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1. Introduction
In the RAN1 #94 meeting, the issue of how a UE knows the number of PDCCH candidates for each scheduled cell in case of cross-carrier scheduling was discussed, and finally a candidate solution without ASN.1 signaling change was identified after fruitful discussion. LS [1] was sent to RAN2 for specification implementation.
During the discussion in the RAN2 #103bis meeting, an additional alternative to this solution was identified by RAN2, as shown below. Relevant LS [2] was sent to RAN2 seeking for RAN1’s opinion, as well as clarifications on some detailed issues.
	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 this contribution, we provide our view on the issues raised by RAN2, and our preference to the alternatives for the search space configuration of cross-carrier scheduling.
2. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Discussion
2.1. Comparison of solutions
[image: ]
[bookmark: _Ref528414282]Figure 1 Map search spaces of scheduled cells to the search space with same ID in scheduling cell (solution 1)
Figure 1 illustrates the solution 1, which is originally proposed by RAN1. The mapping of search space bases on the configured search space ID. All the configured search spaces with a same search space ID across both the scheduled cells and the scheduling cell are mapped to a single search space in the scheduling cell. The search space configuration in a scheduled cell is used to derive the number of PDCCH candidates of the scheduled cell. This solution is thoroughly discussed in RAN1, and considered having minimal specification impact.
[bookmark: _Ref521146458]Observation 1: Solution 1 is thoroughly discussed in RAN1, and considered having minimal specification impact.

[image: ]
[bookmark: _Ref528414283]Figure 2 Map search spaces of scheduled cells directly to the CORESET in scheduling cell (solution 2 with the first understanding)
Figure 2 illustrates the solution 2 of the first understanding of RAN2 (named 2a), where the entire search space of a scheduled cell is applied to the associated CORESET in the scheduling cell. The configuration of search space in a scheduled cell can be interpreted as if in the self-scheduling case, except that, the associated CORESET is in another serving cell (i.e. the scheduling cell). This solution may provide better flexibility for PDCCH monitoring than solution 1, because each search space can be configured with different periodicities. However, it requires further specification works to handle the following cases:
1. In the example of Figure 2, if search spaces in both scheduled cell #B and #C were configured with same search space ID, it would result in two different search spaces having a same search space ID in the scheduling cell, which break the assumption that the search space ID is unique per cell. Noted that this assumption is widely used in RAN1, such as for search space mapping during overbooking, or for determining the CORESET when UE monitors different CORESETs having different QCL properties [3]. Therefore, changes to this assumption should be avoided, especially in this late stage.
2. If search spaces from different scheduled cells were prohibited to have a same search space ID, it would become too restrictive and even not workable for cross-carrier scheduling, because the search space ID need to be unique across all the scheduled cells. Given that there may be up to eight scheduled cells with four BWPs per cells, the number of search spaces may not be enough.
3. With the current RRC signaling, solution 2a may result in more than ten search spaces associated to the BWP in the scheduling cells. Further specification are required to handle this case.
4. With Solution 2a, a search space essentially contain the PDCCH candidate for only one serving cell. It is unfavorable to redefine the search space in this late stage. 
[bookmark: _Ref525914287]Observation 2: Solution 2a provides better flexibility for PDCCH monitoring, but introduces many issues that require significant specification works for resolution.

[image: ]
[bookmark: _Ref528416274]Figure 3 Map search spaces of scheduled cells to the all the search spaces in the specific CORESET in scheduling cell (solution 2 with the second understanding)
Figure 3 illustrates the second understanding provided by RAN2 (named 2b), where the PDCCH candidates in the search space configured in the scheduled cell are applied to all the search spaces of the associated CORESET in the scheduling cell. This solution is similar to solution 1, but less flexible than solution 1 as the monitoring periodicities are identical across all of the scheduled cells. 
[bookmark: _Ref525914288]Observation 3: Solution 2b is similar to solution 1, except that the monitoring periodicities are identical across all of the scheduled cells.
According to the above analyses, solution 2a is unfavorable due to significant specification impacts. Although either solution 1 or solution 2b is acceptable to us, we slightly prefer solution 1 for better flexibility. Corresponding draft CR is provided in [4].
[bookmark: _Ref521146463]Proposal 1: It is proposed to accept the solution previously suggested by RAN1 (i.e. solution 1). 

2.2. Issues raised by RAN2
In the LS, RAN2 further raises the following issues for detailed specification works. 
	[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.


To the first question, firstly, the CORESET is used to configure the time, frequency, spatial domain resources for PDCCH, which is more related to the scheduling cell where the CORESET presents. If the TCI field is needed for scheduling PDSCH of any the scheduled cell, the tci-PresentInDCI in the scheduling cell can be enabled. Therefore, the entire controlResourceSet is not needed in the scheduled cell.
Secondly, if solution 1 or solution 2b is agreed, all the parameters in the searchspace IE, besides the nrofCandidates and searchSpaceId (or controlResourceSetId for solution 2b), are not needed for the scheduled cells.
[bookmark: _Ref525390589]Proposal 2: The entire controlResourceSet IE, as well as all the other parameters in the searchspace IE except the nrofCandidates and searchSpaceId, are not needed for the scheduled cell. 

It is worth noting that, this proposal implies that all the search spaces in schedule cells are considered as UE specific search spaces. This restriction is acceptable, as all common search spaces except type-3 present only in PCell, while type-3 common search space is not needed to be cross-carrier scheduled.
[bookmark: _Ref513665051]Proposal 3: The search space configured for a scheduled cell can only be a UE specific search space. 

[image: ]
[bookmark: _Ref528434078]Figure 4 Mapping search spaces for active and inactive BWPs
To the second question, it has been discussed during the offline section in the RAN1 #94 meeting. The common understanding is that, for each search space configured in the scheduled cell, it is enabled only if the following conditions are met:
· The DL BWP contains this search space configuration is activated in the scheduled cell.
· The associated search space or CORESET in the scheduling cell is within an active DL BWP.
Figure 4 shows an example of search space mapping for active and inactive BWPs of scheduled cell. The reason is that, BWPs in the scheduled cells may be configured with different SCSs, and the number of PDCCH candidate should be adaptive to the specific BWP it associated, because the BD and CCE limit is defined per SCS. In the case of the BWP of the search space in the scheduled cell having a SCS different from that of the active BWP of the scheduling cell, it is straightforward to disable that search space, as mix numerologies between scheduling and scheduled cells are not supported in Rel-15. 
[bookmark: _Ref521243296]Proposal 4: The search space configured on a BWP of a scheduled cell is enabled, only if the BWP is activated in the scheduled cell.

3. Conclusion
In the contribution, we discuss the search space configuration for cross-carrier scheduling based on the LS from RAN2 and observe that, 
Observation 1: Solution 1 is thoroughly discussed in RAN1, and considered having minimal specification impact. 
Observation 2: Solution 2a provides better flexibility for PDCCH monitoring, but introduces many issues that require significant specification works for resolution.
Observation 3: Solution 2b is similar to solution 1, except that the monitoring periodicities are identical across all of the scheduled cells.
Based on these observations, we propose that,
Proposal 1: It is proposed to accept the solution previously suggested by RAN1 (i.e. solution 1).
Proposal 2: The entire controlResourceSet IE, as well as all the other parameters in the searchspace IE except the nrofCandidates and searchSpaceId, are not needed for the scheduled cell.
Proposal 3: The search space configured for a scheduled cell can only be a UE specific search space. 
Proposal 4: The search space configured on a BWP of a scheduled cell is enabled, only if the BWP is activated in the scheduled cell.
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