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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 WB-RS CORESET Colliding with other Resources
[bookmark: _GoBack]This is a revision of a previous proposal in RAN1-94. RAN1 #92bis made the agreement that when WB DMRS is configured in a CORESET, the maximum number of clusters with contiguous RBs is 4. This has taken into account dividing the CORESET into disjoint parts to avoid the collision with a SSB or any other reserved resource that is not available for CORESET. Therefore, PDCCH configuration resulting in collision between a CORESET and SSB should not be allowed if WB RS is configured in the CORESET. Accordingly, neither Case (a) nor Case (b) in Figure 1 is supported. Similarly, if WB DMRS is configured in a CORESET, PDCCH configuration resulting in collision between a CORESET and LTE-CRS should not be allowed.
[bookmark: wbrs1]Proposal 1: UE is not expected to monitor PDCCH candidates in a search space occasion where SSB or LTE-CRS collides with the associated CORESET if WB DMRS is configured in the CORESET.
Agreements:
· For WB RS CORESET, the UE is expected to be configured with the CORESET only with the following possibilities:
· Up to 4 clusters, each cluster consisting of contiguous RBs.
· It is clarified that the counting rule of CCE for channel estimation is the same between NB RS CORESET and WB RS CORESET, which implies following:
· The number of CCEs for channel estimation in case of WB RS CORESET is counted as the union of the sets of CCEs for PDCCH candidates to be monitored and hence BW of the WB RS CORESET is not restricted by CCE limit for channel estimation.
· Note: it is up to RAN4 whether UE may perform channel estimation within a BW smaller than the maximum number of contiguous RBs within the WB RS CORESET


[bookmark: _Ref521597333]Figure 1: CORESET overlaps with the other resources when WB RS is configured
2.2 [bookmark: rnti1] PDCCH Monitoring for SI and Paging on Primary Cell
In TS 38.213 section 10, according to the below text, a primary cell may refer to a PCell for MCG or a PSCell for SCG. 
	Text in Section 10 of TS 38.213:
-	When the procedures are applied for SCG, the terms 'secondary cell', 'secondary cells', 'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells belonging to the SCG respectively. The term 'primary cell' in this clause refers to the PSCell of the SCG.


In the meanwhile, the spec text states that PDCCH scrambled by an SI-RNTI and PDCCH scrambled by a P-RNTI can be received on the primary cell. It should be clarified that the primary cell only refers to PCell of the MCG. 
	Text in Section 10 of TS 38.213:
-	a Type0-PDCCH common search space set configured by pdcch-ConfigSIB1 in MasterInformationBlock or by searchSpaceSIB1 in PDCCH-ConfigCommon or by searchSpaceZero in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on the primary cell;
-	a Type0A-PDCCH common search space set configured by searchSpaceOtherSystemInformation in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on the primary cell;
[…]
-	a Type2-PDCCH common search space set configured by pagingSearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a P-RNTI on the primary cell;


Based on this, we propose the following text proposal to clarify the PDCCH monitoring for the primary cell
	Text Proposal for Section 10 of TS 38.213:
-	a Type0-PDCCH common search space set configured by pdcch-ConfigSIB1 in MasterInformationBlock or by searchSpaceSIB1 in PDCCH-ConfigCommon or by searchSpaceZero in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on the primary cell of the MCG;
-	a Type0A-PDCCH common search space set configured by searchSpaceOtherSystemInformation in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on the primary cell of the MCG;
[…]
-	a Type2-PDCCH common search space set configured by pagingSearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a P-RNTI on the primary cell of the MCG;


[bookmark: pcell]Proposal 2: Adopt the text proposal in section 10 of TS 38.213 to clarify that PDCCHs for SI and paging are monitored on the primary cell of the MCG.
2.3 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. 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 proposal:
[bookmark: coreset0]Proposal 3: A UE can use CORESET #0 in an active BWP for PDCCH monitoring only if the active BWP overlaps with the bandwidth of CORESET #0 and subcarrier spacing of the active BWP is same as the subcarrier spacing used by CORESET #0.
2.4 CORESET + CORESET
CORESETs are configured in RRC level and their QCL Type D is activated by MAC CE. In order to avoid collision, the simplest is to ensure that the network configures them by using the same beam, therefore we make the following proposal:
[bookmark: _Hlk510713899][bookmark: qcl]Proposal 4: In FR2, a UE is not expected to be configured with two CORESETs on the same OFDM symbol unless they have the same QCL Type D.
3 Maintenance for DCI Format and Content
3.1 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 [2], 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 5: 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.

3.2 TD Resource Assignment Ambiguity
Time domain resource allocation (RA) for PDSCH or PUSCH is indicated in the DL/UL grant with an index to a table, where each entry of the table indicates the set of OFDM symbols used for transmission, K0, and mapping type, etc. This for PDSCH or PUSCH scheduled using C-RNTI, MCS-C-RNTI or CS-RNTI. For PDSCH, the higher layer configured table in pdsch-AllocationList in either pdsch-ConfigCommon or pdsch-Config is applied if these are configured. Otherwise, a default table is used. For PUSCH, the higher layer configured table in pusch-AllocationList in either pusch-ConfigCommon or pusch-Config is applied if these are configured. Otherwise, a default table is used. For DCI received in CORSET #0, the determination of table is different depending on whether DCI is received in UE specific search space (UESS) or Common search space (CSS) as shown in the following tables (only related parts are copied from 38.214).
In CORESET #0, if pdsch-TimeDomainAllocationList is provided in pdsch-Config, the table associated with PDSCH time domain resource assignment indicated by a DCI in CSS is different than the table associated with PDSCH time domain resource assignment indicated by a DCI in UESS. The determination of time-domain RA table for PUSCH follows similar rules. If UE cannot distinguish whether a decoded PDCCH candidate is associated with a CSS and or with a UESS, there are two different ways to interpret the “time domain resource assignment” field in the DCI, thus resulting in ambiguity. The UE should only follow one interpretation of the “time domain resource assignment” based on one table. Otherwise, the UE has to decode PDSCH or transmit PUSCH twice based on the two interpretations of the “time domain resource assignment” field. Obviously, this is very problematic to the UE. 
UE cannot distinguish whether a decoded PDCCH candidate is associated with a CSS or with a UESS if the following conditions are satisfied: 
· Both CSS and UESS are configured to be monitored by the UE in CORESET#0
· The two PDCCH candidates are transmitted in the same set of CCEs
· The two candidates correspond to the same PDCCH scrambling ID
· The two candidates are both fallback DCI 
· The two candidates correspond to same RNTI type (C-RNTI, MCS-C-RNTI, or CS-RNTI)

To resolve the problem of TD-RA ambiguity, we propose that whenever two PDCCH candidates in CORESET#0 satisfy the above conditions, the UE assumes that only the CSS candidate is transmitted and decodes PDSCH based on the CSS candidate. Accordingly, we have the following proposal:
[bookmark: tdra_amb]Proposal 6: If the UE cannot distinguish a PDCCH candidate in CSS and a PDCCH candidate in UESS in CORESET #0, the UE assumes that only the CSS PDCCH candidate is sent by network and decodes PDSCH accordingly.
Table 5.1.2.1.1-1: Applicable PDSCH time domain resource allocation [38.214]
	RNTI
	PDCCH search space
	SS/PBCH block and CORESET multiplexing pattern
	pdsch-ConfigCommon includes pdsch-TimeDomainAllocationList
	pdsch-Config includes pdsch-TimeDomainAllocationList
	PDSCH time domain resource allocation to apply

	C-RNTIMCS-C-RNTI, CS-RNTI
	Any common search space associated with CORESET#0
	1, 2, 3
	No
	-
	Default A

	
	
	1, 2, 3
	Yes
	-
	pdsch-TimeDomainAllocationList provided in pdschConfigCommon

	C-RNTI, MCS-C-RNTI,CS-RNTI
	Any common search space not associated with CORESET#0

UE specific search space
	1,2,3
	No
	No
	Default A

	
	
	1,2,3
	Yes
	No
	pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon 

	
	
	1,2,3
	No/Yes
	Yes
	pdsch-TimeDomainAllocationList provided in pdsch-Config



[bookmark: _Hlk512342368]Table 6.1.2.1.1-1: Applicable PUSCH time domain resource allocation [38.214]
	[bookmark: _Hlk512342651]RNTI
	PDCCH search space
	pusch-ConfigCommon includes pusch-AllocationList
	pusch-Config includes pusch-AllocationList
	PUSCH time domain resource allocation to apply

	C-RNTI, MCS-C-RNTI, TC-RNTI
	Any common search space associated with CORESET 0
	No
	-
	Default A

	
	
	Yes
	
	pusch-AllocationList provided in pusch-ConfigCommon

	C-RNTI, MCS-C-RNTI, CS-RNTI
	Any common search space not associated with CORESET 0,

UE specific search space
	No
	No
	Default A

	
	
	Yes
	No
	pusch-AllocationList provided in pusch-ConfigCommon 

	
	
	No/Yes
	Yes
	pusch-AllocationList provided in pusch-Config



3.3 Maximum Number of DCIs to Process
In our contribution to RAN1-94b agenda 7.1.3.3, we proposed the maximum number of DCIs that the UE is expected to process jointly with the maximum number of DCIs to buffer. Please refer to for the detailed description of the joint proposals which are largely based on DCI buffering.
[bookmark: dci]Proposal 7: The maximum number of DCIs that the UE is expected to process should be defined.

4 Conclusions 
In this contribution, we have discussed the remaining issues on PDCCH and have made the following proposals:
Proposal 1: UE is not expected to monitor PDCCH candidates in a search space occasion where SSB or LTE-CRS collides with the associated CORESET if WB DMRS is configured in the CORESET.
Proposal 2: Adopt the text proposal in section 10 of TS 38.213 to clarify that PDCCHs for SI and paging are monitored on the primary cell of the MCG.
Proposal 3: A UE can use CORESET #0 in an active BWP for PDCCH monitoring only if the active BWP overlaps with the bandwidth of CORESET #0 and subcarrier spacing of the active BWP is same as the subcarrier spacing used by CORESET #0.
Proposal 4: In FR2, a UE is not expected to be configured with two CORESETs on the same OFDM symbol unless they have the same QCL Type D.
Proposal 5: 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.
Proposal 6: If the UE cannot distinguish a PDCCH candidate in CSS and a PDCCH candidate in UESS in CORESET #0, the UE assumes that only the CSS PDCCH candidate is sent by network and decodes PDSCH accordingly.
Proposal 7: The maximum number of DCIs that the UE is expected to process should be defined.
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