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Introduction
At RAN4#110 meeting, the core part of the WI was further discussed but there are still some open issues as listed in the WF [1]. In this paper, we will continue the discussion on the leftover issues for SSB-less operation in FR1 inter-band co-located CA and the NES specific conditional handover. 
SSB-less operation
EPRE difference condition
On power difference, it was tentatively agreed to use EPRE difference at UE side as the side condition. It is understood the EPRE difference has filtered out the impact from BW difference and carrier frequency difference and can be used to reflect the feasibility of applying at least the coarse AGC from the reference cell to the SSB-less SCell. However, the threshold for the EPRE difference is still open with candidate options as below. 
	Issue 1-1-1: Power difference condition
Proposals:
· Option 1: keep “EPRE after pre-compensation for AGC” in the spec text. (Apple, Ericsson, Huawei, Nokia, Vivo, ZTE)
· 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 1c: 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, which excludes the uncertainty of power difference that caused by non-ideal UE compensation for AGC considering BW difference and carrier frequency difference between SSB-less SCell and the reference serving cell. (Vivo)
· Option 1d: The side condition of power difference can be captured as “post-power difference”, which is interpreted as 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. (ZTE)
· Option 2: No need to further clarify EPRE comparison whether it is performed after AGC. No need to capture in spec. (QC)


According to TS38.214, the NW transmitted EPRE for TRS is obtained from the SS/PBCH block downlink transmit power given by the parameter ss-PBCH-BlockPower and the powerControlOffsetSS which is provided in the NZP-CSI-RS resource configuration as below. In particular, powerControlOffsetSS provides the power offset of NZP CSI-RS RE to SSS RE and the value range is between -3dB to 6dB. For inter-band SSB-less SCell operation, as the EPRE difference is between the TRS on SSB-less SCell and SSB on reference cell, this would leave 3dB margin to the power difference on SSB between the SSB-less SCell and the reference cell if EPRE difference side condition is set to be within [9dB]. As receive power difference is considered within 6dB for intra-band SSB-less operation, 3dB margin for inter-band CA is too restricted for network implementation. We would suggest EPRE difference UE side within 12dB as the side condition for inter-band SSB-less operation and this is after pre-compensation for AGC.   
TS 38.214:
The downlink CSI-RS EPRE can be derived from the SS/PBCH block downlink transmit power given by the parameter ss-PBCH-BlockPower and CSI-RS power offset given by the parameter powerControlOffsetSS provided by higher layers if the SS/PBCH block is associated with serving cell PCI, or derived from ss-PBCH-BlockPower-r17 in SSBMTC-AdditionalPCI-r17 and powerControlOffsetSS provided by higher layers if the SS/PBCH block is associated with additional PCI different from serving cell PCI, where the CSI-RS is QCLed with the SS/PBCH block. The downlink reference-signal transmit power is defined as the linear average over the power contributions (in [W]) of the resourceelements that carry the configured CSI-RS within the operating system bandwidth.
    powerControlOffsetSS                ENUMERATED{db-3, db0, db3, db6}                 OPTIONAL,   -- Need R
Proposal 1: The requirements for inter-band SSB-less operation apply provided that [EPRE] difference at UE side is less than [12]dB after pre-compensation for AGC.

Reference cell determination
At RAN4#109, it was agreed to take the QCLtypeC source cell as the reference cell if the network does not explicitly indicate the reference cell. It is still open if there are more than one QCLtypeC source cells available. The following options were proposed in last meeting. 
	Issue 1-1-2: QCL/TCI indication and reference Cell determination
· Proposals
a) Option 1: No requirement for the case the TRS of the SSB-less Scell to be QCLed with multiple active Cells (MTK, QC, Vivo)
b) Option 2: No requirement is applied for the case of more than one QCLtypeC source cells and without Rel-18 network indication. (Apple, CMCC, Huawei, Nokia, ZTE)
· Option 2a: Do not consider the case where reference cell and QCL-typeC source cell are different when reference cell is indicated. (Nokia)
c) Option 3: For more than one QCL typeC source Cells without network indicated reference Cell: (Apple, Ericsson, Intel)
· Option 3a: The reference cell shall be the active serving cell who is QCL typeC with the ‘active TRS’ used for PDCCH reception at target SCell, i.e., TRS in the active TCI for PDCCH of target SCell. (Apple)
· Option 3b: When reference cell is not provided and multiple QCL type-C source cells are active, UE shall select cell which has highest signal quality such as L1/L3-RSRP as default cell. (Ericsson)
· Option 3c: UE is expected to select the best suitable reference cell among multiple QCL source cells when there are multiple QCL source cells and reference cell is not explicitly configured to the UE (Intel)


According to RAN1/2 specifications, one TRS may be configured with QCL relation with one or two DL reference signals in the same or different serving cells i.e. qcl-Type1 and qcl-Type2 as below, which are considered as the QCL source cells. Network knows how many QCL-typeC source cells have been configured hence is able to indicate explicitly the exact reference cell if there are more than one QCL-typeC source cells to the TRS. Although UE may also select one of the QCL-typeC source cells as the reference cell based on UE implementation, this is unknown to the network and may cause confusion especially if the SSB-less SCell activation does not succeed. It would be clearer for network to explicitly indicate the reference cell if there are more than one QCL-typeC source cell configured for the SSB-less SCell. 
TCI-State
The IE TCI-State associates one or two DL reference signals with a corresponding quasi-colocation (QCL) type.
TCI-State information element
-- ASN1START
-- TAG-TCI-STATE-START

TCI-State ::=                       SEQUENCE {
    tci-StateId                         TCI-StateId,
    qcl-Type1                           QCL-Info,
    qcl-Type2                           QCL-Info                                                    OPTIONAL,   -- Need R
    ...,
    [[
    additionalPCI-r17                   AdditionalPCIIndex-r17                                      OPTIONAL,   -- Need R
    pathlossReferenceRS-Id-r17          PathlossReferenceRS-Id-r17                                  OPTIONAL,   -- Cond JointTCI1
    ul-powerControl-r17                 Uplink-powerControlId-r17                                   OPTIONAL    -- Cond JointTCI
    ]],
    [[
    tag-Id-ptr-r18                      ENUMERATED {n0,n1}                                          OPTIONAL    -- Cond 2TA
    ]]
}

QCL-Info ::=                        SEQUENCE {
    cell                                ServCellIndex                                               OPTIONAL,   -- Need R
    bwp-Id                              BWP-Id                                                      OPTIONAL, -- Cond CSI-RS-Indicated
    referenceSignal                     CHOICE {
        csi-rs                              NZP-CSI-RS-ResourceId,
        ssb                                 SSB-Index
    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}

Proposal 2: Network is expected to explicitly indicate the reference cell if there are more than one QCL-typeC source cell configured for the SSB-less SCell. 
However, there may be ambiguity on which TRS to be used for SSB-less SCell activation in case of multiple TRSs. For instance, there are two TRSs configured on the SSB-less SCell, and each TRS is QCL-typeC with one of the SSBs in Cell1. Based on the agreement, Cell1 shall be considered as the default reference cell but UE also needs to know which TRS the UE shall monitor for activating the SSB-less SCell. 
· If A-TRS based SCell activation is considered, the network is supposed to indicate the A-TRS index in the enhanced SCell activation command following the R17 fast SCell activation procedure. The UE is able to know exactly which A-TRS to monitor when activating the SSB-less SCell.
· If P-TRS based SCell activation is considered, the enhanced SCell activation command currently does not support indicating the P-TRS index. It is also understood the UE is not able to measure TRSs before SCell activation. Hence we propose not considering the multiple TRSs cases and do not define the SCell activation delay requirement if multiple TRSs are configured in SSB-less SCell. 
Observation #1: There may be ambiguity on which TRS to be used for SSB-less SCell activation in case of multiple TRSs.
Proposal 3: 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. 

Intra-band NCCA 
In last meeting, there was proposal to reuse the SSB-less SCell activation delay requirement in FR1 inter-band CA for FR1 intra-band non-contiguous CA scenario. But there were some concerns on the RTD side condition i.e. RTD within CP.  
	Issue 1-3-1: Intra-band NCCA
Agreement:
Regarding FR1 intra-band NCCA with SSB-less operation, further study whether we can reuse or not the SSB-less activation delay requirement specified for FR1 inter-band CA.
The study does not impact the completion timeline of the WI. 


In previous discussion, RTD has been derived from the TAE and the propagation delay difference from the inter-band carries. We understood 260ns TAE is required only for intra-band contiguous carriers. But for intra-band non-contiguous carriers, we still follow TAE within 3us which is the same as inter-band CA. In addition, in TS38.133 clause 7.6.4.1, it already specifies the UE shall be able to handle up to 3us receive timing difference for intra-band non-contiguous carriers which is also derived from the 3us TAE. Therefore, we believe for FR1 intra-band non-contiguous CA, the SSB-less SCell activation delay requirement defined for FR1 collocated inter-band CA can apply with the same RTD side condition.  
TS 38.133 clause 7.6.4.1:
For intra-band contiguous CA, only co-located deployment is applied. For intra-band non-contiguous NR carrier aggregation, the UE not capable of [intraBandNRCA-NonCollocated-r18] shall be capable of handling at least a relative receive timing difference between slot timing of different carriers to be aggregated at the UE receiver as shown in Table 7.6.4-1 below.
Table 7.6.4-1: Maximum receive timing difference requirement for intra-band non-contiguous NR carrier aggregation
	Frequency Range
	Maximum receive timing difference (µs) 

	FR1
	31

	FR2-1
	0.26

	Note 1:	In the case of different SCS on different CCs, if the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.



Observation #2: 260ns TAE is assumed only for intra-band contiguous CA. 
Observation #3: For FR1 intra-band non-contiguous CA, UE shall be able to handle up to 3us receive timing difference which is derived from 3us TAE.
Proposal 4: 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.

Neighbor cell measurement
Another issue is about the neighbor cell measurement on the carrier of SSB-less SCell. There were different views on if it is treated as intra-frequency or inter-frequency measurements. In our understanding, the UE is not configured with with SSB configuration (absoluteFrequencySSB) nor SMTC configuration for the SSB-less SCell. As the SMTC configuration is per measurement object i.e. per carrier, the UE is not expected to measure the cells on this carrier. Hence we do not see the need to discuss the neighbor cell measurement on the carrier of SSB-less SCell. 
	Issue 1-3-2: Neighbor cells on carrier of SSB-less SCell.
· Proposals
· Option 1: If the neighbour cell’s SSB is contained in the active BWP of SSB-less Cell, it is treated as intra-frequency. (CMCC, ZTE)
· Option 2: If the neighbour cell’s SSB is contained in the active BWP of SSB-less Cell, it is treated as inter-frequency without gap. (Apple, Vivo)
· Option 3: No need to further discuss on neighbor cells on carrier of SSB-less SCell in R18 inter-band SSB less. (Huawei) 



Observation #4: SMTC configuration is per carrier and UE is not expected to measure the cells on this carrier.  
Proposal 5: Do not discuss the neighbor cell measurement on the carrier of SSB-less SCell.
NES-specific CHO
Measurement behaviour
In current specification, the measurement time delay for NES-based conditional handover is defined based on if the DCI 2-X command comes before or after TEvent_DU + Tidentify_intra_with_index. 
TS 38.133:
6.1.4.2.2	Measurement time
The measurement time delay is defined from the end of TEvent_DU until UE executes a handover to a target cell and interruption time starts.
For conditional intra-frequency handover, the measurement time delay measured without Time To Trigger (TTT) and L3 filtering shall be less than Tidentify intra with index or Tidentify_intra_without_index defined in clause 9.2.5.1 or clause 9.2.6.2. 
For conditional inter-frequency handover, the measurement time delay measured without Time To Trigger (TTT) and L3 filtering shall be less than Tidentify_inter_with_index or Tidentify_inter_without_index defined in clause 9.3.4 or clause 9.3.9.
For NES-based conditional intra-frequency handover:
-	If UE successfully decodes DCI 2-X command occurs earlier than TEvent_DU + Tidentify_intra_with_index or TEvent_DU + Tidentify_intra_without_index, then the measurement time delay equal to Tidentify_intra_with_index or Tidentify_intra_without_index
-	If UE successfully decodes DCI 2-X command occurs later than TEvent_DU + Tidentify_intra_with_index or TEvent_DU + Tidentify_intra_without_index, then the measurement time delay equals to the time from the end of Tevent_DU until UE successfully decodes DCI 2-X command.
For the case DCI 2-X command comes after TEvent_DU + Tidentify_intra_with_index, the UE is able to determine if the condition of NES-based CHO is met before receiving the DCI 2-X command. However, the CHO condition may vary from time to time and the NES-based CHO condition may or may not be met when receiving the DCI 2-X command. The NES-based CHO shall be executed only if the condition of NES-based CHO is met when receiving the DCI 2-X command. Otherwise, if the CHO condition has been met but is not any more fulfilled when receiving the DCI 2-X command, the UE shall not execute NES-based conditional handover. Instead, the UE may wait until the NES-based CHO is met again after receiving the DCI 2-X command. But if the network is indicating cell-off with DCI 2-X command, the UE may have to leave the cell as soon as possible hence initiating re-establishment procedure may be a better choice. We understood this is now under RAN2 discussion. RAN4 needs to wait for RAN2 conclusion and decides if defining the handover delay requirement for this case. We provide a tentative CR to clarify the conditions for measurement time delay in R4-2404375 [2].
Observation #5: For the case DCI 2-X command comes after TEvent_DU + Tidentify_intra_with_index, the NES-based CHO condition may or may not be met when receiving the DCI 2-X command.
Proposal 6: For the case DCI 2-X command comes after TEvent_DU + Tidentify_intra_with_index, the NES-based CHO shall be executed only if the condition of NES-based CHO is met when receiving the DCI 2-X command.
Proposal 7: RAN4 to wait for RAN2 conclusion and decides if defining the handover delay requirement if the CHO condition is not met when receiving the DCI 2-X command. 

Conclusion
 In this paper we have made the following proposals and observations related to the SSB-less SCell operation for inter-band CA for FR1 and co-located cells and NES-specific CHO:
Proposal 1: The requirements for inter-band SSB-less operation apply provided that [EPRE] difference at UE side is less than [12]dB after pre-compensation for AGC.
Proposal 2: Network is expected to explicitly indicate the reference cell if there are more than one QCL-typeC source cell configured for the SSB-less SCell. 
Observation #1: There may be ambiguity on which TRS to be used for SSB-less SCell activation in case of multiple TRSs.
Proposal 3: 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. 
Observation #2: 260ns TAE is assumed only for intra-band contiguous CA. 
Observation #3: For FR1 intra-band non-contiguous CA, UE shall be able to handle up to 3us receive timing difference which is derived from 3us TAE.
Proposal 4: 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.
Observation #4: SMTC configuration is per carrier and UE is not expected to measure the cells on this carrier.  
Proposal 5: Do not discuss the neighbor cell measurement on the carrier of SSB-less SCell.
Observation #5: For the case DCI 2-X command comes after TEvent_DU + Tidentify_intra_with_index, the NES-based CHO condition may or may not be met when receiving the DCI 2-X command.
Proposal 6: For the case DCI 2-X command comes after TEvent_DU + Tidentify_intra_with_index, the NES-based CHO shall be executed only if the condition of NES-based CHO is met when receiving the DCI 2-X command.
Proposal 7: RAN4 to wait for RAN2 conclusion and decides if defining the handover delay requirement if the CHO condition is not met when receiving the DCI 2-X command. 
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