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Introduction
This document discuss the limitation of BD/CCE/Search space for search space sharing.

Discussion
Background
In the RAN1#94bis, the following was agreed on PDCCH BD/CCE limit. "Per CC limit" is remaining issue.
	Agreements:
· For cross-carrier scheduling with the same numerology between scheduling cell and scheduled cell(s) but different numerologies between scheduling cell(s), and the number of DL-CCs is up to 4 or with up to T DL-CCs where the UE reports BD capability of y >= T, the limit of BDs/CCEs per scheduling CC per slot is (the number of CCs schedulable by the scheduling CC) x (the limit of BDs/CCEs for non-CA case)
· For cross-carrier scheduling with the same numerology between scheduling cell and scheduled cell(s) but different numerologies between scheduling cell(s), and the number of DL-CCs is more than 4 and with up to T DL-CCs where the UE reports BD capability of y < T, the limit of BDs/CCEs per numerology per slot is Floor{Xi / (X0 + X1 + X2 + X3) * (Mi or Ni) * y)}, where;
· Xi (i=0, 1, 2, 3) denotes the number of DL-CCs per numerology i
· Mi and Ni denote the number of BDs and CCEs per slot specified for non-CA case for numerology i, respectively
· Discuss further offline per CC limit for the above two cases
Friday
· per CC limit for the above two cases should be revisited in RAN1#95
· Take into account the number of search spaces (i.e., up to 10 per BWP in RAN1 spec)
· Especially for cross-carrier scheduling.



In the same RAN1#94bis, the limitation of the number of PDCCH search spaces was discussed as follows [1].
	
3.DL control channel and procedure
	3-1
	Basic DL control channel
	1) One configured CORESET per BWP per cell in addition to CORESET0
- CORESET resource allocation of 6RB bit-map and duration of 1 – 3 OFDM symbols for FR1
- For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSSs, CORESET resource allocation of 6RB bit-map and duration 1-3 OFDM symbols for FR2
- For type 1 CSS with dedicated RRC configuration and for type 3 CSS, UE specific SS, CORESET resource allocation of 6RB bit-map and duration 1-2 OFDM symbols for FR2

- REG-bundle sizes of 2/3 RBs or 6 RBs
- Interleaved and non-interleaved CCE-to-REG mapping
- Precoder-granularity of REG-bundle size 
- PDCCH DMRS scrambling determination
- TCI state(s) for a CORESET configuration

2) CSS and USS configurations for unicast PDCCH transmission per BWP per cell
- PDCCH aggregation levels 1, 2, 4, 8, 16

- Up to [7], [8] search spaces in a slot in a PCell or PSCell per BWP
This search space limits are before applying dropping rules.

- UP to 3 search spaces in a slot for a scheduled SCell per BWP
This search space limit is before applying all dropping rules. 

- For type 1 with dedicated RRC configuration, type 3, and UE-SS, the monitoring occasion is within the first 3 OFDM symbols of a slot
- For type 1 PDCCH CSS without dedicated RRC configuration and for type 0, 0A, and 2 PDCCH CSS, the monitoring occasion can be any OFDM symbol(s) of a slot, with the monitoring occasions for any of Type 1-PDCCH CSS without dedicated RRC configuration, or Types 0, 0A, or 2 PDCCH-CSS configurations within a single span of three consecutive OFDM symbols within a slot

3) Monitoring DCI formats 0_0, 1_0, 0_1, 1_1
4) Number of PDCCH blind decodes per slot with a given SCS follows Case 1-1 table

5) Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot per scheduled CC for FDD
6) Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot per scheduled CC for TDD
	
	Yes
	
	N.A.
	N.A.
	N.A
	
	
	
	Mandatory without capability signaling
	Mandatory without capability signaling



Search space limit
For the number of search spaces, search space sharing needs to be considered. The following is the description of search space sharing in 38.213 [2].
	A UE that 
-	is configured for operation with carrier aggregation, and 
-	indicates support of search space sharing through searchSpaceSharingCA-UL or through searchSpaceSharingCA-DL, and 



-	has a PDCCH candidate with CCE aggregation level  in CORESET  for a DCI format 0_1 having a first size and associated with serving cell  



can receive a corresponding PDCCH through a PDCCH candidate with CCE aggregation level  in CORESET  for a DCI format 0_1 or a DCI format 1_1, respectively, having a second size and associated with serving cell  if the first size and the second size are same. 


According to the above, search space can be shared when the above conditions are satisfied. Our understanding is the feature list agreement of  up to [7] or [8] search spaces in PCell or PSCell and up to 3 search spaces for a scheduled SCell is the case where search space sharing is not enabled. If these numbers are applied regardless of search space sharing or not, the merit of search space sharing is not able to obtain. Therefore, when search space sharing is enabled, our view is the number of search space should be increased. On the other hand, if search space sharing means all search spaces can be possible to be used for the scheduling, this can be too demanding for UE complexity. Therefore, certain number of search spaces should be limited for PSCell, PSCell, scheduled SCell respectively. One possible number may be to add 3 search spaces. i.e., 10 search spaces for PCell or PSCell and 6 search spaces for a scheduled SCell. We are open to the exact number. 
Proposal 1: To clarify that the current numbers of search spaces for PSCell, PSCell, scheduled SCell are for the case where search space sharing is not enabled. Discuss the number of search space in case of search space sharing.

Per cell limit
In the RAN1#94, the following was agreed.
	Agreements: RAN1#93 agreements are updated as follows (to cover Case 5):
· For self-scheduling with same numerology or for cross-carrier scheduling with the same numerology for all the DL serving cells, and the number of DL-CCs is more than 4 and with up to T DL-CCs where the UE reports BD capability of y < T, the limit of BDs/CCEs per CC per slot is
· The total number of BDs/CCEs across CCs is based on UE BD capability. It can be split across CCs, subject to the non-CA limit on each CC.
· For SCell, NW ensures no overbooking based on non-CA case occurs. For cross-carrier scheduling, BDs/CCEs overlapped across DL serving cells are independently counted (i.e., counted per serving cell).


Although not described explicitly, our understanding of cross-carrier scheduling of per cell limit is per scheduled cell limit and not scheduling cell limit as how many BDs/CCEs are possibility for the scheduled cell would determine the processing time. This aspect should be clarified. 
According to the above agreement, at least for cross-carrier scheduling with the same numerology, per scheduled cell limit is non-CA limit, and the number of BDs/CCEs are independently counted per serving cell for cross-carrier scheduling. Our understanding is the above was not taken into account search space sharing, because if the number of BDs/CCEs are independently counted and the same BD/CCE limit is applied regardless of the enabling the search space sharing , the merit of search space sharing is not obtained. The merit of search space sharing is to increase the reception opportunity of PDCCH without increasing of the number of BDs/CCEs by reusing PDCCH candidates with the same DCI size between cells. On the other hand, all BD/CCEs effort supported by UE can be used would be too demanding similar to above discussion on the number of search spaces. Therefore, BD/CCE limit should be limited to certain lower number than the total UE sum of BD/CCE limit when search space sharing is enabled but still higher than the BD/CCE limit of non-CA limit. We propose to adjust the number of BD/CCE limit dimensioned to the number of supported search spaces in case of search space sharing. 
For the case of not enabling search space sharing, we think non-CA limit would be natural.
For cross-carrier scheduling with the same numerology between scheduling cell and scheduled cell(s) but different numerologies between scheduling cell(s), the same rule should be applied for the unified design.
Proposal 2: To clarify per cell limit means per scheduled cell limit.
Proposal 3: To clarify current agreement on the number of BD/CCE limit is applied when search space sharing is not enabled.
Proposal 4: To discuss the number of BD/CCE limit per scheduled cell according to the number of search spaces for scheduled cell.

Conclusion
[bookmark: _GoBack]We discussed the limitation of BD/CCE/Search space for search space sharing. We propose following.
Proposal 1: To clarify that the current numbers of search spaces for PSCell, PSCell, scheduled SCell are for the case where search space sharing is not enabled. Discuss the number of search space in case of search space sharing.
Proposal 2: To clarify per cell limit means per scheduled cell limit.
Proposal 3: To clarify current agreement on the number of BD/CCE limit is applied when search space sharing is not enabled.
Proposal 4: To discuss the number of BD/CCE limit per scheduled cell according to the number of search spaces for scheduled cell.
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