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1. Introduction
At the RAN #86 meeting, new WID on NR Dynamic spectrum sharing (DSS) was agreed [1]. The work item has following objectives:
This work item is limited to FR1, and includes the following objectives for NR Dynamic Spectrum Sharing (DSS):
· PDCCH enhancements for cross-carrier scheduling including [RAN1, RAN2]
· PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell
· Study, and if agreed specify PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI
· The number of cells can be scheduled at once is limited to 2
· The increase in DCI size should be minimized
· [bookmark: _Hlk27038352]Note: The total PDCCH blind decoding budget should not be changed as a result of this work
· Note: These enhancements are not specific to DSS and are generally applicable to cross-carrier scheduling in carrier aggregation

In this contribution, we present our view on cross-carrier scheduling from SCell to P(S)Cell for Rel-17 NR DSS.

2. Cross-carrier scheduling for NR DSS
In Rel-15, dynamic spectrum sharing (DSS) was introduced to operate NR serving cell on overlapping frequency with LTE cell. DSS enables NW operators to provide NR service area together with current LTE area by reusing LTE frequency band. If the self-carrier scheduling is used for every serving cell in CA operation, the UE is required to monitor PDCCH on every serving cell. To reduce PDCCH monitoring effort and to increase available resources for PDSCH/PUSCH on some of serving cells, cross-carrier scheduling is supported in NR similar to LTE.
In general, the number of available PDCCH resources for NR UE on serving cell operating DSS is limited since NR resources have to avoid LTE resources (e.g. PDCCH, CRS) on the serving cell. In particular, only 1 or 2 symbols per slot may be available for NR PDCCH on the serving cell operating DSS. The current cross-carrier scheduling supports PDCCH on P(S)Cell/SCell scheduling PDSCH/PUSCH on SCell. In case that P(S)Cell for a UE is operating DSS, the limited PDCCH resources on P(S)Cell may be not enough to schedule PDSCH/PUSCH on P(S)Cell (and SCell(s)). Therefore, the Rel-17 DSS enhancement WI targets to support cross-carrier scheduling from SCell to P(S)Cell which is beneficial for PDCCH capacity and flexibility.

3. Candidate solution and discussion points
The applicability of cross-carrier scheduling is specified in TS 38.300 [2] and TS 38.331 [3] as follows:
[bookmark: _Toc20388018][bookmark: _Toc29376098][bookmark: _Toc37231995][bookmark: _Toc46502052]10.8	Cross Carrier Scheduling
Cross-carrier scheduling with the Carrier Indicator Field (CIF) allows the PDCCH of a serving cell to schedule resources on another serving cell but with the following restrictions:
-	Cross-carrier scheduling does not apply to PCell i.e. PCell is always scheduled via its PDCCH;
-	When an SCell is configured with a PDCCH, that cell’s PDSCH and PUSCH are always scheduled by the PDCCH on this SCell;
-	When an SCell is not configured with a PDCCH, that SCell’s PDSCH and PUSCH are always scheduled by a PDCCH on another serving cell;
-	The scheduling PDCCH and the scheduled PDSCH/PUSCH can use the same or different numerologies.


[bookmark: _Toc46439586][bookmark: _Toc46444423][bookmark: _Toc46487184]–	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 {                  -- Cross carrier scheduling: scheduling cell
            cif-Presence                            BOOLEAN
        },
        other                                   SEQUENCE {                  -- Cross carrier scheduling: scheduled cell
            schedulingCellId                        ServCellIndex,
            cif-InSchedulingCell                    INTEGER (1..7)
        }
    },
    ...,
    [[
    carrierIndicatorSize                SEQUENCE {
        carrierIndicatorSizeForDCI-Format1-2-r16        INTEGER (0..3), 
        carrierIndicatorSizeForDCI-Format0-2-r16        INTEGER (0..3)
    }                                                                                       OPTIONAL  -- Cond CIF-PRESENCE
    ]]
}

-- TAG-CrossCarrierSchedulingConfig-STOP
-- ASN1STOP

CrossCarrierSchedulingConfig field descriptions
carrierIndicatorSizeForDCI-Format0-2, carrierIndicatorSizeForDCI-Format1-2
Configures the number of bits for the field of carrier indicator in PDCCH DCI format 0_2/1_2. The field carrierIndicatorSizeForDCI-Format0-2 refers to DCI format 0_2 and the field carrierIndicatorSizeForDCI-Format1-2 refers to DCI format 1_2, respectively (see TS 38.212 [17], clause 7.3.1 and TS 38.213 [13], clause 10.1).
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]. If cif-Presence is set to true, the CIF value indicating a grant or assignment for this cell is 0.
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].
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. If drx-ConfigSecondaryGroup is configured in the MAC-CellGroupConfig associated with this serving cell, the scheduling cell and the scheduled cell belong to the same Frequency Range.

Conditional Presence
Explanation
CIF-PRESENCE
The field is mandatory present if the cif-Presence is set to true. The field is absent otherwise.



TS 38.300 describes that “Cross-carrier scheduling does not apply to PCell i.e., PCell is always scheduled via its PDCCH”. In TS 38.331, RRC parameter description of other in CrossCarrierSchedulingConfig describes that “The network configures this field only for SCells”. To support cross-carrier scheduling from SCell to P(S)Cell, at least we need to remove the restrictions from TS 38.300 and TS 38.331.
Proposal 1: 
· Remove restrictions related to cross-carrier scheduling applicability from TS 38.300 and TS 38.331.

With above modification of specifications, SCell can be a scheduling cell for P(S)Cell. On the other hand, there is another restriction on the configurability of common search space. Extending the configurability of common search space to SCell would require some considerations, while using P(S)Cell for common search space would be reasonable in terms of reliability based on better coverage performance. Therefore, the cross-carrier scheduling from SCell to P(S)Cell may need to be restricted to scheduling unicast data (in UE specific search space) only.
Observation 1: 
· The cross-carrier scheduling from SCell to P(S)Cell may need to be restricted to UE specific search space only.

The cross-carrier scheduling from SCell to P(S)Cell targets the scenario where PDCCH capacity of P(S)Cell is limited. In the current specifications, scheduling cell for a serving cell is semi-statistically configured by schedulingCellInfo. Therefore, when PDCCH capacity of P(S)Cell becomes sufficient and NW would like to change from cross-carrier scheduling to self-carrier scheduling for the P(S)Cell, RRC reconfiguration is necessary. One possible enhancement is to address this point, e.g., dynamic switching of scheduling cell for P(S)Cell or monitoring PDCCH on multiple scheduling cells such as SCell and P(S)Cell for the P(S)Cell.
Observation 2: 
· Possible enhancements for changing scheduling cell of P(S)Cell can be considered.

4. Conclusion
In this contribution, we discussed on how to support PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell for Rel-17 NR DSS. Based on the discussion, we made following proposal and observations.
Proposal 1: 
· [bookmark: _GoBack]Remove restrictions related to cross-carrier scheduling applicability from TS 38.300 and TS 38.331.
Observation 1: 
· The cross-carrier scheduling from SCell to P(S)Cell may need to be restricted to UE specific search space only.
Observation 2: 
· Possible enhancements for changing scheduling cell of P(S)Cell can be considered.
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