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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 Conclusion

To be completed
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