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[bookmark: _Ref521334010]Introduction
Support of unaligned frame boundary with slot alignment and partial SFN alignment for R16 NR inter-band CA was discussed in RAN1#98bis meeting and via email discussion after the meeting with the following agreements/working assumption.
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
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.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In this contribution, we discuss RAN1 spec impact to support unaligned frame boundary inter-band CA.
Discussion
As discussed in RAN#85 [1], there is potential RAN1 impact for some cross-carrier operation which was discussed in RAN1#97 [2] with the following observation. 
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
The PDSCH/PUSCH scheduling timings are defined as follows in 38.214.
	[bookmark: _Toc11352084]5.1.2.1	Resource allocation in time domain
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:



-	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: _Toc11352143]6.1.2.1	Resource allocation in time domain
When the UE is scheduled to transmit a transport block and no CSI report, or the UE is scheduled to transmit a transport block and a CSI report(s) on PUSCH by a DCI, the Time domain resource assignment field value m of the DCI provides a row index m + 1 to an allocated table. The determination of the used resource allocation table is defined in sub-clause 6.1.2.1.1. The indexed row defines the slot offset K2, the start and length indicator SLIV, or directly the start symbol S and the allocation length L, and the PUSCH mapping type to be applied in the PUSCH transmission.





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 .



[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
……



It is our understanding that interpretation 1 is in line with the current specification. Therefore, in order to support cross-carrier scheduling for inter-band CA with unaligned frame boundary, at least determination of slot offset in 5.1.2.1 and 6.1.2.1 in 38.214 needs to be revised. 
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.
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.
Conclusion
This contribution discussed RAN1 spec impact to support unaligned frame boundary with slot alignment and partial SFN alignment for R16 NR inter-band CA with the following proposals.
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.
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.
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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