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[bookmark: _Toc528948765]Introduction
In this contribution, we will discuss the following remaining open topics of DL control  
Table of Contents
1	Introduction	1
2	BD/CCE limits	1
2.1	BD/CEE limit for CA	1
2.2	BD/CCE limits for DC	2
3	Search space design	3
3.1	Collision of CORESETs with different QCL-D	3
3.2	Response to LS on cross-carrier scheduling	4
4	GC-PDCCH	5
4.1	On half-duplex operation in CA	5
5	Conclusions	6
6	References	7


[bookmark: _Toc528948766]BD/CCE limits
[bookmark: _Toc528948767]BD/CEE limit for CA 
There are three issues with the current specification text (below): (Issue 1) as pointed out by the spec-editor, it is not clear what is the “active” BWP if cell is deactivated. (Issue 2) it is not clear what is the capability on the other cells, if active BWP switching is ongoing in one cell (i.e. during transition period). (Issue 3) it is irrelevant how much BD a scheduling cell has to perform, what matters is how much can a UE monitor for a scheduled cell. 

Issue 1 can be solved similarly as for the TYPE 1 HARQ-ACK CB, i.e. firstActiveDownlinkBWP-Id can determine the active numerology of deactivated cell, but as first preference would be to revert the previous agreement and proceed with the alternative Option 2 (based on the lowest SCS amongst all the DL BWPs). 

Proposal-1: Revert the previous agreement as first preference, otherwise firstActiveDownlinkBWP-Id can determine the active numerology of deactivated cell.

Issue 2 can be solved be clarification that the updated grouping based on newly activated BWP becomes active in the first slot after BWP switching. It is not very clear which slot, if multiple numerologies are involved.

Proposal-2: Revert the previous agreement as the first preference, otherwise clarify that the number of PDCCH candidates and non-overlapped CCEs, the UE is expected to monitor before an active DL BWP switching is triggered, are valid until the last slot of the active DL BWP switching. Discuss further how to define the last slot in case of mixed numerology.   

Issue 3 addresses whether limits are defined per scheduling cell or per scheduled cell. We think it would be simplest if there is no difference between self-scheduling and cross-scheduling. 

Proposal-3: CA BD/CCE limits shall be defined such that there is no difference between self-scheduling and cross-scheduling.   

	TP for TS 38.213 sub-clause 10.1:
…..
If a UE 

-	is capable for operation with carrier aggregation with a maximum of 4 downlink cells or indicates through pdcch-BlindDetectionCA a capability to monitor PDCCH candidates for  downlink cells, and 




-	is configured with  downlink cells with DL BWPs having SCS configuration  where  or , respectively, and 



-	for cross-carrier scheduling over  downlink cells, including a scheduling cell, from the  downlink cells where the scheduling cell and scheduled cell(s) have DL BWPs with same SCS configuration 



the UE is expected to be able to monitor  PDCCH candidates and  non-overlapped CCEs per slot on the active DL BWP of the scheduling for each scheduled cell. The case of  corresponds only to self-scheduling for the scheduling cell. 
If a UE 

-	indicates through pdcch-BlindDetectionCA a capability to monitor PDCCH candidates for  downlink cells, and 



-	is configured with  downlink cells with DL BWPs having SCS configuration  where , and



the UE is expected to be able to monitor a total of  PDCCH candidates and a total of  non-overlapped CCEs per slot on the active DL BWP(s) of scheduling cell(s) for the scheduled cell(s) from the  downlink cells. 
UE determines the numerology of a configured serving cell as the numerology of active BWP in the serving cell. For deactivated configured cell, UE determines the numerology as numerology of firstActiveDownlinkBWP-Id BWP. The number of PDCCH candidates and non-overlapped CCEs, the UE is expected to monitor before an active DL BWP switching is triggered, are valid until the last slot of the active DL BWP switching.  





[bookmark: _Toc528948768]BD/CCE limits for DC 
Since the BD/CCE limits are now changing dynamically with BWP switching, gNB1 an gNB2 in NR-NR DC has to coordinate the active numerologies within its configured cells. Considering that BWP switching times as specified in RAN4, for TYPE 1 switching time is ~0.6ms and for TYPE 2 switching time is ~2ms (see Table 1). These times are insufficient to have meaningful coordination. Also it is not clear what would happen when switching DCI would be missed or switching DCI would be invalidated (see discussion in [BWP paper]) after the coordination has been done. The easiest would be to revert agreement and proceed with the other alternative Option 2 (based on the lowest SCS amongst all the DL BWPs) from the previous meeting. 

Observation-1: It is infeasible to coordinate the active numerologies of the cells within cell-group between cell-groups, due to dynamic nature of BWP switching. 
Proposal-4: Revert the previous conclusion Option 1 (based on the current active DL BWP), and conclude Option 2 instead (based on the lowest SCS amongst all the DL BWPs)

 Table 1  (Table 8.6.2-1: BWP switch delay)
	[image: ]
	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	[1]
	[3]

	1
	0.5
	[2]
	[5]

	2
	0.25
	[3]
	[9]

	3
	0.125
	[6]
	[17]

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the larger one between the SCS before BWP switch and the SCS after BWP switch.



[bookmark: _Toc528948769]Search space design 
[bookmark: _Toc528948770]Collision of CORESETs with different QCL-D
In RAN1#94b, it has been agreed 
Agreements:
· For a UE monitors multiple search spaces associated with different CORESETs, for single cell operation or for operation with carrier aggregation in a same frequency band,
· If the monitoring occasions of the search space are overlapped in time and the search spaces are associated with different CORESETs having different QCL-TypeD properties, the UE monitors search spaces associated with a given CORESET containing a CSS in the active DL BWP in the serving cell with the lowest serving cell index and any other CORESET associated with the same QCL-TypeD properties as the given CORESET
· If two or more CORESETs are respectively containing CSS, the UE selects the CORESET containing the search space having the lowest ID in the monitoring occasions in the active DL BWP in the serving cell with the lowest serving cell index.
· Any overlapped search space(s) associated with CORESET(s) having the same QCL-TypeD are monitored.
· If none of the CORESETs contains CSS, the UE selects the CORESET containing the search space having the lowest ID in the monitoring occasions in the active DL BWP in the serving cell with the lowest serving cell index.
· Any overlapped search space(s) associated with CORESET(s) having the same QCL-TypeD are monitored.
· For this purpose, QCL TypeD with respect to a SSB and QCL TypeD with respect to a CSI-RS (or TRS) are considered as different QCL TypeD, even if the CSI-RS is sourced from the same SSB.
· BD/CCE counting should be based on before search space dropping due to QCL TypeD conflicts.
· The number of configured active TCI states of CORESET should be upper bounded by the UE capability without considering the dropping due to QCL TypeD conflicts.
· Non-selected search spaces due to QCL TypeD conflicts is considered to be dropped, not punctured.
The above highlighted sub-bullet says that UE first performs search-space-set dropping due to overbooking and only after that it perform dropping of search-space-sets due to QCL conflict. But to our understanding, sentence captured by the spec editor is unclear. We have the following TP. 
	 TP TS38.213 sub-clause 10.1
….
[bookmark: _Hlk528948926]If a UE 
-	is configured for single cell operation or for operation with carrier aggregation in a same frequency band, and
-	monitors PDCCHs in overlapping PDCCH monitoring occasions in multiple CORESETs that have different QCL-TypeD properties on active DL BWP(s) of one or more cells
the UE monitors PDCCHs only in a CORESET, and in any other CORESET from the multiple CORESETs having same QCL-TypeD properties as the CORESET, on the active DL BWP of a cell with the lowest index from the one or more cells that corresponds to the CSS set with the lowest index, if any; otherwise, to the USS set with the lowest index 
-	for the purpose of determining the CORESET, a SS/PBCH block is considered to have different QCL-TypeD properties than a CSI-RS 
-	the allocation of non-overlapping CCEs and of PDCCH candidates for PDCCH monitoring is according to the lowest index is determined among all search space sets, with at least one allocated PDCCH candidate, associated with the multiple CORESETs on the active DL BWP(s) of the one or more cells 
 -	the number of active TCI states is determined from the multiple CORESETs 



 
[bookmark: _Toc528948771]Response to LS on cross-carrier scheduling
In RAN1 #94, RAN1 send LS [1] to RAN2 asking to clarify how the cross-carrier scheduling works. The LS says the following:
1. Overall Description:

RAN1 is discussing how the UE knows the number of PDCCH candidates for each scheduled cell in case of cross-carrier scheduling. RAN1’s understanding is that:
· Without ASN.1 signaling change with possible field description updates:
· Search space with ID#s configuration configured on a BWP of a scheduled cell is used to determine the number of PDCCH candidate(s) for each aggregation level monitored in a search space with ID#s of a BWP of the scheduling cell for the BWP of the scheduled cell
· Otherwise, RAN1 would like to know whether it is possible to realize previous RAN1 conclusion by modifying the ASN.1, e.g., update of crossCarrierSchedulingConfig, PDCCH-Config, SearchSpace, etc. 
· If not possible, RAN1 will discuss further on how to handle.

The previous RAN1 conclusion is copied below.
	Conclusion:
· It is clarified that Mp,maxL is the maximum of “configured” number of PDCCH candidates for the given aggregation level L across all serving cells scheduled by the search space



2. Actions:
To RAN WG2
ACTION: RAN1 would like RAN2 to take the above into consideration for the specification work. 

As summary of above LS, RAN1 recommended that UE is configured with a search-space for cross-carrier scheduling in a scheduled cell so that the UE reads only the searchSpaceId and nrofCandidates from scheduled cell and applies it to the search-space with the same searchSpaceId in the scheduling cell, following the above conclusion.
Based on the RAN1 LS [1], RAN2 discussed the issue and concluded that above RAN1 solution has the following issues:
· Issue 1: The same Search-space ID would have to be configured in multiple BWPs of the scheduled cell, which is not allowed in ASN.1 (currently the search-space IDs are unique per cell, i.e. different BWPs must use different search-space IDs)
· Issue 2: Each BWP on scheduled cell would have to contain search-space configuration for each BWP of scheduling cell (so that the scheduled cell can always be scheduled regardless of the used BWP in scheduling cell), and only 10 search-spaces can be configured per BWP for each serving cell.   

To overcome these issues, RAN2 proposed the following additional solution (called solution 2) to be considered (as detailed in the LS reply to RAN1 in R2-1816064)
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:
· [bookmark: OLE_LINK59][bookmark: OLE_LINK58]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

The Solution 2 solved Issue 1, since search-space ID in scheduled cell can be whatever number so the search-space numbers are not overused. And there is only 12 CORESETs per cell, so 10 Search-spaces per BWP of scheduled cell would be sufficient. 
The problems with the proposed RAN2 solution2 from RAN1 perspective are the following: 
· Issue 3: RAN1 specifications require an association between search-space ID in scheduled cell and the search-space in the scheduling cell (as stated in the RAN1 conclusion). A CORESET in scheduling cell may be associated with multiple user-specific search-spaces, so to which of those should the search-space of scheduled cell apply?  

Since typically scheduling cell would be a Pcell, and for BD/CCE overbooking purposes, the UE would separate search-spaces into multiple USS. It would be very sub-optimal if nrofCandidates of scheduled cell would apply to all user-specific search-spaces. Therefore, RAN1 Solution 2 would become feasible if RAN2 could configure parameter to select USS of the indicated CORESET to which the nrofCandidates of USS in scheduled cell apply. Otherwise, we think RAN1 Solution 1 would be better, and RAN2 should allow configuration of USS in different BWPs with the same index, if cell is cross-scheduled.   
Proposal-5: For Solution 2, ask RAN2 to define a parameter to select which of the USS of the indicated CORESET in scheduling cell for which the nrofCandidates in SearchSpace configured in scheduled cell apply. If not possible to define the parameter, recommend the implement Solution 1.  
[bookmark: _Toc528948772]GC-PDCCH
[bookmark: _Toc528948773]On half-duplex operation in CA 
The UE behavior in case of CA when the UE is not capable of simultaneous reception and transmission in the different CCs was discussed in RAN1#94bis [3], but no agreement was reached. Specifically, the following was proposed in [4]:
· In case multiple cells with different uplink-downlink-flexible configurations/indications are aggregated and the UE is not capable of simultaneous reception and transmission in the aggregated cells, the following constraints apply:
· if the symbol in the specific cell is a downlink symbol, the UE shall not transmit any signal or channel on a secondary cell in the same symbol 
· if the symbol in the specific cell is an uplink symbol, the UE is not expected to receive any downlink transmissions on the other cell in the same symbol
· if the symbol in the specific cell is a flexible symbol, the UE is not expected to receive any downlink transmissions and transmit any signal or channel on the other cell in the same symbol.
· The specific cell is the PCell, PSCell, or the CC with the smallest cell index across CCs in the band combination.
There was a question of whether these are simply defining error case behavior, and the necessity was questioned. However, defining UE behavior is necessary, because there could be conflict of DL monitoring and UL transmission in different cells even under normal operation. One such example is when semi-static DL/UL configuration is provided and SFI is not configured for a cell, the UE would always monitor PDCCH in the flexible symbols based on current UE behavior. But this does not mean all these symbols are actual DL symbols. They could be UL symbols without the UE being aware of it. Therefore, in a normal operation, there could be UL transmission for the UE in another cell. If no UE behavior is specified, the UE could see the conflict between PDCCH monitoring on PCell and UL transmission in another cell, and the UE behavior is undefined in this case. This causes uncertainty for the gNB and creates issues for gNB scheduling. Therefore, the related UE behavior should be defined in the specifications in our view.
The proposal above is fine in principle. However, the UE behavior for flexible symbols is too restricted, as it prohibits any transmissions/receptions in other cells if the symbol on this specific cell is flexible. We propose to relax it by only preventing transmission in these symbols, while still allowing the UE to receive. Even though more complicated rules can be potentially defined for prioritization, this simple rule seems to provide a good tradeoff between simplicity and flexibility.
Proposal-6: In case multiple cells with different uplink-downlink-flexible configurations/indications are aggregated and the UE is not capable of simultaneous reception and transmission in the aggregated cells, the following constraints apply:
· if a symbol in the specific cell is a downlink symbol according to semi-static configuration and/or SFI, the UE shall not transmit any UL transmissions on another cell in the same symbol 
· if a symbol in the specific cell is an uplink symbol according to semi-static configuration and/or SFI, the UE shall not receive or monitor any downlink transmissions on another cell in the same symbol
· if a symbol in the specific cell is a flexible symbol according to semi-static configuration
· [bookmark: _GoBack]if the UE receives or monitors any DL transmissions in the same symbol (due to SFI, dynamic DCI, and/or RRC configuration), the UE shall not transmit any UL transmissions on another cell in the same symbol
· else if the UE transmits any UL transmissions in the symbol (due to SFI, dynamic DCI, and/or RRC configuration), the UE shall not receive or monitor any downlink transmissions on another cell in the same symbol;
· otherwise, the UE shall not transmit any signal or channel on another cell in the same symbol
· The specific cell is the PCell, PSCell, or the CC with the smallest cell index across CCs in the band combination.
[bookmark: _Toc528948774]	Conclusions
In this contribution, we have discussed remaining details of R15 NR PDCCH design. Based on the discussion, we make the following proposals and observations and two TPs:
[bookmark: _Hlk505720451]Proposal-1: Revert the previous agreement as first preference, otherwise firstActiveDownlinkBWP-Id can determine the active numerology of deactivated cell.

Proposal-2: Revert the previous agreement as the first preference, otherwise clarify that the number of PDCCH candidates and non-overlapped CCEs, the UE is expected to monitor before an active DL BWP switching is triggered, are valid until the last slot of the active DL BWP switching. Discuss further how to define the last slot in case of mixed numerology.   
Proposal-3: CA BD/CCE limits shall be defined such that there is no difference between self-scheduling and cross-scheduling.   
Observation-1: It is infeasible to coordinate the active numerologies of the cells within cell-group between cell-groups, due to dynamic nature of BWP switching. 
Proposal-4: Revert the previous conclusion Option 1 (based on the current active DL BWP), and conclude Option 2 instead (based on the lowest SCS amongst all the DL BWPs)
Proposal-5: For Solution 2, ask RAN2 to define a parameter to select which of the USS of the indicated CORESET in scheduling cell for which the nrofCandidates in SearchSpace configured in scheduled cell apply. If not possible to define the parameter, recommend the Solution 1.  
Proposal-6: In case multiple cells with different uplink-downlink-flexible configurations/indications are aggregated and the UE is not capable of simultaneous reception and transmission in the aggregated cells, the following constraints apply:
· if a symbol in the specific cell is a downlink symbol according to semi-static configuration, the UE shall not transmit any UL transmissions on another cell in the same symbol 
· if a symbol in the specific cell is an uplink symbol according to semi-static configuration, the UE is not expected to receive or monitor any downlink transmissions on another cell in the same symbol
· if a symbol in the specific cell is a flexible symbol according to semi-static configuration
· if the UE receives or monitors any DL transmissions in the same symbol (due to SFI, dynamic DCI, and/or RRC configuration), the UE is not expected to transmit any UL transmissions on another cell in the same symbol
· else if the UE transmits any UL transmissions in the symbol (due to SFI, dynamic DCI, and/or RRC configuration), the UE is not expected to receive any downlink transmissions on another cell in the same symbol;
· otherwise, the UE shall not transmit any signal or channel on another cell in the same symbol
· The specific cell is the PCell, PSCell, or the CC with the smallest cell index across CCs in the band combination.
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