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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]:
10. 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 

In last meeting, the following agreement was approved by email
	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



Based on an email discussion 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, we present our views on this topic on the leftover issues. 
[bookmark: _Ref473802466][bookmark: _Ref462669569]Slot alignment 
[bookmark: OLE_LINK1]During the online and email discussion, companies claimed there might be some ambiguity. 
The current definition ensures that the beginning of slot #0 of the CC with lower SCS coincides with the beginning of a slot in the CC with higher SCS. An alternate definition of slot alignment could be that the beginning of any slot of the CC with lower SCS coincides with the beginning of a slot in the CC with higher SCS. However, the alternate definition cannot be met with any arrangement whenever the pair of CCs consists of 60kHz and 120kHz SCS, as long as the offset is not limited to multiples of 0.5ms. 
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. 
Based on the above observation, we propose to confirm the working assumption above.
Proposal 1: Confirm the working assumption.

We propose to 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

The offset is not signaled for the group containing the PCell and CCs in a band are always in the same DL timing group. In addition, we suggest limiting the maximum number of groups the specification supports can be limited to P=2. There is a reference CC in each group, and the offset is signaled only for that CC (relative to PCell) within the group. The maximum number of supported groups is UE capability, 1 or 2.

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 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


Reference timing for scheduling
In [2] two interpretations have been summarized as follows:
· Interpretation 1: UE takes the slot numbering of the scheduling cell as timing reference for scheduled behavior;
· If UE goes 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 goes with this interpretation, frame boundary alignment or not will have no impact on timing in scheduled cell 

Our understanding is that Rel-15 specification clearly mandates interpretation 1 for PDCCH-to-PDSCH and PDCCH-to-PUSCH mapping, while it mandates interpretation 2 for PDSCH-to-PUCCH mapping. 
· Example of Interpretation 1 is scheduling PDSCH/PUSCH by PDCCH in the same or in a different carrier. 
· Example of Interpretation 2 is the SCell self-schedules PDSCH and feedback ACK via PUCCH on PCell. 

We don’t yet see a need to change either of this. For the Async CA scenario, we suggest reusing the Rel-15 reference timing.

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

For the PDSCH and PUSCH scheduling, the current specification define the slot number as 


The slot where the UE shall transmit the PDSCH and PUSCH are determined by K0 / K2 separately as following description in TS38.214: 
· 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, and

· [bookmark: _Hlk497992508]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

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.



Reference timing Aperiodic CSI and Aperiodic SRS
[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.


Conclusions
[bookmark: OLE_LINK6]We discussed signalling to notify the timing offset and the reference timing location of scheduling, we have the following observations and proposals:
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. 
Based on the above observation, we propose to confirm the working assumption above.
Proposal 1: Confirm the working assumption.
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

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

Proposal 5: Add an offset to the A-CSI and A-SRS.
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