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[bookmark: _Hlk510705081]This document collects and summarizes the post-RAN1#96bis email discussion on Cross-carrier Scheduling with Different Numerologies. RAN1#96bis submissions [1-14], agreements, and the findings are also captured in the feature lead summary [15] to have one document as the basis for further discussion.
Discussion
Timing
Agreements from RAN1#96bis
	R1-1905690	Feature lead summary on Cross-carrier Scheduling with Different Numerologies Nokia, Nokia Shanghai Bell
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

R1-1905756
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



Remaining open issues on timing
1.  for PDCCH to PDSCH at least for lower SCS PDCCH to higher SCS PDSCH scheduling
Table 1:  (at least) for lower SCS PDCCH scheduling a higher SCS PDSCH
	PDCCH SCS
	15 kHz
	30 kHz
	60 kHz

	 [PDCCH symbols]
	[2-4] symbols
	[4] symbols
	[6-8] symbols




	Company
	Comment

	Nokia
	The values should be picked so that, in the spirit of the RAN1 agreemens, a reasonable UE chip implementation can avoid buffering for PDSCH, and only initiate reception after decoding the PDCCH. Still that should not mean that any and all implementations must be accepted and the largest proposed value must be adopted. From the range above we suggest:
15 kHz: 2 symbols, 30 kHz: 4 symbols, 60 kHz: 6 symbols

	Samsung
	Agree with Nokia’s comments. Value can be determined as the largest one among suggested values from companies. Our preferred values are 15kHz: 2 symbols, 30kHz: 4 symbols, 60kHz: 8symbols.

	Spreadtrum
	Our preference is: 15kHz: 2 symbols, 30kHz: 4symbols, 60kHz: 8 symbols.

	CATT
	Our preference is to adopt the smallest value for each PDCCH SCS from the range above, i.e. 15 kHz: 2 symbols, 30 kHz: 4 symbols, 60 kHz: 6 symbols. Note that per the agreement,   will be quantized (using the granularity of PDSCH slot duration) to the next PDSCH slot boundary, which means more OFDM symbols will be skipped than the  .

	vivo
	We are fine with {2, 4, 8} symbols for 15, 30, 60 kHz, respectively, for Case 1-1, if different  values of  is applied for Case 1-1 and Case 2. 
Applying the same set of values with quantiziation also for Case 2 would significantly increase the latency, which is not desirable.

	ZTE
	We share the similar view as Nokia. Regarding  for PDCCH monitoring case 1-1, adopt the following values: 2 symbols (15 KHz), 4 symbols (30 KHz) and 6 symbols (60 KHz).

	Huawei, HiSilicon
	Agree with Nokia.

	Charter Communications
	Since Δ is quantized to the next PDSCH slot boundary on the scheduled cell, in order to balance the UE processing implications with gaps in transmission, from the suggested ranges adopt: 15 kHz: 2 symbols, 30 kHz: 4 symbols, 60 kHz: 6 symbols  

	Qualcomm
	Before RAN1-96b, there were two types of proposals about the determination of  
· UE indicates to the gNB the set of supported  based on capability signalling
·  is defined for the worst-case scenario across the PDSCH SCS and for different UE implementations.
Value of  depends on multiple factors which are heavily influenced by UE implementation. Therefore, it is preferable to support determination of  values based on UE capability report. 
Since the goal is not to define the ultimately optimal  but to define a worst-case value to cover different UE implementations and across SCS of the scheduled carrier, we find it necessary to choose the largest value for each column in the table above, i.e., 4 symbols for PDCCH SCS=15kHz, 4 symbols for PDCCH SCS=30kHz and 8 symbols for PDCCH SCS=60kHz.
Another issue is that network may transmit DCIs for all slots of the scheduled cell that overlap with the slot of the scheduling cell in the same set of symbols in the scheduling cell (upper figure below). When network does this, the transmission and decoding of these DCIs may not occur in the increasing order of the slot index of the scheduled cell. For example, the UE may decode a DCI for the last slot after all DCIs for the other slots are decoded. This may result in very large delay for the UE to process the first slot and incurs additional UE complexity to handle the unfortunate worst case.
One way to avoid such a problem is to distribute DCIs for slots of the scheduled cell into multiple control regions in time (bottom figure below) and set a maximum number of DCIs to be decoded in each span. 





	Ericsson
	Agree with Nokia.




Summary: 
· 15 kHz PDCCH
· 2 symbols, Nokia, Samsung, Spreadtrum, CATT, vivo, ZTE, Huawei, Charter, Ericsson
· 4 symbols, Qualcomm
· 30 kHz PDCCH
· 4 symbols, Nokia, Samsung, Spreadtrum, CATT, vivo, ZTE, Huawei, Charter, Qualcomm, Ericsson
· 60 kHz PDCCH
· 6 symbols, Nokia, CATT, ZTE, Huawei, Charter, Ericsson
· 8 symbols, Samsung, Spreadtrum, vivo, Qualcomm




2. Case 1-2 and Case 2 scheduling

Alternatives identified in the RAN1#96bis
· For case 1-2 and case 2 scheduling, when lower SCS PDCCH scheduled a higher SCS PDSCH:
· ALT1:
· The same  and quantization to the next PDSCH slot rule as with case 1-1 scheduling is used
· ALT2:
· The same  as with case 1-1 scheduling is used without the quantization step to the next PDSCH slot boundary
· FFS if an additional offset should be added to 
· ALT3:
· A different  than with case 1-1 scheduling is used without the quantization step to the next PDSCH slot boundary


	Company
	Comment

	Nokia
	Our preference is Alt2, but we are OK with Alt1 give the late stage of this feature in the RAN1 schedule.

	Samsung
	Alt 1 is sufficient.

	Spreadtrum
	We support Alt 1. 

	CATT
	We slightly prefer to reuse the same  at such a late stage. One general issue is how to determine the k0 applied on the scheduled cell. For PDCCH monitoring case-2 wherein PDCCH could be transmitted on any symbol in a slot, K0 should be carefully determined as the required K0 is different depending on the time location where PDCCH is transmitted. Currently the schedule timing on scheduled cell is given by the following formula:

Assuming a 15 kHz cell schedules a 60 kHz cell and with the restriction that minimum K0 should not smaller than 2. For the TDRA table on CC#0, only K0=2 is configured in order to satisfy the schedule timing requirement. Four MOs are configured on the scheduling cell. As shown in the following figure, the DL assignment carried by each PDCCH will all point to slot#2 on scheduled cell, which is obviously contradictory to the initial purpose that PDSCH should starts much later than PDCCH.


One possible solution is to handle this case via proper configuration, e.g., configure a TDRA table contains different K0 values. For example, K0 could be always 0 on CC#1 wherein self-scheduling is assumed while K0 has to be configured as {2 3 4 5} on CC#2 which is scheduled by CC#1 if the K0 is assumed not smaller than 2. However, the scheduling flexibility within each slot on scheduled cell will be restricted as the available TDRA combinations are reduced.
Hence we propose to take the starting symbol of PDCCH as the reference when UE interpret K0 indicated by a scheduling DCI.

	vivo
	We prefer Alt.2/3 especially if {2, 4, 8} symbols are agreed for case 1-1. Case 2 is designed to support URLLC service, thus the timing requirement should be more aggressive than the Case 1-1 for eMBB service. 

	ZTE
	We support Alt2.
It’s well understood that PDCCH monitoring case 1-1 is mainly used for scheduling type A PDSCH/PUSCH, which starts from the beginning of slots. While for PDCCH monitoring case 1-2 and case 2, they are mainly used for scheduling type B PDSCH/PUSCH. The type B PDSCH/PUSCH can start from any symbol within a slot. In this sense, the quantization operation seems to be unwarranted.
Besides, quantization is likely to result with longer scheduling delay for type B PDSCH, which is detrimental to the latency-sensitive traffic.

	Huawei, HiSilicon
	Alt2 is preferred since PDCCH is already floating within the slot requiring a higher-end UE capability. 

	Charter Communications
	Case 1-1 should be prioritized, therefore Alt1 for simplicity

	Qualcomm
	Case 1-1, Case 1-2 and Case 2 PDCCH monitoring result in different scheduling timing relationship in a slot granularity. Even for the case of only a single monitoring occasion, in terms of UE implementation, Case 1-2 PDCCH monitoring or Case 2 PDCCH monitoring may not be as simple as a symbol-shifted version of Case 1-1 PDCCH monitoring. Therefore, separate sets of  values should be defined for Case 1-1, Case 1-2 and Case 2. However, if  for Case 1-1 is large enough, we can also use the same  for Case 1-2 and Case 2.

	Ericsson
	Prefer Alt1. 




Summary for case 1-2 and case 2 scheduling, when lower SCS PDCCH scheduled a higher SCS PDSCH:
· ALT1: Nokia, Samsung, Spreadtrum, CATT?, Charter, [Qualcomm], Ericsson
· The same  and quantization to the next PDSCH slot rule as with case 1-1 scheduling is used
· ALT2: Nokia, CATT?, vivo, ZTE, Huawei, [Qualcomm]
· The same  as with case 1-1 scheduling is used without the quantization step to the next PDSCH slot boundary
· FFS if an additional offset should be added to 
· ALT3: vivo, Qualcomm
· A different  than with case 1-1 scheduling is used without the quantization step to the next PDSCH slot boundary



Additional point: How to determine the K0, CATT


3. Scheduling from higher SCS PDCCH to a lower SCS PDSCH

Alternatives identified in the RAN1#96bis
· Alt1: Reuse Rel-15 specification without modifications
· Alt2: Use the same definition as with low-to-high scheduling
· Alt3: Other solutions

	Company
	Comment

	Nokia
	Prefer Alt1 for simplicity.

	Samsung
	Support Alt 1

	CATT
	Prefer Alt 1

	vivo
	Alt.1 is good enough.

	ZTE
	Support Alt 1.

	Huawei, HiSilicon
	Assuming this is talking about timing issue, then we are fine with Alt1. In short our view is that the scenario has to be supported while the specification work can be simplified by no additional optimization.

	Charter Communications
	Alt1

	Qualcomm
	Alt 1 is a simple solution, but it does not consider the extra UE timeline overhead due to mixed numerology operation. Alt2 is inefficient if quantization is performed based on slot duration of the scheduled cell which is larger than slot duration of the scheduling cell. Therefore, we propose to adopt Alt2 without quantization as a compromise between Alt1 and Alt2.
For higher SCS PDCCH scheduling lower SCS PDCCH, PDCCH monitoring Case 1-1 in multiple slots on the scheduling carrier has the same effect as PDCCH monitoring Case 2 with self-scheduling. It is not apparent that there is major benefit to allow configuration of PDCCH monitoring Case 2 for the case of higher SCS PDCCH scheduling lower SCS PDSCH, because most of the flexibility can be already achieved with just PDCCH monitoring Case 1-1.
Cross-carrier scheduling with PDCCH monitoring Case 1-1



Self-scheduling with PDCCH monitoring Case 2  

	Ericsson 
	Alt 1, and to simplify PDSCH processing time discussions (e.g. d1,1), we also propose that Type B PDSCH (at least for 2-symbol PDSCH) starts after PDCCH scheduling it.




Summary for higher SCS PDCCH scheduling a lower SCS PDSCH
· Alt1: Reuse Rel-15 specification without modifications
· Nokia, Samsung, CATT, vivo, ZTE, Huawei, Charter, Ericsson (With Type B PDSCH: PDSCH starts after the scheduling PDCCH at least for 2-symbol PDSCH)
· Alt 2a: Use the same definition as with low-to-high scheduling
· Alt 2b: Use the same definition as with low-to-high scheduling, but without quantization
· Qualcomm
· Alt3: Other solutions
· No proposals


PDCCH monitoring
Proposals related to the PDCCH monitoring
	[2]
	Proposal 3: Consider enhancements on reducing BDs for cross-carrier scheduling, e.g. by DCI size alignment between DCIs scheduling different cells.

	[3]
	Proposal 1: RAN1 should clarify whether the agreement made in RAN1#96 [on BD/CCE limits] is applicable only to the mix numerologies cases, or applicable to all the cross-carrier scheduling cases.

	[6]
	Proposal 4:Further study enhancements to search space configuration for cross-carrier scheduling.

	[8]
	Proposal-7: 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. 

	[9]
	Proposal 1. The PDCCH monitoring occasion determination should be based on the numerology of scheduling cell in cross-carrier scheduling with different numerologies.



1. Question on PDCCH monitoring applicability (Proposal 1 of [3])

	Company
	Comment

	Nokia
	The agreement applies:
a) When the UE is configured to cross-carrier with scheduling carrier with one SCS, and at least one scheduled carrier with another SCS
b) In addition to case a) when the UE is also configured with anoter scheduled carrier with the same SCS as the scheduling carrier

	Samsung
	The agreement is applicable for all the possible cases. We do not see any issues on this.

	Speadtrum
	It should be applied to all the cases.

	CATT
	Our understanding is the agreement applies to all the cross-carrier scheduling cases. In Rel-15 cross-carrier scheduling case, the scheduling cell and scheduled cell both have the same numerology. It’s the same thing to determine the SCS of scheduled cell whether based on scheduling cell or scheduled cell. If BWP switching happens and different SCS is applied to one of the CC, it becomes the case we settled at RAN1#96 meeting.

	vivo
	We are basically fine with the clarification of Nokia, but would like to further clarify the definition of the SCS of a carrier in this case:

When we say “a UE is configured to cross-carrier with scheduling carrier with one SCS, and at least one scheduled carrier with another SCS”, which of the followings is the correct understanding:
a) The SCS of the active BWP of the scheduling cell is different from the SCS of the active BWP of the scheduled cell.
b) At least one of the configured BWP (including active and deactive BWPs) has different SCS than that of the active BWP of the scheduling cell. 
c) There is at least one configured BWP of the scheduling cell and at least one configured BWP of one of the scheduled cell have different SCSs.


	ZTE
	The agreement is applicable for all the cases, including Rel-15 cases. In Rel-15, only self-scheduling or cross-carrier scheduling with same numerology are supported, which means the SCS of scheduling CC is always equal to the SCS of scheduled CC.   

	Huawei, HiSilicon
	Agreement is applicable to cross-carrier scheduling with the same numerologies and for cross-carrier scheduling with different subcarrier spacings

	Charter Communications
	The agreement applies to both the mixed numerology case and same numerology case.

	Ericsson 
	Agree with Nokia – if the Rel-16 agreement leads to same behaviour as Rel-15 when there is no cross-carrier scheduling of mixed numerologies, it can be captured as a not. 



Summary: There appears to be a consesnsus that the agreement applies to all cross-carrier scheduling cases – no need to spend time on this issue as no further agreements or spec changes are required

2. Question on RRC configuration of the PDCCH candidates (Proposal 7 of [8])

	Company
	Comment

	Nokia
	Support introducing a new RRC parameter to configure number of PDCCH candidates for the scheduled cell in the configured search-space sets of the scheduling cell. This parameter could also apply to cross-carrier scheduling with the same SCS. 

	Samsung
	Agree with Nokia – this was already a RAN1 agreement in Rel-15 that was incorrectly implemented by RAN2.

	Spreadtrum
	Agree. A new RRC parameter should be added.

	CATT
	The current RRC configuration has already support to configure different number of PDCCH candidates for the scheduled cell and scheduling cell, i.e. same SS ID as scheduling cell should be configured for the scheduled cell and UE should egnore all the configurations except PDCCH candidates. Not sure why such an enhancement is necessary. 

nrofCandidates
Number of PDCCH candidates per aggregation level. The number of candidates and aggregation levels configured here applies to all formats unless a particular value is specified or a format-specific value is provided (see inside searchSpaceType). If configured in the SearchSpace of a cross carrier scheduled cell, this field determines the number of candidates and aggregation levels to be used on the linked scheduling cell (see TS 38.213 [13], clause 10).

searchSpaceId
Identity of the search space. SearchSpaceId = 0 identifies the searchSpaceZero configured via PBCH (MIB) or ServingCellConfigCommon and may hence not be used in the SearchSpace IE. The searchSpaceId is unique among the BWPs of a Serving Cell. In case of cross carrier scheduling, search spaces with the same searchSpaceId in scheduled cell and scheduling cell are linked to each other. The UE applies the search space for the scheduled cell only if the DL BWPs in which the linked search spaces are configured in scheduling cell and scheduled cell are both active.


	vivo
	We would like to reuse the existing RRC design as much as possible to avoid any backware compatibility issue. We don’t see a strong need to redesign the RRC signalling. 

	ZTE
	No need to enhance this issue unless requested by RAN2.

The current Rel-15 mechanism is workable and adopted by RAN2. From our perspective, we don’t see a strong need to further enhance this issue unless requested by RAN2.

	Huawei, HiSilicon
	With current specificaiton, a separate searchspace configuration for the number of PDCCH candidates for the scheduled cell is already supported. The benefits of introducing a new/separate RRC parameter is not clear, instead it will significantly increase the RRC overhead in order to flexibly support configurations of PDCCH candidates of the scheduled cells per BWP per cell. 
Further optimization can be supported with minor extension on the RRC applicability while not requiring a new RRC parameter, e.g. by enabling/allowing to present the configurations of PDCCH monitoring period. 

	Charter Communications
	No strong view on need for new RRC parameter

	Ericsson
	OK, with introduction of associated UE capability signaling to maintain backwards compatibility.



Summary on introducing a new RRC parameter to configure number of PDCCH candidates for the scheduled cell in the configured search-space sets of the scheduling cell
· Support: Nokia, Samsung, Spreadtrum, Ericsson
· No need: vivo, ZTE, Huawei, CATT
· Huawei, CATT: No need as already possible

3. Other aspects related to PDCCH monitoring

	Company
	Comment

	
	

	
	

	
	

	
	




Support for contiguous data transmission
The following alternatives were identified in the RAN1#96bis offline
· Alt 1: Single-slot scheduling with increased number of valid unicast DCIs per PDCCH monitoring occasion
· FFS: number of valid DCIs
· Alt 2: Single-slot scheduling and capability FG 3-5/3-5b
· Note: When deriving the number of scheduling opportunities based on the number of slots in the scheduled cell overlapping one scheduling cell slot.
· Alt 3: Multi-slot scheduling with different TB per slot  
· Alt 4: Multi-slot scheduling with one TB across multiple slots 

	Company
	Comment

	Nokia
	Alt 1&2: In our view e.g. 30-to-120 kHz scheduling is inefficient if full data rate scheduling requires 4 DCIs on the lower SCS carrier. 
Alt 4 and having single TB spanning across multiple slots would appear to require a new MCS and TBS tables and a new DCI format and we see it somewhat troublesome to increase the maximum TB size.
Thus we support Alt 3 and N TBs across N slots with a relatively non-intrusive DCI format and/or RRC configuration modification. The N TBs could either operate as a single HARQ process, or more preferably as independent HARQ processes, potentially using HARQ-ACK bundling.

	Samsung
	Alt. 2 is supported in Rel-15 – no need to discuss its support. 
Alt. 1 requires trivial specification support but has material impact on UE implementation.
Alt. 3 provides meaningful benefit in reducing control overhead but extensive/unnecessary discussions/optimizations and duplicated UE functionalities should be avoided – Alt. 3 is acceptable if it is by re-using the LAA (and possibly NR-U) mechanism. 
Alt. 4 requires substantial specification and implementation updates and is not preferred.
In conclusion, Alt. 2 is default and Alt.3 may be further considered.

	CMCC
	Share similar view with Nokia, we also support Alt3. Alt 4 can also be considered if there is a way to avoid too much specification impact.

	CATT
	We support alt3. We agree with Samsung that alt.3 has already been supported. Either alt1 or alt 2 requires more DCIs within a slot which increase the PDCCH blocking probability. 
However, we don’t think fully re-using the LAA mechanism is acceptable as only NDI and RV are different for each scheduled slot which is not sufficient in this case. Secondly, it will certainly introduce a DCI with a larger payload size which break the current DCI budget.
Indstead, a new DCI format with the same payload size as current DCI format could be defined for alt 3, e.g. define per-slot scheduling bit fields which indicate an index of a scheduling information combination configured by high layer. Both scheduling flexibility and scheduling efficiency could be achieved. 


	vivo
	As commented during the meeting, we support Alt.2 if the common understanding of FG 3-5/3-5b is that the restriction on the number of valid DCI is per slot of the scheduled cell. In this case we don’t see any issues for contiguous data transmission, nor any physical layer specification change is required. 
Otherwise, we support Alt.1, and the number of valid DCI can be simply the number of the scheduled slots for the scheduled cell. This solution has minimal specification impact. 

For Alt.3, we think this is an enhancement that may be useful in some scenario. However, our concern is that we don’t have time to finish the DCI design within one meeting cycle. Actually, it seems that till now there is no DCI design proposal with sufficient details on the table for evaluation.

	ZTE
	We support Alt 1 and Alt 2.

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. This is the last meeting for cross-carrier scheduling with mixed numerologies in MR-DC WI. The time is limited to discuss all the details. Thus, we propose Alt 1 or Alt2.

	Huawei, HiSilicon
	Alt4 by configuration if another alt to be supported in addition to Alt2; otherwise Alt2 only is sufficient, given that performance-wise Alt4 is best in our view and spec impact can be mitigated; otherwise no need for any further optimizaiton.

Support of Alt4 by configuration is considered with the fact that the use cases may be partially different among Alts and also different amont of spec impacts are foreseen:
· For a UE requiring full HARQ usage for peak rate purpose in some typical deployment scenarios, there is no fundamental difference between one-big-TB-to-multi-slot (i.e. Alt4) and multi-small-TB-to-multi-slot(i.e. Alt3), and the issue of lack-of-HARQ is not resolved by any of the other Alts except for Alt4. 
· For a UE at cell edge with poor channel condition thus limited MCS can be used, only low MCS level is practical and no new TBS is required, at the same time the UE’s throughpht is improved by Alt4

Regarding the spec impact:
· On one hand, the DCI design can be the same or with similar level of change over Rel-15 for Alt4 compared with Alt3. Rel-15 TBS is deteremined in a formula manner (for relatively large TB) thus can be simply scaled, and no new MCS table needed. 
· On the other hand, Alt4 is naturally compatible with CBG based transmission and HARQ codebook design, which anyway needs considerable spec work for Alt3.
· In case of Alt4 only specified for cell-edge UE, the spec impact can be further mitigated by some conditions, e.g. only support limited MCS level. 


	Charter Communications
	Alt3 based on LTE LAA as a precedent

	Qualcomm
	Although the basic idea of multi-slot scheduling sounds reasonable, a major design like this always result in numerous corner case issues that could be difficult to predict. Given that there is only one meeting left to finalize cross carrier scheduling with different numerologies, we prefer to choose a solution that is well based on existing design and do not bring in critical changes to existing DL scheduling mechanism.
To this end, we support Alt 1 and Alt 2 as they are at most related to the UE capability discussion but will not bring in changes to the RAN1 spec. Both of them try to determine a number of valid unicast DCIs per PDCCH slot of the scheduling cell that is larger than the number of unicast DCIs per PDSCH slot of the scheduled cell in the self-scheduling case. Besides, Alt 2 can be considered as a special case of Alt 1. Therefore, we think the final solution can be further discussed based on Alt 1.

	Ericsson
	Given the cross-carrier scheduling part of the WI is aimed to targeting completion by RAN#84, we think the timeline should be considered for designing new DCI formats and also alignment with NR-U work on multi-slot multi-TB scheduling. Since not all alternatives are mutually exclusive, it seems taking advantage of advanced UE PDCCH processing capability such as 3-5/3-5b and increased number of valid DCIs should be considered as they can be introduced without much specification effort. 



Summary on contiguous data transmission from a lower SCS PDCCH to a higher SCS PxSCH
· Alt 1: Single-slot scheduling with increased number of valid unicast DCIs per PDCCH monitoring occasion
· FFS: number of valid DCIs
· vivo (depending on FG 3-5/5b interpretation), ZTE, Qualcomm, Ericsson
· Alt 2: Single-slot scheduling and capability FG 3-5/3-5b
· Note: When deriving the number of scheduling opportunities based on the number of slots in the scheduled cell overlapping one scheduling cell slot.
· Samsung, ZTE, Qualcomm, Ericsson
· Alt 3: Multi-slot scheduling with different TB per slot  
· Nokia, [Samsung], CMCC, Charter
· Alt 4: Multi-slot scheduling with one TB across multiple slots 
· [CMCC], Huawei


QCL aspects
1. QCL assumption for the scheduled cell

[3,4, 13]	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 based on the active TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.
[12]	For cross-carrier scheduling, an explicit TCI-state is configured for QCL assumption for PDSCH reception when the PDSCH scheduling timing offset is smaller than delta_offset threshold.
[14] For the case where SCC in FR2 does not have a configured CORESET, and is cross carrier scheduled via DCI from a different carrier, a dummy CORESET can be configured in the SCC. If the offset between the reception of the DL DCI corresponding to the cross-carrier PDSCH is less than a threshold, the UE may assume the default beam for PDSCH reception is associated with the TCI state associated with the dummy CORESET
FL observation: Dummy CORESET configured explitely for the purpose of QCL assumption derivation can be understood as an explicit TCI-state configured for QCL assumption for the PDSCH reception
FL proposal: Adopt one of the two alternatives for cross-CC scheduling if the scheduling timing offset is smaller than the threshold, or if Tci-PresentInDCI is not enabled for DCI format 1_1
Alt1: QCL assumption for the scheduled PDSCH is based on the TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.
Alt2: QCL assumption for the scheduled PDSCH is based on a TCI-state explicitely configured for this purpose
	Company
	Comment

	Nokia
	In out view there is no need to derive the TCI state from some other configuration. Thus our preference is to explicitely configure the TCI state

	Samsung
	Agree with Nokia - Alt 2 is clean and sufficient.

	Speadtrum
	We support Alt 2. 

	CATT
	Before show our position, we want to make a clarification here. Alt2 seems not put any restrictions on the explicit TCI state configuration mothed. Is the current mechanism still under the umbrella of alt 2? Accordingly, the TCI-state is indicated by the scheduling DCI while gNB should make sure scheduling gap between PDCCH and PDSCH is larger than the threshold. 
A second question is the threshold is needed only if QCL-D is configured for one of the TCI states, should we address it in the first bullet, such as ‘Adopt one of the two alternatives for cross-CC scheduling if the scheduling timing offset is smaller than the threshold if one of the configured TCI states is relevant to QCL-D , or if Tci-PresentInDCI is not enabled for DCI format 1_1’?

	vivo
	In our view, even with Alt.1 the TCI state is explicitely configured by RRC, only via a different way of configuration. The network is free to configure the desired TCI state by associating it to a specific ID. So we don’t agree that Alt.2 is clearer.
On the other hand, our concern on Alt.2 is the increased RRC signalling overhead (due to a dummy CORESET which is a heavy structure with many mandatory fields but useless for scheduled cell), and potential backward compatibility issue of RRC signaling.

Thus, we prefer Alt.1.

	ZTE
	If Alt2 means RRC configured explicit TCI state, the update of default beam would be too restrictive as it is slower than the update of default beam for self-schedulng.  In Rel-15, default beam of self-scheduling is derived from the lowest CORESET ID in the latest slot.  i.e. in self-scheduling case, the default beam can be changed per slot or can be changed by MAC-CE update.  Therefore, RRC configured explicit TCI state for cross-carrier scheduling is less flexible than self-scheduling.   

For the proposal of dummy CORESET, it would be beneficial only if we can re-use the current spec description of using the lowest CORESET ID for default QCL assumption.  However, the current spec requires the CORESET with monitored search space and hence spec changes are still required since dummy CORESET does not have monitored search space.  Also, the problem of dummy CORESET is that it causes too much unnecessary configuration overhead to configure multiple dummy CORESETs in multiple CC cases.  For the proposal of dummy CORESET, we think one dummy CORSET can be configured in one CC only and shared by multiple intra-band CCs.  This should be enough to provide QCL-type D information.  

We think it is not appropriate to group the proposal of using dummy CORESET and the proposal of explicit TCI state in the same alternative. These two proposals are quite different. Overall, we think Alt2 is missing the detail on how default TCI state is explicitly configured. We should only consider a complete proposal at this late stage. 

Regarding Alt1, we think it should be revised to:
Alt1: QCL assumption for the scheduled PDSCH is based on the active TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.

With the wording of “active TCI state”, Alt1 can provide consistent timing with Rel-15 since TCI state corresponding to the lowest TCI ID can be updated by MAC-CE.  In addition, it would be easier to count the number of active TCI states (for the purpose of keeping track of the maximum number of active TCI states defined for UE feature) if the default TCI state is coming from one of the existing pool of active TCI states.  In addition, existing higher layer signaling can be reused i.e. no new RRC/MAC-CE signaling is required. Therefore, we think Alt 1 is a better solution.

	ASUSTeK
	First of all, we support Alt. 1. 
However, we would like to clarify Alt. 1 a little bit. Since each TCI state is configured in PDSCH-config, from current wordings, it is not clear that Alt .1 describes the lowest-ID TCI state configured in PDSCH-config or lowest-ID TCI state activated (by MAC-CE) for receiving PDSCH. From contributions supporting Alt. 1, we believe the intenion is the latter one, and we have the following clarified version: 
Modified Alt1: QCL assumption for the scheduled PDSCH is based on the TCI state with the lowest ID activated for receiving PDSCH in the active BWP of the scheduled cell.
Alt.2 does not follow the design principal of TCI state in Rel-15. In Rel-15, a two-stage approach, i.e. RRC configuration and MAC CE selection is used to determine the available TCI states, whose main motivation is to avoid RRC reconfiguration resulting from beam mobility. If Alt.2 is adopted, when the explicitly configured TCI state is not available, e.g. due to beam mobility, RRC reconfiguration would then be required. Note that default beam determination of self-scheduling follows the same design principle, i.e.TCI state of  PDCCH/CORESET which could be selected by MAC CE is adopted instead of a purely RRC configured TCI state. We don’t see a need to create an exception in this case.


	Charter Communications
	Agree with Nokia’s statement – Alt2

	Qualcomm
	For Alt1, the remaining question is what is the pool of TCI states in which the lowest ID TCI state is defined. There can be two options
· Opt1: The pool is the set of TCI states configured by RRC for the scheduled PDSCH in the active BWP of the scheduled cell for regular QCL-TypeD determination
· Opt2: The pool is the set of TCI states that is activated by MAC-CE. I.e., RRC first configures a set of TCI states, then MAC-CE activates a subset of the RRC configured TCI states
The disavanrage of Alt1 that it requires consistent network involvement to update the default QCL-TypeD to avoid the UE stuck in a weak beam if channel condition has changed.
For Alt2, there can be two options to make it a complete solution
· Opt1: define a new RRC parameter, a new MAC-CE command or a new DCI to configure a single TCI-state to provide the default QCL-TypeD for the PDSCH in the scheduled cell
· Opt2: define dummy CORESET(s) and associated search space set(s) in the scheduled cell
Signalling change of Opt1 may be acceptable for this feature, but it should be discussed whether the change is really necessary.
In comparison to the other options under Alt1 and Alt2, the dummy CORESET solution clearly has the following advantages
· No RRC, MAC-CE, or DCI change is needed for the determination of the default QCL-TypeD for cross-carrier scheduling
· By configuring multiple dummy CORESETs in alternating slots in the scheduled cell, network can prevent the UE from being stuck in a weak beam when the channel condition has changed even without network involvement. Therefore, this approach is more robust.
· The determination of the default QCL-TypeD for cross-carrier scheduling follows the same rule as a single carrier or self-scheduling case which is already well defined in the spec
Because dummy CORESET approach is one way to realize the explicit configuration, we propose to capture dummy CORESET under Alt2 and would prefer the other options can be explicitly listed. 
	FL proposal: Adopt one of the two alternatives for cross-CC scheduling if the scheduling timing offset is smaller than the threshold, or if Tci-PresentInDCI is not enabled for DCI format 1_1
Alt1: QCL assumption for the scheduled PDSCH is based on the TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.
Alt2: QCL assumption for the scheduled PDSCH is based on a TCI-state explicitely configured for this purpose
Configure dummy CORESET(s) and associated search space set(s) in the scheduled cell for the default QCL-TypeD determination. 





	Ericsson
	Alt2 is one option to resolve. If faster adaptation of TCI state is needed, then directly using MAC message ‘TCI state indication for UE-specific PDCCH MAC CE’ for PDSCH on Scell seems like the most straight-forward option i.e. no need to configure dummy coreset, or have restriction to pick lowest activated TCI state ID, etc. 






Summary on QCL assumption of the scheduled cell
· Alt1: QCL assumption for the scheduled PDSCH is based on the [configured/activated] TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.: vivo, ZTE, ASUSTeK
· Alt1a: configured TCI state
· Alt1b: activated TCI state
· Alt2: QCL assumption for the scheduled PDSCH is based on a TCI-state explicitely configured for this purpose: Nokia, Samsung, Spreadtrum, Charter, [Ericsson]
· Alt2a: new RRC parameter
· Alt2b: dummy CORESET
· Alt2c: ‘TCI state indication for UE-specific PDCCH MAC CE’ for PDSCH on Scell


2. Other QCL aspects

[4] 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.
FL proposal: Discuss the above proposal

[4]	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.
FL proposal: Discuss the above proposal
 
[6] If it is supported for a UE to detect at a same PDCCH monitoring occasion multiple DCI formats scheduling respective multiple PDSCH receptions on a cell, report corresponding HARQ-ACK information in a same HARQ-ACK codebook and use the counter DAI to count the DCI formats for the cell.
FL proposal: Discuss the above proposal
	Company
	Comment

	Nokia
	In our view the threshold for QCL indication with a DCI corresponds to the SCS of the scheduled cell

	Samsung
	Agree with Nokia – it is rather obvious that scheduling aspects are wrt the scheduled cell

	CATT
	Agree with Nokia

	ZTE
	For the first proposal, we can use more dynamic indication (i.e. via DCI) for other QCL parameters since only QCL-type D is needed to determine the receive beam for PDSCH reception. 

For the second proposal, we agree with Nokia and Samsung that the threshold corresponding to the numerology of the scheduled cell.  We think this should be clarified in the spec as this is not clear in the current TS38.214. e.g. in Subclause 5.1.5
“a threshold timeDurationForQCL, where the threshold is based on reported UE capability [13, TS 38.306] corresponding to the numerology of the scheduled cell.”

	
	



[4] 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.
· ZTE: use more dynamic indication (i.e. via DCI) for other QCL parameters since only QCL-type D is needed to determine the receive beam for PDSCH reception

[4] Clarify in TS38.214 that the threshold for QCL indication via TCI in DCI corresponds to the numerology of the scheduled cell
· Support: Nokia, Samsung, CATT, ZTE


Other aspects
	[2]
	Proposal 4: In case of cross-carrier scheduling with different numerologies, a couple of UE capabilities can be defined. Under each UE capability, a practical limit of number of detectable DCIs should be defined considering UE complexity, regardless number and numerology of scheduled CCs.

	[3]
	Proposal 6: For aperiodic CSI-RS triggering with different numerology between PDCCH and CSI-RS, the issues above mentioned can be considered.

	[11]
	Proposal 1: For cross-carrier scheduling, for a scheduled cell, enable cross-carrier deactivation of DL SPS/UL configured grant.
· Support deactivation of DL SPS/UL configured grant by DCI format 0_1/1_1.
Proposal 2: For cross-carrier scheduling, for a scheduled cell, PDCCH-order random access is supported.
· Utilize 3 MSB bits of the reserved field as the CIF field.




	Company
	Comment

	Nokia
	· UE capability discussion needs to start immediately when the design is sufficiently mature.
· A-CSI triggering with different SCS for PDCCH and CSI-RS is apparently settled in Rel-15, and if the situation holds, nothing more should be required
· Cross-carrier activation/deactivation can be supported
· Cross-carrier PDCCH-order RACH can be supported

	Samsung
	[2]: UE capability can be further discussed later. It can depend on other designs (e.g. multi-slot scheduling or (no) limitations to FG 3-5b).
[3]: Discuss further.
[11]: Cross-carrier activation/deactivation needs to be supported. Cross-carrier PDCCH-order RACH needs to be supported.

	vivo
	We think the following issues should be discussed:
· 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, 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.



	ZTE
	[11]: Cross-carrier deactivation of DL SPS is not needed because the network shall ensure SPS-Config is configured for at most one cell in a cell group. UE deactivates the only one SPS configuration within this CG once it receives SPS deactivation commond.

Cross-carrier deactivation of UL configured grant and cross-carrier PDCCH-order RACH can be further discussed.

	Huawei, HiSilicon
	· Cross-carrier PDCCH-order RACH can be supported. Other items related to UE capability can be discussed later.

· In addition, we realized that Rel-15 PUCCH HARQ codebook configuration is provided by pdsch-HARQ-ACK-Codebook per cell-group per 38.331 by PhysicalCellGroupConfig. The original agreement intended to do that per PUCCH group, in line with the design as in LTE PUCCH-config. However the set of RRC parameters RAN1 sent to RAN2 incorrectly used cell group and RAN2 followed. 

We hope to take this opportunity to correct this in Rel-16 by introducing a RRC parameter for HARQ codebook determination in e.g. PUCCH-config.

Agreements:
Dynamic HARQ-ACK codebook (per PUCCH group) for the case without CBG configuration
HARQ-ACK codebook determination based on counter DAI and total DAI
Use LTE as starting point
FFS details
Agreements:
For HARQ-ACK spatial bundling: 
Support higher layer configuration for spatial-domain bundling per PUCCH group
Bundling is per cell, and same configuration applies to all the cells
FFS whether or not to support HARQ spatial bundling in a dynamic manner
Agreements:
‘Semi-static’ HARQ-ACK codebook (per PUCCH group) is at least determined by 
Configured number of DL Cells
The max number of TBs based on configuration for each DL cell
Configured number of CBGs per TB per configured DL cell
FFS: Handling of different numerology between UL and DL
Details FFS
Dynamic HARQ-ACK codebook (per PUCCH group) with CBG configuration at least for one serving cell
Details FFS

	Charter Communications
	A-CSI triggering with different SCS is assumed to be agreed
Cross-carrier PDCCH-order RACH can be supported

	Ericsson
	PDCCH-order Random access can be supported through DCI format 1_1 and reusing same bit fields as PDCCH-ordered Random access in self-scheduling  and an additional carrier indicator field or the serving cell index, size matched to DCI format 1_1. 



See the RAN1#97 feature lead summary [15]
References
[1] R1-1903991	Remaining issues on cross-carrier scheduling with different numerologies, Huawei, HiSilicon
[2] R1-1904041	On Cross-carrier Scheduling with Different Numerologies, OPPO
[3] R1-1904112	Support of cross-carrier scheduling with mix numerologies, vivo
[4] R1-1904154	Discussion on cross-carrier scheduling with different numerologies, ZTE
[5] R1-1904326	Cross-carrier Scheduling with Different Numerologies, Intel Corporation
[6] R1-1904399	Cross-carrier Scheduling with Different Numerologies, Samsung
[7] R1-1904545	Discussion on cross-carrier scheduling with different numerologies, CATT
[8] R1-1904720	On cross-carrier scheduling with mixed numerologies, Nokia, Nokia Shanghai Bell
[9] R1-1904745	Discussion on cross-carrier scheduling with different numerologies, CMCC
[10] R1-1904777	Discussion on cross-carrier scheduling with different numerologies, Spreadtrum Communications
[11] R1-1904973	Cross-carrier scheduling with different numerologies, NTT DOCOMO, INC.
[12] R1-1905142	Cross-carrier scheduling with different numerologies, Ericsson
[13] R1-1905154	Cross-carrier scheduling with different numerologies, ASUSTEK COMPUTER (SHANGHAI)
[14] [bookmark: _Ref5380842]R1-1905279	Cross-Carrier Scheduling with Different Numerologies, Qualcomm Incorporated
[15] R1-1905756 Feature lead summary #2 on Cross-carrier Scheduling with Different Numerologies, Nokia
Annex – Proposals and observations
R1-1903991	Remaining issues on cross-carrier scheduling with different numerologies, Huawei, HiSilicon
Observation 1: No additional specification impact for including high-SCS scheduling cell from low-SCS scheduled cell and uplink cross-carrier scheduling with different numerologies. 
Observation 2: For cases of lower-SCS cell scheduling higher-SCS cell, the number of HARQ processes is not enough to support contiguous data transmission in the higher-SCS scheduled cell.
Proposal 1: The timing between PDCCH scheduling PDSCH in current specification can be applied to the case of higher SCS PDCCH scheduling lower SCS PDSCH. 
Proposal 2: At least if searchSpaceSharingCA-DL is not enabled, the first symbol of the higher SCS PDSCH scheduled by a lower SCS PDCCH starts no earlier than 1 symbol duration on the scheduling cell with 15 kHz or 30 kHz SCS and 2 symbols duration on the scheduling cell with 60 kHz SCS after the end of the last symbol of the scheduling PDCCH.
Proposal 3: For contiguous data transmission with cross-carrier scheduling with different numerologies, single DCI scheduling one TB across multiple slots is supported.

R1-1904041	On Cross-carrier Scheduling with Different Numerologies, OPPO
Proposal 1: For the case of lower SCS PDCCH scheduling a higher SCS PDSCH,  is defined based on the SCS of the scheduled cell. 
Proposal 2: At least for the case of lower SCS PDCCH scheduling a higher SCS PDSCH, different  can be applied for Type A PDSCH and Type B PDSCH respectively.
· Defining  in unit of slot for Type A PDSCH. Defining  in unit of symbol for Type B PDSCH.
· Different DL TDRA tables can be configured for Type A PDSCH and Type B PDSCH respectively.
· FFS: How to determine PDSCH type before decoding DCI.
Proposal 3: Consider enhancements on reducing BDs for cross-carrier scheduling, e.g. by DCI size alignment between DCIs scheduling different cells.
Proposal 4: In case of cross-carrier scheduling with different numerologies, a couple of UE capabilities can be defined. Under each UE capability, a practical limit of number of detectable DCIs should be defined considering UE complexity, regardless number and numerology of scheduled CCs.

R1-1904112	Support of cross-carrier scheduling with mix numerologies, vivo
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.

R1-1904154	Discussion on cross-carrier scheduling with different numerologies, ZTE
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.

R1-1904326	Cross-carrier Scheduling with Different Numerologies, Intel Corporation
Proposal 1: For cross-carrier scheduling with different numerologies between scheduling CC and scheduled CC, the ‘’ where X is defined in below table:
	Table 1. Proposed minimum values X

	Scheduling CC
Scheduled CC
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	15 kHz
	0
	
	
	

	30 kHz
	1
	0
	
	

	60 kHz
	2
	1
	0
	

	120 kHz
	3
	2
	2
	0



Proposal 2: Introducing multi-slot scheduling mechanism with different TB per slot to support continue data scheduling on scheduled CC.  

R1-1904399	Cross-carrier Scheduling with Different Numerologies, Samsung
Proposal 1: Support slot-level time gap for ∆ based on Table 1.
	Table 1. Proposed minimum values ∆ [slot(s)]

	Scheduling
Scheduled
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	15 kHz
	0
	
	
	

	30 kHz
	1
	0
	
	

	60 kHz
	2
	1
	0
	

	120 kHz
	4
	2
	1
	0



Proposal 2: Support multi-slot scheduling at least for scheduling cell having a smaller SCS than a scheduled cell. To support this, following options can be considered:
· Opt 1) Use multiple PDCCH monitoring occasions in a slot (i.e., Case 2 PDCCH monitoring)
· Opt 2) Increase number of DCIs per PDCCH monitoring occasion
· Opt 3) Support multi-slot scheduling using 1 DCI
Proposal 3: If it is supported for a UE to detect at a same PDCCH monitoring occasion multiple DCI formats scheduling respective multiple PDSCH receptions on a cell, report corresponding HARQ-ACK information in a same HARQ-ACK codebook and use the counter DAI to count the DCI formats for the cell.
Proposal 4:Further study enhancements to search space configuration for cross-carrier scheduling.
Proposal 5: If cross-carrier scheduling is configure, 3 MSB bits of the reserved bits in DCI format 1_0 for PDCCH order are used for carrier indication field.
Proposal 6: If cross-carrier scheduling is configure, 3 MSB bits of the TDRA field in DCI format 0_0/1_0 validated for DL SPS/UL grant Type 2 release are used for carrier indication field.

R1-1904545	Discussion on cross-carrier scheduling with different numerologies, CATT
Observation: In case scheduling cell with smaller SCS and scheduled cell with larger SCS, the required buffer not only depends on the PDCCH processing time but also the maximum bandwidth of the scheduled cell.
Proposal 1: Both PDCCH processing time and maximum bandwidth for the scheduled cell (corresponding to numerology and frequency range) should be considered when determine the parameter .
Proposal 2: K0 determination on the scheduled cell with larger SCS should take the PDCCH monitoring occasion on the scheduling cell with smaller SCS into account.
Proposal 3: In case scheduling cell has a smaller SCS than that of scheduled cell, using a single DCI on scheduling cell to schedule data transmission throughout slots on scheduled cell.
Proposal 4: The payload size of the new DCI format should be same as one of the current DCI format. Further study the new DCI format content, e.g. contains per-slot scheduling bit fields which indicate an index of a scheduling information combination configured by high layer.

R1-1904720	On cross-carrier scheduling with mixed numerologies, Nokia, Nokia Shanghai Bell
Proposal-1: Adopt the same approach for the PDSCH start time definition as is used for the PUSCH start time definition, i.e. the PDSCH starts no earlier than N0 symbols after the end of the PDCCH carrying the DCI.
Proposal-2: The N0 is a function of the PDCCH SCS
Observation-1: The UE processing time from the PDSCH to HARQ-ACK is not impacted by the fact that the PDCCH and the PDSCH were on carriers in BWPs with different numerologies
Proposal-3: For the cross-carrier scheduling with different SCS, the PDSCH-to-HARQ-ACK timeline determination should otherwise follow the Rel-15 definition, but the SCS of the PDCCH should not play a role.
Proposal-4: For the cross-carrier scheduling with different SCS, consider definition of the PDCCH-to-PUSCH timeline where Rel-15 definition of N2, a function of PUCCH SCS, is additive to the N0, a function of PDCCH SCS, and the PDCCH decoding time embedded to N2 is correspondingly removed.
Observation-2: 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.
Proposal-7: 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. 

R1-1904745	Discussion on cross-carrier scheduling with different numerologies, CMCC
Proposal 1. The PDCCH monitoring occasion determination should be based on the numerology of scheduling cell in cross-carrier scheduling with different numerologies.
Observation: when the SCS of scheduled CCs are larger than SCS of scheduling CC, cross-carrier single slot scheduling will cause more control overhead and higher UE power consumption.
Proposal 2. Support of multi-slot scheduling can be considered when cross carrier scheduling is applied and the SCS of scheduled CC is larger than the scheduling CC.
Proposal 3. Additional N bits in DCI are needed together with the slot offset to indicate the multi-slot scheduling state.

R1-1904777	Discussion on cross-carrier scheduling with different numerologies, Spreadtrum Communications
Proposal 1. In 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 + , where  = PDCCH processing time +1 symbol

R1-1904973	Cross-carrier scheduling with different numerologies, NTT DOCOMO, INC.
Proposal 1: For cross-carrier scheduling, for a scheduled cell, enable cross-carrier deactivation of DL SPS/UL configured grant.
· Support deactivation of DL SPS/UL configured grant by DCI format 0_1/1_1.
Proposal 2: For cross-carrier scheduling, for a scheduled cell, PDCCH-order random access is supported.
· Utilize 3 MSB bits of the reserved field as the CIF field.

R1-1905142	Cross-carrier scheduling with different numerologies, Ericsson
Proposal 1  Minimum values for Δ are as shown in the following table, indicated in the number of symbols of scheduling CC numerology (and absolute time).
	
	
	Scheduling CC

	
	
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	
	
	
	
	
	

	Scheduled CC
 
 
 
	15 kHz
	N/A
	4 (142.9us)
	6 (107.2us)
	8 (71.42us)

	
	30 kHz
	2 (142.9us)
	N/A
	6 (107.2us)
	8 (71.42us)

	
	60 kHz
	2 (142.9us)
	4 (142.9us)
	N/A
	8 (71.42us)

	
	120 kHz
	2 (142.9us)
	4 (142.9us)
	6 (107.2us)
	N/A



Proposal 2: For cross-carrier scheduling, an explicit TCI-state is configured for QCL assumption for PDSCH reception when the PDSCH scheduling timing offset is smaller than delta_offset threshold.
Proposal 3: For CA with mixed numerology, increased number of valid unicast DCIs per PDCCH monitoring occasion can be considered.

R1-1905154	Cross-carrier scheduling with different numerologies, ASUSTEK COMPUTER (SHANGHAI)
Observation 1: Limitation on beam indication is observed when network performs cross-carrier scheduling.  
Proposal 1: RAN 1 to down-select the following two options for beam indication for cross-carrier scheduling: 
· Option 1: TCI field is always present in DCI scheduling DL data in scheduled carrier
· Option 2: ‘tci-PresentInDCI’ is allowed to be not configured for a CORESET associated with cross-carrier scheduling. 
· When ‘tci-PresentInDCI’ is not configured for the CORESET, UE receives scheduled PDSCH via a default beam, which follows the TCI state with the lowest TCI state ID activated for receiving PDSCH in scheduled carrier. 

R1-1905279	Cross-Carrier Scheduling with Different Numerologies, Qualcomm Incorporated
Observation 1: For the case of a lower SCS PDCCH scheduling a higher SCS PDSCH, the minimum scheduling time gap () should be defined for each combination of the scheduling carrier SCS and the scheduled carrier SCS.
Observation 2: For the case of a higher SCS PDCCH scheduling a lower SCS PDSCH, Case 1-1 PDCCH monitoring in the scheduling cell for cross-carrier scheduling has similar effects as Case 1-2 or Case 2 PDCCH monitoring for self-scheduling. In this case, supporting Case 1-2 and Case 2 PDCCH monitoring does not have much extra benefit.
Observation 3: For the case of a higher SCS PDCCH scheduling a lower SCS PDSCH, it is easier to meet the scheduling causality condition if cross-carrier scheduling PDCCH is allowed only in the first slot within the set of slots on the scheduling carrier that overlap with the slot on the scheduled carrier.
Observation 4: Cross-carrier scheduling with different numerology specification is targeted to complete by June 2019. It is important to consider selecting a core set of cases that is practical for implementation based on an early drop of Rel-16. Support for any non-essential cases can be deferred to a future release.
Observation 5: When applying the minimum scheduling time gap (∆), quantization to slot-granularity is needed to support full-slot scheduling of PDSCH to potential reach peak throughput. If this is the main use case, it would be more convenient for both NW and UE to operate with the minimum DL scheduling offset (in slot granularity) instead of ∆ in symbol-granularity.
Observation 6: Existing basic PDCCH capability has defined the number of unicast DCIs based on the slot of the scheduled cell. For the case of a lower SCS scheduling a higher SCS, there is no need to further increase the number of unicast DCI or to define the multi-slot DCI.
Proposal 1: Support for cross-carrier scheduling with different numerologies can be prioritized as follows:
· The feature for carriers with small SCS cross-scheduling large SCS is prioritized and supported in Rel-16.
· The feature for carriers with large SCS cross-scheduling small SCS can be supported in Rel-16 if the additional complexity and specification effort is small. Restrictions on the supported scenarios (e.g. SCS ratio) should be considered.
Proposal 2: For the case of a lower SCS PDCCH scheduling a higher SCS PDSCH, UE indicates to the gNB the set of  based on capability signaling. Each set contains the  values for all valid combinations of the scheduling carrier SCS and the scheduled carrier SCS.
Proposal 3: For the case of a lower SCS PDCCH scheduling a higher SCS PDSCH, different sets of  values should be separately defined for Case 1-1, Case 1-2 and Case 2 PDCCH monitoring. Alternatively, a worst case set of  values should be defined that work across all the supported PDCCH monitoring cases.
Proposal 4: For the case that scheduling and scheduled cells have different SCSs, the necessity to support Case 1-2 and Case 2 PDCCH monitoring should be further discussed.
Proposal 5: For the case where SCC in FR2 does not have a configured CORESET, and is cross carrier scheduled via DCI from a different carrier, a dummy CORESET can be configured in the SCC. If the offset between the reception of the DL DCI corresponding to the cross-carrier PDSCH is less than a threshold, the UE may assume the default beam for PDSCH reception is associated with the TCI state associated with the dummy CORESET.
· A dummy CORESET can be realized by associating a search space to a CORESET wherein the total number of PDCCH candidates that are monitored in the CORESET is set to zero.
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