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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:
· For case 1-1 scheduling (PDCCH in the beginning of the slot), when a lower SCS PDCCH schedules a higher SCS PDSCH:
· The  is determined a number of symbols based on PDCCH SCS counting from the end of the last symbol of the received PDCCH symbol to the beginning of the first symbol of the corresponding received PDSCH, quantized (using the granularity of PDSCH slot duration) to the next PDSCH slot boundary

Agreements:
Regarding PDSCH-to-HARQ-ACK minimum allowed timing under cross-carrier scheduling with different numerologies:
· Use the Rel-15 specification without changes 
Agreements:
Regarding PDCCH-to-PUSCH minimum allowed timing under cross-carrier scheduling with different numerologies:
· Use the Rel-15 specification without changes 

Conclusion:
· The PDCCH monitoring occasion determination is based on the numerology of scheduling cell in cross-carrier scheduling with different numerologies
· No spec change is intended


In this contribution, we provide our view on the remaining issues to support cross-carrier scheduling with different numerologies.

2. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Discussion
2.1. Number of detected DCI
In rel-15, a UE is required to process one unicast DCI scheduling PDSCH per slot per scheduled cell according to the UE capability, as cited below. 
Table 1 UE capability on the number of unicast DCIs
	3-1
	Basic DL control channel
	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

	3-5b
	All PDCCH monitoring occasion can be any OFDM symbol(s) of a slot for Case 2 with a span gap
	· 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


In rel-15, there is no ambiguity on the definition because the numerology is same for both the scheduling and the scheduled cells. However, in the case of cross-carrier scheduling with mix numerologies in rel-16, it is not clear whether the above restriction is applied to “per slot of the scheduling CC” or “per slot of the scheduled CC”. 
If “per slot of the scheduled CC” is the correct understanding, same scheduling capability is maintained for both self-scheduling and cross-scheduling scenarios. In this case, no further enhancement is needed. 
[bookmark: _Ref521146463]Proposal 1: RAN1 clarifies the restriction on the number of unicast DCIs is per slot of the scheduled cell in the case of cross-carrier scheduling with mix numerologies. 

Otherwise, if “per slot of the scheduling CC” is the common understanding, it may become restrictive for the mix numerologies case. 
[image: ]
[bookmark: _Ref534279381]Figure 1 A carrier with smaller SCS scheduling a carrier with larger SCS 
As shown in Figure 1, a scheduling carrier with smaller SCS within one slot should be able to schedule 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 or one TB across multiple slots.
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. Furthermore, the PDCCH overhead is still the same for both self-scheduling and cross-carrier scheduling cases in the system wide. 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: If the number of unicast DCIs is per slot of the scheduling cell, 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. 

2.2. Scheduling timing restriction
It has been agreed that for the case of lower SCS PDCCH of Case 1-1 scheduling a higher SCS PDSCH, the earliest possible starting point for the PDSCH is defined by the end of the PDCCH + , where the  is determined by a number of symbols based on PDCCH SCS counting from the end of the last symbol of the received PDCCH symbol to the beginning of the first symbol of the corresponding received PDSCH, quantized (using the granularity of PDSCH slot duration) to the next PDSCH slot boundary. However, the details of  remains FFS.
[bookmark: _Ref7273623]Table 2  for Case 1-1 and Case 1-2
	PDCCH SCS
	15 kHz
	30 kHz
	60 kHz

	 [PDCCH symbols]
	2 symbols
	4 symbols
	8 symbols


Table 2 show our preference on the detail values of  for Case 1-1 and 1-2. Given that Case 1-1 and 1-2 are considered for eMBB service, the processing latency is not a critical issue. A relaxed requirement ensures that delivering this feature to the market would be much easier.
[bookmark: _Ref7274969]Proposal 3: The values of  in Table 2 is agreed for PDCCH Case 1-1 and Case 1-2. 

On the other hand, the Case 2 PDCCH scheduling is considered for URLLC service and high-end UE. Therefore, the timing requirement should be more aggressive than that for eMBB service, which is shown in Table 3. 
[bookmark: _Ref7274218]Table 3  for Case 2
	PDCCH SCS
	15 kHz
	30 kHz
	60 kHz

	 [PDCCH symbols]
	2 symbols
	4 symbols
	6 symbols


Moreover, in order to support type-B PDSCH scheduling, the quantization should not be applied for Case 2. 
[bookmark: _Ref525390589]Proposal 4: The values of  in Table 3 is used for PDCCH Case 1-2 without applying the quantization to the PDSCH slot boundary. 

2.3. Cross-carrier deactivation of configured grant
DL SPS and UL configured grants are supported in NR from Rel-15. Although they can be activated by either fallback or non-fallback DCI, they can only be deactivated by fallback DCI according to the specification [2]. The consequence is it may be ambiguous to cross-carrier deactivate the SPS or UL configured grants, because there is no CIF field in the fallback DCI.
For DL SPS, according to the RRC specification (cited below), there is only one SPS per cell group [3]. Therefore, when a UE receive DCI 1_0 for deactivation, it has no confusion on which DL SPS to be released without CIF field.
	The IE SPS-Config is used to configure downlink semi-persistent transmission. Downlink SPS may be configured on the SpCell as well as on SCells. The network ensures SPS-Config is configured for at most one cell in a cell group.


[bookmark: _Ref7274748]Observation 2: There is only one SPS per cell group, therefore, the DCI 1_0 can be used to cross-carrier deactivate the DL SPS without confusion.

On the other hand, multiple UL configured grants can be used for a UE. Several options can be considered:
· Opt.1: A deactivation DCI format 0_0 deactivates the configured grants on all the cells
· Opt.2: DCI format 0_1 is supported to cross-carrier deactivate a configured grant.
· Opt.3: Redefine some of the fields of DCI format 0_0 as a CIF field.

Opt.1 is not flexible enough to deactivate a specific configured grant. Opt.2 requires special handling for DCI format 0_1, which is not favorable form implementation perspective. Opt.3 extends the Rel-15 behavior of deactivation validation with minimal specification changes. Therefore, we support opt.3. 
The next question is which field(s) should be redefined for CIF. The HARQ process number, RV, MCS, FDRA, and NDI are already used for validation. The DCI format identifier is obviously cannot be reused. Thus, the remaining available fields are TDRA (4 bits), Frequency hopping flag (1 bits) and TPC command (2 bits). Considering that there is no PUSCH scheduled by the deactivation DCI, all of them can be redefined. Given the CIF field is 3 bits, which is exactly equal to the sum of Frequency hopping flag and TPC command, we propose to use these two fields for CIF.
[bookmark: _Ref7274759]Proposal 5: The Frequency hopping flag (1 bits) and TPC command (2 bits) are jointly used as a CIF field (3 bits) in DCI format 0_0 to cross-carrier deactivate UL configured grants. 

2.4. Cross-carrier PDCCH order
In the case of cross-carrier scheduling is configured where the scheduling and the scheduled cells belong to different timing advance groups (TAGs), cross-carrier PDCCH order is needed to initial RACH procedures on the scheduled cells in a different TAG. In Rel-15, the PDCCH order is conveyed by DCI format 1_0 without a CIF field [4]. Consequently, cross-carrier PDCCH order is not possible in Rel-15. 
Given that there are ten bits reserved for PDCCH order, it is nature to use three of them as a CIF field. Therefore, we propose that,
[bookmark: _Ref7274761]Proposal 6: If DCI format 1_0 is for random access procedure initiated by a PDCCH order, three MSB bits of the reserved bits are defined as a CIF field if cross-carrier scheduling is configured. 

2.5. 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 timeDurationForQCL threshold. In the RRC specification, this threshold is defined in term of slot. It is clear in Rel-15 given that the numerology is same for the scheduling and scheduled cells. However, when cross-carrier scheduling with mix numerologies is supported in Rel-16, it is not clear whether this threshold is based on which numerology. In our view, there are three alternatives:
1. The numerology of the scheduled cell
2. The numerology of the scheduling cell
3. The numerology corresponding to the smaller SCS between scheduling and scheduled cells (similarly to the case of determining the processing time in Rel-15)
It seems Alt.1 is a simple and straightforward solution.
[bookmark: _Ref7527416]Proposal 7: The timeDurationForQCL threshold is determined based on the numerology of the scheduled cells. 

Moreover, 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 a 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, when 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 8: 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.

2.6. Aperiodic CSI-RS triggering/reporting
[bookmark: _GoBack]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 [5], 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.
[bookmark: _Ref535020921]Proposal 9: The remaining issues for aperiodic CSI-RS triggering with different numerology between PDCCH and CSI-RS should also be resolved in Rel-16.

3. Conclusion
In the contribution, we provide our view on the remaining issues 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.
Observation 2: There is only one SPS per cell group, therefore, the DCI 1_0 can be used to cross-carrier deactivate the DL SPS without confusion.

Based on these observations, we propose that,
Proposal 1: RAN1 clarifies the restriction on the number of unicast DCIs is per slot of the scheduled cell in the case of cross-carrier scheduling with mix numerologies.
Proposal 2: If the number of unicast DCIs is per slot of the scheduling cell, 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 values of  in Table 2 is agreed for PDCCH Case 1-1 and Case 1-2.
Proposal 4: The values of  in Table 3 is used for PDCCH Case 1-2 without applying the quantization to the PDSCH slot boundary.

Proposal 5: The Frequency hopping flag (1 bits) and TPC command (2 bits) are jointly used as a CIF field (3 bits) in DCI format 0_0 to cross-carrier deactivate UL configured grants.
Proposal 6: If DCI format 1_0 is for random access procedure initiated by a PDCCH order, three MSB bits of the reserved bits are defined as a CIF field if cross-carrier scheduling is configured.

Proposal 7: The timeDurationForQCL threshold is determined based on the numerology of the scheduled cells.
Proposal 8: 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 9: The remaining issues for aperiodic CSI-RS triggering with different numerology between PDCCH and CSI-RS should also be resolved in Rel-16.
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