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Introduction
The new WI on network energy savings for NR has been approved in [1]. Technical Report output in SI phase is captured in TR 38.864. SSB-less SCell operation is one objective of the WID: 
	The objectives of the work item are the following:

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. 


This contribution provides further analysis on SSB-less SCell operation for network energy saving.
Discussion
Scenarios
In last meeting, scenario 2 is deprioritized. In the following the analysis on scenario 2a is provided.
	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


In scenario 2a, there is no any DL transmission but with UL reception at the NW side on the SSB-less SCell. We understand the motivation of scenario 2a is to further enlarge network energy saving gain by shutting down the DL transmitter of the NW completely. However the objective of the NES WI focus on SSB-less SCell rather than DL-less SCell. This kind of further enhancement is out of scope.
Observation 1: Scenario 2a is out of scope of R18 NES.
In existing RAN1 specification [TS38.214], CSI-RS for tracking is supposed to be always transmitted.
	[bookmark: _Toc11352099][bookmark: _Toc20317989][bookmark: _Toc27299887][bookmark: _Toc29673152][bookmark: _Toc29673293][bookmark: _Toc29674286][bookmark: _Toc36645516][bookmark: _Toc45810561][bookmark: _Toc137117097]5.1.6.1.1	CSI-RS for tracking
[bookmark: _Hlk513060382]A UE in RRC connected mode is expected to receive the higher layer UE specific configuration of a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info.


If the entire DL configuration is not configured or entire DL transmission is not transmitted, the above description would need update accordingly. It is a definitely clear impact on RAN1 specification. As per the agreed principle in last meeting, scenario 2a is not supposed to be considered in R18 NES WI and no requirements for scenario 2a are to be specified either.
Observation 2: Scenario 2a has RAN1 impacts.
Moreover the discussion on scenario 2a was raised up in last RAN plenary meeting. One proposal is to ask for supporting scenario 2a, however RAN has no conclusion on this proposal. It means companies have no consensus on supporting scenario 2a. Therefore RAN4 would not to work on the undecided scenario.
	RP-231397	Discussion on Rel-18 network energy saving	ZTE, Sanechips
Replaces 
	Proposal 1: RAN tasks RAN4/RAN2 to support Scenario 2a and specify the corresponding requirements.
	
	RAN4 VC (Intel): was not clear whether the scenario from RAN1 and RAN2, it seems for RAN1 it is possible and 
	therefore the plan is to task RAN2 and RAN4 to work on corresponding requirements
	Apple: we need to discuss in RAN4 whether scenario 2a is possible
	Ericsson: is scenario 2a included in the WID or not? We have the impression that it is not supported by the WID. 
	Looking at the fact that we do not have much time left, we find it not realistic 
	Futurewei: agrees with Ericsson, we should not agree the proposal
	Qualcomm: unclear how the UE would know there is no DL
	conclusion: no consensus about the proposal
	The document was noted.




Proposal 1: For SSB-less operation, Scenario 2a is not considered in R18 NES. 
Conditions for SSB-less inter-band CA SCell operation
Based on the above analysis, the following discussion are for scenario 1 (No SSB but with TRS transmission). 
· RTD
In last meeting, the below three sets of RTD conditions are proposed.
	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




When the RTD between SSB-less SCell and reference cell is larger than CP length, UE would not correctly receive TRS on its own cell when the timing is based on the reference cell. Then the fine timing acquisition would have problems and the demodulation performance would be seriously degraded. Therefore we don’t think set 1 of RTD can enable SSB-less SCell operation.
Observation 3: Set 1 of RTD conditions is unable to support SSB-less SCell operation.
In intra-band continuous CA scenario, the carrier frequency is continuous, e.g., CA_n77, the frequency span can be 200 MHz. We observe that in certain inter-band CA bands, spectrum can be adjacent, and the inter-band span can be smaller than that in some single-band intra-band CA scenarios. For example, for CA_n8-n20（900M+800M）, CA_n8-n28 (900M+700M) , CA_n5-n14(850M+700M), the frequency band spans are separately 169M, 202M, 136M. It means that certain inter-band CA combinations may have a narrower or comparable frequency range than some intra-band contiguous CA combinations.
Although in current specification that the TAE of inter-band CA is 3 μs, at least in certain band combinations, the timing alignment error of inter-band CA can be much better than 3 μs, and comparable to intra-band continuous CA, i.e., 260ns. From BS architecture perspective, FR1 co-located inter-band CA can be implemented by the common transmitter, as shown in Figure 1(a）, or by the independent transmitters, as shown in Figure 1(b).
[image: ]
Figure 1 Implementation Architecture of co-located BS CA (a) CA by the common transmitter; (b) CA by the independent transmitters
In case (a), FR1 co-located inter-band CA is implemented with the common transmitter, for example, a multi-band TX, which means that the majority of the components are shared by the component carriers. Therefore, the TAE could be controlled in the same way as intra-band contiguous carrier aggregation, ensuring it does not exceed 260ns.
In case (b), FR1 co-located inter-band CA implemented with the independent transmitters. The time delay uncertainty mainly comes from the different analogue components such as SERDES, ADC, transmitter filter which can be controlled under a limited range. Moreover in co-located CA scenario, there is no time deviation between carrier components due to optical fiber extension. Therefore i even implementing FR1 co-located inter-band CA with independent transmitters, in certain band combination, the delay deviation can also be within 260ns. 
In summary, for certain band combinations and with certain BS implementation, the received time difference between two CC can achieve less than 260ns. It is feasible that the frequency/time synchronization of SSB-less SCell can utilize that of the activated cell on inter-band. Herein the procedures of cell detection and fine timing can naturally be skipped.
Observation 4: 
-Set 3 of RTD can be satisfied in certain and band combination and BS implementation. 
-SSB-less SCell operation is feasible under Set 3 of RTD conditions.
We understand with some other BS implementation or certain band combination, RTD between the SSB-less SCell and the FR1 inter-band active serving cell may be larger than 260ns and less than CP. In this case, the coarse timing can refer to other active cell, so UE is able to correctly receive TRS. To obtain fine timing, UE would perform TRS tracking, then additional time will be needed during SCell activation procedure.
Observation 5:  
-Set 2 of RTD can be satisfied under certain BS implementation. 
-SSB-less SCell operation is feasible under Set 2 of RTD conditions.
Proposal 2: SSB-less operation is feasible under RTD side condition set 2 and set 3.
Proposal 3: From implementation perspective, RTD side condition set 2 and set 3 can be satisfied. RAN4 is to specify requirements under each condition.
· Set 2: 260ns < RTD < min(CP, 3us), and one additional TRS/ATRS for fine time tracking is needed.
· Set 3: RTD ≤ 260ns, no additional time for fine time tracking.

· Power difference
The following options were proposed in last meeting.
	Issue 1-2-4: Power difference conditions for scenario 1
FFS:
· Proposal 1: The difference of the reception power with the FR1 inter-band active serving cell is within 6dB (Apple, CATT, Intel, MTK, CTC, CMCC, Vivo, Huawei, ZTE)
· Proposal 1a: For a UE using single RF chain, the difference of the reception power with the FR1 inter-band active serving cell is within 6dB (Ericsson, CMCC)
· Proposal 1b: Reception power difference between the reference cell with applying transmit power compensation and SSBless SCell is within 6dB. (QC)
· Proposal 2: For a UE using dual RF chains, the maximum power difference UE can handle is FFS, and RAN4 to study whether UE can use TRS transmission in scenario 1 for computing AGC (Ericsson)
· Proposal 2a: For a UE using dual RF chains, the maximum power difference UE can larger than 6dB, the SCell activation delay should be further studied. (CMCC)
· Proposal 3: The difference of reception power is expected to vary between 6dB and 25dB. (Nokia)




Under certain band combinations, e.g., 700M,800M, 900M or 1.8G,2.1G ,2.6 G, the transmit power configuration for each CC can be the similar. From UE perspective, the received power difference can be within 6dB. Then AGC gain of reference Cell can be applied for SSB-less SCell. AGC adjustment is not needed during SCell activation.
Observation 6: In certain band combinations, the received power difference from two CCs can be within 6dB.
In our understanding, AGC adjustment algorithm is up to UE implementation. UE can perform AGC adjustment based on TRS on the SSB-less cell. In this case, there is no any power difference limitation between two CCs. Whether UE supports TRS based AGC is UE capability.
Proposal 4: Received power difference from two CCs within 6dB is one side condition of SSB-less SCell operation. If UE can support TRS-based AGC adjustment, there is no power difference limitation.
· Frequency domain separation
In our understanding, SSB-Less operation is supposed to be per band combination capability. With large frequency domain separation, RTD, power difference and beam dependency may be large. If UE has no capability to handle SSB-Less operation on some band combination, it would not report it. From RRM requirements perspective, frequency domain separation is not a side condition for SSB-less operation.
Proposal 5: As UE reports the SSB-less operation by per band combination, the frequency domain separation is not supposed to be as a side condition of requirements. 

· TCI state 
In scenario1, TRS is configured on the SSB-less SCell. From TCI chain perspective, the RS(s) of SSB-less SCell shall be QCL-TypeA with TRS(s) on its own cell. And the TRS on the SSB-less SCell will be further QCL-TypeC with SSB(s) of the reference cell on different band. 
Proposal 6: The RS(s) of SCell being activated is (are) QCL-TypeA with TRS(s) of the SSB-less SCell, and the TRS(s) of the SCell being activated is (are) further QCL-TypeC with SSB(s) of reference cell on different band.
SCell activation delay
Under side condition of 260ns RTD (set 3) and 6dB power difference, it is sufficient for UE to leverage all required information on an already activated reference cell. No cell detection, AGC, fine timing acquisition are needed, therefore Tactivation_time is 3 ms.
Under side condition of less than CP RTD (set 2) and 6dB power difference, the coarse timing and AGC adjustment can utilize reference cell, but additional time for fine timing acquisition may be needed. Herein fine time tracking can be performed based on periodic TRS or Aperiodic TRS.
 In this case, Tactivation_time is Tfirst_TRS+3 ms or Tfirst_ATRS+3 ms.
Proposal 7: 
- Under side condition of 260ns RTD (set 3) and 6dB power difference, Tactivation_time is 3 ms.
- Under side condition of less than CP RTD (set 2) and 6dB power difference, Tactivation_time is Tfirst_TRS +3 ms or Tfirst_ATRS+3 ms.

L1/L3 measurement on SSB-less SCell
For UE who only supports SSB-based L1 measurement, the scenarios with CSI-RS and without CSI-RS resources are the same.
For UE who can support CSI-RS based L1 measurement, 
-When CSI-RS resources for L1 measurement are configured, it is straight forward to perform CSI-RS based L1/L3 measurement. Herein the legacy requirements for CSI-RS based L1 measurement can be reused for SSB-less SCell operation. 
- When CSI-RS resources for L1 measurement are not configured, as long as the RTD, power difference conditions are ensured between two carriers, the SSB-less SCell can fully leverage the information from an already activated serving cell, the corresponding L1 measurements can be skipped.
In summary, similar as intra-band case, NW can either determine the link status by the co-located reference cell, or NW can configure CSI-RS based L1 measurement if needed.
Proposal 8: No RRM impacts on L1 measurement requirements for inter-band SSB-less operation, and existing CSI-RS based L1 measurement requirements can apply when configured which is up to NW implementation.
Regarding L3 measurement, based on co-located assumption, there is no necessity to perform mobility measurement on this SSB-less Cell which is similar as intra-band SSB-less. In other words, the SSB-less is always co-located with a Cell with SSB when NW can determine the mobility based on the measurement on this Cell. 
Proposal 9: Based on the co-located assumption, no RRM impacts on L3 measurement for inter-band SSB-less operation.
Conclusions
This contribution provides analysis on SSB-less SCell operation for network energy saving. According to the analysis, we propose the following proposals:
Observation 1: Scenario 2a is out of scope of R18 NES.
Observation 2: Scenario 2a has RAN1 impacts.
Proposal 1: For SSB-less operation, Scenario 2a is not considered in R18 NES. 
Observation 3: Set 1 of RTD conditions is unable to support SSB-less SCell operation.
Observation 4: 
-Set 3 of RTD can be satisfied in certain and band combination and BS implementation. 
-SSB-less SCell operation is feasible under Set 3 of RTD conditions.
Observation 5:  
-Set 2 of RTD can be satisfied under certain BS implementation. 
-SSB-less SCell operation is feasible under Set 2 of RTD conditions.
Proposal 2: SSB-less operation is feasible under RTD side condition set 2 and set 3.
Proposal 3: From implementation perspective, RTD side condition set 2 and set 3 can be satisfied. RAN4 is to specify requirements under each condition.
· Set 2: 260ns < RTD < min(CP, 3us), and one additional TRS/ATRS for fine time tracking is needed.
· Set 3: RTD ≤ 260ns, no additional time for fine time tracking.
Observation 6: In certain band combinations, the received power difference from two CCs can be within 6dB.
Proposal 4: Received power difference from two CCs within 6dB is one side condition of SSB-less SCell operation. If UE can support TRS-based AGC adjustment, there is no power difference limitation.
Proposal 5: As UE reports the SSB-less operation by per band combination, the frequency domain separation is not supposed to be as a side condition of requirements. 
Proposal 6: The RS(s) of SCell being activated is (are) QCL-TypeA with TRS(s) of the SSB-less SCell, and the TRS(s) of the SCell being activated is (are) further QCL-TypeC with SSB(s) of reference cell on different band.
Proposal 7: 
- Under side condition of 260ns RTD (set 3) and 6dB power difference, Tactivation_time is 3 ms.
- Under side condition of less than CP RTD (set 2) and 6dB power difference, Tactivation_time is Tfirst_TRS +3 ms or Tfirst_ATRS+3 ms.
Proposal 8: No RRM impacts on L1 measurement requirements for inter-band SSB-less operation, and existing CSI-RS based L1 measurement requirements can apply when configured which is up to NW implementation.
Proposal 9: Based on the co-located assumption, no RRM impacts on L3 measurement for inter-band SSB-less operation.
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