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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK73][bookmark: OLE_LINK74]In RAN1#96bis meeting and email discussion [1], several issues were discussed including two aspects: one is about reducing SCell activation time and another is about efficient SCell management by providing some form of “dormancy-like behavior” for BWP operation. 
In this contribution these two aspects are further discussed.
[bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: _Ref129681832]Low latency SCell activation
From current specification in TS 38.213, TS 38.133 and TS 38.321, when a UE receives an activation command in a PDSCH for a SCell in slot , the SCell activation procedure starts at  and completes at the slot with valid CSI reported. The value of   is defined in RAN1 specification. The actions related to CSI reporting for the SCell being activated is started at . The CQI value of out of range should be reported in the CSI report before valid CSI for the SCell is available for the UE. According to RAN4 requirement for SCell activation delay defined in TS 38.133, a UE shall complete a SCell activation no later than n+ [THARQ + Tactivation_time + TCSI_Reporting], where THARQ is the timing between DL data transmission and acknowledgement corresponding to in described above. Tactivation_time includes the delay of MAC-CE parsing time, RF warm up, AGC setting and frequency/time synchronization. TCSI_reporting is the delay including uncertainty in acquiring the first available downlink CSI reference resource, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resources. The delay of MAC-CE parsing time is roughly 5ms.
Firstly, the Tactivation_time e defined in RAN4 can be summarized in Table 1 where TSMTC_SCell is the SMTC periodicity of SCell being activated and the value is 5ms~160ms, TSMTC_MAX is the longer SMTC periodicity between active serving cells and SCell being activated in case of intra-band SCell activation in FR1 and there is roughly 5ms delay of MAC-CE parsing time. As can be seen, TSMTC_SCell is the main component of Tactivation_time defined in RAN4.
[bookmark: _Ref4090859]Table 1 T_activation_time defined in RAN4
	　
	FR1
	FR2

	　
	SCell known
	SCell unknown
	at least one active serving cell on that FR2 band
	there is no active serving cell on that FR2 band 

	
	SCell measurement cycle =< 160 ms
	SCell measurement cycle > 160 ms
	
	
	

	Tactivation_time
	[TSMTC_SCell + 5ms]
	[TSMTC_MAX + TSMTC_SCell + 5ms]
	[2*TSMTC_MAX + 2*TSMTC_SCell + 5ms]
	[TSMTC_SCell + 5ms]
	[TBD* TSMTC_SCell + 5ms]



Secondly, compared with main component of Tactivation_time, delay of SCell activation command only takes a small portion of the overall SCell activation delay. For example, for a known cell with SCell measurement cycle less than 160 ms, the maximum total activation delay would be roughly THARQ + Tactivation_time + TCSI_Reporting = K1 + TSMTC_SCell + 5ms+ uncertainty in acquiring the first available downlink CSI reference resource+Z+ uncertainty in acquiring the first available CSI reporting resources=1ms + 20ms +5ms+4ms=30ms. The latency reduction by introducing L1 activation command compared with MAC-CE used in current network would be about 1~2 ms, which is far from a meaningful optimization from the total delay. For the case of SCell measurement cycle larger than 160 ms or unknown cell, the gain will be even smaller. Further if L1 based activation command is adopted, HARQ feedback needs also to be introduced in order to confirm the reception of activation command, similar as what has been widely used in LTE DL SPS release, then extra latency would be required. There is no obvious benefits to consider L1 based activation command.
Thirdly, in the current CSI framework, periodic CSI-RS (P-CSI), semi-persistent CSI-RS (SP-CSI) and aperiodic CSI-RS (A-CSI) resource can be configured (as well as periodic, semi-persistent and aperiodic CSI reporting). Among them, A-CSI resource triggering/reporting requires network has good knowledge for each UE to decide a proper activation timing, which is not really practical as the cell search and frequency/time tracking implementation are variable for different UEs. Simple P-CSI resource and periodic CSI reporting can be applied after SCell is configured in this case.
Based on the above, we have
Observation 1: During the SCell activation,
· SMTC periodicity is the main component;
· L1 based activation signaling through PDCCH does not seem to provide obvious benefit on latency;
· Periodic CSI-RS and periodic CSI reporting are simple process for frequency/time tracking, measurement and reporting. 
Taking LTE as a reference, the SCell activation start delay is 8 subframes and the largest activation processing delay for one normal SCell is 24~34 subframes. The activation processing delay would be about 3 to 4 times compared to the activation start delay. It is also noted that CRS symbols can be used to AGC setting, downlink frequency/time tracking and CSI measurement for SCell activation procedure in LTE. However, as SS/PBCH block symbols are not distributed over the whole system bandwidth and measured in close time interval as CRS symbols in NR, the measurement samples for AGC estimation and downlink timing reference will be less than LTE. That implies that SCell activation in NR may need more measurements symbols in the time domain to ensure the same accurate power gain estimation and timing accuracy.
In NR, the measurement samples for AGC estimation and downlink timing reference is mainly related to the SS/PBCH block measurement timing configuration (SMTC). Considering the cell-specific overhead, SMTC will probably not be configured with the minimum value. 20ms can be seen as a common configuration. Large period of SMTC will result in high latency cell search and time tracking. It should be noted that CSI-RS can also be used to frequency/time tracking for UE besides CSI measurement. And short period CSI-RS for tracking during SCell activation can help to reduce Tactivation_time.
Valid CSI report is the last procedure in SCell activation. TCSI_Reporting reflects the latency of this part processing and includes uncertainty in acquiring the first available downlink CSI reference resource, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resources. Thus the time interval of CSI reference resources and reporting resources would also impact on the SCell activation delay. 
Proposal 1: Short interval periodic CSI-RS resource and CSI reporting can be supported for low latency of SCell activation.
Efficient SCell management
In email discussion [1], for NR, when cross-carrier scheduling is not configured, the following additional implicit/explicit L1 signaling mechanisms which can enable fast adaptation from sparse/no PDCCH monitoring to more frequent PDCCH monitoring on the activated SCells are observed. 
· Potential additional L1 signalling mechanisms include 
· Using DCI on cell x to control PDCCH monitoring on SCell(s)
· Using DCI on cell x to control CSI measurements on SCell(s)
· Using DCI on cell x to switch between different configured BWPs on SCell(s)
· Using implicit association between triggering of active BWP switching on Pcell/scheduling cell and triggering of BWP switching on SCell(s).
For NR, when cross-carrier scheduling is configured, it is possible using Rel15 signaling to support activated SCells with no PDCCH monitoring on the SCell and with CSI measurement/reporting. Switching between cross-carrier and self-scheduling for activated SCells is based on RRC reconfiguration. And additional mechanisms such as per BWP configuration of cross-carrier scheduling can enable fast adaptation between cross-carrier and self-scheduling for activated SCells.
Cross-carrier scheduling
If cross-carrier scheduling is configured, the PDCCH monitoring parameters except the number of PDCCH candidates for the scheduled cell will follow the PDCCH monitoring parameters on the scheduling cell. Though the number of PDCCH candidate for scheduled cell can be configured as zero, it does not make sense to do this in order to enable cross-carrier scheduling operation. 
Regarding PDCCH monitoring, frequent PDCCH monitoring would be expected on the scheduling cell. Sparse/no PDCCH monitoring for the scheduled cell could not be applied based on current R15 search space configuration framework for cross-carrier scheduling in this case. Although there is no PDCCH monitoring on the scheduled cell, the PDCCH monitoring for the scheduled cell still exists. The effort for PDCCH monitoring for the scheduled cell is just transferred from scheduled cell to the scheduling cell. Furthermore, CSI measurement or other procedure of “dormancy-like behavior” in BWP on the scheduled SCell are still on operation. RF cannot be switched off for the scheduled cell. Then from UE perspective, the effect of “dormancy-like behavior” in BWP for the scheduled cell may not be significant.
Unless SearchSpace configuration for cross-carrier scheduling is optimized to support separate PDCCH monitoring parameter configuration for the scheduled cell, the same issue still exists even if per BWP configuration of cross-carrier scheduling is introduced.
Observation 2: Without search space configuration optimization for scheduled cell (e.g. separate PDCCH monitoring period), even if per BWP configuration of cross-carrier scheduling is introduced, the benefit of “dormancy-like BWP behaviour” for the SCell may not be significant.
Additional explicit L1 signalling
Self-scheduling by explicit L1 signalling for control of PDCCH monitoring or CSI measurements on SCell(s) can have various alternatives. It can be found that the PDCCH monitoring parameters are configured in SearchSpace within downlink BWP configuration. CSI measurement configuration is also associated to a BWP in CSI-ResourceConfig. Different BWPs can be configured with different PDCCH monitoring and CSI measurement parameters. Switch between different configured BWPs is an easy way to control both PDCCH monitoring and CSI measurement on SCells.
Observation 3: Switch between different configured BWPs can control both PDCCH monitoring and CSI measurement.
For simplicity, only PDCCH monitoring control on SCell(s) is considered in the following discussion. If a SCell is configured with two BWPs with sparse/no PDCCH monitoring and more frequent PDCCH monitoring respectively, L1 signaling sent on the SCell cannot support fast adaptation from sparse/no PDCCH monitoring BWP to more frequent PDCCH monitoring BWP, where ‘fast’ is estimated relative to the frequent PDCCH monitoring. Therefore, cross-carrier BWP switch indication is needed, which would require some new fields or new interpretation for existing fields for cross-carrier BWP switch indication in DCI. If BWP switch in multiple SCells needs to be supported, a bitmap for target BWP ID in different cells need also to be included. Considerable specification effort for this kind of DCI design are expected and related L1 signaling HARQ feedback also needs to be additionally specified. Other explicit L1 signaling for separate PDCCH monitoring control or CSI measurement control has similar issues.
Observation 4: For additional explicit L1 signalling, new DCI design of cross-carrier BWP switch or separate cross-carrier PDCCH monitoring/CSI measurement control is needed for fast adaptation from sparse/no PDCCH monitoring to more frequent PDCCH monitoring. 
Additional implicit L1 signalling
The intention of implicit L1signaling is to use existing L1 signaling in one cell to control operation on other cell(s) based on implicit association between different cells.
The following solution is kind of implicit L1 BWP switch signaling supporting cross-carrier BWP switch in different cells based on BWP bundle configuration. The meaning of BWP bundle can be seen as an association of BWPs in different cells. The BWP bundle can be configured by RRC as listed in Table 2. The first two BWPs (BWP1 and BWP2) configurations in the table are the current normal BWP configuration. The last row is the BWP bundle configuration in Cell 1.  The BWP bundle here represents an association between BWP2 on Cell 1 and BWP1 on Cell 2. And a BWP ID 3 is assigned to the special BWP bundle configuration.
Table 2 BWP bundle configuration
	Serving cell
	Feature
	BWP ID
	Indication
	Note

	Cell 1
	Rel-15 mechanism
	1
	BWP1 on Cell 1
	Normal BWP configuration on Cell 1

	
	
	2
	BWP2 on Cell 1
	Normal BWP configuration on Cell 1

	
	Proposed additional approach to Rel-15
	3
	A BWP bundle: BWP2 on Cell 1 and BWP1 on Cell 2
	BWP bundle configuration with new BWP ID corresponding to a BWP on Cell 1 and a BWP on other cell(Cell 2)



Based on above BWP bundle configuration, two main scenarios for in-and-out BWP sparse/no PDCCH monitoring are discussed.
Scenario 1: Enable fast adaptation from sparse/no PDCCH monitoring to more frequent PDCCH monitoring BWP 
Normal BWP to BWP bundle switching:



[bookmark: _Ref7511505]Figure 1 Implicit BWP switch with BWP bundle (case A)
It can be assumed that BWP2 is a BWP with no/sparse PDCCH monitoring and BWP 1 is a BWP with frequent PDCCH monitoring on Cell 2. Both BWP1 and BWP2 on Cell 1 are BWPs with frequent PDCCH monitoring. As illustrated in Figure 1, L1 BWP switch signalling is transmitted on Cell 1 indicating target BWP ID=3. According to BWP bundle with BWP ID=3 configuration above, active BWP on Cell 1 change to BWP2 and active BWP ID change to 3. The active BWP change from BWP2 to BWP1 on Cell 2 is implicitly triggered. Fast adaptation from sparse/no PDCCH monitoring to more frequent PDCCH monitoring BWP on Cell 2 is applied with BWP bundle configuration reusing existing L1 BWP switching signalling on Cell 1. Furthermore, BWPs in different cells can switch simultaneously by only one L1 BWP switch signalling, which can further increase transmission efficiency.

  
Figure 2 Implicit BWP switch with BWP bundle (case B)
As illustrated in Figure 2, if the BWP ID of the current active BWP on Cell 1 is the same as the BWP ID in the BWP bundle configuration for the cell, the actual active BWP Cell 1 is maintained on BWP2 but the active BWP ID is updated to 3. The BWP switch from BWP2 to BWP1 on Cell 2 is triggered by the implicit L1 BWP switching signaling on Cell 1. 
BWP bundle to normal BWP switching: 
After BWP switch according to BWP ID with BWP bundle, if necessary, the active BWP ID can be changed to normal BWP ID via a BWP switch on Cell 1 with target normal BWP ID (e.g. BWP =2). As shown in Figure 3,  a L1 BWP switch signaling with target BWP ID=2 can be transmitted on Cell 1 to update active BWP ID to normal BWP ID 2. This BWP switch signaling does not trigger BWP change on Cell 1 neither BWP change on Cell 2. The procedure of BWP ID recover is to prepare for the next BWP switch with BWP bundle.

 
[bookmark: _Ref7511518]Figure 3 Implicit BWP switch with BWP bundle (case C)
Scenario 2: Adaptation from more frequent PDCCH monitoring BWP to sparse/no PDCCH monitoring
This can be applied via legacy BWP switch signaling, e.g. L1 BWP switch signaling or bwp-InactivityTimer on each cell. Of course BWP switch with BWP bundle can also be applied to support fast simultaneously BWP switch.
Furthermore, if with proper BWP configuration, e.g. same RF related parameters for BWP1 and BWP2 on both Cell 1 and Cell 2, short BWP switch delay even zero delay could be expected.
Based on the above analysis, the following proposal is given:
Proposal 2: BWP switch with BWP bundle configuration can be supported for fast adaptation from sparse/no PDCCH monitoring to more frequent PDCCH monitoring.
Cross-carrier triggering PDCCH order
In current spec, PDCCH order can only be transmitted by DCI format 1_0. Cross-carrier PDCCH order transmission is not supported due to no carrier indicator field (CIF) in DCI format 1_0. In LTE, DCI format 1A is used for the random access procedure initiated by a PDCCH order. And CIF is present within DCI format 1A when it is mapped to USS. Therefore cross-carrier triggering PDCCH order can be supported in LTE.
In CA, when serving cells configured for a UE are in multiple TAGs, PDCCH order should be transmitted for SCell in TAG different from PCell. However, before a SCell is activated, PDCCH for the SCell is not monitored for the UE. PDCCH order can only be transmitted after the SCell is activated. The latency of UL timing alignment for the SCell would be increased. If cross-carrier triggering PDCCH order can be supported, PDCCH order for a SCell being activated can be transmitted on PCell to reduce the latency of UL timing alignment for the SCell.
If the UE is configured with the CIF for a given serving cell, the UE can use the CIF value from the detected "PDCCH order" to determine the serving cell for the corresponding random access preamble transmission.”
To enable PDCCH order for a different cell, CIF in DCI format for downlink scheduling is needed. To solve this issue, the following two options can be considered:
Option 1: When DCI format 1_0 is mapping to UE-specific search space, CIF can be included to support cross-carrier triggering PDCCH order.
Option 2: To support cross-carrier triggering PDCCH order by DCI format 1_1.
To align with the common understanding that the fields in fallback DCI scrambled with same RNTI, e.g. C-RNTI, are exactly the same between CSS and USS, Option 2 is preferred. Then the following proposal is given:
Proposal 3: Cross-carrier triggering PDCCH order by DCI format 1_1 should be supported.
Conclusion
According to the above discussions, we have the following observations and proposals:
Observation 1: During the SCell activation,
· SMTC periodicity is the main component;
· L1 based activation signaling through PDCCH does not seem to provide obvious benefit on latency;
· Periodic CSI-RS and periodic CSI reporting are simple process for frequency/time tracking, measurement and reporting. 
Observation 2: Without search space configuration optimization for scheduled cell (e.g. separate PDCCH monitoring period), even if per BWP configuration of cross-carrier scheduling is introduced, the benefit of “dormancy-like BWP behaviour” for the SCell may not be significant.
Observation 3: Switch between different configured BWPs can control both PDCCH monitoring and CSI measurement.
Observation 4: For additional explicit L1 signalling, new DCI design of cross-carrier BWP switch or separate cross-carrier PDCCH monitoring/CSI measurement control is needed for fast adaptation from sparse/no PDCCH monitoring to more frequent PDCCH monitoring. 
[bookmark: _GoBack]Proposal 1: Short interval periodic CSI-RS resource and CSI reporting can be supported for low latency of SCell activation.
Proposal 2: BWP switch with BWP bundle configuration can be supported for fast adaptation from sparse/no PDCCH monitoring to more frequent PDCCH monitoring.
Proposal 3: Cross-carrier triggering PDCCH order by DCI format 1_1 should be supported.
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Appendix A. RAN1 agreement of search-space configuration for cross-carrier scheduling
Agreements (RAN1#95): For the agreements made in RAN1#94bis as below:
· UE uses the same ID for linkage of the search spaces configured in scheduled and scheduling cell, and ignores the CORESET ID configured in the scheduled cell
RAN1 re-confirms the agreements, with further clarification as below:
· Number of candidates configured in search-space in scheduled cell apply to the search-space of the same index in scheduling cell. 
· Note: If only one BWP is configured on scheduled cell, then number of cross-carrier search-spaces is limited to 10 instead of 40
· noOfCandidates in SS set(s) of active BWP of the scheduled cell(s) is applied to the corresponding SS set(s) of active BWP of the scheduling cell(s)
· Note: this is the original RAN1 solution and concerns of RAN2 has been addressed 

Appendix B. cross-carrier scheduling configuration
[bookmark: _Toc5285274]–	CrossCarrierSchedulingConfig
The IE CrossCarrierSchedulingConfig is used to specify the configuration when the cross-carrier scheduling is used in a cell.
CrossCarrierSchedulingConfig information element
-- ASN1START
-- TAG-CrossCarrierSchedulingConfig-START

CrossCarrierSchedulingConfig ::=        SEQUENCE {
    schedulingCellInfo                      CHOICE {
        own                                     SEQUENCE {                  -- No cross carrier scheduling
            cif-Presence                            BOOLEAN
        },
        other                                   SEQUENCE {                  -- Cross carrier scheduling
            schedulingCellId                        ServCellIndex,
            cif-InSchedulingCell                    INTEGER (1..7)
        }
    },
    ...
}

-- TAG-CrossCarrierSchedulingConfig-STOP
-- ASN1STOP

	CrossCarrierSchedulingConfig field descriptions

	cif-Presence
The field is used to indicate whether carrier indicator field is present (value true) or not (value false) in PDCCH DCI formats, see TS 38.213 [13]. 

	cif-InSchedulingCell
The field indicates the CIF value used in the scheduling cell to indicate a grant or assignment applicable for this cell, see TS 38.213 [13]. If cif-Presence is set to true, the CIF value indicating a grant or assignment for this cell is 0.

	other
Parameters for cross-carrier scheduling, i.e., a serving cell is scheduled by a PDCCH on another (scheduling) cell. The network configures this field only for SCells.

	own
Parameters for self-scheduling, i.e., a serving cell is scheduled by its own PDCCH.

	schedulingCellId
Indicates which cell signals the downlink allocations and uplink grants, if applicable, for the concerned SCell. In case the UE is configured with DC, the scheduling cell is part of the same cell group (i.e. MCG or SCG) as the scheduled cell.



Appendix C. search-space configuration
[bookmark: _Toc5285407]–	SearchSpace
The IE SearchSpace defines how/where to search for PDCCH candidates. Each search space is associated with one ControlResourceSet. For a scheduled cell in the case of cross carrier scheduling, except for nrofCandidates, all the optional fields are absent.
SearchSpace information element
-- ASN1START
-- TAG-SEARCHSPACE-START

SearchSpace ::=                         SEQUENCE {
    searchSpaceId                           SearchSpaceId,
    controlResourceSetId                    ControlResourceSetId                                        OPTIONAL,   -- Cond SetupOnly
    monitoringSlotPeriodicityAndOffset      CHOICE {
        sl1                                     NULL,
        sl2                                     INTEGER (0..1),
        sl4                                     INTEGER (0..3),
        sl5                                     INTEGER (0..4),
        sl8                                     INTEGER (0..7),
        sl10                                    INTEGER (0..9),
        sl16                                    INTEGER (0..15),
        sl20                                    INTEGER (0..19),
        sl40                                    INTEGER (0..39),
        sl80                                    INTEGER (0..79),
        sl160                                   INTEGER (0..159),
        sl320                                   INTEGER (0..319),
        sl640                                   INTEGER (0..639),
        sl1280                                  INTEGER (0..1279),
        sl2560                                  INTEGER (0..2559)
    }                                                                                                   OPTIONAL,   -- Cond Setup
    duration                                INTEGER (2..2559)                                           OPTIONAL,   -- Need R
    monitoringSymbolsWithinSlot             BIT STRING (SIZE (14))                                      OPTIONAL,   -- Cond Setup
    nrofCandidates                          SEQUENCE {
        aggregationLevel1                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel2                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel4                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel8                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel16                      ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8}
    }                                                                                                   OPTIONAL,   -- Cond Setup
    searchSpaceType                         CHOICE {
        common                                  SEQUENCE {
            dci-Format0-0-AndFormat1-0              SEQUENCE {
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-0                           SEQUENCE {
                nrofCandidates-SFI                      SEQUENCE {
                    aggregationLevel1                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel2                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel4                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel8                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel16                      ENUMERATED {n1, n2}                         OPTIONAL    -- Need R
                },
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-1                           SEQUENCE {
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-2                           SEQUENCE {
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-3                           SEQUENCE {
                dummy1                  ENUMERATED {sl1, sl2, sl4, sl5, sl8, sl10, sl16, sl20}          OPTIONAL,   -- Cond Setup
                dummy2                  ENUMERATED {n1, n2},
                ...
            }                                                                                           OPTIONAL    -- Need R
        },
        ue-Specific                             SEQUENCE {
            dci-Formats                             ENUMERATED {formats0-0-And-1-0, formats0-1-And-1-1},
            ...
        }
    }                                                                                                   OPTIONAL    -- Cond Setup
}

-- TAG-SEARCHSPACE-STOP
-- ASN1STOP

	SearchSpace field descriptions

	common
Configures this search space as common search space (CSS) and DCI formats to monitor.

	controlResourceSetId
The CORESET applicable for this SearchSpace. Value 0 identifies the common CORESET#0 configured in MIB and in ServingCellConfigCommon. Values 1..maxNrofControlResourceSets-1 identify CORESETs configured in System Information or by dedicated signalling. The CORESETs with non-zero controResourceSetId locate in the same BWP as this SearchSpace.

	dummy1, dummy2
This field is not used in the specification. If received it shall be ignored by the UE.

	dci-Format0-0-AndFormat1-0
If configured, the UE monitors the DCI formats 0_0 and 1_0 according to TS 38.213 [13], clause 10.1.

	dci-Format2-0
If configured, UE monitors the DCI format 2_0 according to TS 38.213 [13], clause 10.1, 11.1.1.

	dci-Format2-1
If configured, UE monitors the DCI format 2_1 according to TS 38.213 [13], clause 10.1, 11.2.

	dci-Format2-2
If configured, UE monitors the DCI format 2_2 according to TS 38.213 [13], clause 10.1, 11.3.

	dci-Format2-3
If configured, UE monitors the DCI format 2_3 according to TS 38.213 [13], clause 10.1, 11.4

	dci-Formats
Indicates whether the UE monitors in this USS for DCI formats 0-0 and 1-0 or for formats 0-1 and 1-1.

	duration
Number of consecutive slots that a SearchSpace lasts in every occasion, i.e., upon every period as given in the periodicityAndOffset. If the field is absent, the UE applies the value 1 slot, except for DCI format 2_0. The UE ignores this field for DCI format 2_0. The maximum valid duration is periodicity-1 (periodicity as given in the monitoringSlotPeriodicityAndOffset).

	monitoringSlotPeriodicityAndOffset
Slots for PDCCH Monitoring configured as periodicity and offset. If the UE is configured to monitor DCI format 2_1, only the values 'sl1', 'sl2' or 'sl4' are applicable.  If the UE is configured to monitor DCI format 2_0, only the values ′sl1′, ′sl2′, ′sl4′, ′sl5′, ′sl8′, ′sl10′, ′sl16′, and ′sl20′ are applicable (see TS 38.213 [13], clause 10).

	monitoringSymbolsWithinSlot
The first symbol(s) for PDCCH monitoring in the slots configured for PDCCH monitoring (see monitoringSlotPeriodicityAndOffset and duration). The most significant (left) bit represents the first OFDM in a slot, and the second most significant (left) bit represents the second OFDM symbol in a slot and so on. The bit(s) set to one identify the first OFDM symbol(s) of the control resource set within a slot. If the cyclic prefix of the BWP is set to extended CP, the last two bits within the bit string shall be ignored by the UE .
For DCI format 2_0, the first one symbol applies if the duration of CORESET (in the IE ControlResourceSet) identified by controlResourceSetId indicates 3 symbols, the first two symbols apply if the duration of CORESET identified by controlResourceSetId indicates 2 symbols, and the first three symbols apply if the duration of CORESET identified by controlResourceSetId indicates 1 symbol.
See TS 38.213 [13], clause 10.

	nrofCandidates-SFI
The number of PDCCH candidates specifically for format 2-0 for the configured aggregation level. If an aggregation level is absent, the UE does not search for any candidates with that aggregation level. The network configures only one aggregationLevel and the corresponding number of candidates (see TS 38.213 [13], clause 11.1.1).

	nrofCandidates
Number of PDCCH candidates per aggregation level. The number of candidates and aggregation levels configured here applies to all formats unless a particular value is specified or a format-specific value is provided (see inside searchSpaceType). If configured in the SearchSpace of a cross carrier scheduled cell, this field determines the number of candidates and aggregation levels to be used on the linked scheduling cell (see TS 38.213 [13], clause 10).

	searchSpaceId
Identity of the search space. SearchSpaceId = 0 identifies the searchSpaceZero configured via PBCH (MIB) or ServingCellConfigCommon and may hence not be used in the SearchSpace IE. The searchSpaceId is unique among the BWPs of a Serving Cell. In case of cross carrier scheduling, search spaces with the same searchSpaceId in scheduled cell and scheduling cell are linked to each other. The UE applies the search space for the scheduled cell only if the DL BWPs in which the linked search spaces are configured in scheduling cell and scheduled cell are both active.

	searchSpaceType
Indicates whether this is a common search space (present) or a UE specific search space as well as DCI formats to monitor for.

	ue-Specific
Configures this search space as UE specific search space (USS). The UE monitors the DCI format with CRC scrambled by C-RNTI, CS-RNTI (if configured), and SP-CSI-RNTI (if configured)


[bookmark: _Hlk514219242]
	Conditional Presence
	Explanation

	Setup
	This field is mandatory present upon creation of a new SearchSpace. It is optionally present, Need M, otherwise.

	SetupOnly
	This field is mandatory present upon creation of a new SearchSpace. It is absent otherwise.



Appendix D. CSI-ResourceConfig
[bookmark: _Toc5285284][bookmark: _Hlk535242404]–	CSI-ResourceConfig
The IE CSI-ResourceConfig defines a group of one or more NZP-CSI-RS-ResourceSet, CSI-IM-ResourceSet and/or CSI-SSB-ResourceSet.
CSI-ResourceConfig information element
-- ASN1START
-- TAG-CSI-RESOURCECONFIG-START

CSI-ResourceConfig ::=      SEQUENCE {
    csi-ResourceConfigId        CSI-ResourceConfigId,
    csi-RS-ResourceSetList      CHOICE {
        nzp-CSI-RS-SSB              SEQUENCE {
            nzp-CSI-RS-ResourceSetList  SEQUENCE (SIZE (1..maxNrofNZP-CSI-RS-ResourceSetsPerConfig)) OF NZP-CSI-RS-ResourceSetId
                                                                                                                 OPTIONAL, -- Need R
            csi-SSB-ResourceSetList     SEQUENCE (SIZE (1..maxNrofCSI-SSB-ResourceSetsPerConfig)) OF CSI-SSB-ResourceSetId
                                                                                                                 OPTIONAL  -- Need R
        },
        csi-IM-ResourceSetList      SEQUENCE (SIZE (1..maxNrofCSI-IM-ResourceSetsPerConfig)) OF CSI-IM-ResourceSetId
    },

    bwp-Id                      BWP-Id,
    resourceType                ENUMERATED { aperiodic, semiPersistent, periodic },
    ...
}

-- TAG-CSI-RESOURCECONFIG-STOP
-- ASN1STOP

	CSI-ResourceConfig field descriptions

	bwp-Id
The DL BWP which the CSI-RS associated with this CSI-ResourceConfig are located in (see TS 38.214 [19], clause 5.2.1.2.

	csi-ResourceConfigId
Used in CSI-ReportConfig to refer to an instance of CSI-ResourceConfig.

	csi-RS-ResourceSetList
Contains up to maxNrofNZP-CSI-RS-ResourceSetsPerConfig resource sets if resourceType is 'aperiodic' and 1 otherwise (see TS 38.214 [19], clause 5.2.1.2).

	csi-SSB-ResourceSetList
List of SSB resources used for beam measurement and reporting in a resource set (see TS 38.214 [19], section 5.2.1.2).

	resourceType
Time domain behavior of resource configuration (see TS 38.214 [19], clause 5.2.1.2). It does not apply to resources provided in the csi-SSB-ResourceSetList.
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