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1. Introduction
In last RAN4#110bis meeting, the WF for NES has been agreed in [1] and moderator has captured all open issues in the topic summary [2]. There are still some opens issues for further discussion in the maintenance stage, and in this contribution, we continue the discussion on remaining RRM core requirements for NES.
2. Discussion
[bookmark: OLE_LINK16]Issue 1-1-1: Power difference conditions 
The options and remaining issues from last meeting are as followings:
	· Proposals
· Option 1: keep “EPRE after pre-compensation for AGC” in the spec text. (Apple, Nokia, CMCC, ZTE, Huawei, CTC, Ericsson)
· Option 1a: RAN4 to agree that EPRE side condition for reference cell and SSB less SCell as [12] dB. (Ericsson, Nokia)
· Option 1b: RAN4 to agree that the EPRE should be defined as the power per RE at the antenna connector as averaged over the respective SSB and TRS bandwidth and then normalized to the SCS. (Ericsson)
· Option 2: Remove “after pre-compensation for AGC”. (QC, MTK)



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. 



In the inter-band scenario, UE may support high Rx power difference, but such high Rx power difference is only supported when UE have sufficient SSB or TRS/A-TRS samples for AGC settling. However, in SSB-less inter-band CA scenario, SCell only has TRS/A-TRS for AGC fine tuning, and therefore RAN4 needs to carefully check the Rx power difference side condition for the requirement.
In our view, in SSB-less inter-band CA with co-located cells, the Rx power difference is mainly up to the following aspects:
· (a). Pathloss difference, 
· a-1: carrier frequency difference;
· a-2: propagation path difference;  
· (a). BW size difference; 
· (a). Typical PSD difference at gNB Tx

After some offline checking with some infra vendors, we assume the same PSD can be assumed for this inter-band FR1 co-located CA case (btw. Reference cell and target SSB-less SCell). The BW size difference and carrier frequency difference between reference cell and target SSB-less SCell is also known to the UE, but we need to understand the typical value of these two aspects to decide the power difference side condition. 
If we cannot decide on such typical values for the above aspects, we may only consider the UE implementation for AGC settling without any pre-information. Here, the AGC settling without any pre-information means the coarse AGC value from reference cell can have big difference from target SSB-less SCell and therefore such reference cannot help any more for UE to decide the AGC on the target SCell, and therefore what UE will do is exactly like an initial or blind AGC estimation. Thus, we think the compensation for AGC is kind of UE implementation on compensation for both pathloss difference and BW size difference, however, as we discussed in last meeting, it’s hard to clarify the details for such compensation due to different UE implementations. However, it would be also fine to further clarify the AGC-compensation for pathloss between inter-band CCs is based on a normalized equation (e.g., free space pathloss model) with implementation margins from different vendors.
We are fine to keep “EPRE after pre-compensation” in the spec text with some clarification on a normalized pathloss equation with implementation margins, and we can also compromise to remove it without changing power difference value.
Proposal 1: For power difference conditions in SSB-less SCell activation requirement, RAN4 to keep “EPRE after pre-compensation” in the spec text, and if needed we can also clarify the pre-compensation is based on CC BW size, SCS, and pathloss difference based on normalized pathloss equation with implementation margins.

Issue 1-1-3: Requirements applicability when multiple P-TRS are configured.
The open issue WF is:
	· Proposals
· Option 1: For P-TRS based SSB-less SCell activation, do not define the SCell activation delay requirement if multiple TRSs are configured in SSB-less SCell. (Nokia)



For the single QCL typeC source cell, it’s clear that QCL typeC source cell shall be the reference cell if the Rel-18 network indication is not provided. However, based on the issue raised in last meeting, new scenario is target being-activated SSB-less SCell has multiple TRS configured, and they are respectively QCLed typeC to different SSBs on the reference cell, as shown in figure 1. In this case, the reference cell is clear but the reference signal for activation has ambiguity.
[image: A blue and green rectangles with text on a black background

Description automatically generated]
Figure 1. example for target being-activated SSB-less SCell with multiple TRS configured

As shown in figure 1, if QCL typeC relation can be configured for different TRSs of being-activated SCell to different SSBs on another active serving cell (reference cell), we think it make more sense to assume the TRS used for activation shall be the one QCLed typeC with the SSB indirectly associated with the active TCI for PDCCH/PDSCH reception at reference cell, i.e., the SSB which is QCLed with TRS in the active TCI for PDCCH of reference SCell. Or alternatively, if companies would like to simplify the UE and network implementation, it can also be defined to always have network configuration in this case, i.e., network can indicate which TRS on the target being-activated SCell shall be used for SCell activation, or network can indicate which SSB on the reference cell can be the reference RS for activation, but we also understand that this solution may need new RAN2 signaling support.
If RAN4 cannot achieve any consensus on the solutions for this scenario, the last resort would be to not consider this scenario in Rel-18, that is, network can either configure one TRS of the SSB-less SCell before SCell activation, or configure multiple TRSs of the SSB-less SCell before SCell activation but these TRSs are QCLed typeC to the same SSB of reference cell. But if TRSs are QCLed typeC to the same SSB of reference cell, network is still not aware of which TRS is used for SCell activation, and therefore it will still be hard to define the delay requirement in RAN4. So we can also accept that no requirement shall be applied when multiple TRSs of the SSB-less SCell is configured before SCell activation.
Proposal 2: For P-TRS based SSB-less SCell activation, either of following alternative can be adopted:
Alt1: UE to assume: the TRS used for activation shall be the one QCLed typeC with the SSB indirectly associated with the active TCI for PDCCH/PDSCH reception at reference cell.
Alt2: inter-band FR1 SSB-less SCell activation requirement only applies if network configures only one TRS of the SSB-less SCell before SCell activation.

Issue 1-1-5: Intra-band non-contiguous CA
The open issue in WF is:
	· Proposals
· Option 1 For FR1 intra-band non-contiguous CA, reuse the SSB-less SCell activation delay requirement defined for FR1 collocated inter-band CA with the same RTD side condition i.e. RTD within CP (Nokia, Intel)
· Option 1a: Introduce the optional with capability signalling with per FS granularity for UE supporting intra-band NCCA SSB-less SCell operation in Rel-18. (Intel)
· Option 2: The delay requirements of SSB-less SCell activation for intra-band non-contiguous CA can be same as that for legacy intra-band contiguous CA provided the UE impelmentation architecture are same for the two scenarios. The exact side conditions for intra-band non-contiguous CA can be further discussed. (ZTE)
· Option 3: RAN4 will not consider SSBless SCell operation for intra-band NCCA in R18. (QC)
· Option 4: (Apple, Huawei)
· For FR1 intra-band NCCA with SSB-less operation, EPRE difference at UE side shall be NOT larger than 6dB
· For FR1 intra-band NCCA with SSB-less operation, RTD between the target SCell and the intra-band NCCA collocated reference serving cell can be within CP
· Option 5: (CMCC)
· Define two sets of requirement and side condition, reuse the intra-band contiguous CA case and inter-band CA case respectively.
· Define two UE capabilities for intra-band NCCA scenario, which corresponding to two set of requirements respectively, the granularity could be per FS indication 
· Option 6: 
· Specify only assuming separate chains and reuse largely the requirements specified for inter-band cases;
· Specify UE optional capability signalling for intra-band NCCA SSB-less SCell operations in a similar way as for inter-band cases;
· UE with single chain implementation does not indicate support for intra-band NCCA SSB-less SCell operations and does not need to meet the requirements.
· Option 7:
· Specify two sets of requirements respectively assuming single and separate chains, where one of the sets reuse largely the requirements specified for inter-band cases;
· Specify UE optional capability signalling for two different implementations separately;
· Different UE implementations are required to meet different sets of requirements correspondingly.
· Other options are not precluded



RAN4 has agreed side conditions for SSB-less SCell activation in inter-band FR1 CA, e.g., RTD and power imbalance, however, these side conditions might not be applicable to intra-band NCCA case.
For inter-band SSB-less SCell activation, RTD between the target SCell and the colocated reference serving cell is within CP where CP is corresponding to the SCS of target SSB-less SCell, and the main rational is that UE will typically use separated FFTs between reference cell and target SSB-less SCell for inter-band CA. However, for intra-band NCCA case, if typically UE is using single FFT or single FFT timing, then UE will only support SCell activation/operation when RTD shall be <= CP of the max SCS between reference cell and target SSB-less intra-band NCCA SCell.
For inter-band SSB-less SCell activation, power imbalance condition for SSB-less SCell activation is specified as: The [EPRE] difference at UE side is smaller than or equal to [9] dB, where, [EPRE] difference is the power difference between TRS/A-TRS symbol on the SSB-less SCell and SSB symbol on the reference serving cell [after the compensation for AGC]. If UE is using single RF chain between reference-cell and target SSB-less intra-band NCCA SCell, UE can support SCell activation/operation when power imbalance(EPRE difference) shall be <= 6dB between reference cell and target SSB-less intra-band NCCA SCell.
Since RAN4 is defining the minimum requirement based on the worst case, the side condition above shall consider the single FFT and single RF chain case for the minimum requirement design for intra-band NCCA case. Thus, we propose followings:
Proposal 3: for intra-band FR1 NCCA case, the side condition of RTD for SSB-less SCell activation shall be defined as:
· The RTD between the target SSB-less intra-band NCCA SCell and the collocated reference serving cell is within CP where CP is corresponding to the max SCS between reference cell and target SCell.
Proposal 4: for intra-band FR1 NCCA case, the side condition of power imbalance for SSB-less SCell activation shall be defined as:
· The [EPRE] difference at the UE is smaller than or equal to [6] dB, where, [EPRE] difference is the power difference between TRS/A-TRS symbol on the SSB-less SCell and SSB symbol on the reference serving cell [after the compensation for AGC].

Issue 1-1-6: Neighbour cells on carrier of SSB-less SCell
The remaining issues from last meeting are as followings:
	· Proposals
· Option 1: If neighbor cells on carrier of SSB-less SCell have SSB transmission, the measurement for those neighbor cells shall be treated as inter-frequency measurement without MG as long as the SSBs from those neighbor cells can be contained in the active BWP of SSB-less SCell (Apple)
· Option 2: For the case of the neighbour cell(s) is on the carrier of SSB-less SCell and the SSB from neighbour cell(s) can be contained in the active BWP of SSB-less SCell, the measurement for such neighbour cell(s) can be treated as intra-frequency measurement. (CMCC, ZTE)
· Option 3: Do not discuss the neighbor cell measurement on the carrier of SSB-less SCell. (Nokia, Huawei)



When we assume SSB-less SCell operation, we never touch the neighbor cell measurement on the carrier of SSB-less SCell. The SSB-less SCell is because network would like to save the energy of this cell when the traffic load of this cell is low, but it does not necessarily mean all the other cells on this carrier are in the NES mode (without SSB transmission). If some of the neighbor cells on this carrier have SSB transmission and network configure such MO to UE, it’s unclear to us if it shall be treated as intra-frequency or inter-frequency. In R16 we have a feature for inter-frequency measurement without MG, and the condition to support that feature is also “the SSB is completely contained in the active BWP of the UE”, as following,
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Figure 2. example of neighbor cell SSBs located in the active BWP of SSB-less SCell

Similarly, in NES case, if there are multiple SSBs from neighbor cells located in the active BWP of the SSB-less SCell as figure 2, these neighbor cell measurements cannot be treated as intra-frequency anyway. Thus, we think if neighbor cells on carrier of SSB-less SCell have SSB transmission, the measurement for those neighbor cells shall be treated as inter-frequency measurement without MG as long as the SSBs from those neighbor cells can be contained in the active BWP of SSB-less SCell.
Since we have already completed the core part of this WI, if companies have concern to open new discussion in the maintenance feature, we are also fine to limit the scenario in R18 to that all neighbor cells on the CC of SSB-less SCell shall be SSB-less cells as well.
Proposal 5: if neighbor cells on carrier of SSB-less SCell have SSB transmission, the measurement for those neighbor cells shall be treated as inter-frequency measurement without MG as long as the SSBs from those neighbor cells can be contained in the active BWP of SSB-less SCell. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]
[bookmark: _Hlk163640590]Issue 1-1-7: Multiple SSB-less SCells activation

	Agreement:
· When to-be-activated SSB-less SCells are in different bands
· Existing single CC requirement can apply to each to-be-activated SSB-less SCells respectively.
· The reference cell to the multiple SSB-less Scells in difference bands may or may not be different. 



The previous discussion only focused on single being-activated SCell, that is, there is only one SSB-less SCell to be activated. Since R19 WI of NES enhancement has no scope for SSB-less SCell activation enhancement, we are wondering if multiple SSB-less SCell activation shall also be specified in this release. So far the activation procedure is independent when multiple SSB-less SCell are being activated even though the target being-activated SCells are intra-band contiguous CCs. Like shown in the example of following figure, the SSB-less SCell 1 and SSB-less SCell 2 activation are performed independently: SCell 1 needs two samples of TRS1 for AGC settling and T/F tracking, while Scell 2 needs another two samples of TRS2 for AGC settling and T/F tracking.
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Figure 3. example for multiple SSB-less SCell activation (target SCells are intra-band contiguous CCs)
We know that the current multiple SCell activation requirement has one side condition that “any to-be-activated unknown SCell has active serving cell(s) or known to-be-activated SCell(s) on the same band”, however, such condition with respect to the searcher limitation may not be needed for SSB-less SCell activation case (UE does not need coarse timing acquisition or cell searching). In our view, if the being-activated SSB-less SCell#1 and the being-activated SSB-less SCell#2 are intra-band contiguous CCs, it would make sense to prioritize the SCell with the smallest TRS periodicity for activation, and then treat the other SCell(s) activation by reusing all the AGC and T/F information (no additional time is needed for activation), and the total delay for multiple SCell activation would still be: Tfirst_TRS + TTRS +[5]ms. We would like to raise it to companies’ attention to see if further discussion on this direction is desirable.

Proposal 6: for multiple SSB-less SCell activation, if the being-activated SSB-less SCells are on intra-band contiguous CCs, to prioritize the SCell with the smallest TRS periodicity for activation, and then treat the other SCell(s) activation by reusing all the AGC and T/F information (no additional time is needed for activation), and the total delay for multiple SCell activation would still be: Tfirst_TRS + TTRS +[5]ms.
3. Conclusion
In this contribution, we continue the discussion on remaining RRM core requirements for NES.
Proposal 1: For power difference conditions in SSB-less SCell activation requirement, RAN4 to keep “EPRE after pre-compensation” in the spec text, and if needed we can also clarify the pre-compensation is based on CC BW size, SCS, and pathloss difference based on normalized pathloss equation with implementation margins.
Proposal 2: For P-TRS based SSB-less SCell activation, either of following alternative can be adopted:
Alt1: UE to assume: the TRS used for activation shall be the one QCLed typeC with the SSB indirectly associated with the active TCI for PDCCH/PDSCH reception at reference cell.
Alt2: inter-band FR1 SSB-less SCell activation requirement only applies if network configures only one TRS of the SSB-less SCell before SCell activation.
Proposal 3: for intra-band FR1 NCCA case, the side condition of RTD for SSB-less SCell activation shall be defined as:
· The RTD between the target SSB-less intra-band NCCA SCell and the collocated reference serving cell is within CP where CP is corresponding to the max SCS between reference cell and target SCell.
Proposal 4: for intra-band FR1 NCCA case, the side condition of power imbalance for SSB-less SCell activation shall be defined as:
· The [EPRE] difference at the UE is smaller than or equal to [6] dB, where, [EPRE] difference is the power difference between TRS/A-TRS symbol on the SSB-less SCell and SSB symbol on the reference serving cell [after the compensation for AGC].
Proposal 5: if neighbor cells on carrier of SSB-less SCell have SSB transmission, the measurement for those neighbor cells shall be treated as inter-frequency measurement without MG as long as the SSBs from those neighbor cells can be contained in the active BWP of SSB-less SCell. 
Proposal 6: for multiple SSB-less SCell activation, if the being-activated SSB-less SCells are on intra-band contiguous CCs, to prioritize the SCell with the smallest TRS periodicity for activation, and then treat the other SCell(s) activation by reusing all the AGC and T/F information (no additional time is needed for activation), and the total delay for multiple SCell activation would still be: Tfirst_TRS + TTRS +[5]ms.
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A measurement is defined as an inter-frequency SSB based measurements without measurement gaps (either legacy
measurement gap or NCSG) in active BWP and its delay requirements are specified in clause 9.3.9, for UE capable of
interFrequencyMeas-NoGap provided that

- the UE supports interFrequencyMeas-Nogap-r16 [15], and

- the SSB is completely contained in the active BWP of the UE.




