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1. Introduction
In last RAN4#108bis meeting, the WF for NES has been agreed in [1]. There are still some opens issues for further discussion, and in this contribution, we continue the discussion on the SSB-less SCell operation for NES.
2. Discussion
Issue 1-2-3: Power difference conditions for scenario 1
The agreement and remaining issues from last meeting are as followings:
	Issue 1-2-3: Power difference conditions for scenario 1
· One set of condition (Set 2) and one requirement
· Set 2: The maximum received Power difference can be up to [X] dB, and X is larger than 6.
· TRS/A-TRS is needed for Scell activation



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, e.g., 25dB as mentioned by companies in last RAN4 meeting, 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. 
However, 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. 
There are two alternatives for this side condition from our perspective:
· Alt 1 (consider the UE implementation only): use 9dB for power difference between reference cell and target SSB-less SCell, without any clarification on BW size difference, carrier frequency difference, and PSD at gNB Tx.
· If larger power difference is assumed based on alt 1, then UE shall be allowed to have more samples for AGC settling on SSB-less SCell.
· Alt 2 (consider all aspects that impact the Rx power): use X=Y+6dB for difference between reference cell and target SSB-less SCell, Y is decided by the BW size difference, carrier frequency difference, and PSD difference at gNB Tx.
Proposal 1: to adopt one of following alternatives for the side condition of Rx power difference:
· Alt 1 (consider the UE implementation only): use 9dB for power difference between reference cell and target SSB-less SCell, without any clarification on BW size difference, carrier frequency difference, and PSD at gNB Tx.
· If larger Rx power difference is assumed based on alt 1, then UE shall be allowed to have more samples for AGC settling on SSB-less SCell.
· Alt 2 (consider all aspects that impact the Rx power): use X=Y+6dB for difference between reference cell and target SSB-less SCell, Y is decided by the BW size difference, carrier frequency difference, and PSD difference at gNB Tx.

Issue 1-2-4: QCL/TCI indication 
The agreement and remaining issues from last meeting are as followings:
	Issue 1-2-4: QCL/TCI indication 
· Proposals
· Option 1: RS of SCell without SSB is QCL-A with TRS of the SCell without SSB, and the TRS(s) of the SCell is (are) further QCL-TypeC with SSB(s) of an inter-band active serving cell.  (QC, CATT, Apple, Nokia, Huawei, MTK, CTC, Intel)
· Option 2: Without QCL configuration between the RSs from inter-band carriers (Nokia, CMCC, ZTE, Ericsson)
· Option 2a: timing is derived from explicit indication of the cell and not through QCL relation. (Ericsson)
· Option 2b: The condition of QCL-C relation between the TRS of the SSB-less SCell and the SSB of the reference cell is not always necessary. (ZTE)
· Provided that the RTD is limited within 260ns, the reference cell and the associated SSB can be identified at UE side, no need to consider this condition.
· Otherwise, this condition is needed.
· Option 2c: The fine sync between all the RSs within the SSB-less SCell should be guaranteed by default. (ZTE)



The QCL/TCI condition is to reflect the channel conditions through different CCs in legacy intra-band contiguous CA. However, for inter-band FR1 SSB-less SCell, we have new RTD and Rx power difference conditions, and RAN4 agreed to introduce an indication from NW to UE to indicate which cell (e.g., PCI, SSB frequency, etc.) is the reference cell. With such new condition and agreement, the SSB of reference cell can also provide UE the coarse timing of target SSB-less SCell, and UE needs to refine the timing by using TRS/A-TRS, and therefore this is not that essential to define QCL typeC relation between reference cell and target SSB-less SCell. We propose following in this meeting:

Proposal 2: to adopt one of the following options, and both of them are acceptable to us:
To support the SSB-less SCell operation for inter-band CA for FR1 and co-located cells,
· Option 1: the RS of SCell without SSB is QCL-A with TRS of the SCell without SSB, and the TRS(s) of the SCell is (are) further QCL-TypeC with SSB(s) of an inter-band active serving cell.  
· Option 2: the RS of SCell without SSB is QCL-A with TRS of the SCell without SSB, and the TRS/A-TRS of the SCell without SSB can reuse the coarse timing from an inter-band reference cell.

Issue 1-2-5: TRS related
The agreement and remaining issues from last meeting are as followings:
	Issue 1-2-5: TRS related
FFS:
· Define FR1 inter-band SSB less activation requirements based on TRS.
· Define FR1 inter-band SSB less activation requirements based on A-TRS.



In our view, periodic TRS could be used for most of SSB-less SCell operations, e.g., L1 measurement and date channel reception, however, A-TRS can be used for SSB-less SCell activation, similar as in R17 (efficient SCell activation). Thus, we prefer to differentiate the TRS type for different SSB-less SCell operations.

Proposal 3: RAN4 to consider A-TRS for SSB-less SCell activation only, and to consider periodic TRS for all the other SSB-less SCell operations.

Issue 1-3-1: SCell activation requirements
The agreement and remaining issues from last meeting are as followings:
	· Proposals
· Option 1: Tactivation_time=3ms (CATT, CMCC, ZTE, SS, CTC, Nokia, Intel)
· Option 1a: RTD ≤ 260ns, Power difference within 6dB (CATT, CMCC, ZTE, SS)
· Option 1b: RTD ≤ 260ns, Power difference within 6dB, QCL indication (CTC)
· Option 1c: RTD ≤ 260ns (Nokia)
· Option 1d: Power difference within 6dB (Intel)
· Option 2: Tactivation_time is longer than 3 ms
· Option 2a: (CMCC)
· 260 ns ≤ RTD ≤ CP, Power difference within 6dB: T/F tracking 
· 260 ns ≤ RTD ≤ CP, Power difference larger 6dB: T/F tracking + AGC
· Option 2b: (Huawei)
· RTD ≤ CP, Power difference within 6dB: Tfirst_TRS +3 ms or Tfirst_ATRS+3 ms
· RTD ≤ CP, Power difference within 25dB: Tactivation_time is Tfirst_TRS + TTRS +3 ms or Tfirst_ATRS+Tgap + TATRS +3 ms.
· Option 2c: (CTC)
· RTD ≤ 260ns, Power difference larger than 6dB: TRS for timing tacking.
· Option 2d: (Vivo)
· RTD ≤ CP, known (reported one MR within a predefined period based on L3 CSI-RS): Tfirst_TRS +3 ms or Tfirst_ATRS+3 ms
· RTD ≤ CP, unknown: Tactivation_time is Tfirst_TRS + TTRS +3 ms or Tfirst_ATRS+Tgap + TATRS +3 ms.
· Option 2e (Apple)
· RTD ≤ CP, Power difference within 6dB: Tfirst_ATRS+Tgap + TATRS +3 ms
· Option 2f (QC)
· RTD ≤ CP: Two A-TRS bursts are expected for performing coarse AGC, fine AGC and fine timing. FFS : how to define gap between two bursts e.g) fixed gap or upper bound.



We think it’s feasible to use A-TRS for inter-band FR1 SSB-less SCell activation scenario 1 (as in proposal 3), however this A-TRS shall use the coarse timing and coarse AGC from another inter-band FR1 active serving cell. In our view, using A-TRS for inter-band FR1 unknown SCell activation enhancement shall follow the similar requirement as for FR1 intra-band unknown SCell fast activation, i.e., TFirstATRS + Tgap + TATRS + 5ms, which means UE still needs to do fine time tracking and fine AGC settling on the unknown SCell by using A-TRS, since UE may still use different RF chains for inter-band CCs. 
Proposal 4: use fast SCell Activation Delay Requirement for FR1(section 8.3.16 of TS38.133) as the baseline to specify the requirement for FR1 SSB-less SCell activation, 
· If RTD ≤ CP and Rx power difference within 9dB: Two A-TRSs are used for fine timing tracking and fine AGC settling, i.e., TFirstATRS + Tgap + TATRS + 5ms. Tgap can be same value as specified in section 8.3.16 of TS38.133.
In case TRS is agreed to use for the activation, we may not need Tgap since the TRS periodicity is at least 10ms and UE has sufficient time to process TRS. Thus, the activation requirement by using TRS can be: Tfirst_TRS + TTRS +5 ms.

Issue 1-6-2: Reference Cell indication 
The agreement and remaining issues from last meeting are as followings:
	Issue 1-6-2: Reference Cell indication 
Agreement:
· Introduce indication from NW to UE to indicate which cell (e.g., PCI, SSB frequency, etc.) is the reference cell. 
· RAN4 will define “by default cell” as reference cell if the indication is not provided.
· Reference cell means the timing and AGC source of SSB-less Cell.
· FFS whether to consider the reference cell and QCL source cell are different.
· Whether QCL is needed will be discussed in other issue.
· The details of the signalling is up to RAN2.
· If the reference cell is an SCell, it should be activated.
· RAN4 FFS the conditions for reference cell. (e.g. activated SCell)



The SCell without SSB means the target SCell needs to get timing/frequency/AGC information from another inter-band FR1 reference cell. Moreover, as agreed in last meeting, the inter-band reference cell and target SCell will have RTD and power difference limitation as side condition even though they are collocated. In order to determine the by-default reference cell, we need to consider different NR mode, e.g., EN-DC, or NR-DC, or NE-DC. RAN4 agreed that the reference cell shall be in the same TAG as target SSB-less SCell, as following:
	Issue 1-6-9: TAG
Agreement:
· No RRM requirements are specified if the SSB-less SCell is not configured in the same TAG as the reference serving cell.



In our view, if network does not provide reference cell to UE, then: if UE has NR FR1 SpCell as inter-band activated serving cell in the same TAG as target SSB-less SCell, then choose this SpCell. Otherwise, UE chooses any FR1 inter-band activated SCell in the same TAG as the target SSB-less SCell.
Proposal 5: if network does not indicate reference cell to UE for FR1 inter-band SSB-less SCell operation, the “by default cell” as reference cell is:
· NR SpCell if UE has active FR1 NR SpCell in the same TAG as target FR1 inter-band SSB-less SCell,
· Otherwise, any active NR FR1 SCell in the same TAG as target FR1 inter-band SSB-less SCell.
Regarding “FFS whether to consider the reference cell and QCL source cell are different”, based on proposal 2 option 2, if QCL relation cross different CCs is removed, RAN4 doesn’t need to consider such mismatch case. Even though the option 1 in proposal 2 is used, such mismatch case in our view makes no sense from both network and UE implementation perspective, and we think it’s not necessary to consider such error case.
Proposal 6: If option 1 in proposal 2 is adopted, not to consider the reference cell and QCL source cell are different.

Issue 1-6-3: UE capability
	Issue 1-6-4: UE capability
· Proposals
· Option 1: UE capability for SSBless SCell should be defined per band combo: (QC, Huawei, Ericsson, CMCC, SS)
· Option 1a: (Ericsson)
· RAN4 to agree to introduce UE capability to indicate which bands UE can support SSB less operation
· RAN4 to agree to introduce NW flag to further indicate in which bands SSB less operation will be configured
· RAN4 can send LS to RAN2 to introduce the UE capability signalling. 
· Option 1b: UE support SSB-less operation within 6dB received power difference or within 25dB received power difference. (Huawei, SS)
· Option 3: It is left to RAN2 to decide whether to reuse existing SCellwithoutSSB or introduce new signaling. (CATT)
· Option 4: The UE shall indicate the RTD or the set of RTD condition where applicable, so that network is aligned with UE on the expected behavior as well as the requirements it is supposed to meet. (Nokia)
· Option 5: For FR1 inter-band SSB-less SCell operation, the existing capability scellWithoutSSB can be expanded to cover the R18 FR1 inter-band CA case together with the FD separation, i.e., per-UE indication to support SSB-less SCell operation within a FD range (between reference CC and target SCC) (Apple)



In current RAN2 spec TS38.306, the capability of SSB-less SCell operation for intra-band CA case was defined as following,
	[image: ]
[image: ]



Similar as RAN2 understanding, in order to support FR1 inter-band SSB-less SCell, the existing capability scellWithoutSSB can be expanded to cover the R18 FR1 inter-band SSB-less SCell operation. In last meeting, some companies proposed that a UE capability for SSB-less SCell should be defined per BC where the band combination indicates the bands of reference cell and the SSB-less SCell. 
There might be some drawbacks for this solution: (1)without consideration for CC pair, UE may indicate to not support such SSB-less SCell operation as long as one pair of CCs on these two bands have large FD separation, even though the actual inter-band CCs for CA are adjacent to each other; (2) the capability definition will be complicated, e.g., for a combination of 3 bands (band 1 is left band, band 2 is middle band, and band 3 is right band), band 1 and band 3 CCs can operate without SSB only if band 2 CC is used as reference with SSB, it’s unclear if UE shall indicate support such 3 bands SSB-less SCell capability or not. We are flexible to discuss which way is more suitable for capability indication to maximize the benefit of such NW energy saving.
[image: ]
If majority companies would like to use per-BC capability indication, we think it would be more efficient to indicate such BC based on a specific reference cell/CC, and it can reduce overhead of indication of all possible combinations with all hypothetical reference cells. However, we also understand that, if the capability indicate is based on a reference cell, when the reference cell is changed dynamically, e.g., SCell is activated or deactivated by MAC CE, it would be not practical for UE to trigger capability indication so dynamic on RRC. Thus, one feasible way is to indicate thus UE capability as per FSPC (per carrier per band per band combination) but the hypothetical reference CCs for this indication can be based on the current configured serving CCs at UE. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal 7: adopt one of the follow alternatives for UE capability of SSB-less SCell operation, and both of them are acceptable to us.
· Alt 1: For FR1 inter-band SSB-less SCell operation, the existing capability scellWithoutSSB can be expanded to cover the R18 FR1 inter-band CA case together with the FD separation, i.e., per-UE indication to support SSB-less SCell operation within a FD range (between reference CC and target SCC). 
· Alt 2: UE capability for SSB-less SCell should be defined per FSPC. The BC indication can be based on the reference cell, which means UE only needs to indicate the bands combined with the reference cell CC.
· One example for the UE capability design is as in the annex.

Other newly identified issues

In the current discussion, 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 our view, as long as the target neighbor cell’s SSB is contained in the SSB-less SCell active BWP, it shall be treated as intra-frequency SSB measurement, but we are open for more discussion on this newly identified issue.
[image: ]
Since we are approaching the end of core part, if companies have concern to open new discussion, 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 8: If neighbor cells on carrier of SSB-less SCell have SSB transmission, the measurement for those neighbor cells shall be treated as intra-frequency measurement as long as the SSBs from those neighbor cells can be contained in the active BWP of SSB-less SCell. 
3. Conclusion
In this contribution, we discuss the RRM impact for NES feature.
Proposal 1: to adopt one of following alternatives for the side condition of Rx power difference:
· Alt 1 (consider the UE implementation only): use 9dB for power difference between reference cell and target SSB-less SCell, without any clarification on BW size difference, carrier frequency difference, and PSD at gNB Tx.
· If larger Rx power difference is assumed based on alt 1, then UE shall be allowed to have more samples for AGC settling on SSB-less SCell.
· Alt 2 (consider all aspects that impact the Rx power): use X=Y+6dB for difference between reference cell and target SSB-less SCell, Y is decided by the BW size difference, carrier frequency difference, and PSD difference at gNB Tx.
Proposal 2: to adopt one of the following options, and both of them are acceptable to us:
To support the SSB-less SCell operation for inter-band CA for FR1 and co-located cells,
· Option 1: the RS of SCell without SSB is QCL-A with TRS of the SCell without SSB, and the TRS(s) of the SCell is (are) further QCL-TypeC with SSB(s) of an inter-band active serving cell.  
· Option 2: the RS of SCell without SSB is QCL-A with TRS of the SCell without SSB, and the TRS/A-TRS of the SCell without SSB can reuse the coarse timing from an inter-band reference cell.
Proposal 3: RAN4 to consider A-TRS for SSB-less SCell activation only, and to consider periodic TRS for all the other SSB-less SCell operations.
Proposal 4: use fast SCell Activation Delay Requirement for FR1(section 8.3.16 of TS38.133) as the baseline to specify the requirement for FR1 SSB-less SCell activation, 
· If RTD ≤ CP and Rx power difference within 9dB: Two A-TRSs are used for fine timing tracking and fine AGC settling, i.e., TFirstATRS + Tgap + TATRS + 5ms. Tgap can be same value as specified in section 8.3.16 of TS38.133.
Proposal 5: if network does not indicate reference cell to UE for FR1 inter-band SSB-less SCell operation, the “by default cell” as reference cell is:
· NR SpCell if UE has active FR1 NR SpCell in the same TAG as target FR1 inter-band SSB-less SCell,
· Otherwise, any active NR FR1 SCell in the same TAG as target FR1 inter-band SSB-less SCell.
Proposal 6: If option 1 in proposal 2 is adopted, not to consider the reference cell and QCL source cell are different.
Proposal 7: adopt one of the follow alternatives for UE capability of SSB-less SCell operation, and both of them are acceptable to us.
· Alt 1: For FR1 inter-band SSB-less SCell operation, the existing capability scellWithoutSSB can be expanded to cover the R18 FR1 inter-band CA case together with the FD separation, i.e., per-UE indication to support SSB-less SCell operation within a FD range (between reference CC and target SCC). 
· Alt 2: UE capability for SSB-less SCell should be defined per FSPC. The BC indication can be based on the reference cell, which means UE only needs to indicate the bands combined with the reference cell CC.
· One example for the UE capability design is as in the annex.
Proposal 8: If neighbor cells on carrier of SSB-less SCell have SSB transmission, the measurement for those neighbor cells shall be treated as intra-frequency measurement as long as the SSBs from those neighbor cells can be contained in the active BWP of SSB-less SCell. 
References
[1] R4-2317405, WF on RRM requirements for NR network energy saving, Huawei, HiSilicon, RAN4 #108bis

Page 1
Draft prETS 300 ???: Month YYYY


Annex
	Features
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	42.
Netw_Energy_NR
	42-x
	FR1 Inter-band SSB-less SCell operation
	Support of SSB-less SCell operation for inter-band CA for FR1 and co-located cells
	
	Yes
	N/A
	UE does not support SSB-less SCell operation for inter-band CA for FR1 and co-located cells, and network cannot configure FR1 inter-band SSB-less SCell to the UE for CA.
	Per FSPC
	No
	FR1 only
	N/A
	UE is required to meet the RRM requirement of FR1 inter-band SSB-less SCell operations in TS38.133.
	Optional with capability signaling



image3.png
CC2 SSB timing can be used by CC1/3,
because the frequency separation is not big
between CC1 and CC2; CC2 and CC3

VRN

CC1 w/o CC2 with CC3 w/o
SSB SSB SSB

CC1 SSB timing can be used by CC2, but CC1
SSB timing cannot be used by CC3, because
the frequency separation is big between CC1

and CC3

. T

CC1 with CC2 w/o CC3 w/o
SSB SSB SSB




image4.png
Frequency

Neighbor cell SSB-less SCell

on SCC

without SSB
oh SCC





image1.png
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

cYy

N/A

N/A





image2.png
csi-RS-MeasSCellWithoutSSB

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.

FS

No

N/A

N/A





