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Introduction
The agreed WFs in the previous meetings are R4-2306639 (RAN4 #106-bis-e), R4-2310381 RAN4 #107) and R4-2314935 (RAN4 #108).
The thread [108bis] [146] is on Rel-18 WI for NR Network energy savings（RP-230566）. The summary covers the contributions submitted under the agenda 5.34.1 BS RF requirements and 5.34.2 BS conformance testing requirements, 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 #4: BS conformance testing requirements
Topic #1: Feasibility study for SSB-less operation	
Companies’ contributions summary
	No.
	T-doc number
	Company
	Proposals / Observations

	1
	R4-2315099
	CATT
	Discussion on how to handle BS RF requirements for NES
Proposal 1: The following option is approved for the BS RF NES discussion.
· Alternative #1:
· Do not specify the BS TAE requirements of SSB-less operation for FR1 co-located inter-band CA 
· Define the side condition of RTD to ensure UE performance in RRM part.
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: Using center FFT processing window for the Pcell as the Scell FFT window seems the correct implementation to accommodate the advance or delay possibility of TAE.
Observation 4: Half of EVM window W for 40% CP is 230 ns, 470 ns and 940 ns for 60 kHz, 30 kHz and 15 kHz SCS.
Proposal 2: The side condition for UE RTD is that the maximum value of BS TAE is half of EVM window length for 40% CP length, i.e. 230 ns, 470 ns and 940 ns for 60 kHz, 30 kHz and 15 kHz SCS.

	2
	R4-2315143
	Fujitsu Limited
	Discussion on BS requirements for Network Energy Saving for NR
· SSB-less SCell operation for inter-band CA for FR1
Observation 3: The gNBs already deployed in the commercial network are designed to satisfy the current TAE requirement for inter-band CA.
Observation 4: There are demands from operators to realize the NES functions without updating the hardware devices.
Observation 5: It is difficult to reduce the TAE value significantly via the software update.
Proposal 3: RAN4 selects Alternative#1 for SSB-less SCell operation.

	3
	R4-2315792
	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, as this depends on specific implementation and scenario.
Observation 2: BS implementations achieving better TAE than CP length improve synchronization performance of the system for some numerologies.

	4
	R4-2315799
	Nokia, Nokia Shanghai Bell
	On BS RF requirements for NES
Observation 1: Changing the TAE defined for the inter-band case may cause lot of compatibility issues in the existing networks.
Proposal 1: Support Alternative #1 to enable SSB-less operation for FR1 co-located inter-band CA for network energy saving. That is, do not specify the BS TAE requirements of SSB-less operation for FR1 co-located inter-band CA. Define the side condition of RTD to ensure UE performance in RRM part.
Observation 2: There are many factors to consider while identifying whether a particular CA band combination can support SSB-less SCell operation for FR1 co-located inter-band CA.
Observation 3: This specification work is not simple, and hence, RAN4 RF may require a lot of effort to do this.  
Proposal 2: RAN4 RF to discuss whether it is necessary to specify the band combinations that supports SSB-less SCell operation for FR1 co-located inter-band CA for network energy saving. 
Proposal 3: If it is agreed to do the specification work, RAN4 RF should discuss possible approaches to do this.

	6
	R4-2315948
	Huawei, Hisilicon
	Discussion on BS RF requirement of network energy savings
Proposal 1:  Do not specify feature-specific BS TAE requirements (Alternative #1), because Alternative #1 offers a better system perspective, greater deployment and implementation flexibility, and the potential to maximize energy-saving gains.
Proposal 2: There is no need to discuss frequency separation for SSB-less operation.

	8
	R4-2316142
	China Telecom
	RF aspects on SSB-less SCell operation for FR1 inter-band CA
Proposal 1: Define side condition to ensure UE performance in RRM part or specify feature-specific BS TAE requirements are both acceptable.
Proposal 2: If the decision is to specify feature-specific BS TAE requirements, 260ns is the achievable value at least for certain band combinations in co-located scenario and with same BB and RF module.
Proposal 3: The reception power difference between target SSB-less SCell and inter-band active serving cell should be limited within 6dB.

	9
	R4-2316317
	NEC
	Discussion on TAE requirements for network energy saving
Proposal:
For TAE requirements for network energy saving, 
· Do not specify the BS TAE requirements of SSB-less operation for FR1 co-located inter-band CA 
· Define the side condition of RTD to ensure UE performance in RRM part.

	10
	R4-2316521
	Ericsson
	Discussion on NES BS RF requirement
Observation 1: It is difficult to specify and mandate a single fixed TAE value as the required TAE depends on actual deployment, RF characteristics, and UE relative position between transmit and receive points.
Proposal 1: Do not specify the BS TAE requirement for SSB-less operation for FR1 co-located inter-band CA.

	12
	R4-2316538
	ZTE Corporation
	Further discussion on RF requirement impacts from NES perspective
Observation 1: the FR1 inter-band CA TAE requirement in co-located scenario as 260ns is feasible.
Proposal 1: to specify the minimum BS TAE requirement for SSB-less Scell operation.
	SSB SCS1
(kHz)
	Data SCS2 
(kHz)
	CP
	Timing error 1 3
	RTE 4
	Timing error 2 5
	Margin for EVM window 6
	Required RTD
(ns)
	Delay spread
	BS TAE
(ns)

	15
	15
	4.7µs
	390 ns
	[130]ns
	325 ns
	940 ns
	2915
	100ns
	2815

	15
	30
	2.3µs
	325 ns
	[130]ns
	228 ns
	460 ns
	1157
	100ns
	1057

	30
	15
	4.7µs
	260 ns
	[130]ns
	325 ns
	940 ns
	3045
	100ns
	2945

	30
	30
	2.3µs
	260 ns
	[130]ns
	228 ns
	460 ns
	1222
	100ns
	1122


Proposal 2: to specify FR1 inter-band CA TAE requirement in co-located scenario to 260ns as one optional RF requirement; 

	13
	R4-2316656
	LG Electronics UK
	Discussion on BS RF requirement impacts from NES perspective
Observation 1: Assuming co-located, same RU and same BBU, propagation delay difference and channel dispersion can be ignored in the RTD formula.
Observation 2: When defining a TAE, CP is an important parameter to consider.
Proposal 1: We support alternative #2. The TAE value should be defined as the CP corresponding to the largest SCS, 60kHz. Therefore, TAE should be specified as TAE. 
Proposal 2: The difference of the reception power between FR1 inter-band active serving cell and SSB-less SCell should be within 6dB.



Open issues summary
Issue 1-1: TAE 
The TAE issue to guarantee the SSB-less feature performance was agreed in the WF R4-2314935 in the last meeting:
· [bookmark: _Hlk146876751]Alternative #1:
· Do not specify the BS TAE requirements of SSB-less operation for FR1 co-located inter-band CA 
· Define the side condition of RTD to ensure UE performance in RRM part.
· Alternative #2:
· Specify BS TAE requirements
· FFS on values
Based on the contributions this meeting, seven companies support Alternative #1, two companies support Alternative #2, and one company think both alternatives are acceptable. The details are summarised as following:
· Alternative #1（R4-2315099, CATT；R4-2315143, Fujitsu; R4-2315799, Nokia; R4-2315948, Huawei; R4-2316317, NEC; R4-2316521, Ericsson; R4-2316142, China Telecom; R4-2315792, Intel）
· Proposal 1: The following option is approved for the BS RF NES discussion. Alternative #1:（R4-2315099, CATT）
· Proposal 2: RAN4 selects Alternative#1 for SSB-less SCell operation. (R4-2315143, Fujitsu）
· Proposal 3: Support Alternative #1 to enable SSB-less operation for FR1 co-located inter-band CA for network energy saving. That is, do not specify the BS TAE requirements of SSB-less operation for FR1 co-located inter-band CA. Define the side condition of RTD to ensure UE performance in RRM part. (R4-2315799, Nokia）
· Proposal 4: Do not specify feature-specific BS TAE requirements (Alternative #1), because Alternative #1 offers a better system perspective, better deployment and implementation flexibility, and the potential to maximize energy-saving gains. (R4-2315948, Huawei)
· Proposal 5: The side condition for UE RTD is that the maximum value of BS TAE is half of EVM window length for 40% CP length, i.e. 230 ns, 470 ns and 940 ns for 60 kHz, 30 kHz and 15 kHz SCS. (R4-2315099,CATT）
· Proposal 6: For TAE requirements for network energy saving, support Alternative #1 (R4-2316317, NEC)
· [bookmark: _Toc146724199]Proposal 7: Do not specify the BS TAE requirement for SSB-less operation for FR1 co-located inter-band CA. (R4-2316521, Ericsson)
· Proposal 8: Define side condition to ensure UE performance in RRM part or specify feature-specific BS TAE requirements are both acceptable. (R4-2316142, China Telecom)
· Proposal 9: Apply 3us TAE requirements for FR1 inter-band carrier aggregation SSB-less operations. （R4-2315792, Intel）
· Alternative #2 (R4-2316656, LGE; R4-2316538, ZTE; R4-2316142, China Telecom)
· Proposal 1: We support alternative #2. The TAE value should be defined as the CP corresponding to the largest SCS, 60kHz. Therefore, TAE should be specified as TAE.  (R4-2316656, LGE)
· Proposal 2: to specify the minimum BS TAE requirement for SSB-less Scell operation. ( R4-2316538, ZTE)
	SSB SCS1
(kHz)
	Data SCS2 
(kHz)
	CP
	Timing error 1 3
	RTE 4
	Timing error 2 5
	Margin for EVM window 6
	Required RTD
(ns)
	Delay spread
	BS TAE
(ns)

	15
	15
	4.7µs
	390 ns
	[130]ns
	325 ns
	940 ns
	2915
	100ns
	2815

	15
	30
	2.3µs
	325 ns
	[130]ns
	228 ns
	460 ns
	1157
	100ns
	1057

	30
	15
	4.7µs
	260 ns
	[130]ns
	325 ns
	940 ns
	3045
	100ns
	2945

	30
	30
	2.3µs
	260 ns
	[130]ns
	228 ns
	460 ns
	1222
	100ns
	1122


· Proposal 3: to specify FR1 inter-band CA TAE requirement in co-located scenario to 260ns as one optional RF requirement; (R4-2316538, ZTE)
· Proposal 4: If the decision is to specify feature-specific BS TAE requirements, 260ns is the achievable value at least for certain band combinations in co-located scenario and with same BB and RF module. (R4-2316142, China Telecom)
· Proposal 5: If the decision is to specify feature-specific BS TAE requirements, 260ns is the achievable value at least for certain band combinations in co-located scenario and with same BB and RF module. (R4-2316142, China Telecom)
· Recommended WF
· Tentative agreement Alternative #1 if Alternative #2 cannot reach consensus on the TAE value.

Issue 1-2: Frequency separation
· Proposals:
· Option 1: Discuss whether need to specify the band combinations (R4-2315799, Nokia)
· Proposal 1: RAN4 RF to discuss whether it is necessary to specify the band combinations that supports SSB-less SCell operation for FR1 co-located inter-band CA for network energy saving.  
· Proposal 2: If it is agreed to do the specification work, RAN4 RF should discuss possible approaches to do this.
· Option 2: No need to discuss frequency separation (R4-2315948, Huawei)
· Proposal 1: There is no need to discuss frequency separation for SSB-less operation. (R4-2315948, Huawei)
· Recommended WF
· TBA

Issue 1-3: the reception power difference (UE)
· Proposals:
· Option 1: within 6dB (R4-2316142,China Telecom; R4-2316656,LGE)
· Proposal 1: The reception power difference between target SSB-less SCell and inter-band active serving cell should be limited within 6dB. (R4-2316142, China Telecom)
· Proposal 2: The difference of the reception power between FR1 inter-band active serving cell and SSB-less SCell should be within 6dB. ( R4-2316656, LGE)
· Option 2: others
· Recommended WF
· May better to discuss the reception power difference in RRM as one of the side conditions.

Topic #2: RF requirements for Cell DTX	
Companies’ contributions summary
	No.
	T-doc number
	Company
	Proposals / Observations

	2
	R4-2315143
	Fujitsu Limited
	Discussion on BS requirements for Network Energy Saving for NR
Observation 1: For Cell DTX, the interference caused by the slow power change does not impact on the communication.
Proposal 1: For Cell DTX ON/OFF, the requirement for transmitter transient period is not needed.

	4
	R4-2315799
	Nokia, Nokia Shanghai Bell
	On BS RF requirements for NES
Proposal 4: The existing BS transmitter transient timing period requirements could be used as a basis, 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.
Observation 4: In the UE RF specification [4], the OFF power requirement does not apply for DTX and measurement gaps.
Proposal 5: It would be good to discuss 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
	R4-2315948
	Huawei, Hisilicon
	Discussion on BS RF requirement of network energy savings
Proposal 3: No new RF requirements are needed for Cell DTX since the transient switch takes place within its own transmission period and frequency range, without causing any additional interference. 

	10
	R4-2316521
	Ericsson
	Discussion on NES BS RF requirement
Proposal 2: The current transient period requirement can enable the cell DTX operation, and it is not necessary to define the new requirement for cell DTX.

	12
	R4-2316538
	ZTE Corporation
	Further discussion on RF requirement impacts from NES perspective
Proposal 3: 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 RF requirements for cell DTX. （R4-2315143, Fujitsu; R4-2315948, Huawei; R4-2316521, Ericsson） 
· Proposal 1: For Cell DTX ON/OFF, the requirement for transmitter transient period is not needed. （R4-2315143, Fujitsu）
· Proposal 2: No new RF requirements are needed for Cell DTX since the transient switch takes place within its own transmission period and frequency range, without causing any additional interference. (R4-2315948, Huawei)
· [bookmark: _Toc146724200]Proposal 3: The current transient period requirement can enable the cell DTX operation, and it is not necessary to define the new requirement for cell DTX. (R4-2316521, Ericsson)
· Option 2: Define RF requirements for cell DTX (R4-2315799, Nokia; R4-2316538, ZTE)
· Proposal 1: The existing BS transmitter transient timing period requirements could be used as a basis, 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. (R4-2315799, Nokia)
· Proposal 2: It would be good to discuss 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. (R4-2315799, Nokia)
· Proposal 3: for the cell DTX operation, to reuse the TDD ON-OFF power related requirement for it. (R4-2316538, ZTE)
· Recommended WF
· TBA
Topic #3: RF requirements for spatial and power domain techniques
Companies’ contributions summary
	No.
	T-doc number
	Company
	Proposals / Observations

	2
	R4-2315143
	Fujitsu Limited
	Discussion on BS requirements for Network Energy Saving for NR
· Techniques in spatial and power domain
Observation 2: For the techniques in spatial and power domain, the interference caused by the slow power change might impact on DL communication.
Proposal 2: For the techniques in spatial and power domain, further study is needed before defining the requirement for transmitter transient period.

	4
	R4-2315799
	Nokia, Nokia Shanghai Bell
	On BS RF requirements for NES
Observation 5: The BS vendors have to comply with the OTA conformance test specification (38.141-2) [7], and that would generate a lot of testing effort for possible huge number of muting patterns of antenna elements.
Proposal 6: 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.
Observation 6: RAN1 has not had any consensus about element pattern switching period in the last concluded meetings. 
Proposal 7: Check with RAN1 about the conclusions/recommendations done related to element pattern switching periods and in other related areas.

	6
	R4-2315948
	Huawei, Hisilicon
	Discussion on BS RF requirement of network energy savings
Proposal 4: No new RF requirements are needed for Spatial and power domain techniques as the transient switch occurs within its own transmission period and frequency range, without causing any additional interference.

	10
	R4-2316521
	Ericsson
	Discussion on NES BS RF requirement
Proposal 3:  Considering the current agreements in other WGs, it is recommended not to introduce any new RF requirements for spatial and power domain techniques for NES.

	12
	R4-2316538
	ZTE Corporation
	Further discussion on RF requirement impacts from NES perspective
Proposal 4: 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
Issue 3-1: RF requirements for spatial and power domain techniques
· Proposals
· Option1: Define RF requirements for spatial and power domain techniques (R4-2315799, Nokia; R4-2316538, ZTE)
· Proposal 1: 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. (R4-2315799, Nokia)
· Proposal 2: Check with RAN1 about the conclusions/recommendations done related to element pattern switching periods and in other related areas. (R4-2315799, Nokia)
· 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. (R4-2316538, ZTE)
· Option2: No need to define RF requirements for spatial and power domain techniques（R4-2315143, Fujitsu; R4-2315948, Huawei; R4-2316521, Ericsson）
· Proposal 2: For the techniques in spatial and power domain, further study is needed before defining the requirement for transmitter transient period. （R4-2315143, Fujitsu）
· Proposal 4: No new RF requirements are needed for Spatial and power domain techniques as the transient switch occurs within its own transmission period and frequency range, without causing any additional interference. ( R4-2315948, Huawei)
· [bookmark: _Toc146724203]Proposal 4: Considering the current agreements in other WGs, it is recommended not to introduce any new RF requirements for spatial and power domain techniques for NES.( R4-2316521, Ericsson)
· Recommended WF
· TBA
Topic #4: BS conformance testing requirements
Companies’ contributions summary
	No.
	[bookmark: _GoBack]T-doc number
	Company
	Proposals / Observations

	5
	R4-2315800
	Nokia, Nokia Shanghai Bell
	On Network energy savings conformance testing
Observation 1:  In NR BS test specifications (TS 38.141-1 and TS 38.141-2) there isn’t exist any type of test that would allow to verify energy savings.
Observation 2:  Currently the BS RF transmitter tests in NR test specifications are designed for measuring the transmitted signal quality (e.g., unwanted emission and EVM measurement).
Observation 3:  The current BS transmitter OFF power test is not sufficient for testing of energy saving features.
Observation 4: Without introduction specific dedicated test, it would not be possible to verify the various features proposed in NES WI can achieve energy savings from the BS side.
Proposal 1:  It is proposed to consider introduction of new testing for network energy savings for BS conformance testing. 

	7
	R4-2315949
	Huawei, Hisilicon
	Discussion on BS conformance testing requirement of network energy savings
Proposal 1: Whether TAE conformance testing needs to be modified depends on the conclusion of the TAE issue. If the final decision of TAE issue is Alternative#1, no additional BS conformance testing requirement for TAE is needed. If the final decision of TAE issue is Alternative#2, corresponding TAE conformance testing requirements should be added.
Proposal 2: For BS supporting network energy savings technologies, the EVM requirements of each carrier for different modulation schemes on PDSCH in TS 38.141-1 [3] and TS 38.141-2 [4] shall be met. No additional test configurations or requirements are needed.
Proposal 3: For BS supporting Cell DTX, spatial and power domain techniques, as the transient switch occurs within its own transmission period and frequency range, without causing any additional interference, no transmit ON/OFF power requirements needed.

	11
	R4-2316522
	Ericsson
	Discussion on NES BS RF conformance testing
Proposal 1: Significant issues are not expected for BS with active NES features to meet existing limits for RF requirements, it is proposed to not consider new or modify existing test signals and/or test configuration.
Proposal 2: Testing eventual limits for energy consumption, when activating NES features, is probably impossible to perform under the current framework for RF and Demodulation Performance conformance testing. We propose to not consider such testing in the BS conformance testing specifications TS 38-141-1/-2.



Open issues summary
Issue 4-1: RF conformance testing requirements
· Proposals
· Option 1: Consider introduction of new testing for network energy savings for BS conformance testing. (R4-2315800, Nokia)
· Option 2: No new RF conformance test for NES. (R4-2315949, Huawei; R4-2316522, Ericsson)
· Proposal 1: For BS supporting network energy savings technologies, the EVM requirements of each carrier for different modulation schemes on PDSCH in TS 38.141-1 and TS 38.141-2 shall be met. No additional test configurations or requirements are needed. (R4-2315949, Huawei)
· Proposal 2: For BS supporting Cell DTX, spatial and power domain techniques, as the transient switch occurs within its own transmission period and frequency range, without causing any additional interference, no transmit ON/OFF power requirements needed. (R4-2315949, Huawei)
· Proposal 3: Significant issues are not expected for BS with active NES features to meet existing limits for RF requirements, it is proposed to not consider new or modify existing test signals and/or test configuration. (R4-2316522, Ericsson)
· Proposal 4: Testing eventual limits for energy consumption, when activating NES features, is probably impossible to perform under the current framework for RF and Demodulation Performance conformance testing. We propose to not consider such testing in the BS conformance testing specifications TS 38-141-1/-2. (R4-2316522, Ericsson)
· Option 3: TAE conformance test pending on core requirements final conclusion (R4-2315949, Huawei)
· Proposal 1: Whether TAE conformance testing needs to be modified depends on the conclusion of the TAE issue. If the final decision of TAE issue is Alternative#1, no additional BS conformance testing requirement for TAE is needed. If the final decision of TAE issue is Alternative#2, corresponding TAE conformance testing requirements should be added.

· Recommended WF
· TBA
9

