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Introduction
Briefly introduce background, the scope of this email discussion (e.g. list of treated agenda items) and provide some guidelines for email discussion if necessary.
RAN#99 meeting approved RP-230566 Revised WID on Network energy savings. 
This document summarizes contributions and the email discussion for the following agenda items
	5.35 	Network energy saving for NR
		5.35.1 General and work plan
		5.35.2 BS and UE RF requirements	

The targets of the two rounds are as following,
· 1st round:
· Discuss the issues listed in the summary and try to have some tentative agreements.
· 2nd round:
· Approve the WF.
It is appreciated that the delegates for this topic put their contact information in the table below.

Contact information
	Company
	Name
	Email address

	Nokia, Nokia Shanghai Bell
	Bartlomiej Golebiowski
	Bartlomiej.golebiowski@nokia.com

	CMCC
	Xiaoran Zhang
	

	Huawei, Hisilicon
	Ling Lin
	clara.linling@huawei.com

	CATT
	Qiuge Guo
	

	ZTE
	Fei Xue
	

	China Telecom
	Lu Yang
	yangl75@chinatelecom.cn

	Fujitsu
	Masashi Fushiki
	fushiki.masashi@fujitsu.com

	Ericsson
	Zhou Du
	zhou.du@ericsson.com

	Intel
	Richard Burbidge
	richard.c.burbidge@intel.com



Note:
1) Please add your contact information in above table once you make comments on this email thread. 
2) If multiple delegates from the same company make comments on single email thread, please add you name as suffix after company name when make comments i.e. Company A (XX, XX)

Topic #1: General  and Work plan
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2305288
	Huawei, HiSilicon
	Title：Work plan on network energy savings for NR
Work plan on network energy savings for NR



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.

Sub-topic 1-1 general
Sub-topic description 
Open issues and candidate options before meeting:
Issue 1-1: Baseline 
· Proposal 1: In operators’ opinion, realizing NR network energy saving without hardware devices being updated should be considered a baseline. （R4-2304212,CMCC）
· Recommended WF
· TBA. Collect companies’ view in 1st round

	Company
	Comments

	Huawei
	We understand the operators’ preference, but we think the proposal may be too strong. Instead, we suggest that NES should be based on the current hardware capability.

	ZTE
	we could understand that operator’s motivation, however we don’t see much necessity of reaching such kind of agreement especially considering this might restrict the applicability of this feature in practice. 

	Fujitsu
	We understand the Operator’s concern well, but the impacts on hardware devices depends on the solutions discussed in other WGs now. It is better to decide it after the discussion in other WGs make more progress. 

	Ericsson
	We agree that NW ES feature may be more of a software update than the hardware update. RAN4 shall consider the update should be workable without updating HW at all sites. Form that perspective we agree to take it as baseline.

	Nokia, Nokia Shanghai Bell
	We have similar view as other vendors. 

	CMCC
	Clarify our opinion. As operators we prefer to realizing NES without hardware devices updating, and we think that existing devices have capability to realize it by software updating. We are fine with suggestion that the study should be based on the current hardware, and we don’t have strong view to set option 1 as baseline. This issue could be further discussed after more progress.

	CATT
	We share the same feeling for this proposal. Maybe some clarification is needed, doesn’t mean current TAE requirements should be used as the baseline?

	Intel
	We think that RAN4 should work on the assumption of using the existing deployed hardware. This will maximise the chances of deployment of the features and therefore maximise the opportunity for energy saving.



Sub-topic 1-2 Work plan
Sub-topic description:
Open issues and candidate options before meeting:
Issue 1-2: Work plan
· Is the work plan in R4-2305288 agreeable?  If not, what change do you propose?
· Option 1: Approve the work plan in R4-2305288
· Option 2: Revise R4-2305288
· Recommended WF
· Option 1

	Company
	Comments

	Huawei
	Option 1

	Fujitsu
	We are fine with Option 1. 

	Ericsson
	The work plan looks fine to us. We would like to add one minor comment to the agenda of the RAN4#109 meeting: “Continue discussion on the open issues and aim to finalize the CRs

	Nokia, Nokia Shanghai Bell
	OK with proposed work plan.



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic #1 Work plan
	Tentative agreements:
Candidate options:
Recommendations for 2nd round:

	Issue 1-1: Baseline 

	Based on 1st round comments and Offline GTW discussion, all companies are ok with that no agreement is needed. 
No discussion for 2nd round

	Issue 1-2: Work plan
	Based on 1st round discussion, moderator suggest to revise R4-2305288, adding to the agenda of the RAN4#109 meeting: “Continue discussion on the open issues and aim to finalize the CRs”




CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update
Note: The tdoc decisions shall be provided in Section 3 and this table is optional in case moderators would like to provide additional information. 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)

Topic #2: BS and UE RF requirements	
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2304212

	CMCC
	Title：Discussion on synchronization and RF requirements
Proposal 1: In operators’ opinion, realizing NR network energy saving without hardware devices being updated should be considered a baseline. 
Observation 1: The frequency error consists of the frequency error from BS, the Doppler frequency shift, and the frequency error from UE.
Observation 2: In practical application, the frequency error from BS, doppler frequency shift, and the frequency error from UE are comparable.
Observation 3: To achieve frequency synchronization, the frequency error from SCell should be less than SCS/2.
Observation 4: The TAE between two carriers should be less than 1/2CP.
Observation 5: Based on the above assumptions, only the configuration of an extended cyclic prefix with 15kHz or 30kHz could ensure time synchronization.
Proposal 2: Less TAE is required to ensure time synchronization.
Observation 6: Rx power from SCell could be evaluated, and Scell could tune AGC based on evaluated Scell power before the Rx Scell signal arrives.

	R4-2304221

	Huawei, Hisilicon
	Title：Discussion on feasibility of SSB-less SCell operation for inter-band CA for FR1 and co-located cells
Observation 1: SSB-less operation for intra-band contiguous CA which TAE shall not exceed 260 ns, is supported by current specification.
Observation 2: For inter-band CA in FR1 implemented by a shared transmitter, the TAE can be within 260 ns the same as that of intra-band contiguous CA.
Observation 3: For inter-band CA in FR1 implemented by co-located but independent transmitters, at least for some combinations it is possible to have a delay deviation within 260 ns.
Observation 4: Certain inter-band CA combinations may have a narrower frequency range than some intra-band contiguous CA combinations. The air propagation delay difference of co-located multiple cells in close proximity can be ignored at least in some scenarios. 
Proposal 1: As the current specification supports SSB-less operation for intra-band contiguous CA, it can serve as a baseline for the feasibility studies of FR1 co-located inter-band CA with such capabilities. 
Proposal 2: There are at least for certain inter-band CA combinations in the FR1 and co-located scenarios which can be similar in performance to the intra-band contiguous CA and hence can support SSB-less operation.  
Proposal 3: Although inter-band CA TAE practical implementation can be much better than current specification, there is no need to change inter-band CA TAE requirement.

	R4-2304448

	CATT
	Title：Discussion on BS RF requirement for network energy saving for NR
Observation 1: No impact to BS RF core requirements in TS 38.104 was observed for network energy saving for NR.

	R4-2304534

	Nokia, Nokia Shanghai Bell
	Title：RF requirements for Network energy savings for NR
Observation 1: RAN4 prioritization the discussion on SSB-less SCell operation for inter-band CA for FR1 and co-located cell would be beneficial to RAN4 works.
Observation 2: RAN1/RAN2 conclusions are needed to discuss RRM/RF potential impact on some NES features e.g., cell DTX/DRX, spatial and power domain techniques.
Observation 3: At least SSB-less operation may have impact to BS and/or UE RF requirements.
Proposal 1: RAN4 RF core requirements can be specified when NES techniques would find feasible. 
Observation 4: Introducing beam management technique may require updates in some RF core requirements.
Observation 5: Beam management techniques introduced for NES will require updates in manufacturer declarations in BS conformance specification. 

	R4-2305025

	China Telecom
	Title：RF aspects on SSB-less SCell operation for FR1 inter-band CA
Proposal 1: In SCell without SSB for inter-band FR1 unknown SCell activation scenario, for some inter-band CA combinations, e.g., CA_n5-n8, CA_n1-n3, the RTD between target SCell and inter-band active serving cell is able to be within 260ns under practical BS implementation.
Proposal 2: In SCell without SSB for inter-band FR1 unknown SCell activation scenario, for some inter-band CA combinations, e.g., CA_n5-n8, CA_n1-n3, the reception power difference between target SCell and inter-band active serving cell is able to be within 6dB under practical scenarios.

	R4-2305529
	ZTE Corporation
	Title：Discussion on RF requirement impacts from NES perspective
Proposal 1: to confirm that the achievable FR1 inter-band CA TAE requirement in co-located scenario could be optimized down to at least 65ns;
Proposal 2: for the cell DTX operation, to reuse the TDD ON-OFF power related requirement for it.
Proposal 3: to consider the necessity of switching period of efficient adaption of spatial elements and the DL EVM performance deterioration due to the switching behavior from network side.



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 2-1 Priorities for feasibility study
Sub-topic description:
Open issues and candidate options before meeting:
Issue 2-1-1: Priorities for feasibility study
· Proposals
· Option 1: （R4-2304534, Nokia）
· RAN4 prioritization the discussion on SSB-less SCell operation for inter-band CA for FR1 and co-located cell would be beneficial to RAN4 works. 
· RAN1/RAN2 conclusions are needed to discuss RRM/RF potential impact on some NES features e.g., cell DTX/DRX, spatial and power domain techniques
· RAN4 RF core requirements can be specified when NES techniques would find feasible.
· Option 2: others
· Recommended WF
· TBA

	Company
	Comments

	Huawei
	General ok with the proposals. We can prioritize the discussion of SSB-less Scell operation. And the 2rd and 3th bullets may not be needed.

	ZTE
	Based on the inputs for this meeting, it seems that it is also quite nature to prioritize the Scell-less operation firstly, however we still want to further discuss the impacts of other features in RAN4 based on the inputs so far.

	Fujitsu
	We are fine with Option 1. 

	Huawei
	To ZTE：It is ok to discuss all the recognized impacts, and final decision may be reached when RAN1/RAN2 conclusions are made. 

	Ericsson
	For SSB-less SCell operation, we agree the feasibility study should be concluded in the RRM first before discussing the RF requirements.

	Nokia, Nokia Shanghai Bell
	We are fine with companies’ suggestion to agree first bullet of Option 1, next bullets just provide additional information.

	CATT
	We’re ok to prioritize SSB-less Scell operation. For the RF requirement for BS, we at least at current moment don’t think it’s needed.

	Intel
	It is not clear that RAN4 really need to makes any agreements such as those proposed. We agree with Ericsson comment that for SSB-less SCell it makes sense to evaluate impacts on UE performance in RRM session, and RF session role would be to consider an feasible TAE and give recommendations on power imbalance feasible from RF perspective




Sub-topic 2-2 RF requirements feasibility study for SSB-less operation
Sub-topic description:
Open issues and candidate options before meeting:
Issue 2-2-1: TAE/RTD
· Proposals
· Option 1: TAE less than 1/2CP
· Observation 4: The TAE between two carriers should be less than 1/2CP.（R4-2304212, CMCC）
· Proposal 2: Less TAE is required to ensure time synchronization.（R4-2304212,CMCC）
· Option 2: TAE less than 260ns
· Observation 1: SSB-less operation for intra-band contiguous CA which TAE shall not exceed 260 ns, is supported by current specification.（R4-2304221,HW）
· Observation 2: For inter-band CA in FR1 implemented by a shared transmitter, the TAE can be within 260 ns the same as that of intra-band contiguous CA.（R4-2304221, HW）
· Observation 3: For inter-band CA in FR1 implemented by co-located but independent transmitters, at least for some combinations it is possible to have a delay deviation within 260 ns.（R4-2304221,HW）
· Proposal 1: In SCell without SSB for inter-band FR1 unknown SCell activation scenario, for some inter-band CA combinations, e.g., CA_n5-n8, CA_n1-n3, the RTD between target SCell and inter-band active serving cell is able to be within 260ns under practical BS implementation.（R4-2305025,China Telecom）
· Option 3: TAE optimized to at least 65ns
· Proposal 1: to confirm that the achievable FR1 inter-band CA TAE requirement in co-located scenario could be optimized down to at least 65ns;（R4-2305529,ZTE）
· Option 4: others
· Recommended WF
· TBA
Issue 2-2-2: Frequency error
· Proposals
· Option 1: Agree with the observation in R4-2304212（CMCC）
· Observation 1: The frequency error consists of the frequency error from BS, the Doppler frequency shift, and the frequency error from UE.（R4-2304212,CMCC）
· Observation 2: In practical application, the frequency error from BS, doppler frequency shift, and the frequency error from UE are comparable.（R4-2304212,CMCC）
· Observation 3: To achieve frequency synchronization, the frequency error from SCell should be less than SCS/2.（R4-2304212,CMCC）
· Option 2: others
· Recommended WF
· TBA

Issue 2-2-3: AGC
· Proposals
· Option 1: In SCell without SSB for inter-band FR1 unknown SCell activation scenario, for some inter-band CA combinations, e.g., CA_n5-n8, CA_n1-n3, the reception power difference between target SCell and inter-band active serving cell is able to be within 6dB under practical scenarios.（R4-2305025,China Telecom）
· Option 2: others
· Recommended WF
· TBA
Issue 2-2-4: Propagation delay
· Proposals
· Option 1: Certain inter-band CA combinations may have a narrower frequency range than some intra-band contiguous CA combinations. The air propagation delay difference of co-located multiple cells in close proximity can be ignored at least in some scenarios.（R4-2304221,HW）
· Option 2: others
· Recommended WF
· TBA
Issue 2-2-5: Baseline for feasibility study
· Proposal: As the current specification supports SSB-less operation for intra-band contiguous CA, it can serve as a baseline for the feasibility studies of FR1 co-located inter-band CA with such capabilities.（Huawei,R4-2304221）
· Recommended WF
· TBA

Issue 2-2-6: How to define the RF requirements for inter-band CA for SSB-less Scell operation
· Proposals
· Option 1: No impact to BS/UE RF core requirements 
· No impact to BS RF core requirements in TS 38.104 was observed（R4-2304448,CATT）
· Although inter-band CA TAE practical implementation can be much better than current specification, there is no need to change inter-band CA TAE requirement.（R4-2304221,HW）
· Option 2: May have impact to BS/UE RF requirements
· At least SSB-less operation may have impact to BS and/or UE RF requirements. （R4-2304534,Nokia）
· TAE should be optimized.( R4-2305529,ZTE)
	Company
	Comments

	Huawei
	Issue 2-2-1: We agree that a reduced TAE is necessary to support SSB-less operation, and we support option 2. For some NR FR1 co-located inter-band combinations, BS TAE can achieve 260ns. And it is noted that 260ns TAE has been defined for LTE inter-band CA in 36.104.
Issue 2-2-2: From the observations, we agree with frequency error is not an issue;
Issue 2-2-3: We agree that the reception power difference within 6dB is achievable for some combinations;
Issue 2-2-4: Option 1
Issue 2-2-5: Agree with the proposal, since current specification supports SSB-less operation for intra-band contiguous CA, and we need some reference to proceed the feasibility study.
Issue 2-2-6: prefer to option 1, since we think only some of the CA combinations can meet the TAE requirement of 260ns, and it can be covered by RTD requirements in RRM section.

	ZTE
	Issue 2-2-1:
From our understanding, both multi-Rfchain or single RF chain for the individual bands are possible.
For the single RF chain, this is mainly used for the close bands, the TAE requirement is mainly determined by the group delay of transmitter chain, this is quite limited. 65ns could be achievable.

For multi-RF chain scenario, TAE requirement will be caused by additional timing calibration error and individual phase group delay variations, therefore from the total timing miss alignment will be slightly higher than single RF chain case, however this is still within 65ns based on our implementation capability.
In short, we are fine with 260ns TAE requirement if necessary, however we would like to confirm that better performance could be achieved in the practice.
Issue 2-2-2:
From our understanding, instead of checking the absolute freq error caused at the individual bands, we need to check the relative freq error among reference serving bands and to-be-activated band.
In addition, it should be noted that SCS/2 is much higher value which is even larger than the doppler shift caused by ATG CPE with mobility speed up to 1200km/h.
Issue 2-2-3:
We support this observations. 6dB power difference should be achievable, in addition, we went to highlight that 6dB is usually defined for power imbalance for single AGC operation.
Issue 2-2-4:
We also agree that propagation delay at different freq should be negligible in fact, light speed is the same for different freq, channel propagation characteristic (channel reflection or diffraction are supposed to be similar for different band within FR1) are also the same indeed. 
Issue 2-2-5:
We support this proposal.
Issue 2-2-6
Either option 1 and option 2 are fine us, however from our understanding, some network signalling to indicate UE that much better TAE requirement could be achieved might be necessary, otherwise UE might still have the conservative handling with the worst performance. 

	Huawei
	To ZTE：
Issue 2-2-1: Even better performance could be achieved in the practice, it is not “the smaller the better”, in some case to achieve 65ns TAE would impose complexity and cost, we need to balance between meeting the requirements of the SSB-less feature and ensuring cost effectiveness. 

	China Telecom
	Issue 2-2-1: Support option 2. We think TAE can be within 260ns for some inter-band CA band combinations under practical deployment scenario, which is same as intra-band case. We are also fine with option3 that TAE can be optimized to at least 65ns to achieve better performance.
[bookmark: OLE_LINK3]Issue 2-2-3: Support option 1. For some band combinations, the reception power difference is able to be within 6dB under practical scenarios.
Issue 2-2-4: Support option 1.
Issue 2-2-5: Support the proposal. We think conditions of intra-band case can be the baseline for feasibility studies of FR1 co-located inter-band CA scenario.
Issue 2-2-6: Prefer option 1. The conditions including RTD and reception power difference can be defined in RRM requirements.

	Ericsson
	Issue 2-2-1: TAE/RTD
We cannot agree with option 1/2/3 at the moment. We would like to keep the legacy requirement (3µs) as it has huge backward compatibility issues.
We have to be careful in making agreements about TAE, as the agreements on TAE/RTD has backward compatibility issues at the NW. As we already mentioned, NW ES feature may be implemented more as a software update than full HW overhaul. When we are designing solutions for SSB less operation, we should try to make the feature work for legacy deployments as well. 
We also would like to point out that RAN4 spec has a wider definition of colocation. Even though gNBs are collocated, their RU implementation and how the RU connected to baseband and clock source may vary widely. It maybe possible to achieve lower TAE if the same RU is used for multiple carriers in different bands (multi-band RU). However, if different RU are used, the achievable TAE could vary based on how these RU are connected to actual clock source and baseband, as well as the switches used in the fronthaul. 
We would also like to point out that current TAE requirement not only designed to cover RU and baseband relation alone but also designed to cover the cases where some temporary sync holdover period occurs at the NW. 
Moreover, RTD is not only a result of TAE alone, but it also depends to great extent on propagation delay difference. Before making any decision, we should also study the worst-case propagation delay for different inter-band CC (though they are collocated, their propagation conditions can be different).
We would also like to point out that we are discussing TAE for SSB-less operation for NW ES feature and not for inter-band CA collocated scenario in general. 
 Issue 2-2-2: Frequency error
Observation 1 lacks motivation, because the current frequency error requirement for wide area is 0.05 ppm, which translates to 100 Hz per 2 GHz. This value is much lower than SCS/2 already.
Issue 2-2-3: AGC
The specific scenarios depend on actual implementations and configurations. The suitability of using CA n5 and n8 as an example is uncertain, given that n5 DL overlaps with n8 UL. Further study is needed to fully understand the AGC. Before agreeing on power difference, we would like to hear from UE vendors about the maximum power difference they can support with single AGC settling. 
Issue 2-2-4: Propagation delay
The specific scenarios depend on actual implementations and configurations of RU and DU. Even though they are collocated, signal coming from different RU can experience different propagation delay. RAN4 should make proper study before making any agreements. Hence, we think, the decision of whether to ignore the delay will require further investigation.
Issue 2-2-5: Baseline for feasibility study
We cannot agree with taking intra-band contiguous CA as baseline. As we mentioned earlier, it largely depends on how the RU is implemented and deployed. We also would like to point that operator may not willing to change RU for this feature. Hence, study should assume inter-band CA as baseline as it is the existing deployment and solution should work for existing deployments. 
Issue 2-2-6:  Option 1

	Nokia, Nokia Shanghai Bell
	Issue 2-2-1: TAE/RTD
We are not ok with any value at this point. We should not agree any values for TAE in the first meeting. Currently specified it is specified as ‘For inter-band carrier aggregation, with or without MIMO, TAE shall not exceed 3µs’, in 38.104 may still be assumed. Some further investigations may be required to understand whether this value can be further optimized or not.
Issue 2-2-2: Frequency error
We would like ask proponent to provide some more background on proposed conditions that are used as baseline assumptions.
Issue 2-2-3: AGC
We share Ericsson’s concerns on this issue.
Issue 2-2-4: Propagation delay
We think that this issue requires further studies, thus we don’t agree on this proposal at this point. We believe this can be agreed upon conclusions from the feasibility study
Issue 2-2-5: Baseline for feasibility study
Ok with proposal.
Issue 2-2-6: How to define the RF requirements for inter-band CA for SSB-less Scell operation
We think option 2 should not be precluded at this stage. 


	CMCC
	Issue 2-2-1: 
In our opinion, we are fine with option 2 and option 3 for some inter-band CA band combinations which same as inter-band. But we think other inter-band CA under practical deployment scenario also should be considered. So we suggest to define two scenarios for these inter-band CA band combinations. And we think the current hardware have capability to achieve better performance.
Issue 2-2-3: 
We are fine with option 1 for some band combinations, and we prefer to define two scenarios as issue 2-2-1.
Issue 2-2-4: 
Fine with option 1.
Issue 2-2-5: 
We are fine with option 1. And other inter-band CA combinations could also be considered.
Issue 2-2-6:
We are fine with option 1 and option 2. Based on our study about CP, we think TAE should be optimized. Whether need network signalling for indicating should be further discussed.

	CATT
	Issue 2-2-1: TAE/RTD
For option 1, 1/2 CP seems reasonable from single FFT consideration aspect, some margin is needed even if this justification is valid. But I’m wondering why 260 ns is defined for intra-band contiguous CA. Can experts clarify more? 
Currently we may support option 2. For 65 ns proposal, is there any justification form system performance aspect not from implementation capability?
Issue 2-2-2: Frequency error
The analysis and observation from CMCC is too optismitic, we should be careful for this conclusion. Please refer TR 36.922, “According to the OFDM performance analysis, as long as the residual frequency error after compensation is less than one percent of the subcarrier interval, the link performance degradation can be ignored. ” My understanding is that this frequency error includes the Doppler frequency shift. So in the real UE implementation, the frequency error besides Doppler frequency shift should be smaller. And the analysis in the contribution may have some mistake, to my understanding. There’s indeed a ratio as following
·  : The ratio of two carriers.
for Doppler frequency shift for the carriers, but UE can’t identify the frequency error and Doppler frequency shift by itself if there’s no other information help (I’m not sure if there is one), the that alpha is not useful for UE.
So here we may need some ananlysis methodology alignment, then study, then reach some conclusion, if it’s needed.
However, I have a question, is the above analysis in the scope of RAN4 RF?
Issue 2-2-3: AGC
This observation is useful, the power imbalance should be decided for the further discussion.
Issue 2-2-4: Propagation delay
This is also an assumption should be decided for the RF capability analysis.
Issue 2-2-5: Baseline for feasibility study
We’re ok with the baseline, but would like to know more about the background form system performance aspect.
Issue 2-2-6: How to define the RF requirements for inter-band CA for SSB-less Scell operation
Currently, we support no new RF requirement for BS before the valid justification.

	Intel
	Issue 2-2-1 - We prefer to avoid changes to the current requirement of 3us in order to avoid impacts to existing deployed hardware. Basing the feature on existing hardware will maximise the chances of deployment of the feature and therefore maximise the opportunity for energy saving. So we would prefer to take the assumption that TAE would be unchanged at 3us and, based on this assumption, RRM session can evaluate whether this has major impact to UE performance. Depending on the outcome of this evaluation we may need to reconsider this assumption.
Issue 2-2-2 - We agree that there may be certain extra frequency errors for UE Rx/Tx on the SSB-less carrier, which would be higher than the errors in case SSB is transmitted. In our understanding the actual error could be mostly driven by the relative mismatch of BS Tx frequency errors on two carriers and will be relatively limited. A limited impact on performance is expected.
Issue 2-2-3 - We think that the power imbalance between the carriers should be limited by 6dB to allow efficient UE implementation (i.e. typical RAN4 assumption for the AGC implementation).
Issue 2-2-4: We do not see the need to discuss propagation delay in the RF session and it can be handled during RRM requirements discussion.
Issue 2-2-5 - It is not very clear to us what it would really mean to take 'intra-band contiguous CA as baseline' - it is better to discuss the individual requirements case by case.
Issue 2-2-6 - We are open to further analysis before taking this decision.




Sub-topic 2-3 RF requirements feasibility study for Cell DTX

Sub-topic description:
Open issues and candidate options before meeting:
Issue 2-3-1: RF requirements for Cell DTX
· Proposals
· Option 1: No impact to BS/UE RF core requirements（R4-2304448,CATT）
· Option 2: For the cell DTX operation, to reuse the TDD ON-OFF power related requirement for it.（R4-2305529,ZTE）


Sub-topic 2-4 RF requirements feasibility study for spatial domain techniques

Sub-topic description:
Open issues and candidate options before meeting:
Issue 2-4-1: RF requirements for spatial domain techniques
· Proposals
· Option 1: No impact to BS/UE RF core requirements（R4-2304448,CATT）
· Option 2: May have impact to BS/UE RF requirements
· Introducing beam management technique may require updates in some RF core requirements.（R4-2304534,Nokia）
· Beam management techniques introduced for NES will require updates in manufacturer declarations in BS conformance specification.（R4-2304534,Nokia）
· To consider the necessity of switching period of efficient adaption of spatial elements and the DL EVM performance deterioration due to the switching behavior from network side.（R4-2305529,ZTE）
	Company
	Comments

	Huawei
	Issue 2-3-1 For DTX: We need further study on the RF impact. TDD On-Off requirements may or may not be applicable since it is still under DL slot.
Issue 2-4-1 For spatial domain techniques: similar as DTX, we think further study is needed.

	ZTE
	Issue 2-3-1 For Cell-DTX, We could still see some RF requirement impacts especially for FDD bands supporting DTX operation.
Issue 2-4-1, For the spatial domain technique:
We support the option 2. We could also understand the motivation or observations from Nokia, it’s also reasonable to be further considered. 

	Fujitsu
	Issue 2-3-1, Issue 2-4-1: Regarding cell DTX and spatial domain techniques, they are still under the discussion in other RAN WGs. We think it is a little bit early to agree the proposals. 

	Ericsson
	Issue 2-3-1, 
For cell DTX: Option 1, as we do not see the necessity to define TDD ON-OFF power requirement.
Issue 2-4-1 For spatial domain techniques: Option 1.

	Nokia, Nokia shanghai Bell
	Issue 2-3-1: RF requirements for Cell DTX
Option 2. We may have some impact.
Issue 2-4-1: RF requirements for spatial domain techniques
Option 2. We may have some impact.

	CATT
	Issue 2-3-1: RF requirements for Cell DTX
Support no new requirement currently. We would like to know more background about technical justification for ON/OFF requirement.
Issue 2-4-1: RF requirements for spatial domain techniques
More study is needed for the new requirement proposals.

	Intel
	For both Issue 2-3-1 and Issue 2-4-1 we have not currently identified any need for new or modified RF requirements. However, it may be too early for RAN4 to make final conclusion on this topic - we should consider again when the other RAN WGs have made more progress.



Sub-topic 2-5 Feasibility conclusion

Issue 2-5-1: Feasibility conclusion
· Proposals
· Option 1: There are at least for certain inter-band CA combinations in the FR1 and co-located scenarios which can be similar in performance to the intra-band contiguous CA and hence can support SSB-less operation.（R4-2304221,HW）
· Option 2: others
· Recommended WF
· TBA

	Company
	Comments

	Huawei
	Option 1

	Fujitsu
	We have one clarification question for Option 1. Which is the correct understanding?
1) Inter-band CA with SSB-less operation is feasible if the related requirements are similar with intra-band CA.
2) Inter-band CA with SSB-less operation is feasible if the frequency range of it is regarded as intra-band CA.

	Huawei
	To Fujitsu: in our understanding, for Option 1, the following is the correct understanding:
1) Inter-band CA with SSB-less operation is feasible if the related requirements are similar with intra-band CA. 
To be precise, once the requirements of 260ns RTD and 6dB power difference as defined for intra-band contiguous CA can be met, we believe it is feasible from the RF perspective. 

	China Telecom
	Option 1.

	Ericsson
	There was no feasibility study conducted in RAN4 to come to this conclusion.  Cannot agree to option 1 at the moment. 

	Nokia, Nokia Shanghai Bell
	RAN4 has still not concluded whether the conditions for intra-band and inter-band (i.e., TAE, RTD, etc.) are similar yet. In that case, we should not draw any conclusions about the feasibility yet. For e.g., RAN4 has not still concluded RTD = 260ns for inter-band colocation scenario. If RTD=260ns, then that impacts TAE, and RAN4 has not agreed any value for TAE yet. 


	CMCC
	Fine with option 1.

	CATT
	We would like to see more analysis from system request perspect although the intra-band TAE may be feasible. But from frequency error aspect, we’re not very sure.

	Intel
	Disagree with Option 1. We do not think the solution should be declared as feasible only if it meets the same requirements as for intra-band SSB-less case. In our understanding, RAN4 needs to identify proper practical assumptions in terms of TAE/RTD and power imbalance and these values can be different from intra-band case




Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#1
	Tentative agreements:
Candidate options:
Recommendations for 2nd round:

	Issue 2-1-1: Priorities for feasibility study

	Based on Offline GTW discussion, 
Tentative agreement：
RAN4 prioritize the discussion on SSB-less Scell operation for inter-band CA for FR1 and co-located cell.

	Issue 2-2-1: TAE/RTD

	Based on Offline GTW discussion, 
Tentative agreements: 
Less than current 3 us BS TAE may be required to ensure time synchronization for SSB-less operation for inter-band CA and co-located cells. It does not mean we will change the BS TAE for inter-band CA in general.

	Issue 2-2-2: Frequency error
	Companies have different view about frequency error, CATT raised that it may not in the scope of RAN4 RF. Based on Offline GTW discussion, no consensus were reached.

	Issue 2-2-3: AGC

	Based on 1st round comments, some companies support this observations 6dB power difference can be achievable for some band combinations, while Ericsson and Nokia think differently.
Moderator suggest further discussion in 2nd round.

	Issue 2-2-4: Propagation delay
	Based on 1st round comments, no consensus reached and further study is needed. No discussion for 2rd round.

	Issue 2-2-5: Baseline for feasibility study
	6 companies support the proposal that take intra-band contiguous CA requirements as a baseline  for the feasibility studies of FR1 co-located inter-band CA (HW, ZTE, China Telecom, CMCC, Nokia, CATT), 1 company (Ericsson) disagree. Based on GTW discussion, no consensus is reached.

	Issue 2-2-6: How to define the RF requirements for inter-band CA for SSB-less Scell operation
	Most companies agree option 1, that no new RF requirement for BS, while option 2 not precluded at this stage.
Moderator suggest to discuss following recommend WF:
No impact to the general requirements of inter-band CA TAE. Whether or not to define specific TAE requirements for SSB-less operation for FR1 co-located inter-band CA is FFS.

	Issue 2-3-1: RF requirements for Cell DTX
	Based on 1st round comments, moderator suggest to discuss following recommend WF:
Proposal: FFS on the necessity to define ON-OFF power requirement

	Issue 2-4-1: RF requirements for spatial domain techniques
	Based on 1st round comments, moderator suggest to discuss following recommend WF:
FFS on the necessity to the updates in manufacturer declarations, switching period and DL EVM requirement. 


	Issue 2-5-1: Feasibility conclusion
	Based on 1st round comments, 3 companies support option1, no consensus reached and further study is needed. Moderator suggest no discussion for 2nd round.




Discussion on 2nd round (if applicable)
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.

Recommendations for Tdocs
1st round 
New tdocs
	New Tdoc number
	Title
	Source
	Comments

	
	WF on RF feasibility study of NR Network Energy Saving
	Huawei
	To capture the agreements made in topic #1 and #2 in 1st round and potential agreements in 2nd round

	
	Revision of R4-2305288 Work plan on network energy savings for NR
	Huawei
	

	
	
	
	



Existing tdocs
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-23xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-2304180
	
	Feasibility study of SSB-less SCell operation for FR1 inter-band co-located CA
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2304212
	
	Discussion on synchronization and RF requirements
	CMCC
	Noted
	

	R4-2304221
	
	Discussion on feasibility of SSB-less SCell operation for inter-band CA for FR1 and co-located cells
	Huawei, Hisilicon
	Noted
	

	R4-2304448
	
	Discussion on BS RF requirement for network energy saving for NR
	CATT
	Noted
	

	R4-2304534
	
	RF requirements for Network energy savings for NR
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2305025
	
	RF aspects on SSB-less SCell operation for FR1 inter-band CA
	China Telecom
	Noted
	

	R4-2305288
	XXXX
	Work plan on network energy savings for NR
	Huawei, HiSilicon
	Revised
	

	
	
	
	
	
	

	
	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

2nd round 

	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-23xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-23xxxxx
	
	WF on …
	YYY
	Agreeable, Revised, Noted
	

	R4-23xxxxx
	
	LS on …
	ZZZ
	Agreeable, Revised, Noted
	

	
	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents

