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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
At RAN4#94e, activation delay requirements for activation of multiple SCells were discussed, and a way forward was agreed [1]. One of the open issues concerns the scaling factor to apply for cell detection time of unknown target cell in FR1.
In this contribution we are addressing the issue regarding the scaling factor.  
Discussion
Scaling factor for cell detection time of unknown target SCell

At RAN4#94e it was agreed that when more than one unknown SCell is activated, the cell detection time for each SCell is increased by N, where N is the number of unknown SCells that require cell detection hardware.

For SCells in FR2, it was further agreed that if an unknown SCell is to be activated and there already is a known cell or active serving cell in the FR2 band, the unknown SCell does not need cell detection hardware but can “inherit” timing from the known cell to-be-activated or an active cell.

For SCells in FR1, it was agreed to further study the support in the specifications for the same being applicable to contiguous intra-band scenarios where the unknown SCell to-be-added is contiguous in frequency to a known SCell to-be-activated or to an active serving cell. The background is that we have an agreement from RAN4#93 stating that if the receive time difference between the cell used as reference and the unknown target cell is less than or equal to 260ns, no searcher hardware is needed [3]. At RAN4#94e-Bis the issue was further discussed, without reaching a conclusion. The concern from some companies was that receive time difference between contiguous cells used in carrier aggregation would exceed 260ns.

Below we go through the support in the specifications that indicates that a UE can determine the timing of a SCell to be activated based on the timing of another serving within the same cell group. 

TS 38.133 specifies that for intra-band CA, only co-located deployment is considered:
7.6.4	Minimum Requirements for NR Carrier Aggregation
For intra-band CA, only co-located deployment is applied.
[…]


Observation 1: 	Aggregated intra-band cells are co-located (38.133 clause 7.6.4) and hence transmitted from the same site.

TS 38.104 specifies that for intra-band contiguous CA, transmission time alignment error between cells shall be less than or equal to 260ns: 
6.5.3	Time alignment error
[…]
6.5.3.2	Minimum requirement for BS type 1-C and BS type 1-H
[…]
For intra-band contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 260ns.
[…]
9.6.3	OTA time alignment error
[…]
9.6.3.2	Minimum requirement for BS type 1-O
[…]
For intra-band contiguous carrier aggregation, with or without MIMO, OTA TAE shall not exceed 260 ns.
[…]
9.6.3.3	Minimum requirement for BS type 2-O
[…]
For intra-band contiguous carrier aggregation, with or without MIMO, OTA TAE shall not exceed 130 ns.
[…]

Observation 2: 	The maximum allowed base station transmission time alignment error is less than or equal to 260ns for intra-band contiguous CA (38.104 clauses 6.5.3.2, 9.6.3.2).

Observation 1 and 2 together thus state that signals from two contiguous cells are recevied along the same propagation path, the receive time difference will be less than or equal to 260ns.

One concern that came up in the discussion was that the UE would not know how to translate the timing of the reference cell (contiguous active serving cell or contiguous known SCell to-be-activated). To start with, TS 38.331 states that for cell in the same cell group there is not only slot boundary alignment (which is considered when discussing MRTD), but also alignment on system frame level:
[bookmark: _Toc20425652][bookmark: _Toc29321048][bookmark: _Toc36756632][bookmark: _Toc36836173][bookmark: _Toc36843150][bookmark: _Toc37067439]5.2	System information
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System Information (SI) is divided into the MIB and a number of SIBs and posSIBs where:
[…]
--	For PSCell and SCells, the network provides the required SI by dedicated signalling, i.e. within an RRCReconfiguration message. Nevertheless, the UE shall acquire MIB of the PSCell to get SFN timing of the SCG (which may be different from MCG). Upon change of relevant SI for SCell, the network releases and adds the concerned SCell. For PSCell, the required SI can only be changed with Reconfiguration with Sync.
[…]
Observation 3: 	SFN alignment (on top of slot border alignment) is assumed for cells in the same cell group (MCG, SCG) (38.331 clause 5.2.1)

The SFN alignment means that it is clear to the UE, without reading the MIB of the SCell to-be-added, where to find the SSB burst. Next, regarding which SSB burst indexes that are used in a SCell, TS 38.331 specifies how this information is conveyed to the UE:
[bookmark: _Toc20425929][bookmark: _Toc29321325][bookmark: _Toc36757060][bookmark: _Toc36836601][bookmark: _Toc36843578][bookmark: _Toc37067867]6.3.2	Radio resource control information elements
			[…]
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The IE ServingCellConfigCommon is used to configure cell specific parameters of a UE's serving cell. The IE contains parameters which a UE would typically acquire from SSB, MIB or SIBs when accessing the cell from IDLE. With this IE, the network provides this information in dedicated signalling when configuring a UE with a SCells or with an additional cell group (SCG). It also provides it for SpCells (MCG and SCG) upon reconfiguration with sync.
ServingCellConfigCommon information element
-- ASN1START
-- TAG-SERVINGCELLCONFIGCOMMON-START

ServingCellConfigCommon ::=         SEQUENCE {
    physCellId                          PhysCellId                                                OPTIONAL,   -- Cond HOAndServCellAdd,
    downlinkConfigCommon                DownlinkConfigCommon                                      OPTIONAL,   -- Cond HOAndServCellAdd
    uplinkConfigCommon                  UplinkConfigCommon                                        OPTIONAL,   -- Need M
    supplementaryUplinkConfig           UplinkConfigCommon                                        OPTIONAL,   -- Need S
    n-TimingAdvanceOffset               ENUMERATED { n0, n25600, n39936 }                         OPTIONAL,   -- Need S
    ssb-PositionsInBurst                CHOICE {
        shortBitmap                         BIT STRING (SIZE (4)),
        mediumBitmap                        BIT STRING (SIZE (8)),
        longBitmap                          BIT STRING (SIZE (64))
    }                                                                                             OPTIONAL, -- Cond 
[…]

Observation 4: 	SSB indexes used in the target cell are prior known to the UE via RRC signalling at SCell addition. (38.331 clause 6.3.2)

Not all of the SSB indexes might be applicable to reception of PDCCH. TS 38.331 further specifies how a (sub-) set of TCI states may be associated to a PDCCH CORESET, and where further each TCI state may be associated with a SSB index in the SSB burst:

6.3.2	Radio resource control information elements
			[…]
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The IE ControlResourceSet is used to configure a time/frequency control resource set (CORESET) in which to search for downlink control information (see TS 38.213 [13], clause 10.1).
ControlResourceSet information element
-- ASN1START
-- TAG-CONTROLRESOURCESET-START

ControlResourceSet ::=              SEQUENCE {
    controlResourceSetId                ControlResourceSetId,

    frequencyDomainResources            BIT STRING (SIZE (45)),
    duration                            INTEGER (1..maxCoReSetDuration),
    cce-REG-MappingType                 CHOICE {
        interleaved                         SEQUENCE {
            reg-BundleSize                      ENUMERATED {n2, n3, n6},
[bookmark: _Hlk514758623]            interleaverSize                     ENUMERATED {n2, n3, n6},
            shiftIndex                          INTEGER(0..maxNrofPhysicalResourceBlocks-1)       OPTIONAL -- Need S
        },
        nonInterleaved                      NULL
    },
    precoderGranularity                 ENUMERATED {sameAsREG-bundle, allContiguousRBs},
    tci-StatesPDCCH-ToAddList           SEQUENCE(SIZE (1..maxNrofTCI-StatesPDCCH)) OF TCI-StateId OPTIONAL, -- Cond NotSIB1-initialBWP
    tci-StatesPDCCH-ToReleaseList       SEQUENCE(SIZE (1..maxNrofTCI-StatesPDCCH)) OF TCI-StateId OPTIONAL, -- Cond NotSIB1-initialBWP
[…]
[…]
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The IE SSB-Index identifies an SS-Block within an SS-Burst. See TS 38.213 [13], clause 4.1.
SSB-Index information element
-- ASN1START
-- TAG-SSB-INDEX-START

SSB-Index ::=                       INTEGER (0..maxNrofSSBs-1)

-- TAG-SSB-INDEX-STOP
-- ASN1STOP
[…]
–	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
    ...
}

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},
    ...
}

-- TAG-TCI-STATE-STOP
-- ASN1STOP
[…]
[bookmark: _Toc20426128][bookmark: _Toc29321524][bookmark: _Toc36757313][bookmark: _Toc36836854][bookmark: _Toc36843831][bookmark: _Toc37068120]–	TCI-StateId
The IE TCI-StateId is used to identify one TCI-State configuration.
TCI-StateId information element
-- ASN1START
-- TAG-TCI-STATEID-START

TCI-StateId ::=                     INTEGER (0..maxNrofTCI-States-1)

-- TAG-TCI-STATEID-STOP
-- ASN1STOP
[…]

Observation 5: 	Mapping between TCI state and associated SSB index for PDCCH is known beforehand via RRC signalling e.g. at SCell addition. There may be multiple TCI states (38.331 clause 6.3.2)

The exit criterion for the SCell activation according to the MAC specification TS 38.321 includes that the UE is monitoring PDCCH on the SCell. For the UE to know which TCI state to use when monitoring PDCCH, a TCI state indication from the network is needed. TS 38.321 describes how this indication is provided to the UE: 

[bookmark: _Toc29239867][bookmark: _Toc37296229]5.18.5	Indication of TCI state for UE-specific PDCCH
The network may indicate a TCI state for PDCCH reception for a CORESET of a Serving Cell or a CC list by sending the TCI State Indication for UE-specific PDCCH MAC CE described in clause 6.1.3.15.
The MAC entity shall:
1>	if the MAC entity receives a TCI State Indication for UE-specific PDCCH MAC CE on a Serving Cell:
2>	indicate to lower layers the information regarding the TCI State Indication for UE-specific PDCCH MAC CE.
[…]
[bookmark: _Toc29239893][bookmark: _Toc37296292]6.1.3.15	TCI State Indication for UE-specific PDCCH MAC CE
The TCI State Indication for UE-specific PDCCH MAC CE is identified by a MAC subheader with LCID as specified in Table 6.2.1-1. It has a fixed size of 16 bits with following fields:
-	Serving Cell ID: This field indicates the identity of the Serving Cell for which the MAC CE applies. The length of the field is 5 bits. If the indicated serving cell is configured as part of a CC-list as specified in TS 38.331 [5], this MAC CE applies to all the CCs in the CC list;
-	CORESET ID: This field indicates a Control Resource Set identified with ControlResourceSetId as specified in TS 38.331 [5], for which the TCI State is being indicated. In case the value of the field is 0, the field refers to the Control Resource Set configured by controlResourceSetZero as specified in TS 38.331 [5]. The length of the field is 4 bits;
-	TCI State ID: This field indicates the TCI state identified by TCI-StateId as specified in TS 38.331 [5] applicable to the Control Resource Set identified by CORESET ID field. If the field of CORESET ID is set to 0, this field indicates a TCI-StateId for a TCI state of the first 64 TCI-states configured by tci-States-ToAddModList and tci-States-ToReleaseList in the PDSCH-Config in the active BWP. If the field of CORESET ID is set to the other value than 0, this field indicates a TCI-StateId configured by tci-StatesPDCCH-ToAddList and tci-StatesPDCCH-ToReleaseList in the controlResourceSet identified by the indicated CORESET ID. The length of the field is 7 bits.


Figure 6.1.3.15-1: TCI State Indication for UE-specific PDCCH MAC CE
Observation 6: 	In case of multiple TCI states are configured for PDCCH, the gNB provides a TCI state indication to the UE (38.321 clause 5.18.5), by which the UE gets informed on which SSB index it is to receive at completion of the FR1 SCell activation.

Observations 1 – 3 show that system frame borders of intra-band contiguous serving cells are received within 260ns from each other when the same propagation path is assumed. Observation 4 – 6 show that even if different SSB indexes are used for the same Tx beam in the different cells, the UE can determine which SSB index to receive, and where in time to receive it, for the unknown SCell to-be-activated. It is the responsibility of the network that side conditions on propagation path in each respective cell is fulfilled – whether common Tx beam or same Tx beams are assumed. We can further discuss how to capture this.

We make the following proposal regarding the scaling factor N for activation of unknown SCell in FR1: 

Proposal 1:  An unknown SCell in FR1 that is contiguous to an active serving cell, or to a known SCell being activated by the same MAC PDU, is not accounted for in, or scaled by, N when either of the following is fulfilled:
· A single SSB is used in the unknown SCell
· Multiple SSBs are used in the unknown SCell, and TCI state indication for PDCCH is provided by the same MAC PDU used for SCell activation
Otherwise the SCell is accounted for in, and scaled by, N.
Summary and Conclusion
In this contribution we have provided further input to the discussion on activation of multiple SCells and particularly the issue about the scaling factor N.
The following observations and proposal are made:
Observation 1: 	Aggregated intra-band cells are co-located (38.133 clause 7.6.4) and hence transmitted from the same site.

Observation 2: 	The maximum allowed base station transmission time alignment error is less than or equal to 260ns for intra-band contiguous CA (38.104 clauses 6.5.3.2, 9.6.3.2).

Observation 3: 	SFN alignment (on top of slot border alignment) is assumed for cells in the same cell group (MCG, SCG) (38.331 clause 5.2.1)

Observation 4: 	SSB indexes used in the target cell are prior known to the UE via RRC signalling at SCell addition. (38.331 clause 6.3.2)

Observation 5: 	Mapping between TCI state and associated SSB index for PDCCH is known beforehand via RRC signalling e.g. at SCell addition. There may be multiple TCI states (38.331 clause 6.3.2)

Observation 6: 	In case of multiple TCI states are configured for PDCCH, the gNB provides a TCI state indication to the UE (38.321 clause 5.18.5), by which the UE gets informed on which SSB index it is to receive at completion of the FR1 SCell activation.

Proposal 1:  An unknown SCell in FR1 that is contiguous to an active serving cell, or to a known SCell being activated by the same MAC PDU, is not accounted for in, or scaled by, N when either of the following is fulfilled:
· A single SSB is used in the unknown SCell
· Multiple SSBs are used in the unknown SCell, and TCI state indication for PDCCH is provided by the same MAC PDU used for SCell activation
Otherwise the SCell is accounted for in, and scaled by, N.
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