3GPP TSG-RAN WG4 Meeting #107	R4-2313117
Toulouse, France, 21 – 25 Aug, 2023

Source:	ZTE Corporation
Title:	Discussion on SSB-less SCell operation of Network energy saving for NR
Agenda Item:	8.34.4.2
Document for:	Approval
1. Introduction
In RAN plenary #98 meeting, a new WID[1] for Rel-18 was approved to specify network energy saving techniques for NR. The related SI phase has been finished[2] and during SI phase no RAN4 aspects was studied. While during the WI phase, some RAN4 aspects are considered, the objectives of the core part of the WID are listed as follows. The objectives related to RAN4 were highlighted.
	1. Specify SSB-less SCell operation for inter-band CA for FR1 and co-located cells, if found feasible by RAN4 study, where a UE measures SSB transmitted on PCell or another SCell for an SCell’s time/frequency synchronization (including downlink AGC), and L1/L3 measurements, including potential enhancement on SCell activation procedures if necessary [RAN4, RAN2]
2. Specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, and inter-node information exchange on cell DTX/DRX [RAN2, RAN1, RAN3]
· Note: No change for SSB transmission due to cell DTX/DRX.
· Note: The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided.
3. Specify the following techniques in spatial and power domains
· Specify necessary enhancements on CSI and beam management related procedures including measurement and report, and signaling to enable efficient adaptation of spatial elements (e.g. antenna ports, active transceiver chains) [RAN1, RAN2]
· Specify necessary enhancements on CSI related procedures including measurement and report, and signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS [RAN1, RAN2]
· Note: Above objectives are only for UE specific channels/signals
· Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements
4. Specify mechanism(s) to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques, if necessary [RAN2] 
5. Specify CHO procedure enhancement(s) in case source/target cell is in NES mode [RAN2]
6. Specify inter-node beam activation and enhancements on restricting paging in a limited area [RAN3]
7. Specify the corresponding RRM/RF core requirements, if necessary, for the above features [RAN4]


From RAN4 perspective, SSB-less SCell operation is the most important target in this WI. Besides that, to support other enhancement leaded by other groups, corresponding RAN4 aspects are possible. In this document, we focus on the SSB-less SCell operation and provide our further views.
During the SI phase, it has been concluded that the power consumption of radio access network can be split into two parts: the dynamic part which is only consumed when data transmission/reception is ongoing, and the static part which is consumed all the time to maintain the necessary operation of the radio access devices, even when the data transmission/reception is not on-going. As a result, the network energy saving has been investigated through time, frequency, spatial and power domains. One important technique from the time domain perspective is SSB-less operation. In term of SSB-less operation, intra-band SSB-less SCell has been supported by the current specification via scellWithoutSSB. Furthermore, SSB-less SCell for inter-band CA is referred as a possible frequency domain technique in [2]. Therefore, during this WI phase, from RAN4 perspective, the feasibility of SSB-less SCell for inter-band CA to derive the SCell’s time/frequency synchronization should firstly be verified. Then after the verification achieved, some other potential enhancement can be further discussed.
During last meeting, warm discussion was held and the following agreements were achieved in [3].
	Sub-topic 1-1: Scenarios
Issue 1-1-1/2/3: Scenario 1 / 2 / 2a
· Agreements
· Continue RAN4 work on the following SSB-less SCell scenarios
· Scenario 1: SCell without SSB transmission and with TRS transmission
· Scenario 2a: SCell without SSB transmission and without any other DL transmissions, but with UL reception at the NW side
· Note: No RAN1 impacts are expected, and no RAN4 requirements will be defined if the scenario is not supported from RAN1 specification perspective.
· Deprioritize RAN4 work on the following SSB-less SCell scenario
· Scenario 2: SCell without SSB transmission and without TRS transmission
· Send LS to RAN1/2 to check on support of Scenario 2a from RAN1/2 specifications perspective

Sub-topic 1-2: Feasibility conditions
Issue 1-2-1: RTD conditions for scenario 1
· Agreements
· Further consider the following cases for requirements definition
· Set 1: RTD ≤ 3us + X (X is FFS)
· Set 2: 260ns < RTD < min(CP, 3us) 
· note: the CP corresponding to the largest SCS across CCs
· Set 3: RTD ≤ 260ns
· FFS whether all subsets are feasible from UE implementation perspective
Issue 1-2-2: RTD conditions for scenario 2
Scenario 2 is deprioritized based agreement in Issue 1-1-1/2/3.


Based on the progress in previous meeting, Scenario 2 is decided to be deprioritized, both Scenario 1 and 2a are prioritized for SSB-less SCell operation. So in this document, we provide analysis on the Scenario 1 and Scenario 2a from the perspective of the SSB-less operation for inter-band CA in FR1 co-located deployment. 
For SSB-less operation, we provide our views from the following aspects:
· The discussion on the scenario
· The potential RAN2 impact
· The discussion on the feasibility
· The discussion on the side condition
· The impact on the RRM requirements
· Regular L1/L3 measurements 
2. Discussion
2.1 The scenarios of SSB-less
Analysis on Scenario 2a
Based on current RAN4 progress in this Rel-18 WID, Scenario 2 is deprioritized, both Scenario 1 and 2a are prioritized for SSB-less SCell operation. However, during the discussion in RAN4#107 meeting, there was no consensus reached to send LS and session chair recommended to further clarify the scenarios in the scope of the WI in the RANP. During recent RANP#100, some relevant discussion was held while no consensus achieved. So it is critical to clarify the scenarios of this WI.
There is clear demand for Scenario 2a in practice. A couple of use cases with heavy uplink traffic load were identified in NR, including remote driving, machine vision and factory video surveillance etc. Under these use cases, UL traffic would be much heavier with limited DL data traffic. In PCell, TDD configuration is often designed such that it supports more DL slots which is not UL friendly. So, the SSB-less SCell can be mainly used for the support of additional UL traffic under such UL heavy use cases. The DL traffic and NW signalling would be off-loaded to the PCell or other SCell. Since only UL traffic could be scheduled in the SSB-less SCell, network can shut down the transmitter at the SSB-less SCell accordingly from the energy power saving perspective. Therefore, significant network power saving gain could be foreseeable.
Observation 1: Especially for the use cases of heavy UL traffic with limited DL transmission, SSB-less SCell can provide an energy efficient solution of supporting the additional UL traffic without DL traffic on the SCell by shutting down the NW transmitter of SSB-less SCell.
Besides, another motivation of proposing Scenario 2a is due to the concerns from other two interested scenarios (e.g. Scenario 1 and Scenario 2). Regarding Scenario 2, UE vendors has already shown concerns on the potential performance degradation of PDCCH/PDSCH due to lack of fine T/F synchronization which is used to be performed based on TRS, however in the Scenario 2, there are still some downlink traffic scheduled without any downlink TRS signal transmission. Regarding Scenario 1, the performance gain of NW power saving in practice is still doubtful as A-TRS should be QCL-ed to P-TRS signal even without SSB transmission in the SSB-less SCell. In short, P-TRS is still mandatory transmission based on the current specification. With a kind of always-on signal for P-TRS, it is not clear whether obvious NW power saving can be achieved even without SSB while P-TRS has to be transmitted by the NW in Scenario 1. 
Observation 2: Both Scenario 1 and Scenario 2 have some drawbacks. Scenario 2 may have challenge to make sure there is no performance degradation of PDCCH/PDSCH. The network power saving gain under Scenario 1 is expected to be limited due to the existence of always-on P-TRS transmission.
As a result, Scenario 2a is proposed as an important solution to realize NW power saving under the scope of SSB-less SCell operation. In addition, Scenario 2a is fully aligned with the objective of this WID and consistent with the SSB-less SCell operation. 
Observation 3: Scenario 2a is an important scenario to achieve NW power saving which is also fully aligned with the objective of this WID and consistent with the SSB-less SCell operation.
Proposal 1: By shutting down the NW DL transmitter at the SSB-less SCell, Scenario 2a is beneficial to achieve the significant NW power saving effect.
During the study phase, multiple energy consumption model and technical analysis are provided in [2] from the perspective of NW power saving. For TDD, the NW power consumption for DL and UL are separately modeled, according to the relative power values in Table 5.1-3[2], it can be found that the power consumption of active UL is obviously much less than that of active DL. For FDD, it is summarized that “For simultaneous DL and UL transmission for FDD, the power for UL reception is neglected in this study” in Chapter 5.1[2].
Table 5.1-3: Relative power values P for reference configuration Set 1, Set 2 and Set 3
	Power state
	BS Category 1
	BS Category 2

	
	Set 1
	Set 2
	Set 3
	Set 1
	Set 2
	Set 3

	Deep sleep
	1
	1

	Light sleep
	25
	2.1

	Micro sleep
	55
	50
	38
	5.5
	5
	3

	Active DL
	280
	200
	152
	32
	26
	17.6

	Active UL
	110
	90
	80
	6.5
	5.8
	4.2


Therefore, shutting down the NW DL transmitter at the SSB-less SCell could basically achieve significant power saving. For BS Category 1, 65.5% to 71.7% of network power saving gain could be achieved and for BS Category 2, 80.7% to 83.3% of power saving gain could be achieved. So Scenario 2a is beneficial to achieve the significant NW power saving gain based on the SSB-less SCell operation, which is one of the efficient scenarios and requested by the NR use cases in practice.
Observation 4: By shutting down the NW DL transmitter at the SSB-less SCell, comparing with enabling both DL transmitter and UL receiver, significant NW power saving can be achieved.
Analysis on Scenario 1


For Scenario 1, no SSB but with TRS, here the TRS should be at least P-TRS, since according to Chapter 5.1.6.1.1 in [4], for the configuration of TRS, two cases are supported: 1) Only configuring P-TRS; 2) Configuring both P-TRS and A-TRS. For the latter case, the configured P-TRS and A-TRS should locate in the same PRB and guarantee QCL-Type A relation for FR1. So either only P-TRS is invloved in Scenario 1 or both P-TRS and A-TRS are involved in Scenario 1. It should be noted that the frequency bandwith of TRS is not smaller than 28 PRBs or not smaller than 32 PRBs or equals to min{52, } PRSs, so it is much wider than SSB in frequency domain. While regarding the time domain configuration, either two symbols in a slot or four symbols in two contiguous slots for each occasion, the period of occasions is slots where 10, 20, 40 or 80. Therefore, comparing with the Scenario 1 and Scenario 2, since without the P-TRS, Scenario 2 can achieve better NW power saving effect than Scenario 1.
Observation 5: For the sake of NW power saving, the always-on signals should be avoided. While based on RAN1 specification, at least P-TRS is involved in Scenario 1. 
So based on the above analysis, from the perspective of NW power saving effect, Scenario 2a is better than Scenario 2, and Scenario 2 is better than Scenario 1.
Proposal 2: From the perspective of NW power saving effect, Scenario 2a is better than Scenario 1.
2.2 The potential RAN2 impact
During RAN4#107 meeting, around whether the potential RAN2 impact exists or not in Scenario 1 and 2a, warmly discussion was held. So it is concluded as “Send LS to RAN1/2 to check on support of Scenario 2a from RAN1/2 specifications perspective”. Unfortunately, due to the diverse on the wording, this LS is failed to send out.
In the recent RAN2#122 meeting, with respect to SSB-less SCell operation, RAN2 achieved the following agreements in [5]:
	RAN2#122-Agreements
1.	If RAN4 conclude SSB-less SCell for inter-band CA for FR1 and co-located cells is feasible, the signaling of intra-band CA (including RRC change on timing of SSB-less SCell and capability signaling) can be considered as its baseline. Whether other new signaling is required depends on RAN4 input.
2.	If RAN4 concludes it is feasible, RAN2 can further work on at least the following specification impacts:
-	RRC configuration of the frequency of the SSB to be used for the UE to obtain the timing reference for the inter-band SCell.
-	UE capability reporting to indicate whether UE supports configuration of inter-band SCell that does not transmit SS/PBCH block.


So at least two issues require specification update, which are common for both scenario 1 and 2a:
· Issue 1: Timing reference of SSB-less SCell
In the field description for absoluteFrequencySSB indicating that no SSB frequency is absent for this cell if the field is defined for the SCell-less SCell only for the intra-band case, as highlighted below:
	FrequencyInfoDL field descriptions

	absoluteFrequencySSB
[bookmark: _Hlk115276031]Frequency of the SSB to be used for this serving cell. SSB related parameters (e.g. SSB index) provided for a serving cell refer to this SSB frequency unless mentioned otherwise. The cell-defining SSB of the PCell is always on the sync raster. Frequencies are considered to be on the sync raster if they are also identifiable with a GSCN value (see TS 38.101-1 [15]). If the field is absent, the SSB related parameters should be absent, e.g. ssb-PositionsInBurst, ssb-periodicityServingCell and subcarrierSpacing in ServingCellConfigCommon IE. If the field is absent, the UE obtains timing reference from the SpCell or an SCell if applicable as described in TS 38.213 [13], clause 4.1. This is only supported in case the SCell for which the UE obtains the timing reference is in the same frequency band as the cell (i.e. the SpCell or the SCell, respectively) from which the UE obtains the timing reference.
For cells supporting RedCap, on handover, corresponds to the cell-defining SSB.


To support scenario 1 and 2a, the field description needs to be updated, e.g. by saying that “If the field is absent, the UE obtains timing reference from the SpCell or an SCell if applicable as described in TS 38.213 [13], clause 4.1. This is only supported in case the SCell for which the UE obtains the timing reference is in the same frequency band or a different frequency band as the cell (i.e. the SpCell or the SCell, respectively) from which the UE obtains the timing reference.”
· Issue 2: UE capability reporting
A UE capability scellWithoutSSB is defined to indicate whether the UE supports configuration of SCell that does not transmit SSB in the intra-band CA case as shown below:
	scellWithoutSSB
Defines whether the UE supports configuration of SCell that does not transmit SS/PBCH block. This is conditionally mandatory with capability signalling for intra-band CA but not supported for inter-band CA.
	FS
	CY
	N/A
	N/A


To support scenario 1 and 2a, the capability needs to be updated, e.g. by saying that “Defines whether the UE supports configuration of SCell that does not transmit SS/PBCH block. This is conditionally mandatory with capability signaling for intra-band CA but not supported for and/or inter-band CA.”
Observation 6: At least the following specification impacts require RAN2 work to support SSB-less SCell operation for inter-band CA for FR1 and co-located cells, which are common for both scenario 1 and 2a:
· RRC configuration of the frequency of the SSB to be used for the UE to obtain the timing reference for the inter-band SCell.
· UE capability reporting to indicate whether UE supports configuration of inter-band SCell that does not transmit SS/PBCH block.
2.3 The feasibility of SSB-less
For co-located FR1 inter-band CA deployment, Scenario 1 is similar as the SCellwithoutSSB case in legacy intra-band contiguous CA. The exact frequency range of band combinations can be further identified in RF session, it can be seen that for inter-band CA combinations, the frequency range between two bands can be narrower or comparable than some intra-band contiguous CA. So the SSB-less SCell operation in Scenario 1  are feasible.
For Scenario 2a, the logic is more direct compared with Scenario 1. Since no DL transmission happens in the SSB-less SCell, so during the SCell activation procedure, the components of AGC, fine T/F tracking and TCI state indication are all skipped. Only the coarse DL time tracking is necessary for the sake of further UL synchronization. Which only demands a subset of the conditions in Scenario 1. So the SSB-less SCell operation in Scenario 2a is feasible.
Observation 7: For co-located FR1 inter-band CA deployment, Scenario 1 is similar as the SCellwithoutSSB case in legacy intra-band contiguous CA. For Scenario 2a, since the components of AGC, fine T/F tracking and TCI state indication can be skipped, so which only demands a subset of conditions of Scenario 1. 
Proposal 3: Considering the frequency range between two bands can be narrower or comparable than some intra-band contiguous CA, so the SSB-less SCell operation in Scenario 1 and 2a are feasible.  
Furthermore, some company proposed to perform the PDCCH/PDSCH performance evaluaion for SSB-less SCell operation. To our understand, for Scenario 1, since applying similar logic as legacy intra-band CA, so the key points is whether the side conditions such as RTD and power difference can met rather than the PDCCH/PDSCH performance. The validition of side conditions can not be proved by PDCCH/PDSCH performance evaluation, so we can not see the necessity of performing performance evaluation. For Scenario 2a, since no PDSCH/PDCCH transmission, it is far from the performance evaluation.
Proposal 4: For all Scenario 1 and 2a, no need to perform PDCCH/PDSCH performance evaluation.

2.4 The side conditions of SSB-less
For Scenario 1, we believe the side conditions include the following aspects:
· Received time difference (RTD) between the SSB-less SCell and the FR1 inter-band active serving cell
· The difference of the reception power with the FR1 inter-band active serving cell
· frequency domain separation between the SSB-less SCC and the FR1 inter-band active serving CC; or Certain band combinations.
Regarding the RTD condition, the following alternatives were discussed in last RAN4 meeting:
	· Further consider the following cases for requirements definition
· Set 1: RTD ≤ 3us + X (X is FFS)
· Set 2: 260ns < RTD < min(CP, 3us) 
· note: the CP corresponding to the largest SCS across CCs
· Set 3: RTD ≤ 260ns
· FFS whether all subsets are feasible from UE implementation perspective


To our understanding, Set 1 is hard to satisfy the timing requirements since the value of 3us is larger than CP under 15kHz SCS.
To guarantee the DL and UL timing, Set 3 is fine to be the RTD condition. 
Regarding the difference of the reception power, we still prefer to reuse the same demand as in legacy intra-band contiguous CA, i.e. 6dB.
With respect to the frequency domain separation, which can be further identified in RF session.
Besides all above three side conditions, no need to specify additional condition for the sake of TCI state indication, since the above three side conditions are sufficient to guarantee the reuse of AGC, coarse timing and fine T/F info from an reference cell.
Proposal 5: The side conditions for Scenario 1 include:
· Received time difference (RTD) between the SSB-less SCell and the FR1 inter-band active serving cell -- Set 3;
· The difference of the reception power with the FR1 inter-band active serving cell -- 6dB;
· Frequency domain separation between the SSB-less SCC and the FR1 inter-band active serving CC -- further determine in RF session.
For Scenario 2a, no need to concern any DL transmission, so the side condition is some sub-set of Scenario 1/2. Only considering the received time difference (RTD) between the SSB-less SCell and the reference cell is enough. For details, the RTD should be not larger than 260ns.
Proposal 6: The side conditions for Scenario 2a includes:
· Received time difference (RTD) between the SSB-less SCell and the FR1 inter-band active serving cell -- Set 3;

2.5 The impact of the RRM requirements of SSB-less
First we want to discuss the RRM impact of Scenario 2a. Under this scenario, no DL transmission from NW, NW only need to receive UL. So the AGC, fine T/F tracking and TCI state indication can all be skipped during the SCell activation procedure. UE only need to obtain the coarse time synchronization of the SSB-less SCell. If the side condition of RTD can meet, than reuse the coarse time synchronization of the reference cell is fine. So from the RRM impact perspective, the SCell activation latency is 3 ms for this scenario. 
Regarding the RAN1 impact, to our understand, Scenario 2a has no RAN1 impact. Some companies show concerns on the DL synchronization and fine T/F maintaining, UL power determination, we given our analysis during comments reply in last meeting, here we repeat again.
With respect to the DL synchronization and fine T/F maintaining, since no PDSCH/PDCCH in the SSB-less SCell, UE does not need to perform AGC, fine T/F tracking and receiving TCI state indication during the SCell activation. UE only needs to prepare for the UL transmission, i.e. determine the UL transmission timing and UL transmission power for the SSB-less SCell. Regarding the fine T/F tracking, which is used for guaranteeing the PDCCH/PDSCH decoding performance. While if no PDSCH/PDCCH, this component can be ignored. Referring to the UL timing, configuring this SSB-less SCell and the reference cell at a same TAG is typical for the co-located FR1 deployment, so UE maintains the same TA for the SSB-less SCell and the reference cell. Based on the coarse DL syn and the maintained TA, the UL timing in the SSB-less SCell can be identified.
Regarding how to determine the UL power for the SSB-less SCell, PL-RS is allowed to be cross cell configured between the SCell and PCell through the IE pathlossReferenceLinking. So by configuring the PL-RS in the reference cell(PCell), UE can derive the pathloss of this SSB-less SCell given that the two co-located cells experience similar pathloss. Additionally, if the cross cell PL-RS monitoring is not enough, through the configuration of P0, NW can further adjust the UE transmission power at the SSB-less SCells. Since similar propagation experienced between the co-located cells, so the UL power offset between cells mainly lies in the frequency. NW completely know about the frequency of each cell, by configuring suitable P0, the NW can help UE to determine the UL power of the SSB-less SCell.
Regarding RRC signalling, it seems that the NW needs to indicate UE which active serving cell is the reference cell to borrow the time synchronization for the SSB-less SCell.
Proposal 7: Scenario 2a has the following impact:
· For RRM requirements, the SCell activation latency is 3 ms for this scenario; 
· No RAN1 impact;
· For RRC signalling, the NW indicates UE which active serving cell is the reference cell to borrow the time synchronization for the SSB-less SCell when the side condition met.
For Scenario 1, the SCell activation latency is also 3 ms.
Proposal 8: Scenario 1 has the following impact:
· For RRM requirements, the SCell activation latency is 3 ms for this scenario; 
· For RRC signalling, the NW indicates UE which active serving cell is the reference cell to borrow the time synchronization for the SSB-less SCell when the side condition met.
Some UE vendor concerns whether UE needs to turn off the UE receiver since of no need to receive DL signal at such SSB-less SCell in Scenario 2a. We believe it is reasonable. Regarding how to indicate such turning off operation to UE, there are multiple solutions, e.g. through the NW indication of borrowing time synchronization for this SSB-less SCell from reference cell, or through some implicit solution such as under some default DL configuration.
Observation 8: Under Scenario 2a, it is reasonable to indicate UE to turn off the UE receiver on the SSB-less SCell though explicit or implicit solutions.
2.6 Regular L1/L3 measurements 
Due to lack of SSB, so there are two solutions for the regular L1/L3 measurements of SSB-less SCell:
· Solution 1: Performing regular L1/L3 measurements on CSI-RS resource
· Solution 2: Sharing the L1/L3 measurement results between the SSB-less SCell and reference cell
For Scenario 1 and 2, both Solution 1 and 2 are applicable. Comparing between the Solution 1 and 2, we prefer Solution 2 given that the side conditions are met. 
Proposal 9: For Scenario 1 and 2, both Solution 1 and 2 are applicable. Comparing between the Solution 1 and 2, we prefer Solution 2 given that the side conditions are met. 
· Solution 1: Performing regular L1/L3 measurements on CSI-RS resource
· Solution 2: Sharing the L1/L3 measurement results between the SSB-less SCell and reference cell
For Scenario 1, either applying Solution 2 or ignore this issue since no demands. For L1 measurements, which aims to help NW to derive the RSRP/SINR/CSI/beam info so as to determine the CSI/TCI state, while for the SSB-less SCell under Scenario 2a, no need to determine the CSI/TCI state since no PDSCH/PDCCH transmission, NW only receive the UL transmitted from UE, so NW only need to determine the UL CSI through SRS reception. For L3 measurements, which are used for mobility management. While the decision of mobility management on such SSB-less SCell can be same as that for co-located reference cell, it is natural and typical. As a result, For Scenario 2a, both legacy L1/L3 measurement can be ignored. 
Proposal 10: For Scenario 2a, no need to determine the CSI/TCI state since no PDSCH/PDCCH transmission, so legacy L1 measurement can be ignored. For L3 measurement, it is nature and typical to share the L3 measurement results between the co-located SSB-less SCell and reference cell.
3. Conclusion
In this contribution, we have the following proposals for the Network power saving:
Observation 1: Especially for the use cases of heavy UL traffic with limited DL transmission, SSB-less SCell can provide an energy efficient solution of supporting the additional UL traffic without DL traffic on the SCell by shutting down the NW transmitter of SSB-less SCell.
Observation 2: Both Scenario 1 and Scenario 2 have some drawbacks. Scenario 2 may have challenge to make sure there is no performance degradation of PDCCH/PDSCH. The network power saving gain under Scenario 1 is expected to be limited due to the existence of always-on P-TRS transmission.
Observation 3: Scenario 2a is an important scenario to achieve NW power saving which is also fully aligned with the objective of this WID and consistent with the SSB-less SCell operation.
Proposal 1: By shutting down the NW DL transmitter at the SSB-less SCell, Scenario 2a is beneficial to achieve the significant NW power saving effect.
Observation 4: By shutting down the NW DL transmitter at the SSB-less SCell, comparing with enabling both DL transmitter and UL receiver, significant NW power saving can be achieved.
Observation 5: For the sake of NW power saving, the always-on signals should be avoided. While based on RAN1 specification, at least P-TRS is involved in Scenario 1. 
Proposal 2: From the perspective of NW power saving effect, Scenario 2a is better than Scenario 1.
Observation 6: At least the following specification impacts require RAN2 work to support SSB-less SCell operation for inter-band CA for FR1 and co-located cells, which are common for both scenario 1 and 2a:
· RRC configuration of the frequency of the SSB to be used for the UE to obtain the timing reference for the inter-band SCell.
· UE capability reporting to indicate whether UE supports configuration of inter-band SCell that does not transmit SS/PBCH block.
Observation 7: For co-located FR1 inter-band CA deployment, Scenario 1 is similar as the SCellwithoutSSB case in legacy intra-band contiguous CA. For Scenario 2a, since the components of AGC, fine T/F tracking and TCI state indication can be skipped, so which only demands a subset of conditions of Scenario 1. 
Proposal 3: Considering the frequency range between two bands can be narrower or comparable than some intra-band contiguous CA, so the SSB-less SCell operation in Scenario 1 and 2a are feasible.  
Proposal 4: For all Scenario 1 and 2a, no need to perform PDCCH/PDSCH performance evaluation.
Proposal 5: The side conditions for Scenario 1 include:
· Received time difference (RTD) between the SSB-less SCell and the FR1 inter-band active serving cell -- Set 3;
· The difference of the reception power with the FR1 inter-band active serving cell -- 6dB;
· Frequency domain separation between the SSB-less SCC and the FR1 inter-band active serving CC -- further determine in RF session.
Proposal 6: The side conditions for Scenario 2a includes:
· [bookmark: _GoBack]Received time difference (RTD) between the SSB-less SCell and the FR1 inter-band active serving cell -- Set 3;
Proposal 7: Scenario 2a has the following impact:
· For RRM requirements, the SCell activation latency is 3 ms for this scenario; 
· No RAN1 impact;
· For RRC signalling, the NW indicates UE which active serving cell is the reference cell to borrow the time synchronization for the SSB-less SCell when the side condition met.
Proposal 8: Scenario 1 has the following impact:
· For RRM requirements, the SCell activation latency is 3 ms for this scenario; 
· For RRC signalling, the NW indicates UE which active serving cell is the reference cell to borrow the time synchronization for the SSB-less SCell when the side condition met.
Observation 8: Under Scenario 2a, it is reasonable to indicate UE to turn off the UE receiver on the SSB-less SCell though explicit or implicit solutions.
Proposal 9: For Scenario 1 and 2, both Solution 1 and 2 are applicable. Comparing between the Solution 1 and 2, we prefer Solution 2 given that the side conditions are met. 
· Solution 1: Performing regular L1/L3 measurements on CSI-RS resource
· Solution 2: Sharing the L1/L3 measurement results between the SSB-less SCell and reference cell
Proposal 10: For Scenario 2a, no need to determine the CSI/TCI state since no PDSCH/PDCCH transmission, so legacy L1 measurement can be ignored. For L3 measurement, it is nature and typical to share the L3 measurement results between the co-located SSB-less SCell and reference cell.
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