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1	Introduction
In RAN#85 meeting, RAN approved the updated WID for DC and CA enhancements [1], and the WI includes additional objective:
	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 



This contribution discusses how to support unaligned frame boundary for inter-band TDD CA in Rel-16 NR.
[bookmark: _Toc497230266][bookmark: _Toc497230267]2	Discussion
As described in RP-192304 [2], the feasibility and how to relax frame timing in R16 NR CA was discussed in RAN#85. From our understanding, the main scenario is to support TDD CA, and each Serving Cell for the TDD CA coexists with different operators as shown in Figure 1.


Figure 1:	Example of TDD configurations of multiple operators
In Figure 1, although slot boundary are aligned, Operator B and Operator C use different TDD pattern, and the SFN starting point of Operator B is different from that of Operator C. From the example, Operator A should follow the TDD pattern and same starting timing of adjacent operators (e.g. carrier 1 of operator A follows Operator B, and carrier 2 of operator A follows Operator C, as depicted in Figure 1).
NR supports indeed flexible configuration, and each Serving Cell can have different TDD configuration/pattern. However, the current TDD pattern still has restriction that it always starts with DL slots as specified in TS 38.213 clause 11 [3]. Thus the operator A in Figure 1 cannot configure carrier 1 as SCell using the existing signalling structure (if it uses carrier 2 as PCell) as the carrier 1 should start with uplink slots.
TDD-UL-DL-ConfigCommon ::=          SEQUENCE {
    referenceSubcarrierSpacing          SubcarrierSpacing,
    pattern1                            TDD-UL-DL-Pattern,
    pattern2                            TDD-UL-DL-Pattern                        OPTIONAL, -- Need R
    ...
}

TDD-UL-DL-Pattern ::=               SEQUENCE {
    dl-UL-TransmissionPeriodicity       ENUMERATED {ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms5, ms10},
    nrofDownlinkSlots                   INTEGER (0..maxNrofSlots),
    nrofDownlinkSymbols                 INTEGER (0..maxNrofSymbols-1),
    nrofUplinkSlots                     INTEGER (0..maxNrofSlots),
    nrofUplinkSymbols                   INTEGER (0..maxNrofSymbols-1),
    ...,
    [[
    dl-UL-TransmissionPeriodicity-v1530     ENUMERATED {ms3, ms4}                OPTIONAL -- Need R
    ]]
}

To support the scenario depicted in Figure 1, the simplest way would be to "shift" the existing pattern by adding additional offset parameter (i.e. patternOffset below) to the IE TDD-UL-DL-ConfigCommon as shown below.
TDD-UL-DL-ConfigCommon ::=          SEQUENCE {
    referenceSubcarrierSpacing          SubcarrierSpacing,
    pattern1                            TDD-UL-DL-Pattern,
    pattern2                            TDD-UL-DL-Pattern                        OPTIONAL, -- Need R
    ...,
	[[
	patternOffset                       INTEGER (0..maxNrofSlots)                OPTIONAL -- Need R
	]]
}

TDD-UL-DL-Pattern ::=               SEQUENCE {
    dl-UL-TransmissionPeriodicity       ENUMERATED {ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms5, ms10},
    nrofDownlinkSlots                   INTEGER (0..maxNrofSlots),
    nrofDownlinkSymbols                 INTEGER (0..maxNrofSymbols-1),
    nrofUplinkSlots                     INTEGER (0..maxNrofSlots),
    nrofUplinkSymbols                   INTEGER (0..maxNrofSymbols-1),
    ...,
    [[
    dl-UL-TransmissionPeriodicity-v1530     ENUMERATED {ms3, ms4}                OPTIONAL -- Need R
    ]]
}

By having this patternOffset, all the existing TDD patterns (i.e. concatenation of pattern1 and pattern2) are supported and SFN and slot can be numbered as of today (to use the same number). Furthermore, all the SFN starting points are aligned as of today, as depicted in Figure 2 below. To use different number for each Serving Cell may impact to all the existing procedures using the slot number (e.g. DRX, configured UL grant Type 1, SCell (de)activation timing, etc.), which should be avoided.



Figure 2: Example of TDD configurations of multiple operators after applying patternOffset

Proposal: To support the unaligned frame boundary for inter-band TDD CA, unaligned SFN starting point is adjusted to be aligned by adding  patternOffset (in unit of slot of referenceSubcarrierSpacing of the Serving Cell) to the IE TDD-UL-DL-ConfigCommon. UE uses SFN and slot numbering of PCell across all the Serving Cells as of today.
3	Conclusion
Proposal: To support the unaligned frame boundary for inter-band TDD CA, unaligned SFN starting point is adjusted to be aligned by adding  patternOffset (in unit of slot of referenceSubcarrierSpacing of the Serving Cell) to the IE TDD-UL-DL-ConfigCommon. UE uses SFN and slot numbering of PCell across all the Serving Cells as of today.
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