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In RAN Meeting #85, one new objective was added in the WID of MR-DC & eCA [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 RAN1#98bis and email discussion [98b-NR-25], the following agreements were made,

	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
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Working assumption: (Update after email discussion/approval [98b-NR-25])
· 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.




In this contribution, we provide our further views on the handling unaligned frame boundary with slot alignment and partial SFN alignment. 
Slot offset
In last RAN1 meeting, it was agreed that the slot offset could be explicitly configured to UE. It includes the selection of a reference SCS and the way to derive exact value of offset for slot boundary alignment. In all the above proposed alternatives in RAN, the signalling is to configure the slot offset between Pcell and a Scell. The offset is limited to ±76800Ts. For CA with more than 2 cells, w.r.t. Pcell timing, if one Scell has an offset of 76800Ts in the meanwhile another Scell has an offset of -76800Ts, the offset between the above two Scells can be up to ±153600Ts. It needs clarification whether this is a correct behavior or not. If it is not desired, additional limitation is needed for the slot offset configuration so that the slot offset between any two cells are limited to ±76800Ts. 

Due to the existence of slightly longer CP of the first symbol every 0.5 ms, the slot boundary of Pcell and a Scell, hence the symbol boundary may not always be aligned. All the alternatives proposed in last RAN1 meeting tries to align slot offset in at least some boundaries of the slots. That is, the slot boundary could be at least aligned with periodicity of 0.5 ms. However, as shown in Figure 1, assuming Pcell has a larger SCS than Scell, the slot boundary of two Scells could be not aligned, though slot boundary between Pcell and each Scell is aligned. If the two Scells include a scheduling Scell and a scheduled Scell, it is problematic for such cross-carrier scheduling since the timing difference of two Scells is as large as the length of about a Pcell slot. 



Figure 1: Offset between two Scells

Proposal 1: The configured slot offsets between Pcell and Scells should satisfy that 
· the slot offset between any two cells are limited to ±76800Ts;
· the slot boundary is aligned between the scheduling Scell and scheduled Scell at least in some of the slot boundaries. 
Among the alternatives proposed in last meeting, Alt 1, 3 and 4 specify the slot offset with a finer granularity. Additional restriction is needed to avoid the above problems on slot alignment between two Scells. Alt 1 is even more complicated. Whenever BWP is (re)configured on a cell, the lowest SCS for a Scell or Pcell among the multiple configured BWP may change which results in change of the reference SCS. Consequently, slot offset between Pcell and the Scell has to be reconfigured. From email discussion [98b-NR-25], it is quite controversial regarding how to specify exact behavior of Alt. 1. The difficulty comes from the slightly longer CP in the first symbol every 0.5ms. 

In fact, a very simple solution for slot offset configuration is to make the granularity 0.5ms, i.e. the slot length of SCS 30kHz. It is always true that the slot boundary is at least aligned every 0.5 ms. Such slot offset configuration is also independent from other UE specific factors, e.g. lowest SCS of configured BWPs. With 0.5ms granularity, the target range of slot offset is quantized into 11 values. It is not justified what is the additional benefit by having even smaller reference SCS. One more clear merit is that, the unit defining offset of two cells is exactly 0.5ms which avoids complicated handling of slightly longer CP in the first symbol every 0.5ms. therefore, it is much straightforward to define the slot offset between two cells. 

Observation: The following benefits are identified by having fixed reference numerology of 30kHz, i.e. 0.5ms granularity of slot offset
· it guarantees that no issue for slot boundary alignment of scheduling Scell and scheduled Scell;
· Avoid slot offset reconfiguration if certain UE specific factors, e.g. lowest SCS of configured BWPs is changed;
· It is much straightforward to define the slot offset between two cells. 

Proposal 2: To adopt a reference SCS for slot offset configuration fixed to 30kHz, i.e. 0.5ms granularity of slot offset
Cross-carrier scheduling timeline
Regarding the NR CA operation with unaligned frame boundary, there could be two potential interpretations as identified in RAN1#97, 

	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



With interpretation 1, the UE will identify a scheduled slot index on the scheduled cell according to the slot numbering of scheduling cell. As shown in Figure 2, assuming there is 2 slots offset between scheduling cell and scheduled cell. A configuration of K0=0 or 1 become unreasonable since the scheduled PDSCH on scheduled cell is even earlier than the PDCCH on scheduling cell. Other K1 values is also shifted by the slot offset between scheduling cell and scheduled cell. E.g. K0=4 effectively becomes K0=2. 



Figure 2: PDSCH scheduling of Interpretation #1

To avoid above problem, interpretation 2 could be considered. The slot on the scheduled cell, which is overlapped with a PDCCH on scheduling cell, is effectively associated with K0=0. Then, a scheduled slot on scheduled cell is determined by indicated K0 and the slot associated with K0=0. By this way, as shown in Figure 3, the time span between PDCCH on scheduling cell and the scheduled slot on the scheduled cell is exactly the indicated K1 slots. 



Figure 3: PDSCH scheduling of Interpretation #2

Basically, there could be two options capturing the above on scheduling timeline. The two options are equivalent. The difference is that the compensation of slot offset between scheduling cell and scheduled cell is implemented by a formula or text description. 

Option 1: The slot on scheduled cell overlapped with the slot containing PDCCH on scheduling cell is defined as association with K0=0 for PDSCH scheduling. 
Option 2: With a parameter of slot offset, PDCCH in slot n scheduling cell indicating a value K0 will schedule a slot on scheduled cell with index n+slotoffset+K0. 

Since the current specification 38.214 describes the scheduling of different numerology by a formula, i.e. 
· 


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
The above option 2 is slightly preferred. Considering the case of different numerologies between scheduling cell and scheduled cell, the formula could be modified as . An example is provided in Figure 4. 



Figure 4: PDSCH scheduling of Interpretation #2 with different numerologies

[bookmark: _Hlk17221238][bookmark: p1]Proposal 3: For NR CA with unaligned frame boundary with slot alignment and partial SFN alignment, slot offset could be used to adjust the cross-carrier scheduling timeline, i.e. a DCI with a value of K0 in slot n on scheduling cell is to schedule a slot  on scheduled cell. 
Conclusion
In this contribution, we discuss the remaining issue of cross-carrier scheduling with different numerology between scheduling cell and scheduled cell. We make the following observation and proposals, 
Observation: The following benefits are identified by having fixed reference numerology of 30kHz, i.e. 0.5ms granularity of slot offset
· it guarantees that no issue for slot boundary alignment of scheduling Scell and scheduled Scell;
· Avoid slot offset reconfiguration if certain UE specific factors, e.g. lowest SCS of configured BWPs is changed;
· It is much straightforward to define the slot offset between two cells. 

Proposal 1: The configured slot offsets between Pcell and Scells should satisfy that 
· the slot offset between any two cells are limited to ±76800Ts;
· the slot boundary is aligned between the scheduling Scell and scheduled Scell at least in some of the slot boundaries. 
Proposal 2: To adopt a reference SCS for slot offset configuration fixed to 30kHz, i.e. 0.5ms granularity of slot offset.
Proposal 3: For NR CA with unaligned frame boundary with slot alignment and partial SFN alignment, slot offset could be used to adjust the cross-carrier scheduling timeline, i.e. a DCI with a value of K0 in slot n on scheduling cell is to schedule a slot  on scheduled cell. 
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