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1 Introduction
In RAN Plenary #85, the updated scope was approved to be added into the WI - LTE_NR_DC_CA_enh-Core WID [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 this contribution, we discuss RAN2 impacts of supporting async CA.
2 Discussion  
We first briefly introduce the background of async CA, and then discuss RAN2 impacts from RRC perspective and MAC perspective.
2.1 Background of async CA
The intention to introduce async CA is for inter-band cross-operator CA. As illustrated in Figure.1, two bands (A and B) coexisted with different operators. Operator A and Operator B, who have adopted different starting points, respectively, which requires to adopt different starting points for the two bands. It has blocked some operator from deploying LTE CA between these two bands and may continue to block deploying NR CA between these two bands.
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Figure.1 Illustration of async CA
To resolve this issue, RAN Plenary #85 agreed to introduce async CA, i.e. unaligned frame boundary (partial SFN alignment and slot alignment are maintained) for Rel-16 NR inter-band CA:

· Misalignment should be limited to ±76800Ts

· Signaling support for slot offset if necessary
Observation 1: RAN Plenary #85 agreed to introduce async CA, i.e. unaligned frame boundary (partial SFN alignment and slot alignment are maintained) for Rel-16 NR inter-band CA, where misalignment should be limited to ±76800Ts.  
2.2 RRC impacts
The first impact is how the slot offset is indicated to the UE. In RAN1#98b [2], it was already agreed to introduce explicit RRC signalling to indicate slot offset. However, because different carriers may use different numerologies, RAN1 is still discussing how to define its value range and granularity. 
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  

Observation 1: Although RAN1 has agreed to introduce explicit RRC signalling to indicate slot offset for async CA, they are still discussing how to indicate slot offset as well as its value range and granularity due to the complexity of different numerologies in different carriers. 

Because the RRC signalling design may depend on RAN1 design on how to indicate the slot offset, we suggest RAN2 to starts RRC signalling design for slot offset after RAN1 finalized the value range and granularity. 
Proposal 1: For async CA, RAN2 starts RRC signalling design for slot offset after RAN1 finalized the value range and granularity. 

The second impact is the timing of measurement gap. According to latest TS 38.331 [3], NR supports per-UE gap and per-FR gap (FR1/FR2). And the timing to calculate gap starting point can be summarized below:

· Per-UE and FR1 gap 
· For NR SA and (NG)EN-DC, the SFN and subframe of PCell is used in the gap calculation;
· For NE-DC and NR-DC, the SFN and subframe of the serving cell is indicated by the IE refServCellIndicator, which can’t be indicated a serving cell in FR2
· FR2 gap 

· For NR SA and (NG)EN-DC, the SFN and subframe of a serving cell in FR2 is used in the gap calculation;
· For NE-DC and NR-DC, the SFN and subframe of the serving cell is indicated by the IE refServCellIndicator, which can be PCell, PSCell or a serving cell in FR2.
Based on above summary, we think even in async CA, the timing of per-UE and FR1 gap is clear because only PCell or PSCell can be used as the timing reference. However, for FR2 gap, there is ambiguity between NW and UE if a serving cell in FR2 is used as timing reference because SFN of different carriers may be different. 
Observation 2: In async CA, the timing of per-UE and FR1 gap is clear because only PCell or PSCell can be used as the timing reference. 
Observation 3: For FR2 gap, there is ambiguity between NW and UE if a serving cell in FR2 is used as timing reference because SFN of different carriers may be different in async CA. 

To resolve this ambiguity between NW and UE on FR2 gap timing, we have two alternatives:

· Alt-1: NW explicitly indicates the serving cell index in RRC (i.e. MeasConfig -> MeasGapConfig)
· Alt-2: Specify a simple rule in spec
With regarding to the above 2 alternatives, we prefer not to introduce ASN.1 change just to support async CA for this special case. Therefore, we prefer Alt-2, and we think the simplest way is to use the serving cell in FR2 with smallest ServCellIndex. Thus, we propose:
Proposal 2: For FR2 measurement gap, if it is NR SA, (NG)EN-DC or mcg-FR2 is indicated by refServCellIndicator for NE-DC and NR-DC, the UE performs gap calculation based on SFN of the serving cell in FR2 with smallest ServCellIndex.
The third impact is UE capability. As indicated in the scoping of WID, async CA is only allowed for certain band combination, and RAN2 should introduce capability signalling. Thus, we propose:
Proposal 3: Introduce a UE capability on whether to support async CA, and an indication for support of async CA is added in IE MRDC-Parameters of BandCombinationList. 
2.3 MAC impacts

Please note that WID has indicated that no optimization for MAC.

Observation 4: Agreed WID for async CA has indicated that no optimization for MAC. 

However, we think some clarifications are required for MAC spec in async CA. And some notes are required to be captured in TS 38.321 [4].
The first impact on MAC is how to calculate HARQ process ID in SPS and CG. As illustrated below, both SPS and CG require SFN of one serving cell as input for the calculation:
For configured downlink assignments, the HARQ Process ID associated with the slot where the DL transmission starts is derived from the following equation:

HARQ Process ID = [floor (CURRENT_slot × 10 / (numberOfSlotsPerFrame × periodicity))] modulo nrofHARQ-Processes
where CURRENT_slot = [(SFN × numberOfSlotsPerFrame) + slot number in the frame] and numberOfSlotsPerFrame refers to the number of consecutive slots per frame as specified in TS 38.211 [8].

For configured uplink grants, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:

HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
where CURRENT_symbol=(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slot number in the frame × numberOfSymbolsPerSlot + symbol number in the slot), and numberOfSlotsPerFrame and numberOfSymbolsPerSlot refer to the number of consecutive slots per frame and the number of consecutive symbols per slot, respectively as specified in TS 38.211 [8].

Please note that there is no specification which serving cell’s SFN is used. This is no ambiguity in legacy CA because all carriers have the same SFN. However, in async CA, the clarification is required.
Observation 4: In async CA, this is ambiguity between NW and UE on which serving cell’s SFN is used to calculate HARQ process ID in SPS/CG because different carriers may have different SFN. 

To resolve this ambiguity, we have two alternatives:

· Alt-1: based on the SFN of current serving cell  
· Alt-2: based on the SFN of the primary cell within the same cell group
With regarding to the above 2 alternatives, we think Alt-1 will introduce new UE requirement to calculate SFN of different serving cells for HARQ process ID calculation. Instead, NW can take the SFN difference across carriers into the configuration of SPS/CG in Alt-2, and the UE can keep the legacy behaviour in Rel-15. Thus, we prefer Alt-2: 
Proposal 4: Under async CA, clarify that the UE uses SFN of primary cell (i.e. PCell or PSCell) within the same cell group for the calculation of HARQ Process ID in SPS/CG, i.e. no change of rel-15 legacy UE behaviour.  

The second impact on MAC is how to calculate downlink/uplink assignment occurrences of SPS/CG, which requires a serving cell’s SFN as input:
After a downlink assignment is configured for SPS, the MAC entity shall consider sequentially that the Nth downlink assignment occurs in the slot for which:

(numberOfSlotsPerFrame × SFN + slot number in the frame) =
[(numberOfSlotsPerFrame × SFNstart time + slotstart time) + N × periodicity × numberOfSlotsPerFrame / 10] modulo (1024 × numberOfSlotsPerFrame)

where SFNstart time and slotstart time are the SFN and slot, respectively, of the first transmission of PDSCH where the configured downlink assignment was (re-)initialised.

After an uplink grant is configured for a configured grant Type 1, the MAC entity shall consider that the uplink grant recurs associated with each symbol for which:

[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
 (timeDomainOffset × numberOfSymbolsPerSlot + S + N × periodicity) modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot), for all N >= 0.

After an uplink grant is configured for a configured grant Type 2, the MAC entity shall consider that the uplink grant recurs associated with each symbol for which:

[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
[(SFNstart time × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slotstart time × numberOfSymbolsPerSlot + symbolstart time) + N × periodicity] modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot), for all N >= 0.

where SFNstart time, slotstart time, and symbolstart time are the SFN, slot, and symbol, respectively, of the first transmission opportunity of PUSCH where the configured uplink grant was (re-)initialised.

Following the same justification, we propose to use primary cell as the timing reference:
Proposal 5: Under async CA, clarify that the UE uses SFN of primary cell (i.e. PCell or PSCell) within the same cell group for calculation of downlink/uplink assignment occurrences of SPS/CG, i.e. no change of rel-15 legacy UE behaviour.  

The third impact on MAC is how to calculate DRX on-duration determination, which requires a serving cell’s SFN as input:

1>
if the Short DRX Cycle is used, and [(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle); or

1>
if the Long DRX Cycle is used, and [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset:

Following the same justification, we propose to use primary cell as the timing reference:

Proposal 6: Under async CA, clarify that the UE uses SFN of primary cell (i.e. PCell or PSCell) within the same cell group for DRX on-duration determination, i.e. no change of rel-15 legacy UE behaviour.

  

3 Summary
In the contribution, we discuss RAN2 impacts of introduction of async CA. We propose:  

Observation 1: Although RAN1 has agreed to introduce explicit RRC signalling to indicate slot offset for async CA, they are still discussing how to indicate slot offset as well as its value range and granularity due to the complexity of different numerologies in different carriers. 

Observation 2: In async CA, the timing of per-UE and FR1 gap is clear because only PCell or PSCell can be used as the timing reference. 
Observation 3: For FR2 gap, there is ambiguity between NW and UE if a serving cell in FR2 is used as timing reference because SFN of different carriers may be different in async CA. 

Observation 4: In async CA, this is ambiguity between NW and UE on which serving cell’s SFN is used to calculate HARQ process ID in SPS/CG because different carriers may have different SFN. 
Proposal 1: For async CA, RAN2 starts RRC signalling design for slot offset after RAN1 finalized the value range and granularity. 
Proposal 2: For FR2 measurement gap, if it is NR SA, (NG)EN-DC or mcg-FR2 is indicated by refServCellIndicator for NE-DC and NR-DC, the UE performs gap calculation based on SFN of the serving cell in FR2 with smallest ServCellIndex.

Proposal 3: Introduce a UE capability on whether to support async CA, and an indication for support of async CA is added in IE MRDC-Parameters of BandCombinationList. 
Proposal 4: Under async CA, clarify that the UE uses SFN of primary cell (i.e. PCell or PSCell) within the same cell group for the calculation of HARQ Process ID in SPS/CG, i.e. no change of rel-15 legacy UE behaviour.  

Proposal 5: Under async CA, clarify that the UE uses SFN of primary cell (i.e. PCell or PSCell) within the same cell group for calculation of downlink/uplink assignment occurrences of SPS/CG, i.e. no change of rel-15 legacy UE behaviour.  

Proposal 6: Under async CA, clarify that the UE uses SFN of primary cell (i.e. PCell or PSCell) within the same cell group for DRX on-duration determination, i.e. no change of rel-15 legacy UE behaviour.
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