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1. Introduction
Dynamic spectrum sharing (DSS) is introduced in Rel-17 with the objective of cross-carrier scheduling from SCell to P(S)Cell to ensure the sufficient scheduling capacity for NR UEs on the shared carriers [1]. · PDCCH enhancements for cross-carrier scheduling including [RAN1, RAN2]
· PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell
· [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

It is noted that some progress have been reached in RAN1 since from RAN1#102-e and the terminology of “sSCell” is used to denote the SCell configured with CCS (cross-carrier scheduling) to P(S)Cell. In the last RAN1#106-e, an LS has been sent to RAN2 from RAN1 on CCS from SCell to P(S)Cell with endorsed Stage 2 CR and list of RAN1 agreements [2]. In this contribution, we intend to provide some initial considerations on RAN2 impacts of this feature based on RAN1 progress in terms of configurations, sSCell RLM/RLF, BFR and deactivation/dormancy operations.
2. Discussion
2.1 Cross-carrier scheduling configurations
According to the RAN1#102-e agreements on the principle of scheduling combinations, we can observe that it is allowed to configure self-scheduling on P(S)Cell and cross-carrier scheduling from sSCell to P(S)Cell simultaneously to the UE. Agreements:
· Following scheduling combinations are allowed/not allowed when cross-carrier scheduling from an SCell to PCell/PSCell is configured
0. self-scheduling on PCell/PSCell is allowed
0. cross-carrier scheduling from PCell/PSCell to another SCell is not allowed
0. self-scheduling on the ‘SCell used for scheduling PCell/PSCell’ is allowed
0. cross-carrier scheduling from the ‘SCell used for scheduling PCell/PSCell’ to another serving cell is allowed
0. cross-carrier scheduling from another serving cell to the ‘SCell used for scheduling PCell/PSCell’ is not allowed

For P(S)Cell, the simultaneous configurations of self-scheduling and CCS from sSCell are also reflected in [2] as follows,
-	When cross-carrier scheduling from an SCell to PCell is configured, PDCCH on that SCell can schedule PCell’s PDSCH and PUSCH, and PDCCH on the PCell can also schedule PCell’s PDSCH and PUSCH, and PDCCH on PCell cannot schedule PDSCH and PUSCH on any other cell. Only one SCell can be configured to be used for cross-carrier scheduling to PCell
However there is legacy restriction that one serving cell can be only configured with either self-scheduling (i.e. “own”) or cross-carrier scheduling where it is scheduled by a PDCCH on another serving cell (i.e. “other”), which has reflected by the “choice” structure in the IE CrossCarrierSchedulingConfig in the following ASN.1. Regarding P(S)Cell configured by both self-secheduling and cross-carrier scheduling from sSCell simultaneously, the current “choice” structure of schedulingCellInfo cannot work anymore for the combined scheduling and it is possible to consider another choice by allowing configurations of both “own” and “other” for P(S)Cell when CCS from an sSCell to P(S)Cell is configured. One option is adding the third choice of “own and other” so that cif-Presence, schedulingCellId and cif-InSchedulingCell can be all available for this choice and the compatibility impact to legacy scheduling can be hence minimized. In this case, the CIF value for P(S)Cell self-scheduling can be set to “0” and explicitly configured by RRC.
Observation 1: The P(S)Cell can be configured with both self-scheduling by its own PDCCH and cross-carrier scheduling by PDCCH on the sSCell when CCS from an sSCell to P(S)Cell is configured,
Proposal 1a. A third choice of schedulingCellInfo other than “own” and “other” can be introduced to enable sSCell scheduling P(S)Cell in CrossCarrierSchedulingConfig.
Proposal 1b: For sSCell scheduling P(S)Cell, CIF value is set to 0 for P(S)Cell self-scheduling by explicit RRC configuration.
In addition, the restriction of only SCell which is allowed to be scheduled by a PDCCH on another serving cell should be lifted correspondingly when CCS from an sSCell to P(S)Cell is configured, e.g. in “other” and in “schedulingCellId”.
[bookmark: _Toc46439586][bookmark: _Toc46444423][bookmark: _Toc46487184][bookmark: _Toc52837062][bookmark: _Toc52838070][bookmark: _Toc53006710]–	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-r16            SEQUENCE {
        carrierIndicatorSizeDCI-1-2-r16        INTEGER (0..3),
        carrierIndicatorSizeDCI-0-2-r16        INTEGER (0..3)
    }                                                                                       OPTIONAL,  -- Cond CIF-PRESENCE
    enableDefaultBeamForCCS-r16         ENUMERATED {enabled}                                OPTIONAL  -- Need S
    ]]
}

-- TAG-CROSSCARRIERSCHEDULINGCONFIG-STOP
-- ASN1STOP

	CrossCarrierSchedulingConfig field descriptions

	carrierIndicatorSizeDCI-0-2, carrierIndicatorSizeDCI-1-2
Configures the number of bits for the field of carrier indicator in PDCCH DCI format 0_2/1_2. The field carrierIndicatorSizeDCI-0-2 refers to DCI format 0_2 and the field carrierIndicatorSizeDCI-1-2 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].

	enableDefaultBeamForCCS
This field indicates whether default beam selection for cross-carrier scheduled PDSCH is enabled, see TS 38.214 [19]. If not present, the default beam selection behaviour is not applied, i.e. Rel-15 behaviour is applied.

	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.



Proposal 1c: The restriction that only SCells can be scheduled by another scheduling cell in the RRC spec should be lifted when CCS from an sSCell to P(s)Cell is configured, e.g. in the field descriptions of “other” and “schedulingCellId”.
2.2 sSCell RLM/RLF operations
Currently radio link monitoring (RLM) is only allowed to be configured on the P(S)Cell for the purpose of radio link failure (RLF) detection. The UE is configured to monitor the downlink radio link quality of the P(S)Cell for indicating “out-of-sync/in-sync” status indications to the RRC layer. RLF is then declared for MCG and/or SCG cells based on the indications. With the introduction of sCell, the PDCCH of scheduling P(S)Cell can be transmitted on the sSCell, and thus it is necessary to revisit the RLM functionality for the robustness of sSCell given the fact that P(S)Cell is normally configured with limited PDCCH monitoring occasions when CCS from SCell is configured. According to the recent RAN1 progress on the PDCCH monitoring as follows, it can be seen that from the UE capability point, both USS sets can be configured on both P(S)Cell and sSCell for PDCCH monitoring and whether to support simultaneous monitoring depends on the UE Type A or Type B. However, the possibility of USS for (at least) non-fallback DCI configured only on sSCell has not be excluded and it is up to network implementation. In this case, provided that the non-fallback DCI scheduling PCell can be only transmitted on the sSCell, the radio link quality of the sSCell would be critical to the scheduling performance of PCell, and whether any optimization to the RLM on sSCell needs further discussions. 
However, one argument would be it can be left to sensible network implementation to always configure PDCCH monitoring at least for some DCIs on PCell and thus it can still count on RLM on PCell as in the legacy. Considering it is still unclear from the RAN1 progress and the very limited TU allocated for DSS in RAN2, we would think it is an optimization and deprioritized in RAN2 in view of the potential large spec impact.  Agreement
Two types of UEs (Type A and Type B) can support CCS from sSCell to P(S)Cell 
· For Type A UE
· At least following search space sets on P(S)Cell and search space sets on sSCell are configured so that the UE does not monitor them in overlapping [slot/symbol] of P(S)Cell and sSCell
· search space sets on P(S)Cell 
· USS sets for DCI formats 0_1,1_1,0_2,1_2 (if supported for Type A UE)
· USS sets for DCI formats 0_0,1_0
· Type3-CSS set(s) for DCI formats 1_0/0_0 with C-RNTI/CS-RNTI/MCS-C-RNTI 
· search space sets on sSCell 
· USS set(s) for scheduling P(S)Cell
· FFS: BD/CCE handling
· For Type B UE
· Following search space sets on P(S)Cell and search space sets on sSCell can be configured so that the UE monitors them in overlapping [slot/symbol] of P(S)Cell and sSCell
· search space sets on P(S)Cell 
· USS sets for DCI formats 0_0,1_0
· Type3-CSS set(s) for DCI formats 1_0/0_0 with C-RNTI/CS-RNTI/MCS-C-RNTI 
· search space sets on sSCell 
· USS set(s) for scheduling P(S)Cell
· For handling ‘USS sets for scheduling P(S)Cell’ on P(S)Cell and/or on sSCell for DCI formats 0_1,1_1,0_2,1_2
· Alt 2-1 is adopted
· There is no restriction on Type-0/0A/1/2-CSS sets configurations
· FFS: BD/CCE handling
· For Type A and/or Type B UE
FFS: switching to ‘normal’ PDCCH monitoring on P(S)Cell when sSCell is deactivated

Proposal 2: RAN2 considers RLM/RLF related improvement for sSCell can be deprioritized in Rel-17. 
2.3 sSCell and P(S)Cell BFR operations
NR also introduced the beam failure detection and recovery procedure to cope with the fluctuation of FR2 environment, and the UE is allowed to detect the beam failure indication from physical layer and initiate RA for PCell BFR and BFR MAC CE for SCell BFR. For PCell BFR, the UE is configured to monitor recoverySearchSpaceId for receiving the response and consider the BFR procedure completed, while for SCell BFR, the UE is expected to receive an uplink grant for the HARQ process used for transmission of the BFR MAC CE to consider the BFR procedure completed. Regarding the BFR of sSCell, provided the different potential direction of PCell BFR and SCell BFR, it is therefore necessary to consider which procedure is applied to recover the BFR detected on sSCell. As for BFR RA on P(S)Cell configured with CCS by sSCell, given that most USSs can be only configured on sSCell, whether it is necessary to move the BFR SS from P(S)Cell to sSCell needs RAN1’s inputs, which will also impact the BFR procedure in RAN2. From RAN2 point, we would prefer to minimize the MAC impact with respect to CCS from SCell to P(S)Cell, i.e. SCell BFR can be reused for sSCell and RA BFR can be reused for P(S)Cell as well. Even in case the BFR SS is configured on sSCell, the MAC procedure impact is minor and acceptable. 
Proposal 3a: For sSCell BFR, RAN2 considers SCell BFR can be reused for sSCell.
Proposal 3b: For P(S)Cell BFR configured with CCS by sSCell, RAN2 considers RA on P(S)Cell will be triggered upon P(S)Cell BFR is triggered, and whether to monitor BFR SS on either P(S)Cell or sSCell needs further input from RAN1. 
2.4 sSCell deactivation/dormancy operations
According to RAN1#104-e progress, it is agreed to support CA activation/deactivation operation for the sSCell. Agreement
· When CCS from sSCell to PCell/PSCell is configured, CA activation/deactivation operation for the sSCell is supported

In addition, sSCell dormancy operation was also agreed in RAN1#106-e meeting. Agreement
· Specification supports dormant BWP operation on sSCell for a UE is configured CCS from sSCell to P(S)Cell.

However, currently a SCell can be deactivated either by a configured sCellDeactivationTimer or SCell Activation/Deactivation MAC CE. PUCCH SCell is not allowed to be configured with sCellDeactivationTimer. When a SCell is deactivated, the UE shall stop monitoring PDCCH on all the BWPs of this SCell, which is similar to the sSCell dormancy. When it comes to the sSCell, how to handle the deactivated/dormant sSCell and the corresponding PCell in MAC needs further discussions in RAN2, based on further RAN1 progress. For instance, in order to avoid the scheduling performance degradation, any fallback mechanism for a replacement or PDCCH monitoring “switching” to the P(S)Cell when sSCell is deactivated or dormant is still discussion in RAN1. Agreement
· For Type A and/or Type B UE
FFS: switching to ‘normal’ PDCCH monitoring on P(S)Cell when sSCell is deactivated

Proposal 4: RAN2 considers sSCell deactivation and dormancy can be pending for RAN1 inputs.
3. Conclusions
In this contribution, we have provided an initial RAN2 impact analysis of cross-carrier scheduling from SCell to P(S)Cell and the following observations have been made serving as foundation of further RAN2 discussions. 

For cross-carrier scheduling configurations
Observation 1: The P(S)Cell can be configured with both self-scheduling by its own PDCCH and cross-carrier scheduling by PDCCH on the sSCell when CCS from an sSCell to P(S)Cell is configured,
Proposal 1a. A third choice of schedulingCellInfo other than “own” and “other” can be introduced to enable sSCell scheduling P(S)Cell in CrossCarrierSchedulingConfig.
Proposal 1b: For sSCell scheduling P(S)Cell, CIF value is set to 0 for P(S)Cell self-scheduling by explicit RRC configuration.
Proposal 1c: The restriction that only SCells can be scheduled by another scheduling cell in the RRC spec should be lifted when CCS from an sSCell to P(s)Cell is configured, e.g. in the field descriptions of “other” and “schedulingCellId”.

For sSCell RLM/RLF operations 
Proposal 2: RAN2 considers RLM/RLF related improvement for sSCell can be deprioritized in Rel-17. 

For sSCell and P(S)Cell BFR operations
Proposal 3a: For sSCell BFR, RAN2 considers SCell BFR can be reused for sSCell.
Proposal 3b: For P(S)Cell BFR configured with CCS by sSCell, RAN2 considers RA on P(S)Cell will be triggered upon P(S)Cell BFR is triggered, and whether to monitor BFR SS on either P(S)Cell or sSCell needs further input from RAN1. 
[bookmark: _GoBack]For sSCell deactivation/dormancy operations
Proposal 4: RAN2 considers sSCell deactivation and dormancy can be pending for RAN1 inputs.
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