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[bookmark: _Ref521334010]Introduction
The WID of Rel-16 Multi-RAT DC and CA enhancements was revised to include support for unaligned frame boundary with slot alignment and partial SFN alignment for R16 NR inter-band CA [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 


[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In this contribution, we discuss the RAN1 specification impact to support unaligned frame boundary inter-band CA.
Discussion
Necessity of signaling support of slot offset
For rate matching purpose, UE needs to know the exact locations of CSI-RS, TRS, SSB etc. However, periodic CSI-RS/TRS/SSB are configured with respect to start of radio frame, thus slot offset needs to be signaled to UE in order to determine the exact locations. In addition, slot offset needs to be signaled to UE for reference signal sequence generation which is slot index dependent. Therefore, signaling of slot offset is needed to support unaligned frame boundary inter-band CA from RAN1 perspective.
Proposal 1: signaling of slot offset is needed to support unaligned frame boundary inter-band CA from RAN1 perspective.
Timing for cross-carrier scheduling
As discussed in RAN#85[2], there is potential RAN1 impact for some cross-carrier operation which was discussed in RAN1#97 [3] 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 2: 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 2, 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. An example is given in [4].
· 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



Proposal 3: discuss the following two options for slot determination 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.
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: signaling of slot offset is needed to support unaligned frame boundary inter-band CA from RAN1 perspective.
Proposal 2: 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.
[bookmark: _GoBack]Proposal 3: discuss the following two options for slot determination 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.
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