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Introduction
At RAN4#109 meeting, the core part of the WI was declared as completed and the BigCR was endorsed. However, there are still some open issues 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. 
Discussion
Reference cell
At last meeting, it was agreed to take the QCLtypeC source cell as the reference cell if the network does not explicitly indicate the reference cell. But there is still ambiguity if there are more than one QCLtypeC source cells available. 
	Issue 1-3-1: By default reference cell when the reference cell indication is not provided.
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Agreement: 
· For the case of one active QCLtypeC source cell, QCLtypeC source cell shall be the reference cell if the Rel-18 network indication is not provided.
Under the following contion:
· 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, and the inter-band active serving cell shall be same as the reference cell.
· For the case of more than one QCLtypeC source cells
a) Option 1: UE is not expected to handle the scenario that: 1) If there are more than one QCL source cells and 2) the Rel-18 network indication is not provided. 
b) Option 2: up to UE to decide
c) Option 3: No requirement is applied for the case of more than one QCLtypeC source cells and without Rel-18 network indication in Rel-18. 
d) Other option is not precluded. 


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. 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. 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 1: 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. 
In addition, it is FFS whether to consider the case where reference cell and QCL source cell are different. This case is not possible if network does not indicate the reference cell, as the QCL-typeC source cell is assumed as the default reference cell. Otherwise, if network explicitly indicates the reference cell, it is reasonable to assume the reference cell is aligned with one of the QCL-typeC source cell. There is no need to consider the case.
Proposal 2: Do not consider the case where reference cell and QCL-typeC source cell are different when reference cell is indicated. 

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 the coarse AGC from the reference cell to the SSB-less SCell. 
	Issue 1-1-2: Power difference conditions for scenario 1
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Agreement:
· The requirements apply provided that [EPRE] difference at UE side is less than [9] dB.
· EPRE difference is based on power difference between TRS symbol on SSB-less SCell and SSB symbol on reference cell
· Capture in the WF that RAN4 assumes that UE carries out pre-compensation for AGC considering [BW difference and carrier frequency difference].
· Further discuss whether/how to capture the EPRE after pre-compensation in the spec.


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 is provided in the NZP-CSI-RS resource configuration as below, where this IE 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 leaves 3dB margin to the power difference on SSB between the SSB-less SCell and the reference cell if EPRE difference side condition is within [9dB]. While for intra-band SSB-less operation, receive power difference is considered within 6dB, 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.   
    powerControlOffsetSS                ENUMERATED{db-3, db0, db3, db6}                 OPTIONAL,   -- Need R
Proposal 3: 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.

UE capability
A UE capability scellWithoutSSB has been defined for intra-band SSB-less operation. But it is not supported for inter-band CA. There was consensus to introduce a separate UE capability for FR1 inter-band CA [scellWithoutSSB-interband] but FFS on the capability type.
Issue 1-4-1: UE capability indication for inter-band SSB-less
· Proposals
· Option 1: Introduce per BC UE capability. 
· Option 2: Introduce per FS UE capability.
· Option 3: Introduce per FSPC UE capability. 
In addition to RTD, EPRE etc, we believe the frequency separation between inter-band carriers may also impact the feasibility of inter-band SSB-less operation. If the two bands are close enough, the difference on the propagation delay as well as the receive power could be quite small. Otherwise, the impact on RTD and receive power may not be ignored hence the timing from reference cell may not be reused for the SSB-less SCell. As it was agreed not to introduce any RF requirements relevant to the frequency separation, we may leave to UE to indicate the support of inter-band SSB-less operation per band combination. Network may configure the SSB-less operation on the band combination if they are collocated when receiving the UE capability. Hence, we would prefer introducing per BC UE capability. 
Proposal 4: Introduce per BC UE capability for supporting FR1 inter-band SSB-less operation. 
As the SCell activation delay requirements for SSB-less SCell are defined based on TRS and A-TRS separately, there was proposal to define another UE capability of supporting A-TRS based SSB-less operation [ATRS based SSB-less operation]. 
Issue 1-4-2: UE capability indication for A-TRS based inter-band SSB-less SCell activation
· Proposals
· Option 1: Define a per band UE capability: whether ATRS based inter-band SSB-less SCell activation is supported. 
As the fast SCell activation is taken as the baseline for SSB-less SCell activation, the UE capability for A-TRS based inter-band SSB-less SCell activation can follow the UE capability defined for fast SCell activation aperiodicCSI-RS-FastScellActivation. A per band UE capability can be defined for A-TRS based inter-band SSB-less SCell activation.
Proposal 5: Introduce per band UE capability for A-TRS based inter-band SSB-less SCell activation. 
In addition, RAN4 agreed to define both TRS and A-TRS based SCell activation delay requirements.  While we have been assuming taking R17 fast SCell activation as baseline, only A-TRS is supported for fast SCell activation. It is FFS if existing fast SCell activation mechanism can be applied to periodic TRS based SSB-less SCell activation, and if existing UE capability aperiodicCSI-RS-FastScellActivation can be reused for A-TRS based SSB-less operation. We would suggest sending LS to RAN2 informing the agreements on both TRS and A-TRS based SCell activation for inter-band SSB-less operation, and to check these issues.
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Agreement: 
· Define both TRS and A-TRS based SCell activation requirements
· For TRS based Scell activation, Tactivation_time = Tfirst_TRS + TTRS + [3 or 5] ms;
· TTRS is periodicity of the TRS.
· For A-TRS based Scell activation, Tactivation_time = Tfirst_ATRS+Tgap + TATRS +[3 or 5] ms;
· The applicable conditions are discussed in sub-topic 1-1.



Proposal 6: Send LS to RAN2 informing the agreements on both TRS and A-TRS based SCell activation for inter-band SSB-less operation, and ask RAN2 to check:
· if existing fast SCell activation mechanism can be applied to periodic TRS based SSB-less SCell activation, and
· if existing UE capability aperiodicCSI-RS-FastScellActivation can be reused for A-TRS based SSB-less operation.
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:
Proposal 1: 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. 
Proposal 2: Do not consider the case where reference cell and QCL-typeC source cell are different when reference cell is indicated. 
Proposal 3: 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 4: Introduce per BC UE capability for supporting FR1 inter-band SSB-less operation. 
Proposal 5: Introduce per band UE capability for A-TRS based inter-band SSB-less SCell activation. 	
Proposal 6: Send LS to RAN2 informing the agreements on both TRS and A-TRS based SCell activation for inter-band SSB-less operation, and ask RAN2 to check:
· if existing fast SCell activation mechanism can be applied to periodic TRS based SSB-less SCell activation, and
· if existing UE capability aperiodicCSI-RS-FastScellActivation can be reused for A-TRS based SSB-less operation.
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