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During RAN#85 meeting, the objectives of MR-DC/CA WI has been updated to handle issue of unaligned frame boundary for NR 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 



During RAN1#97 meeting, the necessity of frame boundary alignment for NR CA has been discussed. The following observation has been made to encourage companies to further check details on this issue [2].
	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
 
Encourage companies to look into the 213&214 to identify if there are other operations in CA requiring frame boundary alignment before August 2019.



In this contribution, we discuss the remaining issues for unaligned frame boundary for NR CA.
Discussion
Interpretation#1 and Interpretation#2
As analyzed in [3], for UEs with Interpretation#1, if slot offset is not applied by the UE, there may be timing error or scheduling limitation. 
Figure 1 shows an example of timing error and scheduling limitation. One 15 KHz cell cross-carrier schedules another 15 KHz SCell. The K0 and K1 in the scheduling DCI are assumed to be K0=1 and K1=1 respectively. For Figure 1a where the frame boundary is aligned, the scheduled PDSCH is located in slot#5 and the HARQ-ACK is located in slot#6. 
The unaligned frame boundary can be divided into two cases, i.e., (1) the scheduled cell is behind scheduling cell and (2) the scheduled cell is ahead of scheduling cell.
For Figure 1b where the scheduled cell is 2 slots behind scheduling cell, according to Interpretation 1, the scheduled PDSCH is still located in slot#5. However, the timing between DCI and PDSCH has been changed. In this case, the slot#2 and slot#3 in the scheduled cell can’t be scheduled since K0 can’t be negative values in current spec, which will increase the scheduling delay for NR system. Besides, the HARQ-ACK will be located in slot#6 in the scheduling cell, which is earlier than the PDSCH. This is an obvious error timing.
For Figure 1c where the scheduled cell is 2 slots ahead of scheduling cell, according to Interpretation 1, the scheduled PDSCH is located in slot#5 in the scheduled cell, which arrives earlier than the DCI. Such kind of error timing is forbidden in current spec.
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Figure 1. Timing error or scheduling limitation for UEs with Interpretation#1.
However, if UE is indicated the slot offset between the scheduling cell and scheduled cell, when determining the target slot in scheduled cell, UEs with Interpretation#1 can take into the slot offset into account to eliminate the above mentioned timing error and scheduling laminations. In Figure 1b, the slotOffsetToPcell=-2, network can schedule slot#3 and slot#4 in the SCell by indicating K0=1 and K0=2, respectively. In Figure 1c, the slotOffsetToPcell=2, network can schedule slot#6 and slot#7 in the SCell by indicating K0=0 and K0=1, respectively.
Observation 1: UEs with Interpretation#1 need slot offset to determine the target slot in the scheduled SCell.
For UEs with Interpretation#2, since they take the timing location of the numbering slot of the scheduling cell as timing reference for scheduled behavior, the slot offset is not necessary for determining the target slot in the scheduled cell.
Observation 2: For UEs with Interpretation#2, slot offset is not necessary for cross-carrier scheduling.
Signalling support for slot offset
Two interpretations have been discussed for cross-carrier scheduling and cross-carrier triggering in previous RAN1 meetings. For Interpretation#1 UE, the signalling support for slot offset is useful for determining the target slot in the scheduled SCell. For Interpretation#2 UE, the signalling support for slot offset may be unnecessary. To cater for UEs with different implementations (i.e., Interpretation#1 or Interpretation#2), network can indicate the slot offset between cells to UE. For Interpretation#2 UE, it may need to update the implementation to take the slot offset into account. While for Interpretation#2 UE, it don’t need to change the current implementation and it can just ignore this slot offset.
Since each SCell’s frame boundary may not be aligned with each other, an optional RRC signalling, let’s say “slotOffsetToPcell”, can be configured for each SCell to indicate the slot offset between this SCell and PCell. To accommodate different numerologies of each BWP with one SCell, 60 KHz and 120 KHz can be used as the unit for numbering slotOffsetToPcell in FR1 and FR2, respectively.
[bookmark: _GoBack]Since the misalignment should be limited to ±76800Ts, i.e., 2.5ms, for FR1, the value range of slotOffsetToPcell is {-10, -9… -3, -2, -1, 0, 1, 2, 3 … 9, 10}. Similarly, for FR2, the value range of slotOffsetToPcell is {-20, -19… -3, -2, -1, 0, 1, 2, 3 … 19, 20}. Negative values represent that SCell is behind of PCell and positive values represent that SCell is ahead of PCell.
Proposal 1: Network indicates slot offset of each SCell to UE. 
The slot offset of each SCell is relative to PCell;
The slot offset of each SCell is numbered in the unit 60 KHz and 120 KHz for FR1 and FR2, respectively.
Conclusion
In this contribution, we discuss the signalling support for unaligned frame boundary and UE Interpretation1/2. The following observations and proposals have been made.
Observation 1: UEs with Interpretation#1 need slot offset to determine the target slot in the scheduled SCell.
Observation 2: For UEs with Interpretation#2, slot offset is not necessary for cross-carrier scheduling.
Proposal 1: Network indicates slot offset of each SCell to UE. 
The slot offset of each SCell is relative to PCell;
The slot offset of each SCell is numbered in the unit 60 KHz and 120 KHz for FR1 and FR2, respectively.
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Figure Ic. Scheduled cell is ahead of scheduling cell




