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1. Introduction
The scenarios for supporting cross-carrier scheduling with different numerologies, as well as some of the identified issues, were discussed in the previous RAN1 meeting, and the following conclusions were achieved [1]:
	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 

Agreements:
· [bookmark: _GoBack]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  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



Table 1 summarize potential issues identified to support cross-carrier scheduling with different numerologies for both case a) and b).
[bookmark: _Ref534279411]Table 1 Issues to support cross-carrier scheduling different numerologies
	
	Larger SCS scheduling 
Smaller SCS
	Smaller SCS scheduling 
Larger SCS

	BD/CCE limits & overbooking handling
	Yes 

There is no handling of BD/CCE limit for cross-carrier scheduling with different numerologies in Rel-15.

	Number of detected DCI 
	No
	Yes 

The PDCCH should schedule a larger number of slots compared with the same numerology case.

	Extra buffering requirement
	No 
	Yes 

Extra buffering is required compared with the self-scheduling case.

	QCL aspects
	Yes

In Rel-15 Tci-PresentInDCI has to be always enabled for cross-carrier scheduling.

	Aperiodic CSI-RS triggering/reporting
	Yes

Some remaining issues of aperiodic CSI-RS triggering/reporting from Rel-15, etc. 


In this contribution, we provide our view on the issues to support cross-carrier scheduling with different numerologies, and our considerations and preferences to the potential solutions.

2. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Discussion
2.1. BD/CCE limit
The following table summarize different scheduling cases in CA. 
[bookmark: _Ref534559253]Table 2 Different cases of scheduling in CA
	Relationship between 4, y and T
	Self-scheduling
	Cross-carrier scheduling

	
	Same numerology
	Mixed numerologies
	Same numerology
(for all DL serving cells)
	Mixed numerologies

	
	
	
	
	Different numerologies between the scheduling and scheduled cells
	Same numerology between the scheduling and scheduled cells but different numerologies between scheduling cells

	T=<4 or 4<T=<y
	Case 1

	Case 4

	Case 6-1
Not supported in Rel-15
	Case 6-2


	T>4 and T>y
	Case 2

	Case 3

	Case 5

	Case 7-1
Not supported in Rel-15
	Case 7-2



It has been agreed that the BD/CCE limit (per slot in the scheduling CC) for the scheduled CC is determined based on the numerology of the scheduling CC, by changing the definition of  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. 
However, it is worth noting that the definition of  is used for determining the BD/CCE limit originally from Rel-15. It is not clear from the agreement that, whether this change is applicable only to the mix numerologies cases (i.e. Case 6-1 and Case 7-1 in Table 2), or applicable to all the cross-carrier scheduling cases in the Table 2. For example, does it mean that even for the Case 4 or 5 in Rel-16, the BD/CCE limit is determined based on the numerology of the scheduling CC?
[image: ]
[bookmark: _Ref796863]Figure 1 Example of cross-carrier scheduling with different groups
The situation may become complicated, if some of the cells are scheduled with a same numerology, while some of the cells are scheduled with a different numerology. For example, as illustrated in the Figure 1, group1 is configured with same numerology scheduling, while group2 is configured with mix numerologies scheduling. It is not clear whether the agreement should be applicable to group2 only, or all the cells (i.e. group1 + group2).
[image: ]
[bookmark: _Ref534559267]Figure 2 Example of cross-carrier scheduling with BWP change
Furthermore, the active BWP may change from one numerology to another, as illustrated in Figure 2. Before the active BWP change, it is a cross-carrier scheduling case with same numerology where the Rel-15 behavior can be used. After the BWP change, it becomes a mix numerology case. Some clarification would be inevitably needed on how to determine the BD/CCE limit, for CC1 and CC2 before and after the BWP switching. 
[bookmark: _Ref521146463]Proposal 1: RAN1 should clarify whether the agreement made in RAN1#96 is applicable only to the mix numerologies cases, or applicable to all the cross-carrier scheduling cases. 
If it is applicable to all the cross-carrier scheduling cases regardless of the numerology, less specification changes are foreseen, with the cost of increased UE implementation complexity, because a UE needs to implement two sets of behaviors (Rel-15 and Rel-16) for cross-carrier scheduling.

2.2. Number of detected DCI
The support of cross-carrier scheduling with different numerologies includes various cases shown in Figure 3 and Figure 4. 
[image: ]
[bookmark: _Ref534279381]Figure 3 A carrier with smaller SCS scheduling a carrier with larger SCS 
[image: ]
[bookmark: _Ref534279400]Figure 4 A carrier with larger SCS scheduling a carrier with smaller SCS
In rel-15, a UE is required to process one unicast DCI scheduling PDSCH per scheduled cell per slot. Although it is not an issue for cross-carrier scheduling with same numerology case, it may become restrictive for the mix numerologies case. As shown in Figure 3, a scheduling carrier with smaller SCS within one slot should be able to scheduling multiple slots on the larger SCS carrier. If only one unicast DCI can be processed by a UE, the resources utilization rate may become too low for the UE. There are two different approaches for this issue:
1) Increasing capability of the number of valid unicast PDCCH in single monitoring occasion for UE supporting cross-carrier scheduling with mix numerologies;
2) Supporting multi-slot scheduling with different TBs per slot.
The second approach is flexible than the first one, and may have less power consumption because the UE can terminate the blind decoding process earlier if a valid DCI is detected. However, it is very difficult, if not impossible, to support both single slot and multi-slot scheduling with a same DCI format size. Even if it is possible, it is likely that the scheduling flexibility is reduced for multi-slot scheduling compared with the single slot case, which make it a less attractive approach. If inevitably a new DCI format is introduced, the DCI size budget is increased; consequently, the processing complexity and the power consumption of the UE are also increased.
[bookmark: _Ref806111]Observation 1: Support of multi-slot scheduling may either have difficulty in DCI design, or introduce processing complexity of UE implementation.
On the other hand, the first approach is simpler and has less specification impact. The power consumption may not be a concern, because the main factor of power consumption is the number of blind decoding, not the number of detected DCI. Moreover, because of the implementation of parallel DCI blind decoding, the power saving due to early termination is not significant. Therefore, the first approach is preferable. The supported number may depend on the delta of the numerologies between the PDCCH and the PDSCH.
[bookmark: _Ref534562496]Proposal 2: In the case of cross-carrier scheduling where the SCS of the PDSCH is larger than that of the PDCCH, a UE should be able to process more than one unicast DCI scheduling PDSCH per scheduled cell. 

2.3. Extra buffer size issue
It has been agreed that 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 + . However, the details of  remains FFS.
Assuming that the number of symbols for PDCCH transmission and processing time on a cell with SCS µ, is given by  and  respectively, the required extra symbols N0 compared with the self-scheduling case is given by
	
	.
	


It can be observed that the value of  depends at least on the combination of numerologies of the scheduling PDCCH and the PDSCH, the PDCCH transmission duration and the processing time. One example is illustrated in Figure 5, where the SCS of the scheduling cell is 15 kHz, while the SCS of the scheduled cell is 60 kHz. The processing time is assumed two symbols for 15 kHz and eight symbols for 60 kHz. In the case of two-symbol CORESET, compared with the self-scheduling case, six more symbols are needed for the PDSCH buffering on the scheduled cell.
[image: ]
[bookmark: _Ref521246269][bookmark: _Ref812688]Figure 5 Extra buffer size in the case of cross-carrier scheduling with mix SCS
[bookmark: _Ref812742]Proposal 3: The value of  depends on the following factors: 
-- the PDCCH transmission duration, 
-- the processing time, 
-- combination of numerologies of the scheduling PDCCH and the PDSCH. 
Furthermore, it is worth noting that for Type-A PDSCH, not only the PDSCH itself, but also the DMRS needs to be buffered for decoding. As the example illustrated in Figure 6, although the earliest possible starting symbol for type-B PDSCH is symbol-8 in the first slot (K0=0), a Type-A PDSCH is not schedulable from this point because the UE has not buffered the Type-A DMRS when it starts buffering the PDSCH. Instead, the Type-A PDSCH can only start from the next slot (K0=1), as illustrated in Figure 7. Therefore, the value of  would further depend on the type of PDSCH.
[image: ]
[bookmark: _Ref812701]Figure 6 Scheduling restriction for Type-B PDSCH 
[image: ]
[bookmark: _Ref534383848]Figure 7 Scheduling restriction for Type-A PDSCH
[bookmark: _Ref525390589]Proposal 4: If a UE receives a PDCCH scheduling a PSCH with higher SCS, where the earliest possible starting point for the PDSCH is behind the type-A DMRS symbol(s) in slot n, the UE does not expect to receive a type-A PDSCH in a slot earlier than slot n+1. 
The value of the N0 restriction can either be a UE capability reported to gNB, or be defined in the spec. Considering that currently two sets of N1/N2 are defined in the spec with a UE capability signaling to select one of them, it may be natural to follow the same way for the N0.

2.4. QCL aspects
In Rel-15, for cross carrier scheduling, Tci-PresentInDCI has to be always enabled. In this case, the scheduling timing offset cannot be smaller than the threshold. In Rel-16, this restriction can be removed to improve data throughput, i.e. PDSCH can be scheduled when the scheduling timing offset is smaller than the threshold or when Tci-PresentInDCI is not enabled for DCI format 1_1. Then, the PDSCH QCL assumption need to be determined without the Tci-PresentInDCI indication.
For the purpose of QCL indication, the UE can be configured with a list of up to M TCI-State configurations within the higher layer parameter PDSCH-Config, where M depends on the UE capability. The UE receives an MAC CE activation command used to map up to 8 TCI states to the code points of the TCI field in DCI. Therefore, for cross carrier scheduling, 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 can base on the active TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.
[bookmark: _Ref893048]Proposal 5: For cross carrier scheduling, 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 can base on the active TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.

2.5. Aperiodic CSI-RS triggering/reporting
Aperiodic CSI-RS triggering with different numerologies between PDCCH and CSI-RS has been accepted in Rel-15 as a working agreement in RAN plenary #83 meeting. Nevertheless, the following remaining issues still need further considerations.
· The candidate values of beamSwitchTiming defined in RRC are {14, 28, 48, 224, and 336}. However, it is observed that the threshold and default QCL assumption are not defined for the two values 224 and 336 from UE capability (FG 2-28) in Rel-15. 
· According to the agreed CR [2], the QCL assumption is defined for the case of aperiodic CSI-RS in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without the higher layer parameter repetition. However, the aperiodic CSI-RS for beam management is not defined in this case.
· In Rel-15, the default QCL assumption of aperiodic CSI-RS follows the QCL assumption of the other DL signal if there is other DL signal is in the same symbol as the CSI-RS. Otherwise, the UE applies the QCL assumption used for the CORESET with the lowest CORESET-ID within the active BWP of the serving cell. If in Rel-16 the default QCL assumption is supported for cross-carrier scheduling, the QCL assumption for aperiodic CSI-RS should also be defined in this case, as CORESET may not be configured in the scheduled cell.
[bookmark: _Ref535020921]Proposal 6: For aperiodic CSI-RS triggering with different numerology between PDCCH and CSI-RS, the issues above mentioned can be considered.

3. Conclusion
In the contribution, we provide our view on the issues and potential solutions to support cross-carrier scheduling with mix numerologies, and find that, 
Observation 1: Support of multi-slot scheduling may either have difficulty in DCI design, or introduce processing complexity of UE implementation.
Based on these observations, we propose that,
Proposal 1: RAN1 should clarify whether the agreement made in RAN1#96 is applicable only to the mix numerologies cases, or applicable to all the cross-carrier scheduling cases.
Proposal 2: In the case of cross-carrier scheduling where the SCS of the PDSCH is larger than that of the PDCCH, a UE should be able to process more than one unicast DCI scheduling PDSCH per scheduled cell.
Proposal 3: The value of  depends on the following factors: 
-- the PDCCH transmission duration, 
-- the processing time, 
-- combination of numerologies of the scheduling PDCCH and the PDSCH.
Proposal 4: If a UE receives a PDCCH scheduling a PSCH with higher SCS, where the earliest possible starting point for the PDSCH is behind the type-A DMRS symbol(s) in slot n, the UE does not expect to receive a type-A PDSCH in a slot earlier than slot n+1.
Proposal 5: For cross carrier scheduling, 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 can base on the active TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.
Proposal 6: For aperiodic CSI-RS triggering with different numerology between PDCCH and CSI-RS, the issues above mentioned can be considered.
4. [bookmark: _Ref510367705][bookmark: _Ref503565490][bookmark: _Ref493791948][bookmark: _Ref503565531]Reference
[1] [bookmark: _Ref521143722][bookmark: _Ref510367818]Chairman’s Notes, 3GPP TSG RAN WG1 #96 meeting.
[2] [bookmark: _Ref4773487]RP-190632, “Correction to aperiodic CSI-RS triggering with different numerology between PDCCH and CSI-RS”, RAN #83, Shenzhen, March 2019.
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