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In RAN1#98b meeting [1] and email discussion [98-NR-25], the following agreements and proposals are achieved.
	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  



	Proposals:
· 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


In this contribution the slot granularity for async-CA and cross-carrier operation timing are discussed.
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In email discussion [98-NR-25], the slot granularity is defined as 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. For Alt1 1, a dynamic reference SCS is used, which may have some limitation on network configuration as the BWP/CC’s SCS may be changed per RRC addition/removal/reconfiguring of the BWP SCS. Further, Alt 1 only take a pair of cells into account. When multiple SCells are configured, it potential could lead to a mis-alignment between different SCells. Comparing to Alt1, a fixed reference SCS, e.g., Alt3, as slot granularity can be more beneficial.
Proposal 1: Slot granularity defined as Alt 3 is used for slot offset indication.
Clarification of slot alignment
In the working assumption, it is stated that slot alignment is defined as the beginning of a slot#0 coincides with slot#. It was extensively discussed in the email discussion on the definition of slot-alignment, while the current working assumption remains some ambiguity, i.e. which reference point of the slot# should be referred to for aligning. In our view, the following can be clarified: 
Proposal 2: The beginning of slot # in the working assumption is used as reference point for alignment.
Cross-carrier operation timing
The slot offset indication for CA will introduce an impact to cross-carrier operation timing. The impact is how to derive the reference slot number in the scheduled cell considering positive and negative slot offset value. Figure 1 below elaborates the timing relationship for cross-carrier scheduling with different numerologies in positive and negative slot offset. 
[image: ]
[bookmark: _Ref24128250]Figure 1 Timing of cross-carrier operation for asynchronous NR CA
is the number of slot based on the numerology of PDSCH. And can be positive or negative value.  Misalignment would be  multiplied PDSCH slot duration in Ts. For example, if SCS of PDSCH is 15 kHz, PDSCH slot duration is 30720Ts. Therefore  since misalignment should be limited to ±76800Ts. In summary, the slot allocated for the PDSCH can be derived by: 
, 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  .
Similar description can be used for PUSCH and other cross-carrier operations.
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  .

Conclusion
According to the above discussions, we have the following observation and proposal:
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.
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  .
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