX at the gNB can be applied and aligned, and apply dynamic reconfiguration of UE DRX by L1, L2 signalling or based on a timer => Alternative RRC slow + heavy signalling

Cell DRX: gNB indicates cell DRX configuration to UE in RRC or SIB. UEs refrain from transmission during that period with possible dynamic activation or deactivation.

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

	NES gain
	Cell DTX:  reduced signalling overhead and faster cell state transition”.
Cell DRX: Reduce blind decodes and allows opportunistic gNB micro-sleeping.

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

	UE assistance needed
	DTX: No assistance needed. 

DRX: BSR would be sufficient; Traffic characteristics as an optimization only if benefits are shown but not an essential feature   

	RAN2 impact
	Cell DTX: New signalling to enable fast UE DRX configuration, introduce UE NES state awareness, interaction between BS DTX and UE DRX configurations.
Cell DRX: Signalling to (re)configure Cell-DRX occasions


Question 15: Do you consider the solution as beneficial and would like to further study?

	Company
	Yes/No
	Comments

	Apple
	
	We think these are some proposed details of solution 6 on Cell DRX/DTX, right? It seems not necessary to list as a separate solution.

	Lenovo
	Open questions
	How will a legacy UE understand the absence of SSBs/ SIs? We think, a Network needs to be able to judge the severity on the UEs: how many RRC Idle UEs, what’s the rate of transition to RRC Connected, UEs’ radio condition etc., before it can aggressively start to save energy by transmitting SSBs/ SIB very sparsely.

	Interdigital
	
	We think this should be studied together with solution 6-2.

	Samsung
	Yes
	But this is overlapped with Solution 6.2

	MediaTek
	Yes
	See our comment in Question 11.

	CATT
	Yes, in 6-2.
	Agree with Apple that it can be discussed as part of solution 6-2.

	CMCC
	
	This is overlapped with Solution 6-2.

	vivo
	
	We think this can be merged to NW DTX/DRX.

	OPPO
	Yes
	Is it already covered by Solution 6.2?

	Ericsson
	
	We agree with Apple’s comment. Furthermore, we would like to point out that described solution is one possible realization of Solution 6 – 2) NW DTX/DRX, and it is too early to agree on a particular realization of the solution without deeper studies.

	Intel
	
	Same understanding as Apple that this is just more detailed proposals for Cell DRX/DTX.

	Qualcomm
	Yes
	Proponents. We actually meant that as a proposed rewording for solution 6-2, by clarifying for example that explicit UE assistance on traffic is not necessary, but at this level we can just merge. 

	Fraunhofer
	Yes, but
	Yes but merged with 6.2


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 (FFS if PWS is included) on another cell
“anchor cell” refers to the cell transmitting SSB and SIB.

	Scenario
	Multi-carrier (FFS inter-frequency or intra-frequency); UEs in all states

	NES gain
	Reduced time domain symbols for the carrier where UE camps or is served. Possibly increased power consumption for anchor cell when the anchor cell broadcasts paging for other NES cells.

	Impact to legacy UEs
	The legacy UE can receive paging from the anchor cell. FFS cell selection/reselection and cell barring of the paging-less cell

	UE assistance needed
	No

	RAN2 impact
	Indicating paging configuration to the UE, etc. FFS whether turning off paging decision is made by gNB or CN (in this case SA2/CT1 needs to be consulted). FFS whether definition of “Camped on a cell” needs to be modified.


Question 16: Do you consider the solution as beneficial and would like to further study?

	Company
	Yes/No
	Comments

	Apple
	Low priority or Merge with solution 1/4
	Paging discussion may involve multiple WGs and is generally hard to conclude. We can either treat it low priority or merge it with solution 1/4 on anchor carrier/cell.

	Lenovo
	No
	From an Idle UE’s perspective why does it not consider the paging cell as camped? Where’s the ES coming from?

An RRC Connected UE anyway does not receive MT paging. The SI change paging coming from another cell is further complicated as this interferes with the BWP concept of the serving cell.

	Interdigital
	Yes
	Paging is considerable source of energy consumption, and thus should not be down prioritized.
For the Scenario: the benefit is mostly for the muti-carrier case, but it can also apply for the single carrier case. We suggest adding this as FFS for the Scenario part, as currently nothing limits the network from that. 

RAN2 impact: we are not sure we need to change the definition of camped cells for this work, as it's unnecessary. The definition anyway is describing the paging behaviour "in most cases". For the same reason, there is no need to define an anchor cell.
In terms of impact to legacy UE, the network may only use any paging enhancement for NES capable UEs only. The implication is some legacy UEs would still monitor paging as usual, even though the cell is paging-less.

	Samsung
	No
	It would be better for UE that camp on the paging cell. In this solution, UE’s power consumption increases since the UE needs to maintain time synchronization with both cells.

	MediaTek
	No (wait for SA2/CT1, and even RAN3)
	Location/Area update aspects are also needed to be revisited. The prerequisites for making RAN2 working assumption seems not only in RAN but also in CN. In principle, we prefer a clear and simple architecture, such as, all NES cells do not participate in the paging procedure.

And we also agree that this solution may need to be treated with solution 1/4 together.

	Huawei, HiSilicon
	Yes
	If we only consider paging-less solution, it can be merged to Solution 1&4.

	CATT
	No
	We agree with Apple that this can be viewed as an extension of solution 1/4 to also include paging reception from the anchor. We think the main benefit of offloading the energy of the transmissions to the anchor will primarily come from SSB and/or SIB less approach of solutions 1/4. So we prefer to stick to these in this study. 

	CMCC
	Yes
	For a scenario that multiple carriers are overlapped deployed, the paging message would be exactly the same for all these overlapping carriers. Therefore, in this scenario, no transmission of paging message on some of the overlapping carriers is beneficial for network power saving purpose.

	vivo
	
	We suggest it merged with solution 1, with discussion of the candidate definition of ‘(non-)anchor cell’.

	OPPO
	No
	Not sure it benefits but it introduces the UE and network complexity. Before the further study, we need to understand what the case is that a UE had to receive paging of one cell on another cell and how much benefit we can have. 

	ZTE
	Merge with solution 1/4
	We can consider the paging problems as part of solution 1/4.

	Ericsson
	No
	We think that the proposed solution is rather complex and may not bring significant NES gains.

	Intel
	Merge with Solution 1/4
	We think this depends on how we handle the paging in Solution 1 and 4.

	Qualcomm
	No
	Agree with Ericsson. This is very complex and involves multiple WGs. In the end, this will come at the cost of complications to legacy UEs such as power consumption.

Furthermore since the paging cell also sends SSB/SIB we think this solution only makes sense if sols 1-4 are agreed to so we can focus on deciding whether to support those first.

	Fraunhofer
	No
	We share the concerns of Apple, Mediatek and Qualcomm regarding complexity and lengthy multi-WG discussions.

But if it goes forward, it should also be framed within 1&4 discussion

	
	
	


	#Proponent Company

Samsung
	#Technique

Adaptation of Paging Resources

	Introduction
	To maximize NW energy efficiency, gNB turns off some POs/PFs or increases paging cycle. 

	Scenario
	Single-carrier; UEs in Idle/Inactive state

	NES gain
	Reduce gNB power consumption by skipping some resources.

	Impact to legacy UEs
	No critical issue

Legacy UEs may monitor unnecessary POs/PFs which are not used by the network

	UE assistance needed
	No

	RAN2 impact
	Paging resource configuration for NES

Switching mechanism between normal paging resource and NES paging. 


Question 17: Do you consider the solution as beneficial and would like to further study?

	Company
	Yes/No
	Comments

	Apple
	
	More details of this solution are needed. If without UE assistance information, how gNB can decide to turn off which POs/PFs? Note that PF/PO distribution is determined by UE ID, which can't be modified by gNB to concentrate paging in some PF/PO to reduce power. 

	Lenovo
	
	A gNB already has some choices in configuring the paging occasions, aren’t these sufficient?

	Interdigital
	Yes
	It is unnecessary for the UE to monitor all paging occasions and all paging frames, especially if the camped cell is asleep. We are okay to combine this with the previous item.

	Samsung
	Yes
	Paging load can be dynamically changed. When the paging load is low, there is no need to use all those PFs/POs in a DRX cycle. The expected paging load does not require UE’s feedback but can be based on NW’s estimation and energy saving preference. 

Similar to the resource adaptation in Solution 1 and Solution 6, paging resource can be dynamically adapted. We may consider that some I-DRX cycles are not used at all. For finer granularity, PF/PO determination rule could be changed depending on NW energy saving state. In any case, the dynamic adjustment of paging resource will be beneficial for both NW energy saving and UE energy saving.

	MediaTek
	
	The more precise UE location and PO distribution the NW track, the more rooms for paging resource adjustment the NW have.

How is the NES paging resource different from the ordinary one? Are they just different paging configurations in current framework?

	Huawei, HiSilicon
	No
	The gain of “skipping some resources” is less than “paging-less”. So we prefer to prioritize the previous solution.

	CATT
	No
	It is unclear why can this not be already done by reconfiguring the Paging DRX cycle.

	CMCC
	
	It’s network implementation to (re)configure paging cycle and PO/PF. And we think ES gain of the solution is not clear enough, since gNB has to inform the paging configuration changes, i.e., which PO/PFs are turned on/off.

	vivo
	
	This depends on how things go in NW DTX/DRX discussion. It can be merged with previous solutions.

	OPPO
	
	If that is the case, we think that the gNB can modify the paging-related configuration/parameters by its implementation. Even if a solution similar to Solution 6 is used, from the system perspective, the paging resource can only be updated in the next system information modification period and no fast paging resource change achieves, right?

	ZTE
	No
	Same opinion as Huawei.

	Ericsson
	
	It is not very clear what this solution is and as commented by Apple more details are needed.

	Intel
	
	Agree with Apple that more details of this solution are needed. Based on the solution described, network can already do this and it is unclear where the further NES gain is.  

	Qualcomm
	
	Agree with Ericsson and Apple. More explanation is needed on the proposal. As a side point, we think changing to paging comes with a big standards work-load so we’re inclined to only support that if significant NES gains are show. 

	Fraunhofer
	Yes
	This is a more localized change than previous proposal. This one should be prioritized


Solution 9: Cell selection/reselection (i.e. cell prioritization also including legacy UEs)

Solution statement:
	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
	3) In case legacy mechanism (frequency priority, or adding frequency/cell-specific offsets) is used, there is no impact on legacy UEs

4) 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.


Question 18: Do you consider the solution as beneficial and would like to further study?

	Company
	Yes/No
	Comments

	Apple
	Yes
	We think the impacts to cell (re)selection is important (esp. on legacy UE impacts), and it is RAN2 expertise. 

	Lenovo
	Acceptable as a starting point
	Network needs to be able to judge the severity on the UEs: how many RRC Idle UEs, what’s the rate of transition to RRC Connected, UEs’ radio condition etc., before it can aggressively start to save energy and leaving some UEs in literally Out of Coverage.

	Interdigital
	Yes
	The meaning of "NES cell" may need to be clarified.

NES awareness for legacy UEs is not necessary, as explained by rapporteur, but such awareness should be known for NES-capable UEs.

	Samsung
	Yes
	Legacy UEs may be degraded in NES cell. It is desirable for legacy UEs to de-prioritize NES cells. In this case, only NES-capable UEs should select the NES cells.

	MediaTek
	Yes
	

	Huawei, HiSilicon
	Yes
	This helps to reduce negative impacts to legacy UEs (if legacy UEs reselect to an NES cell, the overall performance may be degraded due to e.g. longer SSB/SIB1 periodicity, or unrecognized DRS).

	CATT
	Yes
	OK to study although it is not clear the definition of NES cells and if it has impacts on NES capable UEs or legacy UEs during cell selection/reselection.

	CMCC
	
	Whether the prioritization is per frequency or per cell may have different effects. It should be ensured that UE camps on the best cell to avoid interference, especially the intra-band case.

	vivo
	Yes, but wait for more RAN1 input
	Although this is a RAN2 led solution, we think we’d better to wait for more input from RAN1 to help us better understand the concerns for different NES solutions and how they may affect cell (re-)selection, or we may end up wasting time to build castles in the air. Simply starting discussions about whether to (de-)prioritize NES cell now cannot provide the whole picture regarding NW&UE.

	OPPO
	Yes
	

	ZTE
	Yes
	Agree with the intention to reduce negative impact on legacy UEs.

	Ericsson
	No, but
	As we understand, this solution is more meant to make UEs aware whether the cell is in a sleep mode or not, and for enhancements on Cell selection/reselection. However, we do not see any major NES gains of this solution. However, we think we need to introduce ways to shut off legacy UEs from greenfield deployments, both in reselection and selection.

	Intel
	Depends on the solutions
	It depends on the definition of the NES cell. If it is related to the NES cell in Solution 1 and 4, then maybe any cell selection/reselection enhancement can be studied together with the Solution 1 and 4.

For the other solutions with increasing the periodicity (e.g. SSB, SIB1 etc.), it also depends on whether the increase of periodicity is beyond the existing periodicities. For legacy UE, existing barring mechanisms (e.g. cell barring, cell offset) needs to be used to prevent it from using the NES cell. The only question then is whether we need to optimise on the cell selection/reselection for NES capable UEs. This will require further discussion whether such optimisation is essential.

	Qualcomm
	Yes but,
	This solution can also be beneficial for selective loading of cells by discouraging UEs from camping on cells in ES modes.

As mentioned in the table above, there are two ways to implement that:

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.
At this stage, we think we better focus on case 1 where ES cells can still serve legacy. For “greenfield deployment” where legacy UEs are barred from camping, we think this concept should be made FFS to assess whether a “Rel-18 only serving cell” would bring so much energy savings it would be worth sacrificing legacy coverage. To summarize, we support this solution for now as long as the cell can still can still serve legacy UEs.

	Fraunhofer
	Yes
	We see Solution 9 combined with Solution 4 as a starting point to provide legacy support while aiming at larger energy saving gains on the network provided by non-backward compatible changes (e.g. carriers with Solution 3&7) 


4 Conclusion

To be completed
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