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1 Introduction
In this contribution, we provide the maintenance for PDCCH on search space and DCI.
2 Maintenance for Search Space
2.1 BD/CCE Limits for CA with Different Numerologies Across Scheduling Cells
	RAN1-93 Agreements:
Agreements:
· For self-scheduling with different numerologies, 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
· (Working assumption) The total number of BDs/CCEs across CCs per numerology is based on UE BD capability. It can be split across CCs for the given numerology, subject to the non-CA limit on each CC.
· If a UE is configured with DL-CCs of X0, X1, X2, X3, where Xi denotes the number of DL-CCs with the numerology i, the limit of (BDs or CCEs) for the DL-CCs with the numerology i is given by Floor{Xi / (X0 + X1 + X2 + X3) * (Mi or Ni) * y} per slot of the numerology i
· For SCell, NW ensures no overbooking based on non-CA case occurs

	RAN1-94 Agreement:
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).
Conclusion:
At least for self-scheduling and for cross-carrier scheduling with the same numerology for all the DL serving cells, total number of CCEs or BDs corresponding to the remaining PDCCH candidates after PDCCH candidates are dropped based on the non-CA limit for the PCell (PSCell) and the configured PDCCH candidates for SCells is guaranteed by network to be no more than the CA limit.

	RAN1-94b Agreements:
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 – revisit 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.
Agreements:
· Update the RAN1#94 conclusion as following:
	Conclusion:
· At least fFor self-scheduling and for cross-carrier scheduling with the same numerology for all the DL serving cells and for cross-carrier scheduling with the same numerology between scheduling cell and scheduled cell(s) but different numerologies between scheduling cell(s), total number of CCEs or BDs corresponding to the remaining PDCCH candidates after PDCCH candidates are dropped based on the non-CA limit for the PCell (PSCell) and the configured PDCCH candidates for SCells is guaranteed by network to be no more than the CA limit.





In RAN1-94, PDCCH BD and CCE limits were discussed for cross-carrier scheduling CA with different numerologies among scheduling CCs but with the same numerology between the scheduling CC and the corresponding scheduled CCs. The agreements are in line with previous meetings’ agreements in the following aspects
· When the number of DL-CCs is larger than the BD capability, the limit determined by the BD capability is split among numerologies in proportion to the number of cells with the same numerology
· Overbooking is allowed only for the PCell or PSCell, but not for SCells.
A remaining issue is how the total limit is split on a per-cell basis. Following the agreements from RAN1-93 and RAN1-94, we propose to address this remaining issue by
· The total number of BDs/CCEs across serving cells per numerology can be split across serving cells for the given numerology, subject to the non-CA limit on each serving cell.
· For SCell, NW ensures no overbooking based on non-CA case occurs. 
· BDs/CCEs overlapped across DL serving cells are independently counted (i.e., counted per serving cell).
[bookmark: limit]Proposal 1: For cross-carrier scheduling with the same numerology between scheduling cell and scheduled cell(s) but different numerologies between scheduling cell(s)
· The total number of BDs/CCEs across serving cells per numerology can be split across serving cells for the given numerology, subject to the non-CA limit on each serving cell.
· For SCell, NW ensures no overbooking based on non-CA case occurs. 
· BDs/CCEs overlapped across DL serving cells are independently counted (i.e., counted per serving cell).
2.2 Access to CORESET #0 in the Active BWP
During initial access, CORESET #0 configuration is provided in the MIB for UE to communicate with the network. After initial access, network may configure an active BWP to the UE that has a bandwidth different than the bandwidth of CORESET #0. In version 15.3.0 of the TS 38.331, description of the controlResourceSetZero field in dedicated RRC signaling PDCCH-ConfigCommon refers to conditions in 38.213 for the UE to use CORESET #0 in a DL BWP other than the initial DL BWP. However, current 38.213 has not defined such conditions yet.
	controlResourceSetZero 
Parameters of the common CORESET#0. The values are interpreted like the corresponding bits in MIB pdcch-ConfigSIB1. Even though this field is only configured in the initial BWP (BWP#0) controlResourceSetZero can be used in search spaces configured in other DL BWP(s) than the initial DL BWP if the conditions defined in 38.213, section 10 are satisfied. 


If the active BWP overlaps with the bandwidth of CORESET #0 and if subcarrier spacing of the active BWP is same as the subcarrier spacing used by CORESET #0, the UE can use CORESET #0 for PDCCH monitoring. Otherwise, the UE cannot use CORESET #0 for PDCCH monitoring. Accordingly, we have the following text proposal.
	In Section 10.1 of TS 38.213
A UE can use CORESET #0 in an active DL BWP for PDCCH monitoring only if CORESET #0 is fully contained within the active DL BWP in frequency and subcarrier spacing of the active DL BWP is same as the subcarrier spacing of CORESET #0.


[bookmark: coreset0]Proposal 2: Adopt the TP to clarify that A UE can use CORESET #0 in an active DL BWP for PDCCH monitoring only if CORESET #0 is fully contained within the active DL BWP in frequency and subcarrier spacing of the active DL BWP is same as the subcarrier spacing of CORESET #0.
3 Maintenance for DCI Format and Content
3.1 Fallback and Non-Fallback DCIs with Same Size
	Agreements:
· If DCI format 0-1 (format 1-1) have the same size as 0-0/1-0, add one bit of padding to DCI format 0-1 (format 1-1) to ensure different DCI sizes. The corresponding TP to 38.212 is as below:
· Note: DCI size budget is counted after adding the padding bit.
7.3.1.1.2	Format 0_1
[…text omitted…]
For a UE configured with SUL in a cell, if PUSCH is configured to be transmitted on both the SUL and the non-SUL of the cell and if the number of information bits in format 0_1 for the SUL is not equal to the number of information bits in format 0_1 for the non-SUL, zeros shall be appended to smaller format 0_1 until the payload size equals that of the larger format 0_1.
If the payload size of DCI format 0_1 equals that of DCI formats 0_0/1_0 in a UE-specific search space, a zero shall be appended to DCI format 0_1. 
[…text omitted…]
7.3.1.2.2	Format 1_1
[…text omitted…]
If DCI formats 1_1 are monitored in multiple search spaces associated with multiple CORESETs in a BWP, zeros shall be appended until the payload size of the DCI formats 1_1 monitored in the multiple search spaces equal to the maximum payload size of the DCI format 1_1 monitored in the multiple search spaces.
If the payload size of DCI format 1_1 equals that of DCI formats 0_0/1_0 in a UE-specific search space, a zero shall be appended to DCI format 1_1.


It was agreed in RAN1-94b that when a non-fallback DCI has the same size as fallback DCIs in USS, one bit of padding zero is added to the non-fallback DCI. The agreement implies that
· The fallback DCI is in one USS and the non-fallback DCI is in another USS because only fallback or non-fallback DCI can be configured in a USS. The two USSs are in the same COERSET or in different CORESETs. Scrambling ID are the same or different if the two USSs are in two CORESETs. ALs of one USS are the same as or partially/totally different than ALs of the other USS.
· The case that fallback DCIs in a CSS has the same size as a non-fallback DCI in a USS is not considered.
· The agreement applies no matter whether a PDCCH candidate for the non-fallback DCI collides with a PDCCH candidate for the fallback DCI.
After the meeting, a few companies thought that the above aspects of the agreement need to be further discussed in RAN1-95. 
Note that complexity for checking colliding PDCCH candidates between two SSs is equivalent to PDCCH CCE overbooking handling in all slots of the period of the PDCCH configuration. In RAN1-94, we had the following agreement to allow the UE to count the number of DCI sizes before overbooking handling. Similarly, we think that the last bullet above should be maintained. 
	Agreements:
· The UE counts the number of DCI sizes across slots based on RRC configuration for PDCCH, without taking into account PDCCH candidate dropping by overbooking handling.


[bookmark: dci]Observation 1: The UE should not check whether a PDCCH candidate of the non-fallback DCI collides with a PDCCH candidate of the fallback DCI when the two DCIs have the same size and a padding bit is added to the non-fallback DCI.
3.2 TD Resource Assignment in Non-Fallback DCI
In Section 7.3.1.1.2 and Section 7.2.1.2.2 of TS 38.212, a field “Time domain resource assignment” is defined in non-fallback DCIs for PUSCH and PDSCH scheduling. Bitwidth of this field is determined by the number of entries in the higher layer parameter pusch-TimeDomainAllocationList or pdsch-TimeDomainAllocationList.
	In Section 7.3.1.1.2 of TS 38.212

-	Time domain resource assignment – 0, 1, 2, 3, or 4 bits as defined in Subclause 6.1.2.1 of [6, TS38.214]. The bitwidth for this field is determined as bits, where I is the number of entries in the higher layer parameter pusch-TimeDomainAllocationList.
In Section 7.3.1.2.2 of TS 38.212

-	Time domain resource assignment – 0, 1, 2, 3, or 4 bits as defined in Subclause 5.1.2.1 of [6, TS 38.214]. The bitwidth for this field is determined as bits, where I is the number of entries in the higher layer parameter pdsch-TimeDomainAllocationList.


According to TS 38.214, network may not configure pusch-TimeDomainAllocationList or pdsch-TimeDomainAllocationList. If the higher parameter is not configured, the UE uses a default table to determine the time domain resource assignment for PUSCH and PDSCH. Therefore, text in 38.212 needs to be updated to reflect that default table can used. Accordingly, we have the following text proposal.
	In Section 7.3.1.1.2 of TS 38.212

-	Time domain resource assignment – 0, 1, 2, 3, or 4 bits as defined in Subclause 6.1.2.1 of [6, TS38.214]. The bitwidth for this field is determined as bits, where I is the number of entries in the higher layer parameter pusch-TimeDomainAllocationList if the higher layer parameter is configured; otherwise I is the number of entries in the default table.
In Section 7.3.1.2.2 of TS 38.212

-	Time domain resource assignment – 0, 1, 2, 3, or 4 bits as defined in Subclause 5.1.2.1 of [6, TS 38.214]. The bitwidth for this field is determined as bits, where I is the number of entries in the higher layer parameter pdsch-TimeDomainAllocationList if the higher layer parameter is configured; otherwise I is the number of entries in the default table.


[bookmark: tdra]Proposal 3: Adopt the text proposal in Sections 7.2.1.1.2 and 7.2.1.2.2 to clarify that bitwidth of the time domain resource assignment field is determined by the number of entries of the respective default table if the higher parameter pusch-TimeDomainAllocationList or pdsch-TimeDomainAllocationList is not configured.
4 Conclusions 
In this contribution, we have discussed the remaining issues on PDCCH and have made the following observation and proposals:
Observation 1: The UE should not check whether a PDCCH candidate of the non-fallback DCI collides with a PDCCH candidate of the fallback DCI when the two DCIs have the same size and a padding bit is added to the non-fallback DCI.
Proposal 1: For cross-carrier scheduling with the same numerology between scheduling cell and scheduled cell(s) but different numerologies between scheduling cell(s)
· The total number of BDs/CCEs across serving cells per numerology can be split across serving cells for the given numerology, subject to the non-CA limit on each serving cell.
· For SCell, NW ensures no overbooking based on non-CA case occurs. 
· BDs/CCEs overlapped across DL serving cells are independently counted (i.e., counted per serving cell).
Proposal 2: Adopt the TP to clarify that A UE can use CORESET #0 in an active DL BWP for PDCCH monitoring only if CORESET #0 is fully contained within the active DL BWP in frequency and subcarrier spacing of the active DL BWP is same as the subcarrier spacing of CORESET #0.
Proposal 3: Adopt the text proposal in Sections 7.2.1.1.2 and 7.2.1.2.2 to clarify that bitwidth of the time domain resource assignment field is determined by the number of entries of the respective default table if the higher parameter pusch-TimeDomainAllocationList or pdsch-TimeDomainAllocationList is not configured. 
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