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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. The WID has the following objectives: 
	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. 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]



This contribution provides the preliminary analysis on the possible RRM impacts due to network energy saving.
Discussion
SSB-less SCell operation
· SSB-less SCell operation
In SI phase, specification impact of SSB-Less was preliminarily identified in [2]. 
	For SSB-less inter-band CA, specification impact of the technique may include:
-	RACH procedures in SSB-less SCell for inter-band CA,
-	enhancement on SCell activation procedure,
-	enhancements on SCell dormancy operation,
-	design for new simplified signal/channel (if supported) and related procedures.


According to the latest progress, the 4th bullet has been precluded in WI phase. 
Regarding the 3rd bullet, the existing RRM requirements about dormancy SCell comprise BWP switching delay and interruptions, where interruption requirements include:
· Interruptions due to SCell dormancy switch
· Interruptions due to CQI measurements during SCell dormancy
· Interruptions due to RRM measurements during SCell dormancy

In essence SCell dormancy operation is BWP switching operation. As both SCell dormancy switching delay and interruption due to SCell dormancy switching have no relation with RS, SSB-less operation has no impact on these aspects. As CQI measurement is based on CSI-RS, the legacy interruptions due to CQI measurements can be reused for SSB-less dormancy SCell. If there is no SSB on the SCell, it is straight forward that there is no interruption due to SSB based L3 measurement during SCell dormancy. Based on above analysis, for SSB-less inter-band CA, there is no RRM impact on SCell dormancy operation.
Proposal 1: SSB-less SCell operation has no impact on SCell dormancy.
As RAN1 is not involved in SSB-less SCell objective, no new RACH procedure is expected. Then from RRM requirement perspective, we don’t observe RACH procedure in SSB-less SCell for inter-band CA has impact on RRM requirements.
Proposal 2: SSB-less SCell operation has no impact on RACH procedure.
In existing specification, the activation delay (Tactivation_time) of the intra-band contiguous CA, the SCell activation delay can be reduced to 3ms under certain side conditions. 
	TS 38.133
If the SCell being activated belongs to FR1 and if there is at least one active serving cell contiguous to the SCell on that FR1 band, if the UE is not provided with SSB configuration (absoluteFrequencySSB) nor SMTC configuration for the target SCell, Tactivation_time is 3 ms for UE supporting scellWithoutSSB, provided
-	The RTD between the target SCell and the contiguous active serving cell is within within ±260ns, and 
-	The difference of the reception power with the contiguous active serving cell is <= 6dB, and 
-	The RS(s) of SCell being activated is (are) QCL-TypeA with TRS(s) of the SCell being activated, and the TRS(s) of the SCell being activated is (are) further QCL-TypeC with SSB(s) of any active serving cell that is contiguous to the SCell being activated on that FR1 band. 



As per existing requirements for inter-band scenario, if the to-be-activated SCell is the first cell in one band (no other active serving cell on the same band), the activation delay is very large. If it is verified that under certain conditions it is feasible that SCell activation operation for inter-band CA for FR1 and co-located cells is similar as intra-band continuous CA. Then the SSB-less based SCell delay can be largely reduced.
Proposal 3: SSB-less based SCell activation delay to be specified for inter-band CA for FR1 and co-located cells.
· Feasibility analysis
In the SSB-less operation process, no SSB is transmitted in some inter-band SCell(s). Time/frequency synchronization is obtained from other active cell with SSB transmission. SSB-less operation for intra-band contiguous CA is supported by current specification, in the following, the feasibility of FR1 inter-band CA and co-located scenario is to be discussed. 
In intra-band continuous CA scenario, the carrier frequency is continuous. Taking CA_n77 as an example, 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.
Observation1: 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 some scenarios, the TAE of inter-band CA can be much better than 3 μs, and comparable to intra-band continuous CA.
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.
Observation 2: When implementing FR1 co-located inter-band CA with utilizing a shared transmitter, the delay deviation can be within 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 in most scenarios, it is possible for two independent transmitters to have a delay deviation within 260 ns for practical FR1 co-located CA implementation.
Observation 3: When implementing FR1 co-located inter-band CA with independent transmitters, the delay deviation can be within 260ns. 
Based on the above observations (observation 1, 2 and 3), in certain FR1 co-located inter-band CA the timing alignment between two bands can approximate or even better than that of intra-band case. Then 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.
Proposal 4: For FR1 co-located inter-band CA scenario (at least for some band combinations), it is feasible that the frequency/time synchronization of SSB-less SCell can utilize that of the activated cell on inter-band.
In addition, in our understanding it is typical and practical that the power difference between two component carriers on different band is within 6dB. Then AGC adjustment is not needed during SCell activation.
Proposal 5: For FR1 co-located inter-band CA scenario (at least for some band combinations), the SSB-less based SCell activation is feasible.
From SCell activation requirements perspective, under certain FR1 inter-band collocated deployment, if UE can utilize the timing/beam information from active serving cell on FR1 inter-band,  and the power difference is within 6dB, then the cell detection, and AGC adjustment can be skipped. Then SCell activation delay only needs to take the time of decoding SCell activation command into account (i.e., SSB-less SCell activation delay can be 3ms).
In summary for FR1 co-located SSB-less inter-band CA, SCell activation delay can be 3ms provided that the following conditions are satisfied, 
-	The RTD between the target SCell and the active serving cell on different band is within within ±260ns, and 
-	The difference of the reception power with the active serving cell on different band is <= 6dB, and 
-	The RS(s) of SCell being activated is (are) QCL-TypeA with TRS(s) of the SCell being activated, and the TRS(s) of the SCell being activated is (are) further QCL-TypeC with SSB(s) of any active serving cell on different band. 
Proposal 6: For FR1 co-located SSB-less inter-band CA, when the frequency and time synchronization information of active serving cell on FR1 inter-band is able to be applied for to-be-activated SCell, and the power difference is not larger than 6dB, the SCell activation delay can be further reduced to 3ms (e.g., Tactivation_time=3ms).
DTX/DRX
According to the note in WID, that’s, “Note: No change for SSB transmission due to cell DTX/DRX”, SSB related RRM requirements are not supposed to be impacted by cell DTX. As per the latest progress in RAN1 and RAN2 on cell DTX/DRX, RACH procedure are not impacted by cell DTX/DRX either.
	RAN1#112
Agreement
· RAN1 continues discussion on the at least following physical layer related aspects of cell DTX/DRX aspects
· physical layer signals/channels and procedures expected to be impacted during non-active periods of cell DTX/DRX 
· consider impact to at least KPIs from the SI when physical layers/signals/channels are impacted by cell DTX/DRX
· Further discussions on other aspects are not precluded
Agreement
At least the following candidate signals/channels for connected mode UEs, which the UE may be expected to not transmit or receive during non-active periods of cell DTX/DRX, are considered from RAN1 perspective for further discussion. The exact set of signals/channels that the UE may be expected to not transmit or receive is FFS.
· DL
· Periodic/Semi-persistent CSI-RS (including TRS)
· PRS
· PDCCH scrambled with UE specific RNTI
· PDCCH in Type-3 CSS
· SPS-PDSCH
· UL
· SR
· Periodic/Semi-persistent CSI report
· Periodic/Semi-persistent SRS
· CG-PUSCH
Other signals/channels are not precluded




	RAN2#121
DTX/DRX:
· There will be no impact to RACH, paging, and SIBs in idle/inactive for both gNB and Rel-18 and legacy UEs
· Rel-18 NES capable CONNECTED UE(s) can perform RACH and receive SIBs in non-active duration of cell DTX and/or DRX (i.e., same behavior for cell DTX and cell DRX).  No further enhancements for CBRA and CFRA will be pursued.
· Pattern configuration for cell DRX/DTX is common for Rel-18 UEs in the cell.   FFS whether we have DTX UE specific inactivity timer.  FFS on configuration signaling and stage 3.  
· Confirm study item agreement that we can have separate DTX and DRX configuration.   We will focus on designing DTX/DRX for at least single configuration.  FFS whether multiple configuration of cell DTX or DRX will be supported.
· Note: No change for SSB transmission due to cell DTX/DRX.



Observation 4: The below SSB/SIB1/RACH related RRM requirements are supposed not to be impacted by cell DTX/DRX, including:
· handover 
· RRC re-establishment
· RRC Connection Release with Redirection
· Random access
· Timing
· SSB-based RLM
· SSB-based BFD
· SSB-based CBD
· Active BWP switching delay and interruption, Active TCI state delay
· SSB-based L3 measurement
· SSB-based L1 measurement

[bookmark: _GoBack]In existing RRM requirements, the measurement period requirements of CSI-RS based beam management (CSI-RS based RLM/BFD/CBD/L1-RSRP) and CSI-RS based L3 measurement depend on UE C-DRX length. For energy saving purpose, network may not transmit periodic/semi-persistent CSI-RS during non-active periods of cell DTX. RAN1 and RAN2 are discussing the possible solutions of alignment of cell DTX and UE DRX. If cell DTX and UE DRX can be well coordinated, the RRM measurement requirements may also use UE DRX length. Anyway, so far the potential impacts on CSI-RS based BM and L3 measurement requirements due to cell DTX are vague. RAN4 RRM can wait for more inputs from RAN1/2.
Proposal 7: The potential RRM impacts on CSI-RS based BM and L3 measurement requirements due to cell DTX can wait for more inputs from RAN1/2.
Spatial and power domain techniques
According to study in SI phase and RAN1 progress, the dynamic spatial and power domain adaptation for UE-specific PDSCH are common understanding. Whether these kinds of adaptations need to be applied to CSI-RS for CSI feedback and/or CSI-RS for beam management is still under discussion in RAN1. If there are no spatial/power domain adaptation on CSI-RS for beam management, then it is straight forward that the corresponding RRM requirements of CSI-RS based L1-RSRP, RLM.BFD, CBD would keep unchanged.
Proposal 8: Wait for RAN1 conclusion whether spatial/power domain adaptation need to be applied to CSI-RS for beam management.
Cell selection/reselection
The motivation of objective #4 is to prevent legacy UEs camping on NES cell. 
	4. Specify mechanism(s) to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques, if necessary [RAN2] 



Although in RAN2#121 meeting the below agreement is achieved, we think RAN2 is responsible for this objective, e.g., certain cell bar mechanisms. There is no impact on RAN4.
Agreements:
1. RAN2 confirms that non-NES UEs can access to NES cells if NES solution is backwards compatible

Proposal 9: Obj#4 (mechanism to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques) has no RRM impact.
CHO
One motivation of enhancing CHO framework is to enable UEs handover faster. Whether CHO enhancement is needed and the CHO enhancement framework are still under discussion in RAN2. RAN4 RRM can wait for more inputs from RAN2.
	RAN2#121 Agreements:
1.	Study whether CHO enhancements are needed for the purpose of turning off the cell
2.	Continue discussing CHO in the context of different NES techniques.



Proposal 10: RRM impact due to CHO enhancement in NES mode can wait for more inputs from RAN2.
Conclusions
This contribution provides preliminary analysis on the RRM impact requirements for network energy saving. According to the analysis, we propose the following proposals.
Proposal 1: SSB-less SCell operation has no impact on SCell dormancy.
Proposal 2: SSB-less SCell operation has no impact on RACH procedure.
Proposal 3: SSB-less based SCell activation delay to be specified for inter-band CA for FR1 and co-located cells.
Observation1: Certain inter-band CA combinations may have a narrower or comparable frequency range than some intra-band contiguous CA combinations.
Observation 2: When implementing FR1 co-located inter-band CA with utilizing a shared transmitter, the delay deviation can be within 260ns.
Observation 3: When implementing FR1 co-located inter-band CA with independent transmitters, the delay deviation can be within 260ns. 
Proposal 4: For FR1 co-located inter-band CA scenario (at least for some band combinations), it is feasible that the frequency/time synchronization of SSB-less SCell can utilize that of the activated cell on inter-band.
Proposal 5: For FR1 co-located inter-band CA scenario (at least for some band combinations), the SSB-less based SCell activation is feasible.
Proposal 6: For FR1 co-located SSB-less inter-band CA, when the frequency and time synchronization information of active serving cell on FR1 inter-band is able to be applied for to-be-activated SCell, and the power difference is not larger than 6dB, the SCell activation delay can be further reduced to 3ms (e.g., Tactivation_time=3ms).
Observation 4: The below SSB/SIB1/RACH related RRM requirements are supposed not to be impacted by cell DTX/DRX, including:
· handover 
· RRC re-establishment
· RRC Connection Release with Redirection
· Random access
· Timing
· SSB-based RLM
· SSB-based BFD
· SSB-based CBD
· Active BWP switching delay and interruption, Active TCI state delay
· SSB-based L3 measurement
· SSB-based L1 measurement
Proposal 7: The potential RRM impacts on CSI-RS based BM and L3 measurement requirements due to cell DTX can wait for more inputs from RAN1/2.
Proposal 8: Wait for RAN1 conclusion whether spatial/power domain adaptation need to be applied to CSI-RS for beam management.
Proposal 9: Obj#4 (mechanism to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques) has no RRM impact.
Proposal 10: RRM impact due to CHO enhancement in NES mode can wait for more inputs from RAN2.
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