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Introduction
[bookmark: _Hlk510705081]RAN1#98 initiated an email discussion [98-NR-23] on the three mixed numerology cross-carrier scheduling cases identified in the feature lead summary [8]. This document was generated in that email discussion.
Discussion
[bookmark: _Hlk20332084]CCS: Scheduling multiple TBs from one slot
Proposals
	[2] (Sam)
	Proposal 1: Specify multi-slot scheduling for Rel-16 CA; otherwise, allow scheduling of 4 or 8 PDSCHs/PUSCHs on a scheduled cell by respective 4 or 8 DCI formats at a same PDCCH MO on a scheduling cell and support associated HARQ-ACK multiplexing in a same codebook using the counter DAI for HARQ-ACK ordering.

	[5] (Eri)
	Proposal 6: Release-16 supports reception of multiple valid DCIs at the same monitoring occasions and multiplexing of corresponding feedback in same HARQ codebook. 
Proposal 7: Update HARQ-ACK codebook and PUCCH resource determination to enable reception of multiple valid DCIs at the same monitoring occasions and multiplexing of corresponding feedback in same HARQ codebook.

	[6] (QCOM)
	Proposal 1: Clarify that for Alt 1a in the RAN1 #97 agreement, the maximum number of unicast DCIs is defined across scheduled cells. For the case of a lower SCS PDCCH scheduling a higher SCS PDSCH, the UE is not expected to decode more than a total numbr of 8 unicast DCIs in each span of PDCCH symbols for all the scheduled cells of the scheduling cell.
Proposal 2: For the case of a lower SCS PDCCH scheduling a higher SCS PDSCH, define a number of valid unicast DCIs for the scheduled cell per PDCCH slot that is larger than the number of unicast DCIs per PDSCH slot.

	[7] (Hua)
	Proposal 1: For the case of a lower SCS PDCCH scheduling a higher SCS PDSCH (or PUSCH), supporting using M DCIs in one slot for PDCCH to schedule M respective PDSCH (or PUSCH) transmissions in N slots for PDSCH (or PUSCH) can be based on R15 FG 3-5b(Alt 1c), where M=<N.



Company views
	Nokia
	We have been in favour of multi-slot DCI, but given the late stage of the WI we find it impossible to achieve that within Rel-16. So we support Samsung’s “allow scheduling of 4 or 8 PDSCHs/PUSCHs on a scheduled cell by respective 4 or 8 DCI formats at a same PDCCH MO on a scheduling cell and support associated HARQ-ACK multiplexing in a same codebook using the counter DAI for HARQ-ACK ordering.”

	QCOM
	Since FG 3-5b has used “span” to defined the maximum number of unicast DCIs, it would be convenient if we also use “span” for the cross carrier scheduling case. 
Maximum number of unicast DCIs per scheduled cell is needed for the HARQ-ACK codebook. In the mean while, the UE implementation complexity is mainly determined by the maximum number of unicast DCIs across scheduled cells. It would be useful to define the maximum number of unicast DCIs both per scheduled cell and across scheduled cells.

	ZTE
	We support define/increase the number of unicast DCIs in each MO.
Even if companies agree to define the maximum number of unicast DCIs per span or per slot, it is likely to result in more than one unicast DCIs in each MO. From this perspective, it’s preferred to directly define/increase the number of unicast DCIs in each MO. From our perspective, up to 4 unicast DCIs per MO can be the starting point for discussion.
If the maximum number of unicast DCIs per MO is increased, how to multiplex the corresponding HARQ-ACKs in a same codebook can be further discussed.

	Huawei
	With Rel-15 UE capability FG 3-5b:
 “For the set of monitoring occasions which are within the same span:
· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for FDD
· Processing one unicast DCI scheduling DL and two unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
· Processing two unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD”

multiple DCIs in one slot of lower SCS PDCCH scheduling multiple slots, e.g. 8 of a higher SCS PDSCH/PUSCH can already be supported, as illustrated below.
[image: ]
[bookmark: _Ref15144979]Figure 1. 15 kHz SCS PDCCH scheduling 60 kHz SCS PDSCH/PUSCH with FG 3-5b {(2,2)(4,3)(7,3) }

[image: ]
[bookmark: _Ref15312904]Figure 2. 15 kHz SCS PDCCH scheduling 120 kHz SCS PDSCH/PUSCH with FG 3-5b {(2,2)(4,3)(7,3) }

So a similar FG using the wording of Rel-15 FG3-5b is preferred for generation of UE capability of Rel-16 CSS. The remaining would be to decide/define the total number of DCIs across different scheduled CCs for Rel-16.

In addition, the HARQ codebook and PUCCH resource determination issue identified in Rel-15 when multiple DCI occurring at the same MO should be addressed in this case. The issue was precluded in Rel-15 CR stage by network implementation as a late fix, which would be not workable for Rel-16 multi-DCI scheduling multi-TBs. Solutions can be further discussed, e,g, based on CCE index to differentiate different PDCCH monitoring occasions. Using CCE index for PUCCH resource determination is also a practical use in LTE.

	MTK
	As mentioned by QCOM, FG 3-5b defined the maximum number of unicast DCIs in terms of “span”, and it would be convenient to follow FG 3-5b for cross carrier scheduling. Besides, as mentioned in [7] (Hua), the rule of FG 3-5b already can support multiple DCIs in one slot of lower SCS PDCCH scheduling multiple slots of a higher SCS PDSCH/PUSCH. Furthermore, The maximum DL data rate of 15 kHz SCS PDCCH scheduling 120 kHz SCS PDSCH is achievable with FG 3-5b (2,2) as shown in Figure 2 of Huawei’s reply (assume UE supports two unicast DL DCI per PDCCH span for one scheduled cell as defined in FG 3-5b). Hence, there seems no reason to define new rules on top of FG 3-5b.

As for the maximum number of unicast DCIs, we agree with QCOM that both per scheduled cell and across scheduled cells can be defined. For the case of per scheduled cell, the rule of FG 3-5b can be applied as mentioned by Hauwei (the specified cases in FG 3-5b are 1D1U for FDD, or 1D2U for TDD, or 2D1U for TDD). For the case of across scheduled cells, a maximum numbr of 8 unicast DCIs in each span of PDCCH symbols for all the scheduled cells of the scheduling cell (suggested by QCOM) seems reasonable for us. The number of 8 can be discussed further.

	vivo
	We are fine to increase the number of PDSCHs/PUSCHs for a scheduled cell, at a PDCCH monitoring occasion in a scheduling cell. Counter DAI can be reused for determining type-2 HARQ codebook. 

	Ericsson
	Our views are as follows:
· Support increased number of valid unicast DCIs per scheduled cell in a same monitoring occasion
· Update HARQ-ACK codebook and PUCCH resource determination to enable reception of multiple valid DCIs for a scheduled cell at the same monitoring occasion and multiplexing of corresponding feedback in same HARQ codebook.


	Intel
	We are fine to increase the number of unicast DCIs per scheduled cell in either the same MO. If the increased number is up to 4, dynamic HARQ-ACK codebook can be easily fixed since the 2-bit C-DAI helps for the HARQ-ACK ordering as one more dimension. If the increased number is more than 4, additional means is needed. Not sure we could handle it in remaining TU of the WI. 
On the other hand, multi-slot DCI should be avoided since it essentially conflicts with current dynamic HARQ-ACK codebook. 

	Samsung
	Similar opinion to Nokia on multi-slot scheduling. We continue to support the previous proposal to “allow scheduling of 4 or 8 PDSCHs/PUSCHs on a scheduled cell by respective 4 or 8 DCI formats at a same PDCCH MO on a scheduling cell and support associated HARQ-ACK multiplexing in a same codebook using the counter DAI for HARQ-ACK ordering.” If 8 DCIs are to be allowed, we prefer to either increase the DAI to 3 bits to count the 8 DCIs or rely on FG3-5b for that case (support up to 4 DCIs at a same PDCCH MO).



For increased number of DCIs per monitoring occasion, following companies indicate support or acceptance: Nokia, ZTE, Vivo, Ericsson, Intel, Samsung
For using FG3-5b, following companies indicate support or acceptance: Qualcomm, Huawei, MediaTek
FL Proposal:
· Increase the number of valid DCIs per monitoring occasion to [4] per scheduled cell
· Update the HARQ-ACK codebook and PUCCH resource determination to enable HARQ-ACK feedback with multiple DCIs per monitoring occasionthis
 To be discussed in the RAN1#98bis
CCS: QCL
Proposals
	[1] (ZTE)
	[bookmark: _Hlk20333890]Proposal 2: 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 timeDurationForQCL, UE obtains the QCL assumptions other than QCL-TypeD from the indicated TCI state in DCI for the PDSCH.

	[6] (QCOM)
	Proposal 4: For cross-carrier PDSCH scheduling with scheduling CC’s SCS smaller than scheduled CC’s SCS, timeDurationForQCL has duration of  in terms of symbols on scheduled CC, where X has value in FG 2-2 based on SCS for scheduled CC
· If scheduling CC’s SCS is equal to or larger than scheduled CC’s SCS, timeDurationForQCL has value in FG 2-2 based on SCS for scheduled CC



Company views
	Nokia
	Ref ZTE: 
The proposal seems to be a generic improvement to cross-carrier scheduling and not necessarily something that is critical to the completion of the current WI. That said, we are open to the proposal.
Ref: QCOM:
We don’t see the need to revisit the definition of timeDurationForQCL

	QCOM
	For the TCI state proposal: 
The related spec text in 38.214  is:
“
When the UE is configured with CORESET associated with a search space set for cross-carrier scheduling, the UE expects tci-PresentInDci is set as 'enabled' for the CORESET, and if one or more of the TCI states configured for the serving cell scheduled by the search space set contains 'QCL-TypeD', the UE expects the time offset between the reception of the detected PDCCH in the search space set and the corresponding PDSCH is larger than or equal to the threshold timeDurationForQCL.
…
If none of configured TCI states contains 'QCL-TypeD', the UE shall obtain the other QCL assumptions from the indicated TCI states for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH.
”
It would be helpful if it is clarified first whether the proposal in [1] is already implied by the spec.

For the timeDurationForQCL proposal:
timeDurationForQCL accounts for PDCCH processing time and beam switching time. It should be reasonable to assume timeDurationForQCL is not smaller than PDCCH-to-PDSCH delay (i.e,  in the talbe below) for the same PDSCH SCS. With current agreement, when the UE supports timeDurationForQCL = 14 for PDSCH SCS = 60kHz and PDCCH SCS = 15kHz, the corresponding  = 16 is larger than timeDurationForQCL. Another example is, when the UE supports timeDurationForQCL = 28 for PDSCH SCS = 120kHz and PDCCH SCS = 15kHz, the corresponding  is 32 which is also larger than timeDurationForQCL. 
Other than proposal in [6], we may define additional timeDurationForQCL values for cross carrier scheduling (e.g., 42 symbols for PDSCH SCS=120kHz) which is larger than the largest  for the same PDSCH SCS (e.g., 32 for PDCCH SCS=15kHz and PDSCH SCS=120khz). However, for the other PDCCH SCS’s, the timeDurationForQCL could be too loose in comparision to the time required for PDCCH decoding (e.g., when  for PDCCH SCS=30kHz and PDSCH SCS=120kHz). 
The timeDurationForQCL problem is similar to beamSwitchTiming problem for cross-carrier A-CSI-RS triggering which is discussed in R1-1909145. Proposal in [6] applies the same form of solution as R1-1909145 by defining the threshold for cross-carrier scheduling as summation of self-scheduling threshold defined for the scheduled cell’s SCS and an offset that takes into account the scheduling cell’s SCS. It would be reasonalbe to have a unified solution for these two problems.
 in number of symbols based on scheduled cell SCS
	                             Scheduling cell SCS Scheduled cell SCS
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	15 kHz
	-
	-
	-
	-

	30 kHz
	8
	-
	-
	-

	60 kHz
	16
	8
	-
	-

	120 kHz
	32
	16
	16
	-




	ZTE
	
For the TCI state proposal:
UE needs some time to determine and apply spatial QCL information for corresponding PDSCH reception. That’s the reason why network needs to leave sufficient time (i.e., timeDurationForQCL) for UE to apply the DCI indicated TCI state. While for all the QCL assumptions other than QCL-TypeD, which are mainly used in the baseband processing, UE is allowed to receive the PDSCH and determine and apply QCL assumptions other than QCL-TypeD after the PDSCH reception. In other words, there is no such threshold (i.e., timeDurationForQCL) for QCL assumptions other than QCL-TypeD.

When TCI field is present in DCI for cross-CC scheduling, if the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than a threshold timeDurationForQCL, UE can still obtain the QCL assumptions other than QCL-TypeD from the indicated TCI state in DCI for the PDSCH. The QCL assumptions based on DCI indication can be further updated compared with the default one.

The current Rel-15 spec says “If none of configured TCI states contains 'QCL-TypeD', the UE shall obtain the other QCL assumptions from the indicated TCI states for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH.”. The Rel-15 spec only covers the case when none of configured TCI states contains ‘QCL-TypeD’, our proposal here is to also cover the case when ‘QCL-TypeD’ is configured. In other words, if the TCI state contains ‘QCL-TypeD’ and the scheduling delay is smaller than timeDurationForQCL, the UE shall obtain the QCL-TypeD assumptions for the the scheduled PDSCH from the activated TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell and obtain the other QCL assumptions from the indicated TCI states for its scheduled PDSCH.

For the timeDurationForQCL proposal:
From our perspective, the PDCCH processing time defined for cross-carrier scheduling is pretty loose. Even if we keep the original values of timeDurationForQCL, restricted by the loose PDCCH processing time and quantization operation, UE can still get sufficient time to determine and apply spatial QCL information. We are open to further discuss this proposal.

	Huawei
	timeDurationForQCL is related to UE capability. In Rel-16 cross-carrier scheduling we already design CSS operation with consideration of worest case such that no high-end or obvious UE capability enahcnement is expected from implementation point of view. Also, timeDurationForQCL is compared w.r.t the delay during of PDCCH to PDSCH, it is not clear on the motivation of stating the threshold is too loose in comparison to PDCCH decoding time. With the above sense we view no change is needed related to QCL.

	MTK 
	For the TCI state proposal:
From our perspective, the main idea of this proposal is that the assumption of QCL-TypeD should depend on timeDurationForQCL, while the assumption of QCL-TypeA/B/C should follow the indicated TCI state in DCI for the PDSCH irrespective of 
· whether the configured TCI states contains 'QCL-TypeD' and 
· time offset between the reception of the DL DCI and the corresponding PDSCH. 
This rule should apply to both same/cross carrier scheduling. As quoted by QCOM and ZTE, the current 38.214 spec says
· If none of configured TCI states contains 'QCL-TypeD', the UE shall obtain the other QCL assumptions from the indicated TCI states …
But it does not clearly say about the QCL-TypeA/B/C assumption when the configured TCI states contains 'QCL-TypeD'. We think this point can be further clarified in the spec.
For the timeDurationForQCL proposal:
We think it makes sense to define timeDurationForQCL for cross-carrier scheduling as summation of self-scheduling threshold defined for the scheduled cell’s SCS and an offset that takes into account the scheduling cell’s SCS to cover both same/cross carrier scheduling. The proposed formula  by QCOM also seems reasonable to us. 

	vivo
	For the TCI state proposal:
Although we understand the motivation of this proposal, we don’t think it is essential to introduce such enhancement at this late stage in this WI.

For the timeDurationForQCL proposal:
We are open to introduce additional values of timeDurationForQCL in R16, at least for the case of low-to-high scheduling.


	Samsung
	For the TCI state proposal:
OK to discuss further the first proposal.

For the timeDurationForQCL proposal:
We agree with this proposal in principle, but exact value for X can be further discussed.



Proposal 2 [ZTE]: 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 timeDurationForQCL, UE obtains the QCL assumptions other than QCL-TypeD from the indicated TCI state in DCI for the PDSCH.
· [bookmark: _Hlk20334702]Support: ZTE, MediaTek
· Open to discuss the proposal: Nokia, Qualcomm(?), Samsung
· Do not see the need: Vivo
FL proposal: Aim at converging on and agreeind to a detailed proposal in RAN1#98bis
 To be discussed in the RAN1#98bis

Proposal 4 [Qualcomm]: For cross-carrier PDSCH scheduling with scheduling CC’s SCS smaller than scheduled CC’s SCS, timeDurationForQCL has duration of  in terms of symbols on scheduled CC, where X has value in FG 2-2 based on SCS for scheduled CC; If scheduling CC’s SCS is equal to or larger than scheduled CC’s SCS, timeDurationForQCL has value in FG 2-2 based on SCS for scheduled CC
· Support: Qualcomm, MediaTek, [Samsung]
· Open to discuss the proposal: ZTE, Vivo
· Do not see the need: Nokia, Huawei
FL proposal: Aim at converging on and agreeind to a detailed proposal in RAN1#98bis
 To be discussed in the RAN1#98bis

CCS: Cross-carrier scheduling UE capabilities
Proposal
	[6] (QCOM)
	Proposal 3: Separate capabilities should be defined to indicate the support for the following 4 cases for cross-carrier scheduling with different numerologies
1. Support scheduling cell of lower SCS and scheduled cell of higher SCS downlink
1. Support scheduling cell of lower SCS and scheduled cell of higher SCS uplink
1. Support scheduling cell of higher SCS and scheduled cell of lower SCS downlink
1. Support scheduling cell of higher SCS and scheduled cell of lower SCS uplink



Company views
	Nokia
	Support separating low-to-high and high-to-low scheduling to independent capabilities. Also important to note that this is a BB capability and not linked to band combinations or frequency ranges.
From system operation’s perspective separating the UL scheduling and DL scheduling from each other is very undesireable. 

	QCOM
	It should be fine to not differentiate UL and DL.

	ZTE
	We share the similar view as Nokia.

We understand the need to separate UE capability between low-to-high and high-to-low scheduling. 

However, we fail to see the need to separate UE capability between UL and DL. Separating the DL and UL cross-carrier scheduling with mixed numerologies will complicate the network implementation and impose much unnecessary restrictions on scheduling. For example, if the SCS of scheculing cell is 15KHz, the SCS of DL scheduled carrier and UL scheduled carrier is 30KHz, if the UE only supports “scheduling cell of lower SCS and scheduled cell of higher SCS downlink”, does it mean network can’t configure cross-carrier scheduling in this case? Or can the network only configure cross-carrier scheduling for DL, then how to schedule UL in this case?

	Huawei
	Support Nokia view.

	MTK 
	We support separating low-to-high and high-to-low scheduling to independent capabilities as other companies. We are neutral about whether to differentiate UL and DL.

	vivo
	Agree with Nokia.

	Ericsson
	Support separate capability for low-to-high and high-to-low scheduling. Prefer not to differentiate between UL and DL scheduling. 

	Samsung
	Same view with Nokia



FL proposal: Introduce two separate UE capabilities:
1. Scheduling cell of lower SCS and scheduled cell of higher SCS
1. Scheduling cell of higher SCS and scheduled cell of lower SCS

 FL proposal agreed in the email discussion
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