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[bookmark: OLE_LINK192][bookmark: OLE_LINK193]In the previous meetings, some working assumptions and agreements on downlink control channel were achieved. The contribution mainly discusses some remaining issues on downlink control channel, including remaining aspects on SSB/CORESET#0/Search space #0, BD and CCE limit for cross-carrier scheduling and DCI size budget for CA. 
Remaining aspects on SSB/CORESET#0/SS#0
According to the current 38.213 specification, same understanding on SSB/CORESET#0/SS#0 in connected-mode can be ensured for both NW and UE, if beam failure does not occur. Since CORESET#0/SS#0 is configured by the detected SSB, the corresponding SSB index of the detected SSB associates with CORESET#0/SS#0. Specifically, the corresponding SSB index implicitly indicates the TCI-state of CORESET#0 and the monitoring occasions of SS#0. On the other hand, gNB can also get the SSB index by random access procedure.
However, UE may fail the PDCCH detection on CORESET#0/SS#0 if beam failure occurs. In this case, reconfiguration of the CORESET#0/SS#0, as long as the corresponding new SSB index, should be performed for connected-mode UEs. In the RAN1#93 meeting, it was agreed that CORESET#0 and search space #0 can be configured by PDCCH-ConfigCommon, which can be reused here for the reconfiguration of CORESET#0 and search space #0. However, in addition to reconfiguration of CORESET#0 and search space #0, SSB index also needs to be configured. For simplicity, the SSB index configuration can be included in the IE PDCCH-ConfigCommon also. That leads to the following proposal and corresponding TP is in appendix
Proposal 1:  Configuration of SSB index associated with CORESET#0/SS#0 should be included in higher layer parameter PDCCH-ConfigCommon. 
Furthermore, corresponding beam failure recovery mechanism should also be applicable for CORESET#0/SS#0. The SSB index should be included in the beam failure detection RS set . When beam failure occurs, UE can identified a new SSB block over the threshold configured for beam failure recovery and send beam failure recovery request to gNB. In current version of TS38.213, the configured RS set  can only be periodic CSI-RS resources if higher layer parameter failureDetectionResources is provided for a UE, it will prohibit the beam failure detection on SSB/CORESET#0/SS#0. It is preferred to include SSB index in configured beam failure detection RS set , if higher layer parameter failureDetectionResources is provided for a UE. That leads to the following proposal and corresponding TP is in appendix
Proposal 2:  The TCI state of CORESET#0 (i.e. the corresponding SSB index) should be included in the beam failure detection RS set, if higher layer parameter failureDetectionResources is provided for a UE.
Limit of BDs/CCEs for cross-carrier scheduling  
[bookmark: _Ref129681832]In RAN1#93 meeting, the following agreements were achieved w.r.t search space:

Agreements#1:
· For following, regardless of whether one or more numerologies, the limit of BDs/CCEs per CC per slot is equal to the limit of BDs/CCEs for non-CA case.
· Self-scheduling with up to 4 DL-CCs
· Self-scheduling with up to T DL-CCs where the UE reports BD capability of y >= T
· y is integer from (4, …, 16)
· T is integer from (1, .., 16)
· For cross-carrier scheduling where the scheduling CC and all the CCs schedulable by the scheduling CC have the same numerology 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 of the scheduling CC per slot is (the number of CCs schedulable by the scheduling CC) x (the limit of BDs/CCEs for non-CA case)
· Note: this is inline with the previous agreements at RAN1#92bis meeting
Agreements#2:
· For self-scheduling with same numerology, 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.
Agreements#3:
· For UE BD capability reporting y = integer(4, …, 16), at least for self-scheduling,
· For UE not supporting CA with different numerologies, the reported value equally applies to all numerologies
· (Working assumption) For UE supporting CA with different numerologies, 
· When the UE is configured with CA with the same numerology, the reported value applies
· When the UE is configured with CA with different numerologies, the reported value applies to each set of DL-CCs with the same numerology, i.e.:
· 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 total number 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
· Where Mi and Ni represent the number of BDs and CCEs per slot specified for non-CA case, respectively
· Note: some of the values of Xi may be zero depending on the CA configuration
· For each CC, the non-CA limit still applies
· FFS the impact of BWP, if any
Agreement#4:
· For self-scheduling with the same numerology or different numerologies, and the number of DL-CCs is <= 4 or with up to T DL-CCs where the UE reports BD capability of y >= T, network ensures the number of BDs/CCEs on any SCell does not exceed the non-CA limit. 
Agreements#5:
· 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
All the scenarios and the corresponding agreements already reached are summarized in Table 1. It can be seen that there are conclusions for self-scheduling with same and mixed numerologies (case 1~3). In addition, one agreement for case 4 has been achieved.  
[bookmark: _Ref520507475]Table 1 Summary of the scenarios and agreements for the limit of BDs/CCEs for CA
	Relationship between 4, y[1] and T[2]
	Self-scheduling
	Cross-carrier scheduling

	
	Same numerology
	Mixed numerologies
	Same numerology
	Mixed numerologies

	T=<4 or 4<T=<y
	Case 1[3]
The limit per CC per slot equal to the limit for non-CA case

	Case 4 [6]
The limit of the scheduling CC per slot is (number of scheduled CCs)*limit for non-CA case
	Case 5

	T>4 and T>y
	Case 2 [4]
The total limit   across CCs is based on BD capability and can be split across CCs
	Case 3[5]
The total limit across CCs per μ is based on BD capability.
The limit perμis y*M(μ) and proportion of the number of CCs with μ to the total number of CCs.
	Case 6
	Case 7

	Note: 
[1] T: The number of DL-CCs aggregated (1, .., 16)
[2] y: BD capability (4, …, 16)
[3] Agreement#1, Agreement#4
[4] Agreement#2
[5] Agreement#5
[6] Agreement#1



In this section, remaining issues on the limit of BDs/CCEs for CA for cross-carrier scheduling (i.e., case 5~7 in Table 1) are discussed. 

[bookmark: OLE_LINK52][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424] (1) Case 5: cross-carrier scheduling with mixed μ, small number of CCs (T<4) and higher capability (y>T)
As shown in Figure 1 (a), in self-scheduling cases, the PDCCH candidates are evenly distributed to each time slot.  But in cross-carrier scheduling case especially when the SCS of the scheduling CC is lower than the SCS of the scheduled CC, shown in Figure 1 (b), all the PDCCH candidates are concentrated at the start of the slot on the scheduling CC. The number of BDs on the scheduling CC would be increased considerably compared with self-scheduling case. There are great differences in the distribution of PDCCH candidate with different cross-carrier configurations. But in general, the processing capacity of a UE is limited in a certain period of time. The maximum number of BDs supported by a UE can be increased linearly according to the number of CCs when T=< 4 if the UE supporting up to T DL-CCs.
	[bookmark: _Ref520509685]
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Figure 1 self-scheduling and cross-carrier scheduling with mixed numerologies, T<4 and T<y 
To avoid complex computation with different cross-carrier configurations, the following proposal is given: 
Proposal 3: For cross-carrier scheduling with mixed numerologies, 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 of the scheduling CC is not expected to be larger than X*(44 or 56) per 1ms, where X is the maximum number of CCs supported by the UE.
(2) Case 6: cross-carrier scheduling with the same μ, large number of CCs (T>4) and limited capability (y < T)
For self-scheduling with same numerology, the total number of BDs/CCEs across CCs is defined in Agreement#2. The total number of BDs/CCEs across CCs is based on UE BD capability, i.e.,, or . The same rule can be easily applied for cross-scheduling case without additional BDs/CCEs. The proposal is given below:
Proposal 4: For cross-carrier scheduling with the same numerology, 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 total number of BDs/CCEs across CCs is based on UE BD capability, i.e. or.  It can be split across CCs. 
(3) Case 7: cross-carrier scheduling with mixed μ, large CCs (T>4) and limited capability(y < T)
For self-scheduling with mixed numerologies, the total number of BDs/CCEs across CCs per numerology is defined in Agreements#5. The similar rule can be applied for cross-scheduling case. Considering that the numerologies of scheduling CC and scheduled CC may be different and the BDs/CCEs is defined  per slot of scheduling CCs, the previous results in Agreements#5 should be adjusted. One simple solution to avoid extreme BD/CCEs given a time duration, the numerology of the scheduled CC can be treated as min (,). The following proposal is given:
Proposal 5: For cross-carrier scheduling with the mixed 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 total number of BDs/CCEs across CCs per numerology is based on UE BD capability. 
· 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 and the numerology of the scheduled CC is treated as the min(, ), 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.
· 
Figure 2 cross-carrier scheduling with mixed numerology, T>4 and y<T
As shown in Figure 2, CC2 is scheduled by CC1. Then the numerology of CC2 is treated as the numerology of CC1 due to the smaller SCS on the scheduling CC, Therefore X0 with the numerology 0 is 3(1 for CC1, 1 for CC3 and 1 for CC2 scheduled by CC1).The X1 with the numerology 1 is 2 (1 for CC3 and 1 for CC5).  According to the proposal above, the limit of (BDs or CCEs) for the DL-CCs with the numerology 0 is Floor{X0 / (X0 + X1 + X2 + X3) * M0 * y} = Floor {3 / (3 + 2) * 44* 4} =105 per 1ms. The limit of BDs for the DL-CCs with the numerology 1 is Floor{X1 / (X0 + X1 + X2 + X3) * M1* y} = Floor {2 / (3 + 2) * 36* 4} =57 per 0.5 ms. The limit of BD across CCs derived is a reasonable value.
DCI size budget for CA 
In RAN1#92bis meeting, it was agreed that for one carrier, at most 4 different DCI sizes are monitored by the UE per slot and at most 3 of different DCI sizes are scrambled by C-RNTI. However, for CA (Carrier Aggregation) case, it is not clear whether the same agreement would be achieved or not.
When a SCell is configured with self-scheduling, Type3-PDCCH common search space set or UE-specific search space set can be configured on the SCell.  According to the possible DCI sizes for a cell shown in Table 2, the DCI sizes in six columns are all possible. Therefore, the DCI size budget for a self-scheduling SCell could be the same as single carrier case. 
However, if cross-carrier scheduling is configured, the number of DCI sizes monitored on the scheduling cell would be different from single carrier case. The DCI sizes for different scheduled carriers could be different due to different BWP configurations or other configurations.  Then the DCI size budget for the scheduling cell would have the following options:
· Option 1: Keeping the same DCI size budget for scheduling carrier as the single carrier case;
· Option 2: Increasing the DCI size budget for scheduling carrier according to the number of scheduled carriers and the number of DCI sizes for each scheduled carrier.
For Option 1, different DCI sizes for different scheduled carriers should be aligned to meet the requirement of DCI size budget for one carrier. The probability of inconsistency of DCI sizes will become higher for CA case than one carrier case. The loss of the scheduling performance is expected.
Generally, the UE supporting CA and even supporting cross-carrier scheduling for CA would have more powerful processing capability. The DCI size budget for the scheduling carrier could be increased to improve the scheduling efficiency. Therefore Option 2 is preferred. 
Since the fallback DCI cannot be used for cross-carrier scheduling without CIF field and the Type3-PDCCH common search space set are not necessary to be configured on the scheduled SCell. The DCI sizes shown in grey in Table 2 would not appear for the scheduled carrier. Therefore only 2 DCI sizes are possible for the scheduled carrier.
[bookmark: _Ref520275558]Table 2 DCI size options for given active DL/UL BWP [2]
	DCI format
	Size (given by BWP listed below)

	
	1 
(initial DL BWP)
	2 
(active DL or UL BWP)
	3 
(active UL BWP)
	4
(active DL BWP)
	5
(configurable)
	6
(configurable)

	 
	C-RNTI and non-C-RNTI
	C-RNTI
	C-RNTI
	C-RNTI
	SFI-RNTI
	INT-RNTI

	0-0
	CSS in any BWP
	USS in any BWP
	
	
	
	

	0-1
	
	
	USS in any BWP
	
	
	

	1-0
	CSS in any BWP
	USS in any BWP
	
	
	
	

	1-1
	
	
	
	USS in any BWP
	
	

	2-0
	
	
	
	
	CSS with any configured CORESET ID 
	

	2-1
	
	
	
	
	
	CSS with any configured CORESET ID 

	2-2
	CSS with any configured CORESET ID 
	
	
	
	
	

	2-3
	CSS with any configured CORESET ID 
	
	
	
	
	



According to above analyses, the following proposals are given:
Proposal 6: For the SCell with self-scheduling, at most 4 different DCI sizes are monitored by the UE per slot and at most 3 different DCI sizes are monitored per C-RNTI per slot. 
Proposal 7: If cross-carrier scheduling is configured, at most 2 DCI sizes per slot for each scheduled SCell are increased to be monitored on the scheduling cell by the UE.
Conclusions
The contribution provides our views on remaining issues on SSB/CORESET#0/SS#0. Based on the above discussion, we have the following proposals:
Proposal 1:  Configuration of SSB index associated with CORESET#0/SS#0 should be included in higher layer parameter PDCCH-ConfigCommon. 
Proposal 2:  The TCI state of CORESET#0 (i.e. the corresponding SSB index) should be included in the beam failure detection RS set, if higher layer parameter failureDetectionResources is provided for a UE.
Proposal 3: For cross-carrier scheduling with mixed numerologies, 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 of the scheduling CC is not expected to be larger than X*(44 or 56) per 1ms, where X is the maximum number of CCs supported by the UE.
Proposal 4: For cross-carrier scheduling with the same numerology, 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 total number of BDs/CCEs across CCs is based on UE BD capability, i.e. or.  It can be split across CCs. 
Proposal 5: For cross-carrier scheduling with the mixed 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 total number of BDs/CCEs across CCs per numerology is based on UE BD capability. 
· 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 and the numerology of the scheduled CC is treated as the min(, ), 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.
Proposal 6: For the SCell with self-scheduling, at most 4 different DCI sizes are monitored by the UE per slot and at most 3 different DCI sizes are monitored per C-RNTI per slot. 
Proposal 7: If cross-carrier scheduling is configured, at most 2 DCI sizes per slot for each scheduled SCell are increased to be monitored on the scheduling cell by the UE.
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Appendix
· Text proposal for proposal 1 in TS 38.331 v15.2.1
< Unchanged parts are omitted >
[bookmark: _Toc517308090]–	PDCCH-ConfigCommon
The IE PDCCH-ConfigCommon is used to configure cell specific PDCCH parameters provided in SIB as well as during handover and PSCell/SCell addition.
PDCCH-ConfigCommon information element
-- ASN1START
-- TAG-PDCCH-CONFIGCOMMON-START

PDCCH-ConfigCommon ::=				SEQUENCE {
	controlResourceSetZero				INTEGER (0..15)														OPTIONAL, 	-- Cond InitialBWP-Only
	commonControlResourceSet			ControlResourceSet										OPTIONAL, 	-- Need R
	searchSpaceZero						INTEGER (0..15)													OPTIONAL, 	-- Cond InitialBWP-Only
	SSBindex                            INTEGER (0..63)
														OPTIONAL, 	-- Cond CORESET#0/SS#0
	commonSearchSpace					SEQUENCE (SIZE(1..4)) OF SearchSpace								OPTIONAL,	-- Need R
	searchSpaceSIB1						SearchSpaceId														OPTIONAL,	-- Need R
	searchSpaceOtherSystemInformation	SearchSpaceId														OPTIONAL,	-- Need R
	pagingSearchSpace					SearchSpaceId														OPTIONAL, 	-- Need R
	ra-SearchSpace						SearchSpaceId														OPTIONAL, 	-- Need R
	...
}

-- TAG-PDCCH-CONFIGCOMMON-STOP
-- ASN1STOP
< Unchanged parts are omitted >
· Text proposal for proposal 2 in TS 38.213 v15.2.0 Section 6
< Unchanged parts are omitted >
A UE can be provided, for a serving cell, with a set  of periodic CSI-RS resource configuration indexes and the SS/PBCH block index QCLed with CORESET#0 by higher layer parameter failureDetectionResources and with a set  of periodic CSI-RS resource configuration indexes and/or SS/PBCH block indexes by higher layer parameter candidateBeamRSList for radio link quality measurements on the serving cell. If the UE is not provided with higher layer parameter failureDetectionResources, the UE determines the set  to include SS/PBCH block indexes and periodic CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by the TCI states for respective control resource sets that the UE uses for monitoring PDCCH.
< Unchanged parts are omitted >
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