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Introduction
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 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 will present some further analysis based on the feedback in the email discussion and present our views for resolving the remaining issues for supporting unaligned frame boundary with slot alignment and partial SFN alignment for R16 NR inter-band CA. 
[bookmark: _Ref473802466][bookmark: _Ref462669569]Different proposals from the working assumption 
Proposal 1: Restrict the slot offset granularity to be 0.5ms
The requirements for slot alignment in unaligned CA is referred from asynchronous DC, so it is not an new and specific requirement in NR, in asynchronous DC, and there is no any restriction on the granularity of slot offset and UE can’t by default assume that there is no slot offset between carrier of MCG and carrier of SCG based on current definition of asynchronous DC. In addition, from the deployment point view, it will restrict the unaligned CA to be applicable to some SCS combinations while preclude some other SCS combinations. From this observation, we don’t see it a right way to add such kind restrict only to unaligned CA.
Observation 1: Proposal 1 is not a valid argument to revisit the working assumption
Proposal 2: Resolve “Ambiguity” on slot alignment  
In the email discussion, it is questioned what ‘slot aligned’ mean, the answers to which have two understandings:
Understanding-1: 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
Understanding-2: Two CCs are slot-aligned if 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.
From the Understanding-2 point of view, proponents express that they are a bit confused why Understanding-1 emphasize only the slot 0 of the CC with lower SCS is aligned, while some other slots are not aligned.
We would like to illustrate some scenarios, especially the controversial SCS combination in the email discussion, e.g., PCell SCS =120kHz, SCell SCS =60kHz, to resolve the ambiguity. In the CA deployment, ideally, it is will be perfect to be frame boundary alignment as Fig.1:
	[image: ]

	Fig.1 Ideal alignment between Pcell and Scell, both PCell and Scell have flexibility to start from anywhere


However, in the practical deployment, we may face two different cases: 
Case 1: Both Pcell and Scell are restricted by its neighbor to some extension, where Scell with lower SCS right shift to the GPS reference point, as illustrated in Fig.2 
Case 2: Both Pcell and Scell are restricted by its neighbor to some extension, where Pcell with higher SCS right shift to the GPS reference point, as illustrated in Fig.3
	[image: ]

	Fig.2 Both Pcell and Scell are restricted by its neighbor to some extension, where Scell with lower SCS right shift to the GPS reference point


With Case 1, the SCell has to right shift relative to the GPS reference point, correspondingly it is also right shift relative to Pcell. We think it is a common understanding that the shift granularity/slot offset granularity should take that of the carrier with higher SCS, so in case 1, SCell is shifted one slot with 120KHz SCS, where SCell with lower SCS is right shift relative to the PCell with higher SCS.
	[image: ]

	Fig.3 Both Pcell and Scell are restricted by its neighbor to some extension, where Pcell with higher SCS right shift to the GPS reference point


With Case 2, the PCell has to right shift relative to the GPS reference point, correspondingly it is also right shift relative to Scell. Same principle as in case 1, SCell is shifted one slot with 120KHz SCS, where SCell with lower SCS is left shift relative to the PCell with higher SCS.
These two cases, in fact, are reflected by the illustration provided by Qualcomm in last meeting as Fig.4, which is more like a generalization of the case 1 and case 2. 
	[image: ]

	Fig.4 Scell with lower SCS right&left shift relative to Pcell with higher SCS


based on this illustration, we think it will explain the question why Understanding-1 emphasize only the slot 0 of the CC with lower SCS is aligned, while some other slots are not aligned, which is just driven by the deployment scenarios.
As to the working assumption, minor clarification maybe needed for resolving a bit confusion 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 by modifying 
· 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) 
To 
· 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) 

Observation 2: Understanding-1 is aligned with the deployment requirements, following which the working assumption should be confirmed after clarification/refinement. 
Necessity of introducing slot offset into the cross-carrier operation
Cross-carrier operation, including cross-carrier scheduling such that cross-carrier scheduling of PDSCH in 5.1.2.1 and of PUSCH in 6.1.2.1, TS38.214, and cross-carrier triggering such that aperiodic SRS in 6.2.1and aperiodic CSI in 5.1.2.5.1, are defined in TS38.214, v15.5.0.
Timing of cross-carrier PDSCH/PUSCH scheduling
For cross-carrier scheduling of PDSCH defined in 5.1.2.1, TS38.214, 
	[bookmark: _Toc4508092]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



It can be seen the slot index n of PDSCH is defined for the scheduled carrier ( is referring to the SCS of the scheduled carrier), so from this point of view, there is no ambiguity issue involving the slot index, and in this sense, it can be left to network implementation [2,3] without changing above description when slot offset is indicated to the UE as long as the network take slot offset into account when scheduling the UE, however, it will in fact reduce the range of K0, especially for the case that the scheduling carrier shift left relative to the scheduled carrier, some slots can’t be used for cross-carrier scheduling, as illustrated in Fig.5, where n = 1, then the slot#1 in the scheduled carrier can’t be scheduled by slot#1 in the scheduling carrier.
	[image: ]

	Fig.5 Illustration of the scheduling restriction without introducing slot offset into the equation


For cross-carrier scheduling of PUSCH defined in 6.1.2.1, TS38.214, 
	[bookmark: _Toc4508151][bookmark: _Hlk23881338]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 .



-	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



Similar as cross-carrier scheduling PDSCH, it can be seen the slot index n of PUSCH is defined for the scheduled carrier, so from this point of view, there is no ambiguity issue involving the slot index, and in this sense, it can be left to network implementation without changing above description when slot offset is indicated to the UE as long as the network take slot offset into account when scheduling the UE, however, it will in fact reduce the range of K2, especially for the case that the scheduling carrier shift left relative to the scheduled carrier, some slot can’t be used for cross-carrier scheduling.
Based on above observation, to keep the scheduling flexibility of cross-carrier scheduling, it is proposed to introduce the parameter of slot offset to the equation, and to restrict the parameter applicable only for cross-carrier scheduling to avoid this parameter is arbitrarily used for scheduling in carrier.
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.
Timing of Aperiodic CSI and Aperiodic SRS
As pointed by [4], for cross-carrier triggering aperiodic CSI reporting defined in 5.1.2.5.1, TS38.214, v15.5.0, which is in re-discussion. Here is just referred for example. 
	[bookmark: _Toc4508125]5.2.1.5.1	Aperiodic CSI Reporting/Aperiodic CSI-RS
……
When aperiodic CSI-RS is used with aperiodic CSI reporting, the CSI-RS triggering offset  is configured per resource set by the higher layer parameter aperiodicTriggeringOffset. The CSI-RS triggering offset has the values of {0, 1, 2, 3, 4, 16, 24} slots. The aperiodic CSI-RS is transmitted in slot  if the PDCCH SCS is equal to the CSI-RS SCS and  if the PDCCH SCS is smaller than the CSI-RS SCS, where n is the slot with the triggering DCI in the numerology of the PDCCH containing the triggering DCI,  is the CSI-RS triggering offset in the numerology of CSI-RS according to the higher layer parameter aperiodicTriggeringOffset, and  and  are the subcarrier spacing configurations for CSI-RS and PDCCH, respectively. If all the associated trigger states do not have the higher layer parameter qcl-Type set to 'QCL-TypeD' in the corresponding TCI states and the PDCCH SCS is equal to the CSI-RS SCS, the CSI-RS triggering offset  is fixed to zero. If the PDCCH SCS is smaller than the CSI-RS SCS, the UE does not expect that the PDCCH carrying the triggering DCI is contained in the last 10 symbols of the slot. The aperiodic triggering offset of the CSI-IM follows offset of the associated NZP CSI-RS for channel measurement.


and for cross-carrier triggering aperiodic SRS defined in 6.2.1, TS38.214, 
	[bookmark: _Toc4508165]6.2.1	UE sounding procedure
……
For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter resourceType in SRS-Resource is set to 'aperiodic':
-	the UE receives a configuration of SRS resource sets,
[bookmark: _Hlk515880410]-	the UE receives a downlink DCI, a group common DCI, or an uplink DCI based command where a codepoint of the DCI may trigger one or more SRS resource set(s). For SRS in a resource set with usage set to 'codebook' or 'antennaSwitching', the minimal time interval between the last symbol of the PDCCH triggering the aperiodic SRS transmission and the first symbol of SRS resource is N2. Otherwise, the minimal time interval between the last symbol of the PDCCH triggering the aperiodic SRS transmission and the first symbol of SRS resource is N2 + 14. The minimal time interval in units of OFDM symbols is counted based on the minimum subcarrier spacing between the PDCCH and the aperiodic SRS.

-	If the UE receives the DCI triggering aperiodic SRS in slot n, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot where k is configured via higher layer parameter slotOffset for each triggered SRS resources set and is based on the subcarrier spacing of the triggered SRS transmission, µSRS and µPDCCH are the subcarrier spacing configurations for triggered SRS and PDCCH carrying the triggering command respectively. 


Above timing definition for aperiodic CSI reporting and aperiodic SRS is similar as the definition for PDSCH/PUSCH, so similar specification change as for PDSCH/PUSCH should be applied for these two parts.
Proposal 2: It is proposed to introduce the parameter of slot offset to the equation for cross-carrier triggering aperiodic CSI report and aperiodic SRS.
Conclusion 
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. 
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.
Proposal 2: It is proposed to introduce the parameter of slot offset to the equation for cross-carrier triggering aperiodic CSI report and aperiodic SRS.
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