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Introduction
[bookmark: _Ref178064866]The following objective was added to the MR-DC WI in RAN#85 [RP-192336]: 10. Introduce support for unaligned frame boundary with slot alignment and partial SFN alignment for R16 NR inter-band CA [RAN1, RAN2]
0. Misalignment should be limited to ±76800Ts
0. 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 



Discussion
The above objective is to support unaligned frame boundary with slot alignment and partial SFN alignment for R16 inter-band CA case. 

[image: ]

Figure 1 – CA with unaligned frame boundary

First, we note the following: 

· Unaligned frame boundary means frame boundary in a first serving cell does not necessarily correspond to frame boundary in another serving cell of the UE where both serving cells are in the same CG. 

· Slot alignment implies that the frame misalignment between one serving cell and another serving cell cannot be arbitrary, rather it can only take quantized values (corresponding to the supported slot durations for the corresponding cells). 

· [bookmark: _GoBack]Partial SFN alignment means that frame with SFN X in a first serving cell (e.g. Pcell) overlaps with frames with SFN X and X+1 (or X and X-1) in an Scell that has partial SFN alignment with the first serving cell, thus if frame numbering in a first serving cell is known, the frame number for an Scell that has partial SFN alignment can be derived from the frame number of the first serving cell. 

To support CA with unaligned frame boundary, following aspects need to be considered

· For a Rel16 UE not capable of such operation, the UE upon configuration of CA (i.e., during Scell addition) assumes that all Scells are frame aligned (i.e., according to figure 1a above)

· For a Rel16 UE indicating capability of such operation, following options of UE behavior are possible

· Alt1: 
· During Scell addition, UE is configured with a slot offset with reference to Pcell timing
· Within RAN1 specs, UE procedures are updated to reflect the presence of the slot offset between Pcell and Scell

· Alt 2:
· During Scell addition, UE is configured with a slot offset with reference to Pcell timing
· The slot offset is provided as ‘assistance information’ to the UE, e.g. at least to acquire the Scell in case of blind Scell addition
· No additional changes are made to RAN1 specs to reflect the presence of the slot offset. i.e., the time difference between serving cells is handled via NW implementation 

· Alt3:
· No additional signaling is introduced.
· For each configured Scell, the UE assumes frame timing can be misaligned up to ±76800Ts wrt Pcell timing (in addition to assuming symbol level alignment).
· No additional changes are made to RAN1 specs to reflect the unaligned frame timing. i.e., the time difference between serving cells is handled via NW implementation.
· Note: Cases which require blind detection of slot offset are assumed to be not supported.

Our initial view is that all three above alternatives are feasible from RAN1 perspective and further discussion/analysis is needed to select one of the alternatives.

Conclusion
We propose that RAN1 further discusses the alternatives identified in this document.
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