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Introduction
RAN2 discussed cross-carrier scheduling configuration and sent an LS [1] to RAN1 as below.

1. Overall Description
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]RAN2 would like to thank RAN1 for the LS on cross-carrier scheduling configuration. RAN2 discussed the issue and have the strong preference to adopt an approach which is without ASN.1 change. RAN2 has the following two potential directions, both of which can be done without ASN.1 change: 
1) Solution without ASN.1 change suggested by RAN1:
· [bookmark: _Hlk525832522]RAN2 understanding is that a UE uses the same search space ID for linkage of scheduled cell and scheduling cell. The IE nrofCandidates configured in the SearchSpace with the same search space ID in the scheduled cell is used by the scheduling cell for cross carrier scheduling.
· RAN2 understanding is that all parameters (including CORESET id) of SearchSpace other than nrofCandidates in any SearchSpace of the scheduled cell can be ignored.

2) Solution without ASN.1 change discussed in RAN2: 
· [bookmark: _Hlk527106245]A search space of the scheduled cell is always configured in the PDCCH-Config for each BWP of the scheduled cell. From the crossCarrierSchedulingConfig the UE knows the scheduling cell in which it has to search for the grants and assignment.
· The SearchSpace configured in the PDCCH-Config of the scheduled cell points to the CORESET ID of the CORESET that is configured in the scheduling cell. 
There are basically two understandings of solution2 in RAN2:
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK58][bookmark: OLE_LINK59]UE follows all other parameters other than nrofCandidates in a search space configured in scheduled cell, i.e., in scheduling cell UE applies the whole search space configuration of the scheduled cell.
· [bookmark: OLE_LINK16][bookmark: OLE_LINK17]UE follows the nrofCandidates in search space configured in scheduled cell, and uses the CORESET ID to find the associated CORESET in the scheduling cell, all other IEs are ignored, similar to solution1

In short summary, the main difference of the two above solutions 
· Solution1: 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
· Solution2: UE uses the CORESET ID configured in the scheduled cell, to point to the same CORESET ID configured in the scheduling cell, while the two above understandings are to be discussed.
[bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK15][bookmark: OLE_LINK18]For both two solutions above, RAN2 have some general issues to be confirmed:
· [bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK21][bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK39][bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK54][bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK31]For the configuration of search space, the related IEs PDCCH-Config, controlResourceSet and search space are to be configured in scheduled cell, besides nrofCandidates it is beneficial for RAN2 to know which parameters inside the configuration are useful, e.g. tci-PresentInDCI
· [bookmark: OLE_LINK42][bookmark: OLE_LINK43]Since SearchSpaces and CORESETs are configured “inside a BWP” which is configured inside a Serving Cell, SearchSpaces belong unambiguously to a BWP of the scheduled cell, and SearchSpaces with same ID or CORESETs belong unambiguously to a BWP of the scheduling cell. Therefore, a UE will acquire DCI for a cross-carrier scheduled cell if the BWP of the SearchSpace/CORESET on the scheduling cell is active. But it is questionable if the search space configured on a BWP of the scheduled cell is to be used by scheduling cell, whether this BWP configured with the search space should always be activated in the scheduled cell.

2. Actions:
ACTION:

RAN2 respectfully asks RAN1 to evaluate the above two main directions and select a preferable one. RAN1 is also kindly asked to: 
1. Confirm the issues listed above
2. If solution2 is preferable, RAN2 would like to ask which understanding for solution2 above is acceptable for RAN1.
3. Feedback any other related issues identified in RAN1

This contribution discusses the options for the search space configuration of cross carrier scheduling.
Configuration of Cross-Carrier Scheduling
One fundamental difference between self-carrier scheduling (S-Sch) and cross-carrier scheduling (X-Sch) is that we have BWPs in each scheduling cell and scheduled cell with X-Sch. In S-Sch, there is no ambiguity since the scheduling cell and scheduled cell are the same. Therefore, a switching (or reconfiguration) of an active DL BWP results in the switching of BWP for both scheduling and scheduled cells. On the other hand, there can be two different events for BWP switching with X-Sch, i.e., the BWP switching in the scheduling cell and the BWP switching in the scheduled cell. Figure 1 shows different scenarios depending on the BWP switching in a scheduling cell, scheduled cell or both, where CC#1 is always scheduled by CC#0. This fundamentally creates a question which parameters related to the search space needs to be adapted w.r.t. each case.
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Figure 1: BWP switching with cross carrier scheduling

Options under consideration for cross carrier scheduling search space configuration
For clarity, the options listed in the LS [1] are summarized as follows as per our understanding:
· Option 1 (a.k.a. Solution 1 in the LS)
· UE takes the search space configuration from an active BWP in the scheduling cell except nrofCandidates. UE uses the same search space ID for linkage of the search spaces configured in scheduled and scheduling cell from an active DL BWP of each, and takes nrofCandidates from the search space configuration in the scheduled cell and ignores the rest of parameters
· Option 2 (a.k.a. Solution 2 in the LS with all the parameters configurable in the search space configuration)
· UE takes the search space configuration from an active DL BWP in the scheduled cell. CORESET ID in the search space configuration refers to the CORESET in the scheduling cell.
· Option 3 (a.k.a. Solution 2 in the LS with nrofCandidates configurable in the search space configuration)
· UE takes the search space configuration from an active DL BWP in the scheduling cell except nrofCandidates. UE takes nrofCandidates in the search space configuration from an active DL BWP in the scheduled cell, where CORESET ID is used to find the associated CORESET in the scheduling cell.

Option 1 issues
As pointed out by RAN2 LS, SearchSpace configuration is under each BWP. We assume search space ID matching is still based on the configured search spaces within an active BWP in the scheduled cell and should not be across all the BWPs (regardless of active status of BWP) in the scheduled cell.
Option 1 is fundamentally not working due to uniqueness of search space ID. In other words, the search space with the same search space ID cannot be configured multiple times. Assuming the BWP in the scheduled cell switched (e.g., from the upper left to the lower right in Figure 1), UE cannot have a matching search space in a new BWP in the scheduled cell. The structure of RRC configuration was somehow overlooked and this aspect was not considered. Therefore, Option 1 needs to be dropped from consideration.
Observation#1: Search space configuration is under BWP. Due to uniqueness of search space ID, the search space with a matching search space ID cannot be configured in multiple BWPs.
Option 2 vs. Option 3
The signalling of RRC configuration is quite similar between Option 2 and Option 3. The difference is mainly whether to allow configurability of other parameters in addition to nrofCandidates. Given the signalling overhead is not different, we view Option 2 is preferred so that NW can also configure other parameters including SS monitoring periodicity, monitored DCI formats, number of candidates per AL and etc. w.r.t. the BWP in the scheduled cell. In that way, with a switching of BWP in the scheduled cell, we can allow low duty cycle scheduling and high duty cycle scheduling. With Option 3, we can only adapt e.g., between low duty cycle and high duty cycle w.r.t. a BWP switching in the scheduling cell only.
Regarding tci-PresentInDCI, it is currently configurable per CORESET. Therefore, this field can be with respect to the CORESET in the scheduling cell even in case of cross-carrier scheduling.
With Option 2 or Option 3, not all the search spaces may be effective all the time. It is our understanding that the search spaces associated with the CORESET in the active DL BWP in the scheduling cell will only be effective.
Observation#2: tci-PresentInDCI, is configurable per CORESET. Therefore, this field can be with respect to the CORESET in the scheduling cell even with cross-carrier scheduling.
Observation#3: In solution 2 in the RAN2 LS, not all the search spaces may be effective all the time. The search spaces associated with the CORESET in the active DL BWP in the scheduling cell will only be effective.
Proposal 1: Solution 2 with all the parameters configurable is proposed.
· UE takes the search space configuration from an active DL BWP in the scheduled cell. CORESET ID in the search space configuration refers to the CORESET in the scheduling cell.
Conclusions
This contribution has discussed the options for the search space configuration of cross carrier scheduling in response to the RAN2 LS [1]. We have the following observations and proposal.
Observation#1: Search space configuration is under BWP. Due to uniqueness of search space ID, the search space with a matching search space ID cannot be configured in multiple BWPs.
Observation#2: tci-PresentInDCI, is configurable per CORESET. Therefore, this field can be with respect to the CORESET in the scheduling cell even with cross-carrier scheduling.
Observation#3: In solution 2 in the RAN2 LS, not all the search spaces may be effective all the time. The search spaces associated with the CORESET in the active DL BWP in the scheduling cell will only be effective.
Proposal 1: Solution 2 with all the parameters configurable is proposed.
· UE takes the search space configuration from an active DL BWP in the scheduled cell. CORESET ID in the search space configuration refers to the CORESET in the scheduling cell.
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