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Introduction
In RAN Plenary #85, the updated scope was approved to be added into the WI - LTE_NR_DC_CA_enh-Core WID [1]:
· Introduce support for unaligned frame boundary with slot alignment and partial SFN alignment for R16 NR inter-band CA [RAN1, RAN2]
· Misalignment should be limited to ±76800Ts
· Signaling support for slot offset if necessary
Note: Unaligned frame boundary is only allowed for certain band combination
Note: Necessity of signaling support of slot offset should be discussed in RAN1
Note: Blind detection of slot offset is not in scope
Note: No optimization for MAC
Note: Feature is optional and capability signaling is introduced by RAN2 

During RAN1#97 meeting, the necessity of frame boundary alignment for NR CA has been discussed. The following observation has been made to encourage companies to further check details on this issue [2].
	Observation:
From some cross-carrier operation, e.g., cross-carrier scheduling, cross-carrier triggering, etc., in 214, at least in cross-carrier scheduling, the timing on the scheduled cell may have two interpretations:
· Interpretation 1: UE takes the slot numbering of the scheduling cell as timing reference for scheduled behavior;
· if UE go with this interpretation, frame boundary alignment or not will cause different timing in scheduled cell
· Interpretation 2: UE takes the timing location of the numbering slot of the scheduling cell as timing reference for scheduled behavior;
· if UE go with this interpretation, frame boundary alignment or not will have no impact on timing in scheduled cell
 
Encourage companies to look into the 213&214 to identify if there are other operations in CA requiring frame boundary alignment before August 2019.



In RAN1#98bis, it was agreed to introduce explicit RRC signaling of slot offset for the UE capable of supporting unaligned frame boundary with slot alignment and partial SFN alignment inter-band CA.
	Agreements:
· Support explicit RRC signalling of slot offset to the UE in unaligned frame boundary with slot alignment and partial SFN alignment inter-band CA.
· Where the slot offset for a CC is defined w.r.t. the Pcell/pScell timing, with slot granuality defined as (to down-select)
· Alt 1: the maximum of Pcell/pScell lowest SCS among all the configured DL/UL BWPs and the CC’s lowest SCS among all the configured DL/UL BWPs
· Alt 2: 
· If the CC is FR1, 15kHz; If the CC is FR2, 60kHz
· Alt 3: 
· If the CC is FR1, 60kHz; If the CC is FR2, 120kHz
· Alt4: 120kHz
· Others?
· FFS: RAN1 Spec if any impact
· Note: Offset is always signalled if the offset is not zero for the UE indicating this capability
· Observation: One slot right-shift and one slot left-shift corresponds to different samples in the current spec description  
Note: it is confirmed that the offset Range is to be limited to ±76800Ts as in the WID


and, it was tasked to have email discussion/approval for following details, which mainly focus on what the shift will be under different combinations of PCell and Scell when slot offset is indicated to the UE.
	Email discussion/approval:
In the above agreements, Alt 1 is adopted with the following details:
If SCS of PCell is smaller than [or equal to] SCS of SCell
	q = -1
Otherwise
	q = 1
· For right shift and q = 1 or for left shift and q = -1: in the range of 2.5ms, offset is indicated e.g., by M, N and n,
Offset equals to M*() + nL (samples), where L is the length of the shorter slot of two type of slots of different length, M is multiple of 0.5ms, N is the number of the slots of each 0.5ms, and n is the number of slots in the fractional 0.5ms  
n is in the range of [0, N-1]
· For left shift and q = 1 or for right shift and q = -1: in the range of 2.5ms, offset is indicated by M, N and n
Offset equals to M*() if n=0, otherwise equals to M*() + ( +nL) (samples), where L is the length of the shorter slot of two type of slots of different length, M is multiple of 0.5ms, N is the number of the slots of each 0.5ms, and n is the number of slots in the fractional 0.5ms 
n is in the range of [0, N-1]
FFS： whether SSB SCS should also be taken into account



Based on the email discussion [98-NR-25] after the meeting, working assumption is made as below:
	Working assumption:
· Confirm Alt 1 as the slot granularity for offset indication 
· Single value representing slot offset with slot granularity is indicated by RRC parameter for a given Scell
· For slot offset N, the beginning of slot #0 of the CC with lower SCS (or PCell/PScell for equal SCS) coincides with slot #(qN mod M) of the CC with higher SCS (or SCell for equal SCS) 
· Where 
· q = -1, if SCS of PCell/PScell is smaller than or equal to SCS of SCell
· q = 1, otherwise
· M is the number of slots per frame in the CC with higher SCS Note: Other simple description is not precluded as long as it is aligned with above principle.
· Note: Other simple description is not precluded as long as it is aligned with above principle.




In this contribution, key issues are summarized based on the submitted contributions in this meeting. 
[bookmark: _Ref473802466][bookmark: _Ref462669569]Summary of Technical Proposals 
Issues related to slot offset indication
Slot offset indication
There are two key issues regarding slot offset, one is the further clarification of slot alignment, the other is the granularity of the slot offset value. Since these two issues are correlated, we will first summaries companies’ views on these two issues, and then give an offline proposal based on the summary.
Issue 1: Clarification on slot alignment
In email discussion [98-NR-25], the meaning of “slot alignment” was discussed, and the working assumption was achieved that: two CCs are slot aligned if the beginning of slot 0 of the CC with lower SCS coincides with a slot of the CC with higher SCS. 
CMCC, Ericsson, Qualcomm expressed their views to support the working assumption, in addition, CMCC, Ericsson proposed that the beginning of slot should be added in the current working assumption to clarify the “slot alignment”.  Huawei also expressed the same view to clarify the “slot alignment”.
ZTE proposed to further discuss the “slot alignment” meaning, chosen from the two options: one is that beginning of slot 0 of the CC with lower SCS coincides with a slot boundary of the CC with higher SCS, the other is that the beginning of every slot of the CC with lower (or equal) SCS coincides with a slot boundary of the CC with higher (or equal) SCS.
LG also supports the working assumption under a certain condition. Considering the 16k location, LG further proposed the following: In case that shifted slot has longer slot duration (i.e., slot with 15kHz SCS and 30kHz SCS), the 16k is located at the 1st OFDM symbol in a subframe. In case that shifted slot has shorter slot duration (i.e. slot with 60kHz and 120kHz SCS), it is allowed to change 16k position depending on slot shift offset.
Intel prefers that the slot boundary is at least aligned every 0.5 ms to guarantee the beginning of every slot of the CC with lower (or equal) SCS coincides with a slot boundary of the CC with higher (or equal) SCS.
	Views on“Slot alignment” 
	Companies

	The beginning of slot 0 of the CC with lower SCS coincides with a slot boundary of the CC with higher SCS
	CMCC (with  further clarification)
Ericsson (with  further clarification)
Qualcomm
Huawei (with  further clarification)
vivo
[LG]

	The beginning of every slot of the CC with lower (or equal) SCS coincides with a slot boundary of the CC with higher (or equal) SCS
	ZTE (no detailed solution)
Intel (The slot boundary is aligned as the granularity of  0.5 ms)
[LG] (In case that shifted slot has shorter slot duration (i.e. slot with 60kHz and 120kHz SCS), it is allowed to change 16k position depending on slot shift offset.)




Issue 2: Granularity of the slot offset value
Three companies explicitly support the working assumption (Alt 1). Two companies prefer Alt3. One company prefer to take one slot of 30kHz SCS, i.e., 0.5 ms, as the granularity to avoid complicated handling of slightly longer CP in the first symbol every 0.5ms.

	Slot granularity views
	Companies

	Alt 1: the maximum of Pcell/pScell lowest SCS among all the configured DL/UL BWPs and the CC’s lowest SCS among all the configured DL/UL BWPs
	CMCC, Ericsson, Qualcomm, [LG]

	Alt 3: If the CC is FR1, 60kHz; If the CC is FR2, 120kHz
	Huawei, vivo

	0.5 ms
	Intel



Based on majority companies’ views on these two issues, it is proposed to try to confirm the working assumption with a minor clarification to make it more clear on the relative timing between the beginning of slot #0 of the CC with lower SCS and the slot # of the CC with higher SCS.

Offline Agreement: 
Update and confirm the working assumption that Alt 1 modified as below
Alt 1: the maximum of Pcell/pScell lowest SCS among all the configured DL/UL BWPs configured SCSs in DL/UL SCS-SpecificCarrier and the CC’s lowest SCS among all the configured DL/UL BWPs configured SCSs in DL/UL SCS-SpecificCarrier
Update and confirm the working assumption as below
· For slot offset N, for CA case, the beginning of slot #0 of the CC with lower SCS (or PCell/PScell for equal SCS) coincides with the beginning of slot #(qN mod M) of the CC with higher SCS (or SCell for equal SCS) 
· Where 
· q = -1, if lowest SCS of PCell/PScell is smaller than or equal to lowest SCS of SCell
· q = 1, otherwise
· M is the number of slots per frame in the CC with higher SCS Note: Other simple description is not precluded as long as it is aligned with above principle.
· Note: Other simple description is not precluded as long as it is aligned with above principle.
· Here the lowest is same as the definition in Alt 1.
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	SCS of PCell/PScell is equal to SCS of Scell



Offline proposals:
Update and confirm the working assumption that Alt 1 modified as below
Alt 1: the maximum of Pcell/pScell lowest SCS among all the configured DL/UL BWPs configured SCSs in DL/UL SCS-SpecificCarrierList and the CC’s lowest SCS among all the configured DL/UL BWPs configured SCSs in DL/UL SCS-SpecificCarrierList
Update and confirm the working assumption as below
· For slot offset N, for CA case, the beginning of slot #0 of the CC with lower SCS (or PCell/PScell for equal SCS) coincides with the beginning of slot #(qN mod M) of the CC with higher SCS (or SCell for equal SCS) 
· Where 
· q = -1, if lowest SCS of PCell/PScell is smaller than or equal to lowest SCS of SCell
· q = 1, otherwise if lowest SCS of PCell/PScell is larger than or equal to lowest SCS of SCell
· 
· For slot offset N, for CA case, for SCS of PCell/PScell is equal to SCS of Scell,  
· For  p = 1, the beginning of slot #(-N mod M) of the SCell coincide with the beginning of slot #0 of the PCell
· For p = -1, the ending of slot #(-N mod M) of the SCell coincide with ending of slot #0 of the PCell
Where the p is the beginning/ending alignment indication

· M is the number of slots per frame in the CC with higher SCS Note: Other simple description is not precluded as long as it is aligned with above principle.
· Note: Other simple description is not precluded as long as it is aligned with above principle.
· Here the lowest is same as the definition in Alt 1.

	Agreements:
Update and confirm the working assumption that Alt 1 modified as below
Alt 1: the granularity of the offset is determined by the maximum of Pcell/pScell lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList and the CC’s lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList
Update and confirm the working assumption as below
· For slot offset N, for CA case, the beginning of slot #0 of the CC with lower SCS (or PCell/PScell for equal SCS) coincides with the beginning of slot #(qN mod M) of the CC with higher SCS (or SCell for equal SCS) 
· Where 
· q = -1, if lowest SCS of PCell/PScell is smaller than or equal to lowest SCS of SCell
· q = 1, otherwise
· M is the number of slots per frame in the CC with higher SCS 
· Note: Other simple description is not precluded as long as it is aligned with above principle.
· Here the lowest is same as the definition in Alt 1.
· Note: For the combinations of 60kHz/60kHz and 120kHz/120kHz for Pcell/Scell with a UE-specific Pcell configuration, the above agreements may not be fully desirable. Discuss further offline whether or not to further address these cases (without any additional RRC impact). If no additional consensus reached by Friday, the above agreements stay as is


Offline agreement:
At most single non-zero offset duration (independent on SCS) can be configured among CCs in the unaligned CA configuration.
Proposed agreement
Alt1. For the combinations of 60kHz/60kHz and 120kHz/120kHz, only CCs with same offset duration in all CCs of unaligned CA can be configured as PCell/PScell
Alt2. For the combinations of 60kHz/60kHz and 120kHz/120kHz, the offset granularity is restricted to 0.5ms
Alt3. 
· For slot offset N, for CA case, if Pcell/Pscell SCS is equal to Scell SCS, the beginning of slot #0 of the CC with lower subcarrier#0 of CRB#0 coincides with the beginning of slot #(qN mod M) of the CC with lower subcarrier#0 of CRB#0 
· Where 
· q = -1, if subcarrier#0 of CRB#0 of PCell/PScell is lower than subcarrier#0 of CRB#0 of SCell
· q = 1, otherwise
· M is the number of slots per frame in the CC with higher SCS 
· Note: Other simple description is not precluded as long as it is aligned with above principle.
· Here the lowest is same as the definition in Alt 1.

Based on Alt3 for equal SCS, revise existing agreement as below is needed
· For slot offset N, for CA case, the beginning of slot #0 of the CC with lower SCS (or PCell/PScell for equal SCS) coincides with the beginning of slot #(qN mod M) of the CC with higher SCS (or SCell for equal SCS) 
· Where 
· q = -1, if lowest SCS of PCell/PScell is smaller than or equal to lowest SCS of SCell
· q = 1, otherwise if lowest SCS of PCell/PScell is larger than lowest SCS of SCell
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Comments for the issue. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	
	

	
	




Related Proposals:
	Company
	Proposals

	Huawei, HiSilicon
	Proposal 1: Slot granularity defined as Alt 3 is used for slot offset indication.
Proposal 2: The beginning of slot # in the working assumption is used as reference point for alignment. 

	ZTE
	Proposal 1: RAN1 further clarifies the definition of slot alignment between the following two options.
Option1: The beginning of slot 0 of the CC with lower SCS coincides with a slot boundary of the CC with higher SCS.
Option2: All the slot boundaries of cell with smaller SCS are aligned with slot boundary of cell with larger SCS.

	VIVO
	Observation 1: The situation of slot boundary not exactly aligned also exists in the case of CA with multiple TAGs in Rel-15.
Proposal 1: The slot granularity for offset indication should base on a predefined SCS (e.g., 60 kHz for FR1 and 120 kHz for FR2), or a SCS configured by RRC for that shifted cell.

	Intel
	Observation: The following benefits are identified by having fixed reference numerology of 30kHz, i.e. 0.5ms granularity of slot offset
-	it guarantees that no issue for slot boundary alignment of scheduling Scell and scheduled Scell;
-	Avoid slot offset reconfiguration if certain UE specific factors, e.g. lowest SCS of configured BWPs is changed;
-	It is much straightforward to define the slot offset between two cells. 

Proposal 2: To adopt a reference SCS for slot offset configuration fixed to 30kHz, i.e. 0.5ms granularity of slot offset

	LG
	Observation 1:
· Current working assumption can be described as an exact form as follows, under the condition that 16k is always located at the front of slot number #0 of Scell 
	If SCS of Pcell/Pscell and Scell is 15kHz,
· Nshift_samples =  i * 32720k samples
else, 
· Nshift_samples =  i*L+ (floor( i/Ns )+[1-delta(i mod Ns)] ) * 16k samples, for normal CP
· Nshift_samples = i*Lext samples, for extended CP
where 
• N is slot offset configured by higher layer.
• i is slot number (qN mod M) of the CC with higher SCS (or Scell for equal SCS)
• M is number of slot within frame.
• Ns is number of slot within 0.5ms
• L = (15360k – 16k)/Ns
• Lext = 15360k / Ns
• delta(i mod Ns) = 1 if (i mod Ns) = 0 and delta(i mod Ns) = 0 if (i mod Ns) ≠ 0
• k = Ts / Tc = 64, where, Ts = 1/(Δfref · Nf,ref), Δfref = 15·103 Hz and Nf,ref = 2048 [Ref: TS38.211]



Proposal 1:
Based on the current working assumption, exact form of the slot offset is defined as follows under the condition that slot boundary alignment is exactly kept.
· In case that shifted slot has longer slot duration (i.e., slot with 15kHz SCS and 30kHz SCS), the 16k is located at the 1st OFDM symbol in a subframe. 
· In case that shifted slot has shorter slot duration (i.e. slot with 60kHz and 120kHz SCS), it is allowed to change 16k position depending on slot shift offset.


	CMCC
	Observation 1: Restricting the shift granularity to 0.5ms is not a valid argument to revisit the working assumption
Observation 2: Two CCs are slot aligned if the beginning of slot 0 of the CC with lower SCS coincides with a slot boundary of the CC with higher SCS, which is aligned with the deployment requirements, following which the working assumption should be confirmed after clarification/refinement.

	Ericsson
	Following updates (in red) need to be clarified (or added) for the WA made in the email discussion [98b-NR-25]
· For slot offset N, the beginning of slot #0 of the CC with lower SCS (or PCell/PScell for equal SCS) coincides with the beginning of slot #(qN mod M) of the CC with higher SCS (or SCell for equal SCS) 
· q = -1, if lowest SCS of PCell/PScell is smaller than or equal to lowest SCS of SCell

	Qualcomm
	Observation: As long as either 15kHz or 30kHz occurs in the pair of CCs, the current definition already ensures that the beginning of any slot of the CC with lower SCS always coincides with the beginning of a slot in the CC with higher SCS. On the other hand, if 15kHz or 30kHz doesn’t occur in the pair of CCs, there is no arrangement with any definition that would ensure that the beginning of all slots in the CC with lower SCS aligns with slots of the CC with higher SCS, as long as the offset is not limited to multiples of 0.5ms. Therefore, the alternate definition would not work and there is no ambiguity with the current definition. 
Proposal 1: Confirm the working assumption.



2.1.2 Slot boundary alignment between scheduling Scell and scheduled Scell
The slot offset is determined between Pcell/PScell and Scell based on the current working assumption, two companies expressed their views that the slot boundary should be aligned between the scheduling Scell and scheduled Scell. ZTE prefers that the slot boundary of the scheduling cell should be aligned with the slot boundary of the scheduled cell in all cases to decrease the UE complexity.  Intel prefers that the slot boundary is aligned between the scheduling Scell and scheduled Scell at least in some of the slot boundaries. 
Offline proposal :
Further to discuss whether the slot boundary between scheduling Scell and scheduled Scell should be aligned.
· In which case(s) slot boundary should be aligned.
Note: to be discussed together with DL timing group

Comments for the issues. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	
	

	
	



Related Proposals:
	Company
	Proposals

	ZTE
	Proposal 2: The slot boundary of the scheduling cell is aligned with the slot boundary of the scheduled cell.

	Intel
	Proposal 1: The configured slot offsets between Pcell and Scells should satisfy that 
· the slot offset between any two cells are limited to ±76800Ts;
· the slot boundary is aligned between the scheduling Scell and scheduled Scell at least in some of the slot boundaries.

	Qualcomm
	Proposal 2: Define DL timing groups as follows
· DL timing groups are defined within Cell Groups
· Between any pair of cells in a given DL timing group, the slot offset is zero
· Between any pair of cells across different groups, the slot offset is not zero
· CCs in a band are always in the same DL timing group
· There is a reference CC in each group, and the offset is signaled only for that CC (relative to PCell) within the group
· Limit the maximum number of groups the specification supports to P=2




2.1.3 Slot offset limitation between two Scells
According to the WID, the misalignment should be limited to ±76800Ts. Intel expressed that it needs clarification that whether the offset between the above two Scells can be up to ±153600Ts if one Scell has an offset of 76800Ts in the meanwhile another Scell has an offset of -76800Ts, and it was proposed that the slot offset between any two cells should be limited to ±76800Ts. 
Offline proposal:
No re-discussing this range since this misalignment has already taken the relative misalignment into account.

Comments for the issues. 
	Company
	Comments

	
	

	
	



Related Proposals:
	Company
	Proposals

	Intel
	Proposal 1: The configured slot offsets between Pcell and Scells should satisfy that 
· the slot offset between any two cells are limited to ±76800Ts;
· the slot boundary is aligned between the scheduling Scell and scheduled Scell at least in some of the slot boundaries.




2.1.4 Introduction of DL timing groups
Qualcomm proposed to define maximum two DL timing groups within Cell groups, in which the intra-DL timing group slot offset is zero, but the inter-DL timing group slot offset is not zero.
Observation from FL: This proposal is aligned with the motivation of the selected alternative in the working assumption, which in each cell/BWP group, only one reference numerology of the cell/BWP group is selected.
Offline proposal:
DL timing groups is to be introduced, and the maximum number of the timing groups is set to [2]
· DL timing groups are defined within Cell Groups
· Between any pair of cells in a given DL timing group, the slot offset is zero
· Between any pair of cells across different groups, the slot offset is not zero
· CCs in a band are always in the same DL timing group
· There is a reference CC in each group, and the offset is signaled only for that CC (relative to PCell) within the group



Comments for the issues. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	
	

	
	



Related Proposals:
	Company
	Proposals

	Qualcomm
	Proposal 2: Define DL timing groups as follows
· DL timing groups are defined within Cell Groups
· Between any pair of cells in a given DL timing group, the slot offset is zero
· Between any pair of cells across different groups, the slot offset is not zero
· CCs in a band are always in the same DL timing group
· There is a reference CC in each group, and the offset is signaled only for that CC (relative to PCell) within the group
· Limit the maximum number of groups the specification supports to P=2



Timing of cross-carrier PDSCH/PUSCH scheduling
High level rewording principle of timing determination for cross-carrier scheduling in 5.1.2.1 and 6.1.2.1 of TS38.214
Base on the RAN1#99 contributions from companies, there are three options for timing determination of cross-carrier PDSCH/PUSCH scheduling. Option 1 and 2 are equivalent, just different expression methods. Option 1 has six supportive companies, and option 2 has three supportive companies. One company think no additional changes are needed to RAN1 specs.
Option 1: update the scheduled slot determination equations with slot offset.
· Support: Huawei, HiSilicon, ZTE,  Intel,  CMCC, Qualcomm 
Option 2: describe the slot determination following Interpretation 2 without explicitly mentioning slot offset, in a similar way as PDSCH-to-PUCCH HARQ ACK timing in 38.213.
· Support: vivo,  CATT,   LG Electronics        
Option 3: No additional changes are made to RAN1 specs to reflect the presence of the slot offset/the unaligned frame timing, i.e. the time difference between serving cells is handled via NW implementation 
· Support: Ericsson

Offline proposal: 
Down select from Option 1 and Option 2 for timing determination for cross-carrier scheduling of PDSCH in 5.1.2.1 and of PUSCH in 6.1.2.1 of TS38.214
Option 1: update the scheduled slot determination equations with slot offset.
Option 2: describe the slot determination following Interpretation 2 without explicitly mentioning slot offset, in a similar way as PDSCH-to-PUCCH HARQ ACK timing in 38.213.

Comments for the issue. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	
	

	
	



The details of Option1 and Option2 are listed in the following two sections.
Details of Spec impact following Option 1
4 companies provided the concrete formula to determine the scheduled slot number. The common understanding of these companies is to introduce an offset value between the scheduling cell and scheduled cell into the formula. The following special cases are considered according to the contributions, 
· Huawei, HiSilicon considers handling of edge slot number of each frame;
· ZTE provides a more common form considering the case that Pcell/pScell is neither the scheduling cell nor scheduled cell.
Alternatives of the scheduled slot formula are listed here,
1. Alt1: 
· ,
· 
2. Alt2:
· Apply  to determine the slot of the scheduled PDSCH;
· Apply  to determine the slot of the scheduled PUSCH.
3. Alt3:
· The slot allocated for PDSCH is   
· The slot allocated for PUSCH is  

Offline Proposals: 
To down select from alt1~alt3 as the concrete formula for cross-carrier scheduling when slot offset is indicated.
Alt1: 
· ,
· 
Alt2:
· Apply  to determine the slot of the scheduled PDSCH;
· Apply  to determine the slot of the scheduled PUSCH.
Alt3:
· The slot allocated for PDSCH is   
· The slot allocated for PUSCH is  



Comments for the issue. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	
	

	
	




Related Proposals:
	Company
	proposals

	Huawei, HiSilicon
	Proposal 3: The following descriptions of resource allocation in time domain for PDSCH and PUSCH are used:
· The slot allocated for the PDSCH is 
, where
·  is the slot with the scheduling DCI ,
·  is the slot with the scheduled PDSCH,
· K0 is based on the numerology of PDSCH, 
· 

 and are the subcarrier spacing configurations for PDSCH and PDCCH, respectively,
·  is the number of slot in a frame based on the numerology of PDSCH, 
· If , ; otherwise  .

· The slot where the UE shall transmit the PUSCH is determined by  as 
, where
·  is the slot with the scheduling DCI ,
·  is the slot with the scheduled PUSCH,
· K2 is based on the numerology of PUSCH, 
· 

and are the subcarrier spacing configurations for PUSCH and PDCCH, respectively,
·  is the number of slot in a frame based on the numerology of PUSCH, 
If , ; otherwise  .

	ZTE
	At the late stage of Rel-16, it is preferred to follow the same Rel-15 interpretation for PDSCH/PUSCH scheduling (Interpretation#1) and PDSCH-to-PUCCH (Interpretation#2) timing determination, respectively.
Proposal 3: 
· Apply  to determine the slot of the scheduled PDSCH;
· Apply  to determine the slot of the scheduled PUSCH.

	Intel Corporation:
	Proposal 3: For NR CA with unaligned frame boundary with slot alignment and partial SFN alignment, slot offset could be used to adjust the cross-carrier scheduling timeline, i.e. a DCI with a value of K0 in slot n on scheduling cell is to schedule a slot  on scheduled cell.


	CMCC
	Proposal 1: It is proposed to introduce the parameter of slot offset to the equation for cross-carrier scheduling, and to restrict the parameter applicable only for cross-carrier scheduling to avoid this parameter is arbitrarily used for scheduling in carrier.

	Qualcomm Incorporated
	Proposal 3: We suggest reusing the Rel-15 reference timing definitions.

As offset allows negative values and if Noffset + K0 < the minimum value of UE reported capability on K0/K2, the scheduled PDSCH/PUSCH might be even earlier than the PDCCH. This should be not aligned with the scheduler’s intention and recognized as an error case. Hereby, we have the following proposal for PDSCH/PUSCH 

· The slot allocated for the PDSCH is , where n is the slot with the scheduling DCI, and K0 is based on the numerology of PDSCH, and  and are the subcarrier spacing configurations for PDSCH and PDCCH, respectively, 
· Error case when Noffset + K0< minimum value of UE reported K0 capability. 

· The slot where the UE shall transmit the PUSCH is determined by K2 as  where n is the slot with the scheduling DCI, K2 is based on the numerology of PUSCH, and  and  are the subcarrier spacing configurations for PUSCH and PDCCH, respectively, and
· Error case when Noffset + K2< minimum value of UE reported K2 capability. 
Proposal 4: The slot allocated for PDSCH/PUSCH are  and  separately. UE recognizes it’s an error case if Noffset + K0< minimum value of UE reported K0 capability, or Noffset + K2< minimum value of UE reported K2 capability.




Details of Spec impact following Option 2
Three companies supporting option 2 shared similar view that the cross-carrier scheduling timing is determined in a similar way as PDSCH-to-PUCCH timing in 38.213, but the concrete wordings are different.
Vivo and LG propose to define the  K0=0 (K2 =0) as first slot of the PDSCH(PUSCH) reception(transmission) that overlaps with the PDCCH reception. CATT proposes to modify the description of n with “where n is the slot within which the scheduling DCI ends with reference to slots for PDSCH reception”
Offline proposal: 
Cross-carrier scheduling timing is determined in a similar way as PDSCH-to-PUCCH timing in 38.213, e.g., define K0=0 (K2 =0) as first slot of the PDSCH(PUSCH) reception(transmission) that overlaps with the PDCCH reception

Comments for the issue. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	
	

	
	



Related Proposals:
	Company
	proposals

	vivo
	[bookmark: _Ref528781633]Proposal 2: The slot index for PDSCH should be redefined agnostic to the absolute slot index of the cells, similar as the definition of K1 in 38.213.
	When the UE is scheduled to receive PDSCH by a DCI, the Time domain resource assignment field value m of the DCI provides a row index m + 1 to an allocation table. The determination of the used resource allocation table is defined in sub-clause 5.1.2.1.1. The indexed row defines the slot offset K0, the start and length indicator SLIV, or directly the start symbol S and the allocation length L, and the PDSCH mapping type to be assumed in the PDSCH reception.
Given the parameter values of the indexed row:
-	If the DCI scheduling PDSCH in slot , the corresponding PDSCH is in slot .  corresponds to the first slot of the PDSCH reception that overlaps with the PDCCH reception. 



[bookmark: _Ref4610362]Proposal 3: The slot index for PUSCH should be redefined agnostic to the absolute slot index of the cells, similar as the definition of K1 in 38.213.
	




When the UE is scheduled to transmit a PUSCH with no transport block and with a CSI report(s) by a CSI request field on a DCI, the Time-domain resource assignment field value m of the DCI provides a row index m + 1 to an allocated table which is defined by the higher layer configured pusch-TimeDomainAllocationList in pusch-Config. The indexed row defines the start and length indicator SLIV, and the PUSCH mapping type to be applied in the PUSCH transmission and the K2 value is determined as , where  are the corresponding list entries of the higher layer parameter reportSlotOffsetList in CSI-ReportConfig for the  triggered CSI Reporting Settings and  is the (m+1)th entry of .
-	If the UE detects the DCI scheduling PUSCH in slot , the UE transmits the corresponding PUSCH in slot .  corresponds to the first slot of the PUSCH transmission that overlaps with the PDCCH reception. 




	CATT
	Proposal 1: revise determination of slot offset in 5.1.2.1 and 6.1.2.1 in 38.214 to support cross-carrier scheduling for unaligned frame boundary inter-band CA.
Based on proposal 1, there are two options for cross-carrier scheduling for unaligned frame boundary inter-band CA.
· Opt.1: update the slot determination equations to add slot offset. 
· Opt.2: describe the slot determination following interpretation 2 in a similar way as PDSCH-to-PUCCH timing in 38.213. An example for PDSCH is as follows.
	


-	The slot allocated for the PDSCH is n+K0,  where n is the slot within which the scheduling DCI ends with reference to slots for PDSCH reception, and K0 is based on the numerology of PDSCH, and  and are the subcarrier spacing configurations for PDSCH and PDCCH, respectively, and



We think option 2 is simpler in terms of specification change. Therefore, we have the following proposal.
Proposal 2: describe the slot determination in 5.1.2.1 and 6.1.2.1 in 38.214 in a similar way as PDSCH-to-PUCCH timing in 38.213.


	LG Electronics
	Proposal 2: 
· Modify the current description of PDCCH to PDSCH/PDSCH timing in case of cross-carrier scheduling as follows:
· If the DCI schedules PDSCH(PUSCH) in slot n, the corresponding PDSCH(PUSCH) is transmitted in slot n+K_0(K_2). K_0(K_2)=0 corresponds to the first slot of the PDSCH(PUSCH) reception(transmission) that overlaps with the PDCCH reception
· FFS exact meaning of “the first slot of the PDSCH(PUSCH) reception that overlaps with the PDCCH reception” when the slot boundaries are not exactly aligned between the scheduling cell and the scheduled cell




Timing of cross-carrier triggering
Cross-carrier triggering of AP CSI reporting
Three companies mentioned that, for reference CSI resource for aperiodic CSI reporting with same or mixed numerologies, there is similar timing issue as PDSCH/PUSCH scheduling [8]. Both companies proposed to redefine the timing of CSI reference resource, but the detailed solution needs further discussion.

Offline proposals: 
Adding the slot offset for cross-carrier triggering aperiodic CSI report.
Comments for the issue. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	
	

	
	



Related Proposals:
	Company
	proposals

	CMCC
	It is proposed to introduce the parameter of slot offset to the equation for cross-carrier triggering aperiodic CSI report and aperiodic SRS.

	Vivo
	[bookmark: _Ref23790731]Proposal 4: The timing of CSI reference resource should be redefined agnostic to the absolute slot index of the cells.

	Qualcomm
	[bookmark: _Hlk24179603]Similar situation for cross-carrier triggering aperiodic CSI reporting and for cross-carrier triggering aperiodic SRS defined in TS38.214. 
We propose to add offset to the A-CSI and A-SRS equation.
Proposal 5: Add an offset to the A-CSI and A-SRS.



Cross-carrier triggering of AP-SRS
Two companies mentioned that similar situation for cross-carrier triggering aperiodic SRS defined in TS38.214 should be updated, and it was proposed to add offset to the A-SRS equation.
Offline proposals: 
Adding the slot offset for cross-carrier triggering aperiodic SRS. 


Comments for the issue. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	
	

	
	



Related Proposals:
	Company
	proposals

	CMCC
	It is proposed to introduce the parameter of slot offset to the equation for cross-carrier triggering aperiodic CSI report and aperiodic SRS.

	Qualcomm
	Similar situation for cross-carrier triggering aperiodic CSI reporting and for cross-carrier triggering aperiodic SRS defined in TS38.214. 
We propose to add offset to the A-CSI and A-SRS equation.
Proposal 5: Add an offset to the A-CSI and A-SRS.




Others
One company mentioned that the pseudo code for Type-1 HARQ-ACK codebook in 9.1.2.1 in 38.213 assumes aligned frame boundary between DL and UL CC, which needs to be updated to support unaligned frame boundary inter-band CA [9].

Offline proposals: 
Some discussion is needed regarding the pseudo code for Type-1 HARQ-ACK codebook in 9.1.2.1 in 38.213.
Comments for the issue. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	
	

	
	



Related Proposals:
	Company
	proposals

	CATT
	In addition, the pseudo code for Type-1 HARQ-ACK codebook in 9.1.2.1 in 38.213 assumes aligned frame boundary between DL and UL CC which needs to be updated to support unaligned frame boundary inter-band CA.
Proposal 3: update pseudo code for Type-1 HARQ-ACK codebook in 9.1.2.1 in 38.213 to support unaligned frame boundary inter-band CA.
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