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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#85, the following new objective was included in the revised WID MR DC and CA enhancements [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 the understanding of current time alignment for CA and possible specification impact of relaxation frame alignment are discussed.
[bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: _Ref129681832]Time alignment for CA in current specifications
In current TS 38.300 description below, frame timing and SFN are aligned for all CA operation including intra-band and inter-band CA.
“CA is supported for both contiguous and non-contiguous CCs. When CA is deployed frame timing and SFN are aligned across cells that can be aggregated. ”
Slot timing is also aligned between carriers to be aggregated within allowable maximum timing difference defined in current TS 38.133.
Based on these assumptions, the UE doesn’t need to read MIB for SCells if network provides the required SI by dedicated signaling, i.e. within an RRCReconfiguration message in current TS 38.331.
From RAN1 perspective, time alignment assumptions have impact on the timing of cross-carrier operation, e.g. downlink cross-carrier scheduling. As shown in Figure 1, the following PDSCH scheduling timing description is based on frame timing alignment assumption. If n is 1 in scheduling cell, the slot number (5) of the PDSCH in scheduled cell is derived by adding  (3) to the conversed reference slot number by =2.



“-	The slot allocated for the PDSCH is , where n is the slot with the scheduling DCI, and K0 is based on the numerology of PDSCH, and  and are the subcarrier spacing configurations for PDSCH and PDCCH, respectively, and”
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[bookmark: _Ref20211752]Figure 1 Timing of cross-carrier scheduling with different numerologies in current spec

Observation 1: NR CA operation in current spec. is synchronous CA with aligned frame timing, SFN and slot timing.
Relaxation of the frame timing for CA
Frame/Slot offset indication
If asynchronous NR CA is supported with partial SFN alignment for R16, UE should find some way to get frame timing of SCell. One way is to acquire MIB of the SCell. Another way is to explicitly indicate the slot offset to UE by RRC signalling, e.g. in RRCReconfiguration message when SCell is added or in cross-carrier scheduling configuration. For the above two options, the second one is easy for UE implementation.
Proposal 1: Slot offset is explicitly indicated to the UE by RRC for asynchronous NR CA operation.
Cross-carrier operation timing
In RAN1#97, observation about the two interpretations on cross-carrier scheduling in TS 38.214 were identified:
· Interpretation 1: UE takes the slot numbering of the scheduling cell as timing reference for scheduled behavior;
· If UE goes 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 goes with this interpretation, frame boundary alignment or not will have no impact on timing in scheduled cell 
Above two interpretations can be illustrated as Figure 2 and Figure 3.
	
[image: ]

	[bookmark: _Ref20213665] Figure 2 Slot numbering of the scheduling cell is taking as timing reference in scheduled cell
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	[bookmark: _Ref20213693]Figure 3 Timing location of the scheduling cell is taking as timing reference in scheduled cell


In our understanding, Interpretation 2 is more reasonable to align with description for synchronous CA. The issue needing to be solved is how to derive the reference slot number in the scheduled cell considering positive and negative slot offset value. Figure 4 below elaborates the timing relationship for cross-carrier scheduling with different numerologies in positive and negative slot offset. 

[bookmark: _GoBack][image: ]
[bookmark: _Ref19630803]Figure 4 Timing of cross-carrier operation for asynchronous NR CA
is the number of slot based on the numerology of PDSCH. And can be positive or negative value.  Misalignment would be  multiplied PDSCH slot duration in Ts. For example, if SCS of PDSCH is 15 kHz, PDSCH slot duration is 30720Ts. Therefore  since misalignment should be limited to ±76800Ts. In summary, the slot allocated for the PDSCH can be derived by: 
, where
·  is the slot with the scheduling DCI ,
·  is the slot with the scheduled PDSCH,
· K0 is based on the numerology of PDSCH, 
· 

 and are the subcarrier spacing configurations for PDSCH and PDCCH, respectively,
·  is the number of slot in a frame based on the numerology of PDSCH, 
· If , ; otherwise  .
Similar description can be used for PUSCH and other cross-carrier operations.

Proposal 2: The following descriptions of resource allocation in time domain for PDSCH and PUSCH are proposed:
· The slot allocated for the PDSCH is 
, where
·  is the slot with the scheduling DCI ,
·  is the slot with the scheduled PDSCH,
· K0 is based on the numerology of PDSCH, 
· 

 and are the subcarrier spacing configurations for PDSCH and PDCCH, respectively,
·  is the number of slot in a frame based on the numerology of PDSCH, 
· If , ; otherwise  .

· The slot where the UE shall transmit the PUSCH is determined by  as 
, where
·  is the slot with the scheduling DCI ,
·  is the slot with the scheduled PUSCH,
· K2 is based on the numerology of PUSCH, 
· 

and are the subcarrier spacing configurations for PUSCH and PDCCH, respectively,
·  is the number of slot in a frame based on the numerology of PUSCH, 
· If , ; otherwise  .

Conclusion
According to the above discussions, we have the following observation and proposal:
Observation 1: NR CA operation in current spec. is synchronous CA with aligned frame timing, SFN and slot timing.
Proposal 1: Slot offset is explicitly indicated to the UE by RRC for asynchronous NR CA operation.
Proposal 2: The following descriptions of resource allocation in time domain for PDSCH and PUSCH are proposed:
· The slot allocated for the PDSCH is 
, where
·  is the slot with the scheduling DCI ,
·  is the slot with the scheduled PDSCH,
· K0 is based on the numerology of PDSCH, 
· 

 and are the subcarrier spacing configurations for PDSCH and PDCCH, respectively,
·  is the number of slot in a frame based on the numerology of PDSCH, 
· If , ; otherwise  .

· The slot where the UE shall transmit the PUSCH is determined by  as 
, where
·  is the slot with the scheduling DCI ,
·  is the slot with the scheduled PUSCH,
· K2 is based on the numerology of PUSCH, 
· 

and are the subcarrier spacing configurations for PUSCH and PDCCH, respectively,
·  is the number of slot in a frame based on the numerology of PUSCH, 
· If , ; otherwise  .
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