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During RAN1#96, companies have reached a consensus on how to determine the BD/CCE budget in case of cross-carrier scheduling with different numerologies [1]. Basically, the limit of BDs/CCEs (per slot in the scheduling CC) for the scheduled CC is determined based on the numerology of the scheduling CC.
	Agreements:
· The limit of BDs/CCEs (per slot in the scheduling CC) for the scheduled CC is determined based on the numerology of the scheduling CC.
· Change the definition of NcellsDL, to “the number of configured DL-CCs whose scheduling cell is with active DL BWP having SCS configuration ” as in Section 10.1 of 38.213



Another topic is about how to decrease the UE buffering requirement for the case of lower SCS PDCCH scheduling a higher SCS PDSCH [1]. Companies have agreed that >0 is defined between the starting point of PDSCH and the end of the corresponding PDCCH.
	Agreements:
· At least for the case of lower SCS PDCCH scheduling a higher SCS PDSCH the earliest possible starting point for the PDSCH is defined by the end of the PDCCH + 
·  >0. Detailed value(s) FFS
· FFS other factor(s) impacting 



In this contribution, we continue discussing the remaining issues in this agenda item.
Multi-slot scheduling
View on multi-slot scheduling
As mentioned in preceding section, the limit of BDs/CCEs (per slot in the scheduling CC) for the scheduled CC is determined based on the numerology of the scheduling CC. In case of lower SCS PDCCH scheduling a higher SCS PDSCH, the number of BDs may be not enough to simultaneously schedule all the DL slots and UL slots.
Take an extreme example as depicted in Figure 1, one 15KHz SCS Cell#0 schedules another Cell#1, including one 120KHz SCS DL CC and one 120KHz UL CC. In this example, the SCS of scheduling CC is used to determine the BD limit for the scheduled Cell#1. That’s to say, the maximum BD number for cross-carrier scheduling PDSCH and PUSCH in Cell#1 within 8 slots in Cell#1 is 44, which is the BD limit per slot for 15KHz SCS. Averagely, each DCI scheduling DL or UL slot in Cell#1 owns 44/(8+8)=2.75 BDs. Such a small BD limit (candidate number) per DCI is likely to limit scheduling flexibility and lead to PDCCH blockage.
Observation 1: In case of lower SCS PDCCH scheduling a higher SCS PDSCH, the number of BDs may be not enough to simultaneously schedule all the DL slots and UL slots.
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[bookmark: _Ref9561]Figure 1. 15KHz Cell cross-carrier schedules 120KHz Cell

In case of one lower SCS PDCCH scheduling a higher SCS PDSCH, multi-slot scheduling seems to be a good solution to reduce the PDCCH blockage probability. For example, as depicted in Figure 2, one DCI can schedule 4 DL slots or 4 UL slots. Then, only 4 DCIs are enough to schedule all the 8 DL slots and 8 UL slots in Cell#1. In this way, each DCI scheduling DL or UL slot in Cell#1 owns 44/(2+2)= 11 BDs averagely. 
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[bookmark: _Ref9639]Figure 2. One DCI schedules four DL slots or four UL slots
Observation 2: Multi-slot scheduling can reduce the PDCCH blockage probability especially for the case of one lower SCS PDCCH scheduling a higher SCS PDSCH.
Although multi-slot scheduling is an attractive solution to improve the scheduling flexibility and reduce the PDCCH blockage probability, it may need lots of effort to finalize the detailed solution of multi-slot scheduling. After a quick check, at least the following issues need to be discussed prior to agree to introduce multi-slot scheduling.
1. The maximum number of slots that one DCI can schedule;
2. How to indicate the number of slots that one DCI schedules.
3. Time-domain and frequency-domain resource allocation in each slot;
4. Each slot with separate TB or one jumbo TB for all scheduled slots;
5. Construction of semi-static HARQ-ACK codebook and dynamic HARQ-ACK codebook;
6. How to make multi-slot scheduling be compatible with CBG-based transmission, e.g., how to interpret CBGTI and CBGFI field in scheduling DCI;
7. QCL indication for each slot;
8. The detailed DCI design used for multi-slot scheduling.
Considering all the above issues related to multi-slot scheduling, the limited time schedule for this agenda item may be not sufficient.
Solutions on multi-slot scheduling
Number of scheduled slots
One of the most important issues on multi-slot scheduling is how to determine the maximum number of slots one DCI can schedule once and how to indicate the number of scheduled slots.
Since multi-slot scheduling may mainly be used in the scenario of cross-carrier scheduling, especially the case of a lower SCS PDCCH schedules a higher SCS PDSCH, it is natural to take the numerology of PDCCH and numerology of PDSCH into consideration to determine the maximum number of slots one DCI can schedule once.
Assuming that  and  are the numerology of PDSCH and numerology of the corresponding PDCCH respectively, from network scheduling perspective, one DCI once scheduling up to  slots should suffice. As depicted in Figure 3, one 15 KHz SCS DCI can schedule up to 2 continuous 30KHz SCS DL/UL slots; one 15 KHz SCS DCI can schedule up to 4 continuous 60KHz SCS DL/UL slots; one 15 KHz SCS DCI can schedule up to 8 continuous 120KHz SCS DL/UL slots.
Proposal 1: For multi-slot scheduling, one DCI can schedule up to  DL/UL slots.
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[bookmark: _Ref4487392]Figure 3. The maximum number of slots that one DCI can schedule once
One solution to indicate the number of scheduled DL/UL slots is to add it in the RRC configuration IE, i.e., PDSCH-TimeDomainResourceAllocation. In this way, the DCI filed Time domain resource assignment can acquire the number of scheduled slots. This can avoid introducing new bit filed in the multi-slot scheduling DCI to indicate the scheduled slots.
Proposal 2: To support multi-slot scheduling, add a field indicating the number of scheduled DL/UL slots in the RRC configuration IE, i.e., PDSCH-TimeDomainResourceAllocation.
QCL assumption
If one DCI can schedule multiple PDSCH in multiple slots, gNB may indicate different TCI states for different PDSCHs in different slots. This is beneficial to acquire beam diversity and enable scheduling flexibility in multi-beam operation. In Rel-15, 3 bits are used to indicate the TCI state of its corresponding PDSCH. In case of multi-slot scheduling, if one DCI can schedule up to N slots, then 3*N bits are needed to indicate the TCI state of each scheduled slot. This will obviously increase the DCI payload size.
To keep bits indicating TCI state of each scheduled slot within a moderate level, a group of TCI states can be put into a TCI state set and each codepoint in the scheduling DCI corresponds to one set of TCI states. Each TCI state within the determined set corresponds to the TCI state of each scheduled PDSCH. In Rel-16 NR MIMO WI, the following agreement has been reached.
	Agreements:
TCI indication framework shall be enhanced in Rel-16 at least for eMBB: 
· Each TCI code point in a DCI can correspond to 1 or 2 TCI states 
· When 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, at least for DMRS type 1 
· FFS design for DMRS type 2
· FFS: TCI field in DCI, and associated MAC-CE signaling impact



Therefore, it has been agreed to support one TCI codepoint corresponding to 2 TCI states. This can be easily extended to support up to 4 TCI states for each TCI codepoint in case of multi-slot scheduling.  
For example, four TCI state sets are defined as below. One DCI can schedule up to 4 slots once. In this case, we can assume that codepoint “00” in scheduling DCI refers to the Set#0, codepoint “01” in scheduling DCI refers to the Set#1, codepoint “10” in scheduling DCI refers to the Set#2 and codepoint “11” in scheduling DCI refers to the Set#3. If bit field in scheduling DCI refers to Set#1, then the TCI state of the first scheduled PDSCH is TCI state 1, the TCI state of the second scheduled PDSCH is TCI state 2, the TCI state of the third scheduled PDSCH is TCI state 3 and the TCI state of the forth scheduled PDSCH is TCI state 4.
· Set#0: {TCI state 1, TCI state 1, TCI state 2, TCI state2}
· Set#1: {TCI state 1, TCI state 2, TCI state 3, TCI state4}
· Set#2: {TCI state 2, TCI state 1, TCI state 2, TCI state1}
· Set#3: {TCI state 1, TCI state 1, TCI state 1, TCI state1}
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Figure 4. Multi-slot scheduling DCI indicates the TCI state set.
The TCI state sets can be pre-defined by RRC configuration. If RRC configures too many TCI state sets, MAC CE can be used to activate some of sets.
Proposal 3: To support multi-slot scheduling,
· A group of TCI states can be put into a TCI state set;
· Each DCI codepoint in the scheduling DCI corresponds to one of the configured TCI state sets;
· Each TCI state within the determined set corresponds to the TCI state of each scheduled slot.
PDSCH and PDCCH timeline
In RAN1#96, companies have reached a consensus that >0 is defined between the starting point of PDSCH and the end of the corresponding PDCCH. Basically, there are two ways to define this , i.e., symbol-level  or slot-level .
Symbol-level delta
The  is most likely related to UE capability. Following the way in Rel-15, we can try to define a minimum time requirement between PDCCH and corresponding PDSCH, which is similar to Tproc,1 and Tproc,2. To simplify the discussion, we denote the minimum requirement between PDCCH and corresponding PDSCH as Tproc,0. One possible way to define Tproc,0 is as below.

N0 is the pre-defined value, which depends on the UE capability, e.g., Capability#1 and Capability#2. The value of N0 can be further discussed.
 is used to reflect other factors that may have impact on , e.g., number of symbols in this PDCCH monitoring occasion, PDCCH type (PDCCH monitoring case 1-1, case 1-2 and case 2). For example, if the number of symbols in PDCCH monitoring occasion may impact the PDCCH processing time, we can define the d0,1 as below.

Proposal 4: Define the  as
,
where N0 is the pre-defined value that depends on the UE capability and  is to reflect other factors that may have impact on ..
Slot-level delta
Another way to define the  is to define the minimum K0 in unit of slot for the CC with higher SCS. Some examples of minimum K0 for each combination of (, ) can be found in [2].
However, defining a minimum K0 may be a little complicated since the minimum K0 is dependent on the end symbol of PDCCH. As depicted in Figure 5, one 15KHz SCS CC schedules another 60KHz SCS CC.
· For the PDCCH ends within symbol#0, symbol#1 and symbol#2, the minimum K0 should be at least K0=1 to fulfil >0.
· For the PDCCH ends within symbol#3, symbol#4, symbol#5 and symbol#6, the minimum K0 should be at least K0=2 to fulfil >0.
· For the PDCCH ends within symbol#7, symbol#8 and symbol#9, the minimum K0 should be at least K0=3 to fulfil >0.
· For the PDCCH ends within symbol#10, symbol#11, symbol#12 and symbol#13, the minimum K0 should be at least K0=4 to fulfil >0.
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[bookmark: _Ref4520934]Figure 5. The minimum K0 depends on ending symbol of PDCCH
Observation 3: The value of minimum K0 depends on the ending symbol of PDCCH.
If RAN1 agrees to define the slot-level , then multiple tables may need to be defined for PDCCH ends in different symbols. If not, we can only define the K0 according to the worst case, which may result with an extremely large minimum K0.
To simplify the description of minimum K0, we can define one default table as shown in [2] for PDCCH monitoring case 1-1, i.e., PDCCH monitoring occasion is confined within the first 3 symbols. Then one additional offset can be defined to cater for the different cases where PDCCH ends in different symbols.
Take Figure 5 as an example, the minimum K0 is set to 1 for PDCCH monitoring case 1-1. Another additional offset is defined as below,

Then, =minimum K0 + OffsetPDCCH
Proposal 5: Define a minimum K0 for PDCCH monitoring case 1-1 and define an additional offset to cater for PDCCH ending in different symbols. Thus, =minimum K0 + OffsetPDCCH.
QCL determination
Default QCL assumption
During RAN1#adhoc 1901, the default QCL assumptions for cross-carrier scheduling was discussed in offline. Three alternatives were summarized as shown below.
	[bookmark: OLE_LINK1]Alt 1: (follow Rel-15 definition): Tci-PresentInDCI has to be always enabled for cross-carrier scheduling. 
For cross-carrier scheduling with tci-PresentInDCI being enabled for a DCI format 1_1, or if tci-PresentInDCI is not enabled for DCI format 1_1, the scheduling timing offset cannot be smaller than the threshold. 
Alt 2: If the scheduling timing offset is smaller than the threshold, or if tci-PresentInDCI is not enabled for DCI format 1_1, the default QCL assumption for PDSCH in case of cross-carrier scheduling is based on dummy CORESET configured in the active BWP of the scheduled cell
Alt 3: If the scheduling timing offset is smaller than the threshold , or if tci-PresentInDCI is not enabled for DCI format 1_1, default QCL assumption for PDSCH in case of cross-carrier scheduling is based on the TCI-state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell



Regarding the current QCL assumptions for cross-carrier scheduling (Alt 1), the Tci-PresentInDCI has to be always enabled and the scheduling timing offset cannot be smaller than the threshold. As explained in the UE feature list [3], for 60 KHz SCS of scheduled carrier, the candidate values of Threshold-Sched-Offset is {7, 14, 28}; for 120 KHz SCS of scheduled carrier, the candidate values of Threshold-Sched-Offset is {14, 28}. That’s to say, the basic cross-carrier scheduling timing offset is 28 symbols with basic UE capability. Even with higher UE capability, the offset is at least 7 symbols for the scheduled carrier of 60 KHz SCS and 14 symbols for the scheduled carrier of 120 KHz SCS. This additional latency is unnecessary especially for basic single beam system. It may be okay to have such restriction in Rel-15 because FR1 cross-carrier scheduling FR2 carrier is anyway not supported in Rel-15. Given that cross carrier scheduling with different numerologies is supported in Rel-16, this restriction will limit the use cases of cross-carrier scheduling, e.g. latency sensitive traffic would not work well in such case.
Both Alt 2 and Alt 3 provide a default QCL assumption for the cases where the scheduling timing offset is smaller than the threshold, or if tci-PresentInDCI is not enabled for DCI format 1_1. With the default QCL assumption, UE can further decrease and even eliminate the scheduling timing offset for cross-carrier scheduling. However, it is natural to adopt Alt 3 as we always use the lowest ID to represent the default configuration since Rel-15.
Proposal 6: If the scheduling timing offset is smaller than the threshold, or if tci-PresentInDCI is not enabled for DCI format 1_1, default QCL assumption for PDSCH in case of cross-carrier scheduling is based on the TCI-state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell. (Alt3)
QCL assumptions other than QCL-TypeD
For self-scheduling, PDSCH and its PDCCH can be quasi co-located w.r.t. all QCL parameters. However, for cross-CC scheduling as shown in Figure 6, PDSCH and CORESET of PDCCH may not be quasi co-located w.r.t. Doppler shift, Doppler spread, average delay, delay spread because different CCs may have different channel properties due to a large frequency gap between CCs. Degradation is expected if multiple CCs share the same QCL parameters. Regarding the spatial Rx parameter, it can be okay since multiple CCs may need to share the same receive beam anyway. In other words, only QCL-TypeD of PDCCH can be used for PDSCH in the case of cross-CC scheduling. 
Furthermore, UE needs some time to determine and apply spatial QCL information for corresponding PDSCH reception. While for all the QCL assumptions other than QCL-TypeD, which are mainly used in the baseband processing, UE is allowed to receive the PDSCH and determine and apply QCL assumptions other than QCL-TypeD after the PDSCH reception.
Thus, when TCI field is present in DCI for cross-CC scheduling, if the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than a threshold Threshold-Sched-Offset, UE can still obtain the QCL assumptions other than QCL-TypeD from the indicated TCI state in DCI for the PDSCH. The QCL assumptions based on DCI indication can be further updated.
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[bookmark: _Ref23673]Figure 6. Cross-carrier scheduling
Proposal 7: When PDSCH and its scheduling PDCCH are in the different CCs, if TCI field is present in DCI and the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than a threshold Threshold-Sched-Offset, UE obtains the QCL assumptions other than QCL-TypeD from the indicated TCI state in DCI for the PDSCH.
Clarifications on time domain thresholds for QCL indication 
Another remaining issue for QCL assumption is related to the threshold used for applying spatial QCL information received in DCI. The current definition in TS38.306 is described as follows:
timeDurationForQCL
Defines minimum number of OFDM symbols required by the UE to perform PDCCH reception and applying spatial QCL information received in DCI for PDSCH processing as described in TS 38.214 [12] clause 5.1.5, i.e. Threshold-Sched-Offset. UE shall indicate one value of the minimum number of OFDM symbols per each subcarrier spacing of 60kHz and 120kHz.
Therefore, this threshold is reported per each subcarrier spacing. However, it is not clear whether subcarrier spacing of scheduled cell or scheduling cell it refers to. 
In Subclause 5.1.5 of TS 38.214, the corresponding description related to the threshold is 
“the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold Threshold-Sched-Offset…”. 
It is not clear whether the time offset and the threshold depends on the numerology of PDSCH i.e. scheduled cell or DCI i.e. scheduling cell.
Therefore, we propose to clarify that the threshold corresponding to the numerology of the scheduled cell should be used. 
Proposal 8: Clarify in TS38.214 that the threshold for QCL indication via TCI in DCI corresponds to the numerology of the scheduled cell for the case of cross-carrier PDSCH scheduling with mixed numerologies.
Conclusion
To sum up, the following observations and contributions are present in this contribution.
Observation 1: In case of lower SCS PDCCH scheduling a higher SCS PDSCH, the number of BDs may be not enough to simultaneously schedule all the DL slots and UL slots.
Observation 2: Multi-slot scheduling can reduce the PDCCH blockage probability especially for the case of one lower SCS PDCCH scheduling a higher SCS PDSCH.
Observation 3: The value of minimum K0 depends on the ending symbol of PDCCH.
Proposal 1: For multi-slot scheduling, one DCI can schedule up to  DL/UL slots.
Proposal 2: To support multi-slot scheduling, add a field indicating the number of scheduled DL/UL slots in the RRC configuration IE, i.e., PDSCH-TimeDomainResourceAllocation.
Proposal 3: To support multi-slot scheduling,
· A group of TCI states can be put into a TCI state set;
· Each DCI codepoint in the scheduling DCI corresponds to one of the configured TCI state sets;
· Each TCI state within the determined set corresponds to the TCI state of each scheduled slot.
Proposal 4: Define the  as
,
where N0 is the pre-defined value that depends on the UE capability and  is to reflect other factors that may have impact on ..
Proposal 5: Define a minimum K0 for PDCCH monitoring case 1-1 and define an additional offset to cater for PDCCH ending in different symbols. Thus, =minimum K0 + OffsetPDCCH.
Proposal 6: If the scheduling timing offset is smaller than the threshold, or if tci-PresentInDCI is not enabled for DCI format 1_1, default QCL assumption for PDSCH in case of cross-carrier scheduling is based on the TCI-state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell. (Alt3)
Proposal 7: When PDSCH and its scheduling PDCCH are in the different CCs, if TCI field is present in DCI and the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than a threshold Threshold-Sched-Offset, UE obtains the QCL assumptions other than QCL-TypeD from the indicated TCI state in DCI for the PDSCH.
Proposal 8: Clarify in TS38.214 that the threshold for QCL indication via TCI in DCI corresponds to the numerology of the scheduled cell for the case of cross-carrier PDSCH scheduling with mixed numerologies.
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