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1 Introduction
In the WID of Rel-16 “Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements” [1], one objective in the scope is:

This paper provides our views and proposal on issues of current spec for “Rel-16 NR inter-band CA with slot alignment and partial SFN alignment”. 
2 Issue of unaligned slot boundary between SCells
According to current spec (38.211 g20 4.5 Carrier aggregation), for carrier aggregation of cells with unaligned frame boundaries, the slot offset between a PCell and an SCell is based on the maximum SCS between PCell and SCell. In this case, the following exemplary scenario (where SCell1 and SCell2 are not slot-aligned) shown in Figure 1 is possible for “Rel-16 NR inter-band CA with slot alignment and partial SFN alignment”:
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Figure 1: Non-aligned slot boundary between SCell1 and SCell2. Slot offset between PCell and SCell1 is 1 slot in terms of 30kHz (PCell) SCS

This contradicts the WID of Rel-16 “Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements” [1] where slot alignment across SCells should be kept for CA operation.
Observation 1: According to current spec (38.211 g20 4.5 Carrier aggregation), for carrier aggregation of cells with unaligned frame boundaries, SCells may be not slot aligned, which contradicts the WID of Rel-16 MR-DC/CA that slot alignment should be maintained for CA operation.
Current 38.331 g10 spec [3] specifies that the Network configures at most single non-zero offset duration in ms (independent on SCS) among CCs in the unaligned CA configuration and the slot offset between a PCell and an SCell is based on the maximum SCS between two. If the support of Rel-16 CA with unaligned SFN is restricted to the case of “SCS of PCell ≤ minimal SCS of SCells”, slot alignment across SCells can be guarateed. A corresponding illustration is provided in Figure 2.

Observation 2: For carrier aggregation of cells with unaligned frame boundaries, slot alignment across SCells can be guaranteed when “SCS of PCell ≤ minimal SCS of SCells”.
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Figure 2: Slot alignment can be guaranteed when “SCS of PCell ≤ minimal SCS of SCells”. Slot offset between PCell and SCell1 is 1 slot in terms of 30kHz (SCell) SCS
3 Issue of unaligned subframe boundary between PCell and SCell(s)

On the other hand, when “SCS of PCell > minimal SCS of SCells”, the unaligned CA configuration can cause that PCell subframe boundary lies in the middle of a SCell slot as shown in Figure 3. This causes UE behavior ambiguity on whether a UE needs to monitor slot 0 of the SCell even with the following RAN2 agreement on DRX operation. 
· “In case of unaligned SFN across carriers in a cell group, the SFN of the SpCell is used to calculate the DRX duration.”
Besides, according to 38.331 g10 [3], the RSSI measurement time location is specified by the following IE:
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The meaning of “the first slot in the SMTC window” in current spec becomes ambiguous when SMTC window starts at the middle of slot 0 of the SCell.
Observation 3: For carrier aggregation of cells with unaligned frame boundary, when “SCS of PCell > minimal SCS of SCells”, there is ambiguity in UE behaviours for DRX operation and RRM SMTC window determination for the case where PCell subframe boundary lies in the middle of a SCell slot.
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Figure 3: Should UE monitor or measure the half slot of SCell in DRX on-duration or SMTC window? Slot offset between PCell and SCell1 is 1 slot in terms of 30kHz (PCell) SCS.

To stabilize Rel-16 specification, introducing new features should be avoided in Rel-16 late stage. Furthermore, we don’t see the necessity to support CA with unaligned frame boundary for PCell SCS > SCell SCS in Rel-16 due to the lack of use cases. To minimize testing efforts, we have the following proposal.
Proposal 1: Rel-16 “CA with non-aligned frame boundary” is restricted to “SCS of PCell/PSCell ≤ minimal SCS of SCells” only. 
· Note: Extension to the case “SCS of PCell/PSCell > minimal SCS of SCells” can be considered in Rel-17, if needed.
4 Summary
In this contribution, we discuss the feature for “Rel-16 NR inter-band CA with slot alignment and partial SFN alignment”. In conclusion, the following are provided:
Observation 1: According to current spec (38.211 g20 4.5 Carrier aggregation), for carrier aggregation of cells with unaligned frame boundaries, SCells may be not slot aligned, which contradicts the WID of Rel-16 MR-DC/CA that slot alignment should be maintained for CA operation.
Observation 2: For carrier aggregation of cells with unaligned frame boundaries, slot alignment across SCells can be guaranteed when “SCS of PCell ≤ minimal SCS of SCells”.
Observation 3: For carrier aggregation of cells with unaligned frame boundary, when “SCS of PCell > minimal SCS of SCells”, there is ambiguity in UE behaviours for DRX operation and RRM SMTC window determination for the case where PCell subframe boundary lies in the middle of a SCell slot.
Proposal 1: Rel-16 “CA with non-aligned frame boundary” is restricted to “SCS of PCell/PSCell ≤ minimal SCS of SCells” only. 

· Note: Extension to the case “SCS of PCell/PSCell > minimal SCS of SCells” can be considered in Rel-17, if needed.
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6 Appendix
Excerpt from 38.211 g20 4.5 Carrier aggregation
For carrier aggregation of cells with unaligned frame boundaries, the slot offset [image: image6.png]NS
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 between a PCell/PScell and an SCell is determined by higher-layer parameter ca-SlotOffset for the SCell. The quantity [image: image8.png]U e



 is defined as the maximum of the lowest subcarrier spacing configuration among the subcarrier spacings given by the higher-layer parameters scs-SpecificCarrierList configured for PCell/PSCell and the SCell, respectively.
Excerpt from 38.331 g10
ca-SlotOffset

Slot offset between the primary cell (PCell/PSCell) and the SCell in unaligned frame boundary with slot alignment and partial SFN alignment inter-band CA. Based on this field, the UE determines the time offset of the SCell as specified in clause 4.5 of TS 38.211 [16]. The granularity of this field is determined by the reference SCS for the slot offset (i.e. the maximum of PCell/PSCell lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList in ServingCellConfig and this serving cell's lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList in ServingCellConfig).

The Network configures at most single non-zero offset duration in ms (independent on SCS) among CCs in the unaligned CA configuration. If the field is absent, the UE applies the value of 0.
Excerpt from WID of Rel-16 “Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements” [1]
· 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 

Introduce support for unaligned frame boundary with slot alignment and partial SFN alignment for R16 NR inter-band CA [RAN1, RAN2]








