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1. Introduction
In last RANP #99 meeting, the revised WID for NES has been agreed in [1]. The main scope of this WI is duplicated as following,
	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. [bookmark: OLE_LINK1]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]



In this contribution, we discuss the RRM impact for NES feature.
2. Discussion
In our view, RAN4 shall start work on SSB-less SCell operation first since the other enhancements still needs more conclusions from RAN2 and RAN1. 
 
2.1 SSB-less SCell operation for inter-band CA for FR1 and co-located cells
RAN4 had some discussion on SSB-less SCell activation during R18 eFeRRM WI. The SCell without SSB means the target SCell needs to get timing/frequency/AGC information from another inter-band FR1 serving cell. However, as we discussed in other L3/L1 enhancement issue in R18 eFeRRM, the inter-band serving cell and target SCell will have inter-band MRTD up to 3us (contributed by TAE) even though they are collocated, which might be still larger than CP. Moreover, we don’t think the QCL type C can directly lead UE to reuse the timing from this inter-band serving cell, if we follow the current definition of QCL type C in RAN1 spec. In current RAN2 spec TS38.306, the capability of SSB-less SCell operation for intra-band CA case was defined as following,
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In order to support FR1 inter-band SSB-less SCell, a new capability like scellWithoutSSB shall be introduced to cover the R18 FR1 inter-band SSB-less SCell operation. Furthermore, the L1/L3 measurement on SSB-less SCell shall be FFS to check whether UE can use the CSI-RS for the measurement on the SSB-less SCell or other alternative.
Proposal 1: If FR1 inter-band SSB-less SCell operation is introduced in R18 NES, a new capability like existing scellWithoutSSB shall be introduced to cover the R18 FR1 inter-band CA case.
In order to support SSB-less activation for FR1 inter-band case, we need to make sure the RTD of existing serving cell and target SSB-less SCell is within a certain threshold, i.e., ±260ns, and power difference is also within a certain threshold, i.e., 6dB. In existing SSB-less SCell activation for FR1 intra-band contiguous case, it was specified that,
	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
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]-	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. 



For the T/F information, UE can always assume co-located deployment for intra-band CA before R18, and QCLed typeC provide the delay spread information between existing serving cell and target intra-band SCell; however, this QCLed typeC cannot be used to determine the absolute RTD between existing serving cell and target inter-band SCell. The QCLed typeC definition is in TS38.214, as duplicated below,
	The quasi co-location types corresponding to each DL RS are given by the higher layer parameter qcl-Type in QCL-Info and may take one of the following values:
- 'typeA': {Doppler shift, Doppler spread, average delay, delay spread}
- 'typeB': {Doppler shift, Doppler spread}
- 'typeC': {Doppler shift, average delay}
- 'typeD': {Spatial Rx parameter}



One approach to use QCLed typeC to support FR1 inter-band SCell activation enhancement is: expand the definition of typeC to cover the RTD as well, i.e., if TRS(s) of the SCell being activated is (are) QCL-TypeC with SSB(s) of any FR1 inter-band active serving cell, it means the RTD between the target SCell and the inter-band active serving cell is within within ±260ns. For example, the typeC can be updated as following:
· 'typeC': {Doppler shift, average delay, absolute arrival timing for R18}
However, it may cause backward compatibility issue since legacy typeC definition has been used from R15, and RAN4 needs to check with RAN1 if it’s feasible to expand the typeC definition to support this FR1 SCell activation enhancement.
Another alternative is to introduce an indication from network to UE to indicate which inter-band active serving cell or which SSB on inter-band active serving cell can be used as timing source. But it will need new signaling in RAN2, and RAN4 may need to check with RAN2 on this solution.
For T/F information acquisition for FR1 SSB-less SCell, RAN4 to consider the SSB-less SCell operation for inter-band CA for FR1 and co-located cells with two possible alternatives:
· Alt 1: expand the definition of QCLed-typeC to indicate the RTD between the SCell being activated and the inter-band active serving cell is within a small range, e.g., ±260ns. RAN4 needs to check with RAN1 for this solution.
· Alt 2: introduce an indication from network to UE to indicate which inter-band active serving cell or which SSB on inter-band active serving cell can be used as timing source for the SCell being activated. RAN4 needs to check with RAN2 for this solution.
Beside the T/F acquisition from other inter-band serving cell for target SSB-less SCell, the AGC settling is also an important aspect to consider. By using the AGC info from another inter-band serving cell measurement, there also might be two alternatives in our view:
· Alt 1: if T/F information is reused from an inter-band FR1 serving cell, the AGC info of that inter-band FR1 serving cell can also be used for the target SSB-less SCell.
· Alt 2: introduce an indication from network to UE to indicate which inter-band active serving cell or which SSB on inter-band active serving cell can be used as AGC source for the SCell being activated.
Moreover, no matter which alternative is used to support the SSB-less SCell operation, the side condition of RTD and reception power difference shall still be defined for the RAN4 requirement.
Proposal 2: regarding T/F information acquisition for the SSB-less SCell operation for inter-band CA for FR1 and co-located cells, RAN4 to consider one of following alternatives:
· Alt 1: expand the definition of QCLed-typeC to indicate the RTD between the SSB-less SCell and the inter-band active serving cell is within a small range, e.g., ±260ns. RAN4 needs to check with RAN1 for this solution.
· Alt 2: introduce an indication from network to UE to indicate which inter-band active serving cell or which SSB on inter-band active serving cell can be used as timing source for the SSB-less SCell. RAN4 needs to check with RAN2 for this solution.
Proposal 3: regarding AGC settling for the SSB-less SCell operation for inter-band CA for FR1 and co-located cells, RAN4 to consider one of following alternatives:
· Alt 1: if T/F information is reused from an inter-band FR1 serving cell, the AGC info of same inter-band FR1 serving cell can also be used for the target SSB-less SCell.
· Alt 2: introduce an indication from network to UE to indicate which inter-band active serving cell or which SSB on inter-band active serving cell can be used as AGC source for the SSB-less SCell.
Proposal 4: to support the SSB-less SCell operation for inter-band CA for FR1 and co-located cells, the side condition of RTD and reception power difference shall still be defined for the RAN4 requirement:
· RTD between the SSB-less SCell and the FR1 inter-band active serving cell is within X ns, X is ±260ns
· The difference of the reception power with the FR1 inter-band active serving cell is <= Y dB, Y is 6dB
2.2 Cell DTX/DRX
There were some RAN1 and RAN2 agreements on the cell DTX and DRX for NES WI, as duplicated below,
	RAN1
R1-2301815	Discussion Summary #1 for enhancements on cell DTX/DRX mechanism	Moderator (Intel Corporation)
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

R1-2302131	Discussion Summary #2 for enhancements on cell DTX/DRX mechanism	Moderator (Intel Corporation)
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:
Cell DTX/DRX:

1. There will be no impact to RACH, paging, and SIBs in idle/inactive for both gNB and Rel-18 and legacy UEs
2. 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.
3. 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.  
4. 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.  



 
Additionally, in WID, it was stated that no change for SSB transmission due to cell DTX/DRX. However, it’s obvious that the transmission of P/SP CSI-RS and PRS might be impacted due to the DTX of the cell. CSI-RS can be used for L3 mobility based measurement of neighbor cell, while PRS is used for positioning measurement (e.g. RSTD) of neighbor positioning cells. The existing CSI-RS measurement for mobility was specified in RAN4 TS38.133 as followings:
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Only the CSI-RS periodicity and DRX cycle(configured from serving cell) is considered in the requirement design so far, and therefore if DTX is used in the target neighbor cell, the DTX cycle shall also be considered in the CSI-RS measurement delay requirement. Regarding the UE behavior, in CSI-RS MO, there was no any information about DTX for a specific neighbor cell or specific CSI-RS resource for the measurement. In order to make UE perform the correct measurement on the target CSI-RS of neighbor cell, we think it’s necessary to provide such DTX information of neighbor cell to the UE. Or alternatively, we may not use CSI-RS based L3 measurement when the NES is used for target cell, and that means, network may configure UE to use SSB based L3 measurement when the NES is used. However, since the conclusions from RAN1/RAN2 is not sufficient yet, we think those RRM impact can be FFS.
Similarly, for PRS based positioning measurement, UE has no information of the DTX in the target positioning cell, and it may impact the PRS measurement performance if UE has no idea which PRS occasion is within DTX inactive window. Since LMF is the entity to configure positioning measurement for UE, it would be reasonable to let LMF provide such DTX information to UE via LPP when positioning assistance data is sent. Or alternatively, LMF may provide a new muting pattern for PRS after considering the DTX of positioning cells. No matter which way is adopted, the positioning measurement requirement will be revisited after considering such DTX scenarios, and it can be FFS until we have sufficient conclusions from RAN1/RAN2.
Proposal 5: discuss the RRM impact for DTX/DRX configuration in NES after RAN1/2 has more concrete conclusions.
2.3 Spatial and power adaptation
Some RAN1 agreements on spatial and power adaptation is duplicated as followings,
	The update of TR 38.864 is agreed in R1-2302234.
R1-2301964	FL summary#1 for spatial and power domain techniques for R18 NES	Moderator (Huawei)
Agreement
For the purpose of further discussions in RAN1 on NES spatial domain adaptations, consider the following cases
· Type 1: all antenna elements associated to a logical antenna port is disabled/enabled
· Type 2: part/subset of antenna elements associated to a logical antenna port is disabled/enabled
 
R1-2301965	FL summary#2 for spatial and power domain techniques for R18 NES	Moderator (Huawei)
Agreement
For spatial element adaptation, further study the following
· A1-1) Each CSI-RS resource/resource set/resource setting can be associated with only one spatial adaptation pattern
· FFS: Details on how the association is done
· A1-2) Each CSI-RS resource/resource set/resource setting can be associated with one or more spatial adaptation patterns
· FFS: Details on how the association is done
· FFS: Details on the definition of “spatial adaptation patterns”

Agreement
For spatial element adaptation, further study the following
· A2-1) Independent/separate CSI report configurations where each CSI report configuration corresponds to one spatial adaptation pattern
· A2-2) One CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern
· FFS: Details of sub-configuration

R1-2301966	FL summary#3 for spatial and power domain techniques for R18 NES	Moderator (Huawei)
Agreement
For spatial domain adaptation, further study necessary enhancements for multiple CSI(s) where each CSI corresponds to a spatial adaptation pattern, e.g. 
· FFS: gNB indicates to UE which CSI(s) the UE shall report 
· FFS: the UE selects which CSI(s) are reported
· FFS: multiple CSI(s) are reported in a joint CSI report 
· FFS: Overhead reduction for multiple CSI(s)
Note: UE complexity needs to be taken into account.

Agreement
For adaptation of power offset values between PDSCH and CSI-RS, further study the following
· Where/how to configure multiple power offset values
· Whether/how one or more power offset values are dynamically indicated to UE for CSI measurement/reporting, and PDSCH reception
· Overhead reduction for CSI reports associated with multiple power offset values between PDSCH and CSI-RS
· Whether other UE report content can be included

Agreement
For spatial and power domain adaptation, solution(s) based on adaptation within an active BWP is considered as baseline

Agreement
Discuss the signalling aspects for spatial/power domain adaptation for Rel-18 NES-capable UEs considering that
· Whether there is a need for transition time per adaptation (for UE)
· Whether/How to inform UE on spatial adaptation pattern update and/or PDSCH/CSI-RS transmission power change due to adaptation.



According to the RAN1 agreements so far, the solutions for efficient spatial and power adaptation are still open in RAN1 and therefore RAN4 shall wait more concrete RAN1 conclusions before starting the requirement design. But we can see some possible RRM requirement is needed for such adaptation, e.g., if interruption is needed for the status transition during the adaptation, or some L1-RSRP measurement requirement revision when spatial adaption is used.

Proposal 6: discuss the RRM requirement for spatial and power adaptation in NES after RAN1 has more concrete conclusions.
2.4 Others (CHO and cell barring and camping)
In last RAN2 meeting, it was agreed as followings:
	Cell barring and camping for legacy and NES UEs:
1. RAN2 confirms that non-NES UEs can access to NES cells if NES solution is backwards compatible

Connected mode mobility:
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.  



If the legacy non-NES UE can access to NES cells, RAN4 may need to check if there is any impact on the existing RRM behavior of UE, however, the current conclusions are far from sufficient to start RAN4 work or to start the study about RRM impact in RAN4. Thus, RAN4 shall wait more conclusions from RAN2 before starting the RAN4 RRM work.
Proposal 7: discuss the RRM impact for CHO enhancement and cell camping(for legacy UE) in NES after RAN2 has more concrete conclusions.
3. Conclusion
In this contribution, we discuss the RRM impact for NES feature.
Proposal 1: If FR1 inter-band SSB-less SCell operation is introduced in R18 NES, a new capability like existing scellWithoutSSB shall be introduced to cover the R18 FR1 inter-band CA case.
Proposal 2: regarding T/F information acquisition for the SSB-less SCell operation for inter-band CA for FR1 and co-located cells, RAN4 to consider one of following alternatives:
· Alt 1: expand the definition of QCLed-typeC to indicate the RTD between the SSB-less SCell and the inter-band active serving cell is within a small range, e.g., ±260ns. RAN4 needs to check with RAN1 for this solution.
· Alt 2: introduce an indication from network to UE to indicate which inter-band active serving cell or which SSB on inter-band active serving cell can be used as timing source for the SSB-less SCell. RAN4 needs to check with RAN2 for this solution.
Proposal 3: regarding AGC settling for the SSB-less SCell operation for inter-band CA for FR1 and co-located cells, RAN4 to consider one of following alternatives:
· Alt 1: if T/F information is reused from an inter-band FR1 serving cell, the AGC info of same inter-band FR1 serving cell can also be used for the target SSB-less SCell.
· Alt 2: introduce an indication from network to UE to indicate which inter-band active serving cell or which SSB on inter-band active serving cell can be used as AGC source for the SSB-less SCell.
Proposal 4: to support the SSB-less SCell operation for inter-band CA for FR1 and co-located cells, the side condition of RTD and reception power difference shall still be defined for the RAN4 requirement:
· RTD between the SSB-less SCell and the FR1 inter-band active serving cell is within X ns, X is ±260ns
· The difference of the reception power with the FR1 inter-band active serving cell is <= Y dB, Y is 6dB
Proposal 5: discuss the RRM impact for DTX/DRX configuration in NES after RAN1/2 has more concrete conclusions.
Proposal 6: discuss the RRM requirement for spatial and power adaptation in NES after RAN1 has more concrete conclusions.
Proposal 7: discuss the RRM impact for CHO enhancement and cell camping(for legacy UE) in NES after RAN2 has more concrete conclusions.
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Table 9.10.2.5-1: Measurement period for intrafrequency CSI-RS based measurements without

gaps(FR1)
DRX cycle T csl-RS_measurement_period_intra
No DRX max(200ms, ceil( 5 x Kp_csi-rs) x CSI-RS period) x
CSSFintra —
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NOTE 1: The requirements apply assuming CSI-RS configuration with {D=3 with PRBs = 48}. D is frequency
domain density for the 1-port CSI-RS for L3 mobility defined in clause 7.4.1 of TS38.211 [6].

Table 9.10.2.5-2: Measurement period for intrafrequency CSI-RS based measurements without

gaps(FR2)
DRX cycle T CSI-RS_measurement_period_intra
No DRX max(400ms, Ce”(Mmeas_period_w/o_gaps X Kp_CSI-RS) x CSI-
RS period) x CSSFintra
DRX cycles 320ms max(400ms, ceil(1.5X Mmeas period_wio_gaps X Kp_csi-rs) X
<max(CSI-RS period,DRX cycle])x CSSFintra
DRX cycle>320ms Mmeasfperiod,w/o,gazx DRX C§C|e> CSSFintra

NOTE 1: The requirements apply assuming CSI-RS configuration with {D=3 with PRBs = 48}. D is frequency
domain density for the 1-port CSI-RS for L3 mobility defined in clause 7.4.1 of TS38.211 [6].
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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.
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Defines whether the UE can perform CSI-RSRP and CSI-RSRQ measurement as
specified in TS 38.215 [13], where CSI-RS resource is configured for a cell that
does not transmit SS/PBCH block. A UE that supports this feature shall also support

scellWithoutSSB.
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