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1 Introduction

This contribution presents our views on couple of remaining issues on Rel-15 NR PDCCH.
2 Configuration of search space sets for cross-carrier scheduling
Recently, RAN1 received a reply LS from RAN2 [1] on the configuration of PDCCH search space sets for cross-carrier scheduling. The main issue, as was identified by RAN1 in an earlier meeting (and communicated to RAN2), is based on the observation that currently there is no mechanism to inform the UE of the number of PDCCH candidates at each AL for different values of CIF corresponding to different cross-carrier scheduled cells. However, considering desirability to not impact ASN.1 for Rel-15, both RAN1 and RAN2 are striving for solutions that do not impact RRC signaling. 

Towards, this, the following two solutions have been identified by RAN2, and RAN2 has asked for feedback from RAN1 on the preferred solution.
	1) Solution without ASN.1 change suggested by RAN1:
· 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: 

· 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:

· 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.
· 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 our view, both solutions may work. 

Solution 1 implies that the search space ID is used to identify the search space set (and the CORESET) in the scheduling cell, while Solution 2 implies an independent configuration of the search space set ID in the scheduled cell. 

An issue with Solution 2 is that with independent configuration of the search space ID in the scheduled cell, it may not be sufficient for the UE to identify a particular search space set in the scheduling cell that could be dimensioned to accommodate candidates for both scheduling and scheduled cells, etc. This relates to the characterization of Ms,max(L) as the maximum of Ms,n_CI (L) over all configured n_CI values for a CCE AL L of search space set s.
In other words, with independent identification of search space sets, the blocking between candidates in two or more search space sets in the scheduling cell may not be addressed effectively. 

Thus, it may be preferable to not only be able to point to the CORESET but also a configured search space set in the scheduling cell in order to allow the gNB to appropriately dimension the search space set considering inclusion of candidates for both scheduling and scheduled cells. 

Certainly, Solution 2 can also be modified to include the constraint that the search space set index in the scheduled cell has the same index for linking to the scheduling cell, but then, effectively, it becomes similar to Solution 1. Thus, it may be simpler to go with Solution 1. Note that adjustment of monitoring occasions flexibly for the candidates in scheduling and scheduled cell is already possible via realization of different search space sets.
Further, RAN2 has enquired about the following two issues:
	· 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
· 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.


For the first issue, it can be confirmed that tci-PresentInDCI is one parameter in addition to nrofCandidates that can be benefit from separate configuration in the scheduled cell.
For the second issue, again, RAN2’s understanding can be confirmed that UE will monitor and receive PDCCH in a search space/CORESET that is within the active DL BWP of the scheduling cell, and further that it should not be an issue if the search space ID used in the scheduled cell happens to fall outside of the active DL BWP in the scheduled cell. From a PHY layer operation perspective, there should be no issue for the UE, as the actual monitoring for PDCCH occurs in the scheduling cell. 
Proposal 1

· Solution 1 suggested by RAN2 (as originally suggested by RAN1) is the preferred solution from RAN1 perspective as it facilitates a search space set dimensioning by the gNB scheduler towards optimizing the USS hashing function to minimize PDCCH blocking.
· RAN1 to confirm the two issues asked by RAN2 indicating the following:
· tci-PresentInDCI is one parameter in addition to nrofCandidates that can be benefit from separate configuration in the scheduled cell;

· the search space ID configured in a scheduled cell (that may be used to link to the search space set and CORESET in a scheduling cell) need not always be configured as part of the active DL BWP of the scheduled cell.
3 Inconsistency in handling of number of DL CCs and numerology for a DL CC for BD/CCE dimensioning
For the characterization of minimum requirements on BD/CCEs for PDCCH reception, it was agreed that the number of configured DL CCs will be considered instead of the number of activated CCs. Such decision was made primarily in view of alleviating UE complexity.
However, at the RAN1 #94bis meeting, it was agreed that the numerology for a DL CC is determined based on the numerology of the active DL BWP in the DL CC.
As has been pointed out by the specification editor, the above two decisions are inconsistent, and in fact, not implementable due to the fact that there is no concept of “active DL BWP” for a DL CC that is not activated. 
At the RAN1 #94bis meeting, it was also proposed to consider the smallest subcarrier spacing across all configured DL BWPs in a configured serving cell as the corresponding numerology for determining the BD/CCE limits in CA configurations. The actual BD/CCE limit for the active DL BWP (as applicable) can be derived based on scaling down of the above-derived value according to the ratio of the subcarrier spacing.
In this regard, considering the prior agreement of using number of configured DL CCs and the impact to UE complexity in checking for overbooking conditions and BD/CCE counting, it is recommended that the alternative proposal of using the smallest SCS across all configured DL BWPs in a configured serving cell is adopted by RAN1.
Proposal 2
· For determination of BD/CCE limits in CA configurations, the following is adopted:

· The configured number of DL CCs is used (current RAN1 agreement)

· The SCS for a DL CC is assumed as the lowest SCS of all configured DL BWPs in a configured DL CC (agreement from RAN1 #94bis is updated from use of “SCS of active DL BWP”)
4 Conclusions
In this contribution, we presented our views on couple of remaining issues on Rel-15 NR PDCCH that are summarized in the following two proposals:

Proposal 1

· Solution 1 suggested by RAN2 (as originally suggested by RAN1) is the preferred solution from RAN1 perspective as it facilitates a search space set dimensioning by the gNB scheduler towards optimizing the USS hashing function to minimize PDCCH blocking.

· RAN1 to confirm the two issues asked by RAN2 indicating the following:

· tci-PresentInDCI is one parameter in addition to nrofCandidates that can be benefit from separate configuration in the scheduled cell;

· the search space ID configured in a scheduled cell (that may be used to link to the search space set and CORESET in a scheduling cell) need not always be configured as part of the active DL BWP of the scheduled cell.
Proposal 2
· For determination of BD/CCE limits in CA configurations, the following is adopted:

· The configured number of DL CCs is used (current RAN1 agreement)

· The SCS for a DL CC is assumed as the lowest SCS of all configured DL BWPs in a configured DL CC (agreement from RAN1 #94bis is updated from use of “SCS of active DL BWP”)
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