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Introduction
During RAN plenary #81, work item on DC and CA enhancements has been approved [1]. The work item contains multiple objectives involving RAN1, from which one addresses cross-carrier scheduling of different numerologies. 
5. Cross-carrier scheduling with different numerologies on the scheduling and scheduled carriers [RAN1, RAN2, RAN4]
· This objective applies to CA only.
· Target completion by RAN#84.

Cross-carrier scheduling with mixed numerology has been postponed from R15 to R16 due to lack of time and the completion involves at least the following aspects:  
· [bookmark: _Hlk534228601]K0 timeline for cross-numerology scheduling  
· BD/CCE limits 
· Full buffer scheduling 
· K1 and K2 timeline for cross-numerology scheduling  

Some additional aspects that could be considered under this objective include:
· Semi-static CB optimizations with respect to mixed numerologies
· Enhancements to cross-carrier scheduling search-space configurations
 
	K0 timeline for cross-numerology scheduling 
Reference slot
In NR R15, the slot allocated for the PDSCH is  where  is the slot with the scheduling DCI, and  is based on the numerology of PDSCH, and  and  are the subcarrier spacing configurations for PDSCH and PDCCH, respectively. Similar holds for  and PUSCH.   The  settings are illustrated in Figure 1 and 2, where red denotes PDCCH and corresponding  of PDSCH (yellow) is shown.  However, causality has to be maintained. 




Figure 1 illustration for cross-numerology scheduling many-to-one
Low band: scheduled UL-only cell with 15kHz SCS
High band: 
scheduling cell with 30kHz SCS serving cell
















Low band: scheduled UL-only cell with 15kHz SCS
High band: 
scheduling cell with 30kHz SCS serving cell
Figure 2 illustration for cross-numerology scheduling many-to-one


Observation-1: In R15, the reference slot (slot 0) for  and  is the first slot of PDSCH and PUSCH numerology which overlaps with a slot where PDCCH has been transmitted.    
Scheduling Causality for self-scheduling and cross-carrier scheduling with same numerology
NR scheduling causality and buffering is defined by the following two rules:
· Type-A-rule: The UE is not expected to receive a PDSCH with mapping type A in a slot, if the PDCCH scheduling the PDSCH was received in the same slot and was not contained within the first three symbols of the slot. 
· Type-B-rule: The UE is not expected to receive a PDSCH with mapping type B in a slot, if the first symbol of the PDCCH scheduling the PDSCH was received in a later symbol than the first symbol indicated in the PDSCH time domain resource allocation.
According to the rules, fixed DMRS PDSCH is scheduled always from first 3 symbols and front-loaded DMRS PDSCH is scheduled no later than the PDSCH start. Besides these, no further restrictions apply for PDSCH, irrespective of self-scheduling or cross-scheduling with same numerology in R15. Therefore, the following observations can be drawn:
Observation-2: In NR R15, cross-carrier scheduling with the same numerology follows the same time-line as self-scheduling.
Minimum K0 for cross-carrier scheduling
In RAN1#94, the time-line for cross-carrier cross-numerology scheduling has been extensively discussed. Cross-numerology self-scheduling is possible in R15 only in case of DCI-based BWP switching, and in this case, a UE has an additional BWP switching delay. However, there is no such additional delay for cross-carrier scheduling. 
In RAN1 Ad-Hoc Jan 19, the following conclusion has been agreed
	Conclusion:
Study further at least the following:
· Determine the first possible PDSCH starting point based on the timing of the last or first symbol of the scheduling PDCCH.
· Both Type A and Type B PDSCH allocation should be considered
· Consider a possibility for introducing a single solution for Type A and Type B PDSCH allocation
· PDCCH position cases 1-1, 1-2 and 2 should all be considered



Explicit or implicit minimum K0
If the minimum K0 would be defined explicitly for the combination of {scheduling, scheduled} SCS, it would be very suboptimal, because the minimum K0 would need to be defined for the worst-case of CASE 2 monitoring. This is illustrated on Figure 3, where monitoring occasion in the end of scheduling slot (red) would determine the minimum  for all the monitoring occasions within the 15kHz slot scheduling PDSCH (yellow).   


Figure 3 Minimum  determined based on worst case scenario
It seems to make more sense to determine a minimum  implicitly (as in R15) based on the position of a PDCCH monitoring occasion within the slot, i.e. the smallest possible  for a given PDCCH message is determined by the position of the monitoring occasion within the slot. 
[bookmark: _Hlk1160998]Proposal-1: Minimum  is determined implicitly based on the position of the monitoring occasion within the slot that carries the PDCCH scheduling the PDSCH
Reference symbol of a PDCCH monitoring occasion
In RAN1 AH#1901, there was a good discussion on whether the earliest PDSCH position should be determined based on the first or the last symbol of monitoring occasion where PDCCH scheduling the PDSCH has been received. A UE may not perform any PDCCH detection until the last symbol of the monitoring occasion, and therefore it serves as natural reference point. On the other hand, current rules do not use the last symbol of PDCCH as a reference point.
As pointed out in Section 2.2, in case of self-scheduling and cross-scheduling with the same numerology, there is a separate PDCCH processing timeline for TYPE-A and TYPE-B PDSCH. We think that the same differentiation should be kept in case of cross-numerology cross-carrier scheduling too. Further, it is true that in a monitoring occasion of lower SCS, UE has to process more BD and CCE compared to self-scheduling in higher SCS. On the other hand, this is the case only if the BD/CCE limits are determined based on scheduling cell. If the BD/CCE limits are determined based on scheduled cell and applied to scheduling slot, then the existing PDCCH processing timeline for TYPE-A and TYPE-B can be used with additional clarifications:
[bookmark: _Hlk1161010]Proposal-2: Adopt the following TP to support cross-carrier cross-numerology scheduling, if BD/CCE limits are determined based on scheduled cell.  
· Type-A-rule-updated: The UE is not expected to receive a PDSCH with mapping type A in a slot, if the PDCCH scheduling the PDSCH was received at least partially in the same slot and was not contained within the first three symbols of the PDSCH slot. 
· Type-B-rule-updated: The UE is not expected to receive a PDSCH with mapping type B in a slot, if the first symbol of the PDCCH scheduling the PDSCH was received in a later symbol  than the first symbol indicated in the PDSCH time domain resource allocation or if the last symbol of the PDCCH scheduling the PDSCH was received later than third symbol indicated in the PDSCH time domain resource allocation.
Obviously, number of BD and CCE is reduced within scheduling slot, however here we talk about scheduling an Scell and a dedicated search-space/CORESET could be configured for a scheduled cell on the scheduling cell. Above proposal is illustrated in Figure 4 and 5 for Taipei and TYPE-B PDSCH allocations. In addition, if the scheduling CORESET would be 1OS long instead, PDSCH could in principle start earlier than the scheduling PDCCH. 



Figure 4 Earliest PDSCH symbol for TYPE-A scheduling



Figure 5 Earliest PDSCH symbol for TYPE-B scheduling

QCL determination and relation to the minimum K0
RAN1#95 reached the following agreement for cross carrier scheduling and beam management
	Agreement
· For cross carrier scheduling, Tci-PresentInDCI has to be always enabled
· For cross-carrier scheduling with tci-PresentInDCI being enabled for a DCI format 1_1, the scheduling timing offset cannot be smaller than the threshold
· Above two bullets apply in case the scheduled carrier is in FR2
· The first bullet applies for both FR1 and FR2
· The first two bullets apply only for CORESET associated for cross carrier scheduling 



The second bullet introducing the additional latency for the UE operating in FR2 was captured in the 38.214 subclause 5.1.5 as follows:
	[bookmark: _Hlk530421126]When the UE is configured with CORESET associated with a search space set for cross-carrier scheduling, the UE expects tci-PresentInDci is set as 'enabled' for the CORESET, and if one or more of the TCI states configured for the serving cell scheduled by the search space set contains 'QCL-TypeD', the UE expects the time offset between the reception of the detected PDCCH in the search space set and the corresponding PDSCH is larger than or equal to the threshold Threshold-Sched-Offset.



And, depending on the UE capability, that sets the minimum delay from the PDCCH to the PDSCH for FR2 to be either one half (60 kHz only), one or two slots, depending on the UE capability, as defined in the TS38.306 and 38.331 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.
	FS
	Yes
	No
	FR2 only


	timeDurationForQCL SEQUENCE {
scs-60kHz ENUMERATED {s7, s14, s28} OPTIONAL,
scs-120kHz ENUMERATED {s14, s28}



The Threshold-Sched-Offset is only defined for FR2, and thus for FR1-FR2 scheduling the scheduled cell SCS and signalled capability would be the natural pick to determine the Threshold-Sched-Offset. 
[bookmark: _Hlk1161021]Proposal-3: The SCS to use in determination of the Threshold-Sched-Offset is based on the scheduled cell SCS as follows:
…the UE expects the time offset between the reception of the detected PDCCH in the search space set and the corresponding PDSCH is larger than or equal to the threshold Threshold-Sched-Offset determined by the subcarrier spacing of the scheduled PDSCH.
BD/CCE limits 
The status of agreements on BD and CCE capabilities in CA can be summarized in Table 1  
Table 1 Standardization status of BD and CCE capabilities for CA
	UE CCE and BD capability for CA
 (T denotes configured cells, y denotes BD-capability)
	T<=4
	4<T<=y
	T>y

	Self-scheduling and same numerology
	Agreed in R15
	Agreed in R15
	Agreed in R15

	Self-scheduling and mixed numerology
	Agreed in R15
	Agreed in R15
	Agreed in R15

	Cross-scheduling and same numerology numerology between scheduled and scheduling cell
	Agreed in R15
	Agreed in R15
	Agreed in R15 

	Cross-scheduling and mixed numerology between scheduled and scheduling cell
	agreement
missing
	agreement
missing
	agreement
missing



For the first 3 rows, NR R15 defined a scheme transparent to self-scheduling or cross-scheduling. When the capability is larger than the number of configured cells, a non-CA limit applies for scheduled cell. When the capability is smaller than the number of configured cells, the capability is shared between cell-groups of the same numerology. The numerology of a cell is determined by the active DL BWP or by the first-active DL BWP if an Scell is inactive. 

For the last row of the Table 1, the issue is how to determine the numerology of the scheduled cell if scheduled from scheduling cell of different numerology? We think that it would simplify the definition of PDCCH processing timeline if the BD/CCE limits are determined based on scheduled cell and the determined BD/CCE budget is applied to scheduling cell. 

[bookmark: _Hlk1161037]Proposal-4: For determination of BD and CCE limits in CA with cross-carrier scheduling and mixed numerology, the BD/CCE limit of cross-scheduled serving cell is determined based on limit of the active SCS of scheduled serving cell active BWP and applied to scheduling cell slot. 
· As an example, for a cell with 60kHz SCS scheduled from 15kHz SCS scheduling cell, a BD resp. CCE limit on scheduling cell would be 22BD resp. 44 CCE  
· Note: the P(S)cell cannot be cross-scheduled
Support of full buffer scheduling
The main motivation to support cross-carrier scheduling for aggregated carriers with the mixed numerology is the use-case of the low-band CC1 (typically with small SCS) scheduling the PDSCH on high-band CC2 (with typically large SCS). The bands >24GHz (FR2) operates with 60 and 120 kHz SCS, while bands <6GHz (FR1) operate with 15, 30 and 60kHz SCS. Therefore, NR specification shall support both: one-to-many mixed numerology scheduling and many-to-one mixed numerology scheduling. Obviously, NR R15 supports many-to-one scheduling thanks to flexible K0/K2 timing. While, one-to-many scheduling is not supported in NR R15, the basic capability 3-1 allows only one DL assignment and 1 or 2 UL grants per slot depending on the duplexing used on the cell [2].   
5) Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot per scheduled CC for FDD
6) Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot per scheduled CC for TDD
Furthermore, with CASE2 optional feature 3-5b, allows for up to two DL assignment within multiple monitoring occasions of a slot per scheduled CC for TDD [2]. 
	3-5b
	All PDCCH monitoring occasion can be any OFDM symbol(s) of a slot for Case 2 with a span gap
	All PDCCH monitoring occasion can be any OFDM symbol(s) of a slot for Case 2, and for any two PDCCH monitoring occasions in same or different search spaces, there is a minimum time separation of X OFDM symbols (including the cross-slot boundary case) between the start of two spans, where each span is of length up to Y consecutive OFDM symbols in which PDCCH is configured to be monitored.For the set of monitoring occasions which are within the same span:
· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for FDD
· Processing one unicast DCI scheduling DL and two unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
· Processing two unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD



[bookmark: _Hlk1161053]Observation-3: NR R15 UE with basic capability is not capable of decoding more than one DL assignment and one/two (FDD/TDD) UL grants in the single slot, and an UE with advanced capability extends this to two unicast DCIs for FDD as well.  
To support one-to-many slot scheduling, there are two options on the table which are not exclusive: 
· Option 1: introduce capability to support up to 8DL assignments per slot, to enable a case of 15->120kHz scheduling. However, this would result in tremendously high control overhead/blocking at gNB and DL control processing complexity at UE. The complexity could be eased by UE’s support of multiple monitoring occasions per slot (CASE2) with one DL assignment per occasion. Furthermore, if such capabilities are introduced by a UE, they should be applicable also to self-scheduling. 
· Option 2: introduce multi-TTI scheduling. Note that NR-U AI already agreed to support multi-TTI scheduling for PUSCH, and therefore, in this agenda item only DL multi-TTI scheduling would need to be designed. Another question is whether separate TB would be mapped to each slot or single TB would be mapped across all the slots. Our preference is towards one TBS per slot to be able to gain the latency advantages of shorter slot lengths and make the PDSCH/PUSCH operation on a larger-SCS carrier independent of the cross-carrier mixed numerology scheduling option. Also scheduling single TBS across slot boundary has been proposed in NR-U and URLLC with not a large support across companies however.   
Among the above two choices, Option 2 seems to result in lower complexity at the UE, since there is no need for support of CASE 2 monitoring nor UE has to budget for processing of 8PDCCH in single monitoring occasion. Further, the multi-TTI scheduling may leverage from design of both multi-TTI scheduling of eLAA and NR multi-slot scheduling, this keeping specification effort low.  
[bookmark: _Hlk1161066]Proposal-5: In NR R16, support multi-TTI scheduling of up to 8 slots, where one PDCCH schedules up to [8] slots, and each slot TTI is scheduled with separate TB/HARQ-process. Further details FFS.
If multi-TTI scheduling of up to 8 slots in a single serving cells for cross-carrier scheduling is supported, it would not require significant additional standardization effort to support also multi-TTI scheduling in cell domain (frequency domain). In other words, significant reduction of control overhead could be achieved, when a single DCI schedules multiple TTIs in the multiple serving cells, each TTI with separate cell-specific HARQ processes. This making at least intra-band CA operation much more efficient, not only in terms of DL control overhead reduction but also in terms of reduced PDCCH candidate monitoring effort. Note that this enhancement would fall under Other AI (Efficient CA) and could be designed also after RAN1#84.
[bookmark: _Hlk1161073]Proposal-6: In NR R16, support multi-TTI scheduling, where one PDCCH schedules up to [8] cells and each cell TTI is scheduled with separate cell-specific TB/HARQ-process. Further details FFS.
Obviously, PDCCH overhead reduction increases if the same DCI field applies to multiple serving cells. Therefore, RAN1 shall further study which of the DCI IEs need to be indicated separately per each cell and which per group of scheduled/active cells.
K1 and K2 timeline for cross-numerology scheduling 
Next aspect of cross-carrier scheduling is timeline for K1 and K2. In R15, the minimum processing delays are determined from the last symbol of PDCCH to the first symbol of PDSCH resp. PUSCH. The processing delay is in lowest SCS among PDCCH and PDSCH/PUSCH. This penalizes the cross-CC mixed-SCS scheduling over self-scheduling as follows:
	Subcarrier spacing
	UE processing time requirement

	
	PDSCH-to-ACK
	PDCCH-to-PUSCH

	PDCCH
	PxSCH
	No additional DMRS 
	With additional DMRS
	

	30 kHz
	30 kHz
	357 µs
	464 µs
	429 µs

	15 kHz
	30 kHz
	571 µs
	929 µs
	714 µs

	Difference
	214 µs
	465 µs
	285 µs

	120 kHz
	120 kHz
	179 µs
	214 µs
	321 µs

	30 kHz
	120 kHz
	357 µs
	464 µs
	429 µs

	Difference
	178 µs
	250 µs
	108 µs



The latency penalty from doing cross carrier scheduling with mixed numerologies, where the control is on a lower SCS and the data on the higher SCS as opposed to self-scheduling the data on the same carrier:
· PDSCH-to-ACK (K1)
· For 15 kHz to 30 kHz: 214 µs with front-loaded DMRS and 465 µs with additional DMRS symbols. This leads to one additional HARQ process when comparing against 30 kHz SCS carrier scheduling itself.
· For 30 kHz to 120 kHz: 178 µs with front-loaded DMRS and 250 µs with additional DMRS symbols. This leads to two additional HARQ process when comparing against 120 kHz SCS carrier scheduling itself.
· PDCCH-to-PUSCH (K2)
· For 15 kHz to 30 kHz: 285 µs. This leads to one additional HARQ process when comparing against 30 kHz SCS carrier scheduling itself.
· For 30 kHz to 120 kHz: 108 µs. This leads to one additional HARQ process when comparing against 120 kHz SCS carrier scheduling itself.

[bookmark: _Hlk1161096]Observation-4: Due to the latency increase from always selecting the worst latency SCS of the pair of scheduling and scheduled cell, there is an increase of 1 to 2 HARQ processes in the downlink, and 1 HARQ process in the uplink to the HARQ loop delay.
Observation-5: It should be possible to maintain the same K1 and K2 latency for the scheduled cell regardless of the SCS of the scheduling cell, 
· if the reference point is kept as the end of the PDCCH, and
· The BD/CCE limits are kept the same, i.e. the PDCCH processing requirements are not changed

Proposal-7: Consider using the scheduled cell SCS as the source for minimum K1 and K2 if the BD/CCE processing requirement is kept the same as in self-scheduling case.
Semi-static CB optimizations with respect to mixed numerologies
Issue 1 is illustrated in Figure 6. If BWP switch is triggered in Pcell in slot 2, then all the PDSCH before and until slot 7 (inclusive) will be dropped according to current specification. However, agreement below says, PDSCH scheduled in slot n=7 should NOT be dropped, because Pcell BWP is already active.
[image: cid:image030.png@01D46ACC.35316810]


Figure 6 Illustration of issue 1

We have contributed this issue as CR in R15, however, because of late stage of R15, implementation of this agreement in specification has not been approved, while changes for R16 implementation were deemed feasible. To fix the Issue 1, pruning due to BWP switch in the pseudo-code could be performed with PDSCH-allocation-table row granularity instead of slot granularity.
[bookmark: _Hlk1161130]Proposal-8: Adopt the following update of TYPE-1 CB to improve scheduling efficiency with dynamic BWP switching 
	 ……..


Set  – index of row in set 




if slot  is same as or after a slot for an active DL BWP change on serving cell  or an active UL BWP change on the PCell and slot  is before the slot for the active DL BWP change on serving cell  or the active UL BWP change on the PCell 
continue;
else 

while  



if slot  is same as or after a slot for an active DL BWP change on serving cell  or an active UL BWP change on the PCell and PDSCH allocation corresponding to r is at least partially before the slot for the active DL BWP change on serving cell  or the active UL BWP change on the PCell,  or                                             ………



One more mixed numerology issue related to TYPE-1 HARQ-ACK CB is illustrated on Figure 7. In FDD, a gNB configures  for HARQ-ACK reporting using TYPE-1 CB and PUCCH slot number is for example . 



Figure 7 Illustration of issue 2

However, the following condition in pseudo-code of TYPE-1 CB in Section 9.1.2.1 of latest TS38.213

“if ”will be FALSE, and the determined size of CB will be 0. If gNB configures  , then PDSCH1 SLIV will be reported with  value, but it is not clear whether gNB will receive ACK for the PDSCH1, because UE reports valid feedback only if indicated/configured  value match, which is not the case for PDSCH1. Moreover, CB size would be unnecessary doubled. This resulting into failure of ACK and inefficiency.
To solve the above issue: the pseudo-code of TYPE1 HARQ-ACK CB should be updated according to [3]. Key parts of the code are: 
· 
Removing the malfunction condition if 
· Transforming PDSCH allocation table rows (SLIVs)  to match UL slot 
	
Set  – index of a DL among slots overlapping slot within an UL slot 


while  
For each row on , for which the PDSCH end symbol S+L-1 overlaps with the UL slot  modify start OFDM symbol index  to  to obtain 
Set  

end while



· Inserting additional ACK positions: If UE supports one PDSCH per 30kHz DL slot (e.g.), then there can be 2 PDSCH ACKs in one UL/PUCCH slot of 15kHz.
	Set 
while  



;
end while





[bookmark: _Hlk1161152]Proposal-9: Adopt draft CR in [3] to fix the cross-numerology issues of TYPE-1 semi-static CB in R15 or R16.
Enhancements to cross-carrier scheduling search-space configurations
In R15, the configuration of search-space for cross-carrier scheduling has been designed sub-optimally, because introduction of new RRC parameter in RAN1 was not allowed after RAN plenary declared NR specification complete. Therefore, in R16, introduce new RRC parameter for a scheduled cell to configure number of candidates for the scheduled cell in the set of search-space sets of the scheduling cell. 
[bookmark: _Hlk1161160]Proposal-10: For R16 UE, introduce RRC parameter for scheduled cell to configure number of PDCCH candidates for the scheduled cell in the configured search-space sets of the scheduling cell. 
Conclusions
[bookmark: _GoBack]In this contribution, we have discussed a number of items related to cross-carrier scheduling with different subcarrier spacings, and make the following obsevations and proposals:
Observation-1: In R15, the reference slot (slot 0) for  and  is the first slot of PDSCH and PUSCH numerology which overlaps with a slot where PDCCH has been transmitted.    
Observation-2: In NR R15, cross-carrier scheduling with the same numerology follows the same time-line as self-scheduling.
Proposal-1: Minimum  is determined implicitly based on the position of the monitoring occasion within the slot that carries the PDCCH scheduling the PDSCH
Proposal-2: Adopt the following TP to support cross-carrier cross-numerology scheduling, if BD/CCE limits are determined based on scheduled cell.  
· Type-A-rule-updated: The UE is not expected to receive a PDSCH with mapping type A in a slot, if the PDCCH scheduling the PDSCH was received at least partially in the same slot and was not contained within the first three symbols of the PDSCH slot. 
· Type-B-rule-updated: The UE is not expected to receive a PDSCH with mapping type B in a slot, if the first symbol of the PDCCH scheduling the PDSCH was received in a later symbol  than the first symbol indicated in the PDSCH time domain resource allocation or if the last symbol of the PDCCH scheduling the PDSCH was received later than third symbol indicated in the PDSCH time domain resource allocation.
Proposal-3: The SCS to use in determination of the Threshold-Sched-Offset is based on the scheduled cell SCS as follows:
…the UE expects the time offset between the reception of the detected PDCCH in the search space set and the corresponding PDSCH is larger than or equal to the threshold Threshold-Sched-Offset determined by the subcarrier spacing of the scheduled PDSCH.
Proposal-4: For determination of BD and CCE limits in CA with cross-carrier scheduling and mixed numerology, the BD/CCE limit of cross-scheduled serving cell is determined based on limit of the active SCS of scheduled serving cell active BWP and applied to scheduling cell slot. 
· As an example, for a cell with 60kHz SCS scheduled from 15kHz SCS scheduling cell, a BD resp. CCE limit on scheduling cell would be 22BD resp. 44 CCE  
· Note: the P(S)cell cannot be cross-scheduled

Observation-3: NR R15 UE with basic capability is not capable of decoding more than one DL assignment and one/two (FDD/TDD) UL grants in the single slot, and an UE with advanced capability extends this to two unicast DCIs for FDD as well.  
Proposal-5: In NR R16, support multi-TTI scheduling of up to 8 slots, where one PDCCH schedules up to [8] slots, and each slot TTI is scheduled with separate TB/HARQ-process. Further details FFS.
Proposal-6: In NR R16, support multi-TTI scheduling, where one PDCCH schedules up to [8] cells and each cell TTI is scheduled with separate cell-specific TB/HARQ-process. Further details FFS.
Observation-4: Due to the latency increase from always selecting the worst latency SCS of the pair of scheduling and scheduled cell, there is an increase of 1 to 2 HARQ processes in the downlink, and 1 HARQ process in the uplink to the HARQ loop delay.
Observation-5: It should be possible to maintain the same K1 and K2 latency for the scheduled cell regardless of the SCS of the scheduling cell, 
· if the reference point is kept as the end of the PDCCH, and
· The BD/CCE limits are kept the same, i.e. the PDCCH processing requirements are not changed

Proposal-7: Consider using the scheduled cell SCS as the source for minimum K1 and K2 if the BD/CCE processing requirement is kept the same as in self-scheduling case.
Proposal-8: Adopt the following update of TYPE-1 CB to improve scheduling efficiency with dynamic BWP switching 
	 ……..


Set  – index of row in set 




if slot  is same as or after a slot for an active DL BWP change on serving cell  or an active UL BWP change on the PCell and slot  is before the slot for the active DL BWP change on serving cell  or the active UL BWP change on the PCell 
continue;
else 

while  



if slot  is same as or after a slot for an active DL BWP change on serving cell  or an active UL BWP change on the PCell and PDSCH allocation corresponding to r is at least partially before the slot for the active DL BWP change on serving cell  or the active UL BWP change on the PCell,  or                                             ………



Proposal-9: Adopt draft CR in [3] to fix the cross-numerology issues of TYPE-1 semi-static CB in R15 or R16.
Proposal-10: For R16 UE, introduce RRC parameter for scheduled cell to configure number of PDCCH candidates for the scheduled cell in the configured search-space sets of the scheduling cell. 
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