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Introduction
[bookmark: OLE_LINK26]In RAN4 #106-bis-e, the WF on RF feasibility study of Network Energy Savings for NR was agreed in R4-2306639. 
In RAN4 #107, the WF on RF feasibility study of Network Energy Savings for NR was agreed in R4-2310381. 
The thread [108] [151] is on Rel-18 WI for NR Network energy savings（RP-230566）. The summary covers the contributions submitted under the agenda 8.34.2 and 8.34.3, which includes:
· Topic #1: Feasibility study for SSB-less operation
· Topic #2: RF requirements for Cell DTX
· Topic #3: RF requirements for spatial and power domain techniques

Topic #1: Feasibility study for SSB-less operation	
Companies’ contributions summary
	
	T-doc number
	Company
	Proposals / Observations

	1
	R4-2311400
	Fujitsu Limited
	Discussion on BS requirements for inter-band CA with SSB-less operation
Observation 1: BS already deployed in the commercial network might be designed to satisfy the current TAE requirement for inter-band CA. 
Observation 2: There are demands from operators to realize NES function without updating the hardware devices.
Observation 3: It is difficult to reduce the TAE value significantly via the software update. Hardware replacement might be needed. 
Proposal 1: The discussion for inter-band CA with SSB-less operation should be based on the current TAE value. If the reduction of TAE value is needed, the other limitation should be considered.
Observation 4: In the RRM requirement for intra-band contiguous CA with SSB-less operation in FR1, QCL-TypeC is expected between PCell SSB and SCell TRS. 
Observation 5: Highly correlated beam is necessary for satisfying QCL-Type C between PCell SSB and SCell TRS.
Observation 6: It is difficult to satisfy QCL-TypeC between PCell SSB and SCell TRS when the frequency distance between two bands is large. 
Proposal 2: RAN4 investigates the limitation of frequency distance for inter-band CA with SSB-less operation. 

	2
	R4-2311447
	Huawei, HiSilicon
	Discussion on BS RF requirement of network Energy savings
Observation 1: The simpler the deployment, the smaller the latency uncertainty. BS that support multi-band operation may provide the simplest solution for achieving low TAE inter-band CA.
Observation 2: For FR1 NR BS, TAE 3µs for inter-band carrier aggregation is considering extreme non-co-located scenarios. However, in FR1 co-located scenarios, the TAE is much better than 3µs in practical deployment scenario.
Proposal 1: For option 2 (260ns), MSR BS which support NR and LTE, and BS supporting multi-band operation, FR1 co-located inter-band CA TAE can be within 260ns.
Proposal 2: TAE value for SSB-less operation for FR1 co-located inter-band CA should be less than CP corresponding to the largest SCS among the CCs. For FR1 SCS 60 kHz, CP is 1.71 µs.
Observation 3: 3µs is larger than CP for 30/60kHz FR1 SCS.
Proposal 3: Option 4 (3µs）is not feasibility for SSB-less operation, since it is larger than CP for 30/60kHz SCS.
Observation 4: Option 1 (2.x µs, i.e., CP size for 30 kHz SCS) is larger than CP for 60 kHz FR1 SCS.
Proposal 4: Option 3(65ns) may bring unnecessary burden during the design and produce, as well as the testing process. For example, high-precision instruments may be necessary to compensate for line loss and conduct testing during mass production.
Proposal 5: SSB-less operation for FR1 co-located inter-band CA is an optional feature and can be declared.
Proposal 6: There are two ways to handle SSB-less operation for FR1 inter-band co-located CA TAE requirements: 
· Option 1: Instead of defining feature-specific TAE requirement in the RF session, it can be implicitly defined in the RRM session, similar to how SSB-less operation for intra-band contiguous CA has been handled. 
· Option 2: Feature-specific TAE requirements can be defined directly in the RF session in clause 6.5.3.2 of TS38.104. 

	3
	R4-2311557
	Nokia, Nokia Shanghai Bell
	RF requirements for Network energy savings for NR
Observation 1: Changing the TAE defined for the inter-band case (i.e., 3 us) may cause lot of compatibility issues in the existing networks.
Observation 2: Having co-location does not necessarily ensure lower TAE always; there are many other factors that impact the TAE value such as RU architecture, how the RUs are connected with the BBU, synchronization methodology, etc. 
Observation 3: Without modifying the inter-band TAE value specified in [2], network may facilitate SSB-less SCell operation by following the requirements defined for the RTD conditions in RRM discussions.
Observation 7: Introduction of new testing for Network energy savings should be discuss in performance part of the work item.
Proposal 1: RAN4 does not need to modify TAE value to enable SSB-less SCell operation in Rel.18.
Proposal 4: RAN4 may need to investigate how to minimize the testing effort (i.e., the time and complexity of testing) without reducing the test coverage in conformance testing part.

	4
	R4-2311644
	CATT
	Discussion on the UE RF impact and BS TAE requirement for NES
For BS TAE requirements,
Observation 1: The lowest time edge and the highest time edge of the FFT processing windows for the one symbol is the length of W, which is the EVM window.
Observation 2: The Scell time TAE compared with Pcell should be less than W/2 to guarantee the sampled data for FFT is complete.
Observation 3: Half of EVM window W is 230 ns, 470 ns and 940 ns for 60 kHz, 30 kHz and 15 kHz SCS.
Observation 4: Considering other system aspects, the TAE should be less than half of EVM window W.
Observation 5: 260 ns TAE can be achieved for inter-band CA BS.
Proposal 1: BS TAE requirement to support NES feature can be defined as 260 ns for 30 kHz and 15 kHz SCS.
For UE RF impact,
Proposal 2: No new UE RF requirements are defined for R18 NES feature.
For UE received power imbalance,
Observation 6: Considering BS Tx power tolerance and FSPL for frequencies, UE received power imbalance for co-located inter-band CA can be much larger than 6 dB.
Proposal 3: The analysis assumption should be agreed first for the discussion of the UE received power imbalance, such as the frequency of the bands, BS Tx power tolerance.

	5
	R4-2311699
	NEC
	Discussion on TAE requirements for network energy saving
Proposal: TAE requirements shall not be changed before the conclusion in RRM discussion is available. 

	6
	R4-2311802
	CMCC
	Discussion on network energy saving RF requirements
Observation 1: The TAE between the two carriers should be less than CP/2.
Observation 2: The TAE of the BS in the network could be optimized to 300ns-700ns, which could be less than CP/2 in most cases.
Proposal 1: CP/2 should be considered first if we need to define new TAE requirements for NES.
[bookmark: OLE_LINK8]Proposal 2: The BS in the network could ensure time synchronization, and there is no need to change the inter-band CA TAE requirements.
Proposal 3: RTD requirement could wait for RRM decision.

	7
	R4-2312340
	Intel Corporation
	Discussion on TAE requirements for SSB-less SCell operations
Proposal 1: Apply 3us TAE requirements for FR1 inter-band carrier aggregation SSB-less operations. 
Observation 1: Some BSs can support better TAE depending on implementation and specific scenarios.
Observation 2: BS implementations achieving better TAE than half CP length improve synchronization performance of the system for some numerologies.

	8
	R4-2312543
	China Telecom
	RF aspects on SSB-less SCell operation for FR1 inter-band CA
Proposal 1: For some low frequency inter-band CA band combinations, e.g., CA_n5-n8, CA_n1-n3, the frequencies of the two bands in the band combination are close, 260ns can be achieved in co-located scenario and with same BB and RF module for these band combinations.
Proposal 2: Some of above-mentioned bands were also deployed in LTE, and the TAE of inter-band CA defined in the specification in LTE shall not exceed 260ns, thus 260ns is feasible at least for certain band combinations.
Proposal 3: In inter-band CA SSB-less SCell activation scenario, for some low frequency inter-band CA band combinations, e.g., CA_n5-n8, CA_n1-n3, the RTD between target SSB-less SCell and inter-band active serving cell is able to be within 260ns under practical BS implementation.
Proposal 4: The reception power difference between target SSB-less SCell and inter-band active serving cell should be limited within 6dB.
Proposal 5: For inter-band CA with small frequency domain separation or for some band combinations, when the inter-band CA is implemented with the same BB and RF module in co-located scenario, the TAE/RTD can be within 260ns and the reception power difference can be within 6dB, it’s feasible to support SSB-less SCell activation.

	9
	R4-2312589
	vivo
	Discussion on RF architecture for inter-band SSB-less Scell operation
Proposal 1: Separate UE RF chain for SSB-less Scell Operation under inter-band CA should be considered as a baseline assumption in RAN4.

	10
	R4-2312910
	Ericsson
	Discussion on NES UE RF impact
Observation 1: The co-located scenario has a wider definition, it depends on the implementation of RU and how the RU is connected to the baseband.
Observation 2: The power imbalance would be significantly higher if the two frequencies are far apart from each other.
Proposal 1: Suggest using 25 dB as power imbalance requirement for inter-band co-located scenario in FR1 for the NES feature. 

	11
	R4-2312911
	Ericsson
	Discussion on NES BS RF impact
Proposal 1: We propose the following TAE values to guarantee UL and DL performance for SSB-less operation in FR1 for NES:
	SCS of SSB
(kHz)
	SCS of UL 
(kHz)
	TAE

	15
	15
	3.0 µs

	15
	30
	680 ns

	30
	15
	3.0 µs

	30
	30
	1.2 µs


Proposal 2:  If the NW would like to configure SSB-less SCell to be DL only, TAE value for that case can be further studied.

	12
	R4-2313175
	ZTE Corporation
	Discussion on BS 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 260ns ;
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/power adaption and the DL EVM performance deterioration due to the switching behavior from network side and any interruption time expected at UE side during the switching period;

	13
	R4-2313176
	ZTE Corporation
	Discussion on UE RF requirement impacts from NES perspective
Observation 1: inter-band CA TAE requirement could be optimized down to 260ns;
Proposal 1: RTD for co-located inter-band CA could be achieved within 260ns. 
Proposal 2: propose to consider further relaxation of the 6dB power imbalance for inter-band CA scenario. 

	14
	R4-2313384
	LG Electronics UK
	Discussion on NES UE RF requirements
Observation 1: Depending on how inter-band CA for FR1 and co-located cell is implemented, it will affect the TAE value.
Proposal 1: Support Proposal 1. The difference of the reception power with the FR1 inter-band active serving cell should be within 6dB.
Observation 2: If the difference of the reception power is limited within 6dB, the corresponding FR1 table is necessary to support co-located inter-band CA.
Proposal 2: Define frequency separation between reference cell and SSB-less SCell along with received power difference 



Open issues summary
Issue 1-1: TAE (BS)
Further discuss the following values for TAE to guarantee the SSB-less feature performance
· Proposals:
· Option 1: 2.x µs, i.e., CP size for 30kHz SCS
· TAE value for SSB-less operation for FR1 co-located inter-band CA should be less than CP corresponding to the largest SCS among the CCs. For FR1 SCS 60 kHz, CP is 1.71 µs. （R4-2311447, Huawei）
· Option 1 (2.x µs, i.e., CP size for 30 kHz SCS) is larger than CP for 60 kHz FR1 SCS. （R4-2311447, Huawei）
· Option 2: 260ns（R4-2311447 Huawei；R4-2311644 CATT；R4-2312543, China Telecom；R4-2313175, ZTE）
· For option 2 (260ns), MSR BS which support NR and LTE, and BS supporting multi-band operation, FR1 co-located inter-band CA TAE can be within 260ns.（R4-2311447,Huawei）
· BS TAE requirement to support NES feature can be defined as 260 ns for 30 kHz and 15 kHz SCS. （R4-2311644,CATT）
· For some low frequency inter-band CA band combinations, e.g., CA_n5-n8, CA_n1-n3, the frequencies of the two bands in the band combination are close, 260ns can be achieved in co-located scenario and with same BB and RF module for these band combinations.( R4-2312543, China Telecom)
· Some of above-mentioned bands(e.g., CA_n5-n8, CA_n1-n3) were also deployed in LTE, and the TAE of inter-band CA defined in the specification in LTE shall not exceed 260ns, thus 260ns is feasible at least for certain band combinations. ( R4-2312543, China Telecom)
· Option 3: 65ns 
· Option 3 (65ns) may bring unnecessary burden during the design and produce, as well as the testing process. For example, high-precision instruments may be necessary to compensate for line loss and conduct testing during mass production. （R4-2311447, Huawei）
· Option 4: 3µs（R4-2311557, Nokia ; R4-2312340, Intel；R4-2311400, Fujitsu Limited；R4-2311699, NEC;）
· Changing the TAE defined for the inter-band case (i.e., 3 us) may cause lot of compatibility issues in the existing networks.（R4-2311557, Nokia）
· Having co-location does not necessarily ensure lower TAE always; there are many other factors that impact the TAE value such as RU architecture, how the RUs are connected with the BBU, synchronization methodology, etc. （R4-2311557, Nokia）
· Without modifying the inter-band TAE value specified in [2], network may facilitate SSB-less SCell operation by following the requirements defined for the RTD conditions in RRM discussions. （R4-2311557, Nokia）
· The BS in the network could ensure time synchronization, and there is no need to change the inter-band CA TAE requirements. （R4-2311802, CMCC）
· Apply 3us TAE requirements for FR1 inter-band carrier aggregation SSB-less operations. ( R4-2312340, Intel)
· The discussion for inter-band CA with SSB-less operation should be based on the current TAE value. If the reduction of TAE value is needed, the other limitation should be considered.（R4-2311400, Fujitsu Limited）
· TAE requirements shall not be changed before the conclusion in RRM discussion is available. （R4-2311699, NEC）
· Option 5: 680ns~3µs based on SCS combinations (R4-2312911, Ericsson）
· We propose the following TAE values to guarantee UL and DL performance for SSB-less operation in FR1 for NES:
	SCS of SSB
(kHz)
	SCS of UL 
(kHz)
	TAE

	15
	15
	3.0 µs

	15
	30
	680 ns

	30
	15
	3.0 µs

	30
	30
	1.2 µs



· If the NW would like to configure SSB-less SCell to be DL only, TAE value for that case can be further studied.
· Option 6: less than  CP/2（R4-2311802, CMCC）
· The TAE between the two carriers should be less than CP/2.（R4-2311802, CMCC）
· The TAE of the BS in the network could be optimized to 300ns-700ns, which could be less than CP/2 in most cases. （R4-2311802, CMCC）
· CP/2 should be considered first if we need to define new TAE requirements for NES. （R4-2311802, CMCC）
· Recommended WF
· Option 1（2.Xus）and option  3（65ns）can be excluded since no company support.
· Discuss if Option 2 (260ns), Option 4 (3µs), Option 5 (680ns~3µs) and Option 6 (less than CP/2, 585ns~2.3µs) can be down-selected. Option 5 and Option 6 are similar, may be merged.


Issue 1-2: RTD (UE)
· Proposals:
· Option 1: 260ns
· RTD for co-located inter-band CA could be achieved within 260ns（R4-2313176, ZTE）
· Proposal 3: In inter-band CA SSB-less SCell activation scenario, for some low frequency inter-band CA band combinations, e.g., CA_n5-n8, CA_n1-n3, the RTD between target SSB-less SCell and inter-band active serving cell is able to be within 260ns under practical BS implementation. （R4-2312543, China Telecom）
· Option 2: RTD requirement could wait for RRM decision. （R4-2311802, CMCC）
· Recommended WF
· Option 2: Postpone the decision.

Issue 1-3: the reception power difference (UE)
· Proposals:
· Option 1: within 6dB (R4-2312543, China Telecom; R4-2313384, LGE)
· Option 2: consider further relaxation of the 6dB power imbalance for inter-band CA scenario. ( R4-2313176, ZTE)
·  Option 3: using 25 dB as power imbalance requirement for inter-band co-located scenario in FR1 for the NES feature. (R4-2312910, Ericsson)
· Option 4: The analysis assumption should be agreed first for the discussion of the UE received power imbalance, such as the frequency of the bands, BS Tx power tolerance.（R4-2311644, CATT）
· Recommended WF
· TBA. 
Issue 1-4: other UE related considerations
· Proposals:
· Proposal 1: No new UE RF requirements are defined for R18 NES feature.（R4-2311644, CATT）
· Proposal 2: Separate UE RF chain for SSB-less Scell Operation under inter-band CA should be considered as a baseline assumption in RAN4.( R4-2312589, vivo)
· Recommended WF
· Agree Proposal 1 and 2.

Issue 1-5: other limitations or assumptions 
· Proposals: 
· Proposal 1: RAN4 investigates the limitation of frequency distance for inter-band CA with SSB-less operation. （R4-2311400, Fujitsu Limited）
· Proposal 2: Define frequency separation between reference cell and SSB-less SCell along with received power difference.   (R4-2313384, LGE)
· Recommended WF
· Discuss whether there are any other restrictions or assumptions that should be considered .Should SSB-less operation be supported as a common feature by all FR1 co-located inter-band CA, or should other restrictions , such as  limitation of frequency spacing be added?

Issue 1-6: How to define the RF requirements for inter-band CA for SSB-less Scell operation
· Proposals:
· Option 1: No feature-specific TAE requirements 
· Instead of defining feature-specific TAE requirement in the RF session, it can be implicitly defined in the RRM session, similar to how SSB-less operation for intra-band contiguous CA has been handled. （R4-2311447, Huawei）
· RAN4 does not need to modify TAE value to enable SSB-less SCell operation in Rel.18. （R4-2311557, Nokia）
· The BS in the network could ensure time synchronization, and there is no need to change the inter-band CA TAE requirements.( R4-2311802, CMCC)
· Option 2: Feature-specific TAE requirements can be defined directly in the RF session in clause 6.5.3.2 of TS38.104. （R4-2311447, Huawei）
· Recommended WF
· TBA

Topic #2: RF requirements for Cell DTX	
Companies’ contributions summary
	
	T-doc number
	Company
	Proposals / Observations

	2
	R4-2311447
	Huawei, HiSilicon
	Discussion on BS RF requirement of network Energy savings
Proposal 7: For Cell DTX/DRX, there is no need to define switch time and spectrum as it operates within its own transmitter period or frequency band and does not cause interference with other signals.

	3
	R4-2311557
	Nokia, Nokia Shanghai Bell
	RF requirements for Network energy savings for NR
Observation 4: In the UE RF specification [4], the OFF power requirement does not apply for DTX and measurement gaps.
Proposal 2: The existing BS transmitter transient timing period requirements could be used as a basis for enabling cell DTX operation, but other requirements may need to be considered to ensure the ON/OFF period are as configured in DTX operation with reasonable ON/OFF power level during DTX operation.
Proposal 3: It would be good to discuss the whether the OFF power requirements for cell DTX is needed to be the same as the OFF power requirements when all transmitters are OFF and the reasons for that necessity.

	6
	R4-2311802
	CMCC
	Discussion on network energy saving RF requirements
Observation 3: Considering the interference and reception, we did not find the necessary of defining the transmitter transient period requirement for cell DTX.

	12
	R4-2313175
	ZTE Corporation
	Discussion on BS RF requirement impacts from NES perspective
Proposal 2: for the cell DTX operation, to reuse the TDD ON-OFF power related requirement for it.



Open issues summary
Issue 2-1: RF requirements for Cell DTX
· Proposals
· Option 1: No need to define the transmitter transient period requirement for cell DTX. （R4-2311802, CMCC; R4-2311447, Huawei） 
· Option 2: to reuse the TDD ON-OFF power related requirement for cell DTX operation (R4-2313175, ZTE)
· Option 3: FFS
· The existing BS transmitter transient timing period requirements could be used as a basis for enabling cell DTX operation, but other requirements may need to be considered to ensure the ON/OFF period are as configured in DTX operation with reasonable ON/OFF power level during DTX operation. （R4-2311557, Nokia）
· It would be good to discuss the whether the OFF power requirements for cell DTX is needed to be the same as the OFF power requirements when all transmitters are OFF and the reasons for that necessity. （R4-2311557, Nokia）
· Recommended WF
· TBA
Topic #3: RF requirements for spatial and power domain techniques
Companies’ contributions summary
	
	T-doc number
	Company
	Proposals / Observations

	2
	R4-2311447
	Huawei, HiSilicon
	Discussion on BS RF requirement of network Energy savings

Proposal 8: For Spatial adaptation domain techniques, there is no need to define new requirement within its own transmitter period or frequency band and does not cause interference with other signals.


	3
	R4-2311557
	Nokia, Nokia Shanghai Bell
	RF requirements for Network energy savings for NR
Observation 5: The BS vendors have to comply with the OTA conformance test specification (38.141-2), and that would generate a lot of testing effort for possible huge number of muting patterns of antenna elements.
Observation 6: RAN1 has not had any consensus about element pattern switching period in the last concluded meetings. 
Proposal 5: RAN4 to wait until RAN1 agrees about element pattern switching periods, which are relevant to RAN4.

	12
	R4-2313175
	ZTE Corporation
	Discussion on BS RF requirement impacts from NES perspective
Proposal 3: to consider the necessity of switching period of efficient adaption of spatial elements/power adaption and the DL EVM performance deterioration due to the switching behavior from network side and any interruption time expected at UE side during the switching period;



Open issues summary
Issue 3-1: RF requirements for spatial and power domain techniques
· Proposals
· Option1: For Spatial adaptation domain techniques, there is no need to define new requirement within its own transmitter period or frequency band and does not cause interference with other signals.( R4-2311447, Huawei)
· Option 2: RAN4 to wait until RAN1 agrees about element pattern switching periods, which are relevant to RAN4. （R4-2311557, Nokia）
· Option 3: to consider the necessity of switching period of efficient adaption of spatial elements/power adaption and the DL EVM performance deterioration due to the switching behavior from network side and any interruption time expected at UE side during the switching period; ( R4-2313175, ZTE)
· Option 4: RAN4 may need to investigate how to minimize the testing effort (i.e., the time and complexity of testing) without reducing the test coverage in conformance testing part. （R4-2311557, Nokia）
· Recommended WF
· Tentative agreement: option 1
· Option 4 is recommended to be deferred to the performance testing.

2

