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1. Introduction
RAN2 has received an LS from RAN1 on cross-carrier scheduling [1]. The LS asks RAN2 to discuss how the UE knows the number of PDCCH candidates for each scheduled cell in case of cross-carrier scheduling. This paper attempts to provide the possible alternatives and the solution direction to reply to the LS.
2. Discussion
2.1. Background
In case of cross carrier scheduling, PDCCH is transmitted on the scheduling cell. it might be thought that the number of PDCCH candidates configured for the scheduling cell can be used for both own carrier and cross carrier scheduling. On the other hand, the total number of PDCCH candidates that UE can monitor is limited according to the UE capability. Thus, if cross carrier scheduling is enabled, the number of PDCCH candidates has to be configured for the own carrier and the cross carrier respectively, so that the total number of PDCCH candidates does not exceed the UE capability.
Observation 1:	In case of cross-carrier scheduling, the number of PDCCH candidates needs to be configured for own carrier scheduling and cross carrier scheduling respectively, so that the total number of PDCCH candidates monitored by the UE does not exceed the UE capability.
2.2. Solutions without ASN.1 change
According to the RAN1 LS, RAN1 understands that the UE can learn the number of PDCCH candidates for each scheduled cell even with the existing L1 configuration via RRC as shown below [1].
-	Search space with ID#s configuration configured on a BWP of a scheduled cell is used to determine the number of PDCCH candidate(s) for each aggregation level monitored in a search space with ID#s of a BWP of the scheduling cell for the BWP of the scheduled cell.
Figure 1 illustrates an example of the above search space setting. For illustration purpose, each search space configures one aggregation level, whilst the specification supports to configure multiple aggregation levels per search space. Besides the scheduling cell where PDCCH is transmitted in case of cross-carrier scheduling, search spaces are configured on scheduled cell as well, although PDCCH is not transmitted on the scheduled cell. The number of search spaces and search space IDs configured for each BWP are consistent between the scheduling cell and scheduled cell. For each search space with the same ID, the parameter setting is the same for the scheduling cell and the scheduled cell, except for the number of PDCCH candidates per aggregation level. By doing this, Observation 1 can be achieved.


Figure 1:	Solution without ASN.1 change
There is another alternative not requiring ASN.1 change, which was discussed in the last RAN1 meeting as well. As illustrated Figure 2, all the search spaces for own carrier and cross carrier scheduling are configured on scheduling cell. Search space ID is utilised to distinguish the configuration for own carrier scheduling from the one for cross carrier scheduling. To do this, the specification needs to specify static ID space separation for own carrier and cross carrier scheduling. In the example of Figure 2, search space IDs from #0 to #27 are assigned for own carrier scheduling and the others (i.e. #28 to #39) are assigned for cross carrier scheduling.


Figure 2:	Alternative solution without ASN.1 change
For solutions without ASN.1 change, the following can be observed:
Observation 2:	The number of PDCCH candidates for cross carrier scheduling can be configured even with the existing ASN.1, although a rule to configure search spaces (or ID space separation) has to be understood and so should be described somewhere in the spec.
2.3. Solution with ASN.1 change
To configure the number of PDCCH candidates for cross carrier scheduling, the RAN1 LS asks RAN2 if it can be done by extending ASN.1 as shown below.
-	Otherwise, RAN1 would like to know whether it is possible to realize previous RAN1 conclusion by modifying the ASN.1, e.g., update of crossCarrierSchedulingConfig, PDCCH-Config, SearchSpace, etc.
-	If not possible, RAN1 will discuss further on how to handle.
If ASN.1 is allowed to extend, an intuitive approach is to include search space IDs into CrossCarrierSchedulingConfig. For this case, SearhSpace itself is configured on the scheduling cell (via PDCCH-Config). The ASN.1 change is limited with CrossCarrierSchedulingConfig IE and does not affect to the other IE. An example of ASN.1 change is shown in section 5.2 in this paper. Alternatively, another field to indicate the number of PDCCH candidates (i.e. nrofCandidates) is added into SearchSpace for cross carrier scheduling. However, SearchSpace itself cannot be extended (i.e. no ellipsis except for DCI specific fields) and so the extension has to be done from the top level, i.e. SearchSpace-v15xy is added into PDCCH-Config. Since the latter approach requires larger ASN.1 impacts, the former approach (i.e. extension within CrossCarrierSchedulingConfig) seems desirable.
Observation 3:	If ASN.1 is allowed to extend, search space IDs used for cross carrier scheduling are added into CrossCarrierSchedulingConfig IE as backward compatible.
3. Summary and proposal
To reply to RAN1 LS on cross carrier scheduling, this paper discussed possible solutions and found the following observations.
Observation 1:	In case of cross-carrier scheduling, the number of PDCCH candidates needs to be configured for own carrier scheduling and cross carrier scheduling respectively, so that the total number of PDCCH candidates monitored by the UE does not exceed the UE capability.
Observation 2:	The number of PDCCH candidates for cross carrier scheduling can be configured even with the existing ASN.1, although a rule to configure search spaces (or ID space separation) has to be understood and so should be described somewhere in the spec.
Observation 3:	If ASN.1 is allowed to extend, search space IDs used for cross carrier scheduling are added into CrossCarrierSchedulingConfig IE as backward compatible.
Based on these observations, the last issue to decide is which solution (with or w/o ASN.1 change) RAN2 prefers to select. As now is the late stage of Rel-15 standardisation, it is desirable if the issue can be fixed without ASN.1 change. In conclusion, the following is proposed.
Proposal:	RAN2 confirms that proper L1 configuration by the September version of ASN.1 enables the UE to know the number of PDCCH candidates for cross carrier scheduling (i.e. no ASN.1 change is needed for this purpose).
If needed, how the search spaces should be configured for cross-carrier scheduling is clarified in the relevant field description as shown in section 5.1 in this paper.
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5. Specification impacts
5.1.	Solution without ASN.1 change (explained in RAN1 LS [1])
[bookmark: _Toc510018640]–	PDCCH-Config
The PDCCH-Config IE is used to configure UE specific PDCCH parameters such as control resource sets (CORESET), search spaces and additional parameters for acquiring the PDCCH. 
PDCCH-Config information element
-- ASN1START
-- TAG-PDCCH-CONFIG-START

PDCCH-Config ::= 					SEQUENCE {
	controlResourceSetToAddModList		SEQUENCE(SIZE (1..3)) OF ControlResourceSet 						OPTIONAL,	-- Need N
	controlResourceSetToReleaseList		SEQUENCE(SIZE (1..3)) OF ControlResourceSetId						OPTIONAL,	-- Need N
	searchSpacesToAddModList			SEQUENCE(SIZE (1..10)) OF SearchSpace								OPTIONAL,	-- Need N
	searchSpacesToReleaseList			SEQUENCE(SIZE (1..10)) OF SearchSpaceId								OPTIONAL,	-- Need N
	downlinkPreemption					SetupRelease { DownlinkPreemption }									OPTIONAL,	-- Need M
[bookmark: _Hlk508633395]	tpc-PUSCH							SetupRelease { PUSCH-TPC-CommandConfig }							OPTIONAL,   -- Need M
	tpc-PUCCH							SetupRelease { PUCCH-TPC-CommandConfig }							OPTIONAL,   -- Cond PUCCH-CellOnly
	tpc-SRS								SetupRelease { SRS-TPC-CommandConfig}								OPTIONAL,	-- Need M
	...
}

-- TAG-PDCCH-CONFIG-STOP 
-- ASN1STOP

	PDCCH-Config field descriptions

	controlResourceSetToAddModList
List of UE specifically configured Control Resource Sets (CORESETs) to be used by the UE. The network configures at most 3 CORESETs per BWP per cell (including UE-specific and common CORESETs).

	downlinkPreemption
Configuration of downlink preemtption indications to be monitored in this cell. Corresponds to L1 parameter 'Preemp-DL' (see 38.214, section 11.2) 
FFS_RAN1: LS R1-1801281 indicates this is "Per Cell (but association with each configured BWP is needed)" => Unclear, keep on BWP for now.

	searchSpacesToAddModList
List of UE specifically configured Search Spaces. The network configures at most 10 Search Spaces per BWP per cell (including UE-specific and common Search Spaces). In case of cross carrier scheduling, search spaces are configured for both the scheduling cell and the scheduled cell. the search spaces configured for the scheduled cell are the same as the ones configured for the scheduling cell.

	

	tpc-PUCCH
Enable and configure reception of group TPC commands for PUCCH

	tpc-PUSCH
Enable and configure reception of group TPC commands for PUSCH

	tpc-SRS
Enable and configure reception of group TPC commands for SRS



	Conditional Presence
	Explanation

	PUCCH-CellOnly
	The field is optionally present, Need M, for the PDCCH-Config of an SpCells as well as for PUCCH SCells. The field is absent otherwise.



5.2.	Solution with ASN.1 change
[bookmark: _Toc510018589]–	CrossCarrierSchedulingConfig
The IE CrossCarrierSchedulingConfig is used to specify the configuration when the cross-carrier scheduling is used in a cell.
CrossCarrierSchedulingConfig information elements
-- ASN1START

[bookmark: TCrossCarrierSchedulingConfigr10][bookmark: _Hlk508822961]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)
		} 
	},
	...,
	[[	schedulingCellSearchSpaceList			SEQUENCE (SIZE(1..ffsvalue)) OF SearchSpaceId			OPTIONAL	-- Cond Other
	]]
}

-- 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. 

	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 [REF, SECTION]. 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
Paramters 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.

	schedulingCellSearchSpaceList
List of the search spaces for cross carrier scheduling.



	Conditional Presence
	Explanation

	Other
	This field is mandatory present, Need R, if schedulingCellInfo is set to other. Otherwise, it is not present.
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