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1. Introduction
In RAN#85 meeting, it was decided to support unaligned frame boundary with slot alignment and partial SFN alignment for Rel-16 NR inter-band CA [1]. For unaligned frame boundary, it is necessary to discuss whether to support signalling for slot offset. In this documentation, we discuss on the necessity of signalling for slot offset, and how to indicate the slot offset. 

2. Discussion
In case of unaligned frame boundary with slot alignment for inter-band CA, it is desirable not to increase the latency for adding scell or increase the UE detection complexity other than the case of aligned frame boundary for inter-band CA. When unknown-cell(s) is/are included in the sCellToAddModList, UE may search the frame boundary which may bring the latency and increase UE detection complexity. In order to resolve the problem, network should configure slot offset value for scell addition if the frame boundary between Spcell and Scell is not unaligned but slot boundary is aligned for inter-band CA.
Proposal 1: 
· In case of unaligned frame boundary with slot alignment for inter-band CA, the value of slot offset of SCell radio frame boundary relative to the PCell/PSCell radio frame boundary should be configured to the UE.

In NR system, formula for OFDM baseband signal generation is defined [3]. According to the formula, additional time duration (i.e., 16 κ) is inserted at the front part of every 0.5ms boundary. Hence, the time duration of OFDM symbol is decided as one of two types depending on OFDM symbol index within a subframe. Also, in case of larger subcarrier spacing (i.e., 60kHz, 120kHz, 240kHz, etc.), the time duration of slot is decided as one of two types whether additional 16 κ is inserted in a slot or not. In figure 1, time duration of slot depending on subcarrier spacing is depicted. 



Figure 1. Time duration of slot depending on subcarrier spacing

For inter-band carrier aggregation, it is required that maximum receive time difference between slot timing of different carriers to be aggregated at the UE receiver is 33us for FR1 and 8us for FR2. That is, slot boundary alignment is required for inter-band carrier aggregation. So, for slot boundary alignment, it is desirable that the value of slot offset corresponds to multiples of 1ms / 0.5ms for slot with 15kHs / 30kHz subcarrier spacing, respectively. Commonly for both FR1 and FR2, it could be applied to configure the value of slot offset corresponds to multiples of 0.5ms (or 1ms). Also, according to modified WID, the range of slot offset is limited to ±76800Ts. 
Proposal 2: 
· The value of slot offset corresponds to multiples of 0.5ms. And the range of slot offset is limited to ±76800Ts.
· Slot offset value is decided depending on reference numerology for slot offset indication where reference numerology is fixed in the specification or refers to a certain numerology in SCell
· For 15 SCS slot, offset index is -5,-4,-3,-2,-1, 0,1,2,3,4
· For 30 SCS slot, offset index is -10, -9, -8, -7, -6, -5, -4, -3, -2, -1, 0,1,2,3,4,5,6,7,8,9
· For 60 SCS slot, offset index is (-10, -9, -8, -7, -6, -5, -4, -3, -2, -1, 0,1,2,3,4,5,6,7,8,9)*2
· For 120 SCS slot, offset index is (-10, -9, -8, -7, -6, -5, -4, -3, -2, -1, 0,1,2,3,4,5,6,7,8,9)*4

Conclusion 
In this contribution, we discussed on supporting of unaligned frame boundary with slot alignment and partial SFN alignment for Rel-16 NR inter-band CA. We proposed as follows: 
Proposal 1: 
· In case of unaligned frame boundary with slot alignment for inter-band CA, the value of slot offset of SCell radio frame boundary relative to the PCell/PSCell radio frame boundary should be configured to the UE.
Proposal 2: 
· The value of slot offset corresponds to multiples of 0.5ms. And the range of slot offset is limited to ±76800Ts.
· Slot offset value is decided depending on reference numerology for slot offset indication where reference numerology is fixed in the specification or refers to a certain numerology in SCell
· For 15 SCS slot, offset index is -5,-4,-3,-2,-1, 0,1,2,3,4
· For 30 SCS slot, offset index is -10, -9, -8, -7, -6, -5, -4, -3, -2, -1, 0,1,2,3,4,5,6,7,8,9
· For 60 SCS slot, offset index is (-10, -9, -8, -7, -6, -5, -4, -3, -2, -1, 0,1,2,3,4,5,6,7,8,9)*2
· For 120 SCS slot, offset index is (-10, -9, -8, -7, -6, -5, -4, -3, -2, -1, 0,1,2,3,4,5,6,7,8,9)*4

Reference
[1] draft_MeetingReport_RAN_85190920_eom
[2] RP-1922336, “Revised WID: Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements”, Ericsson
[3] 3GPP TS 38.211
Annex A.
Revised WID: Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements [2]
	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



Annex B.
OFDM baseband signal generation for all channels except PRACH [3]
	

The time-continuous signal  on antenna port  and subcarrier spacing configuration  for OFDM symbol  in a subframe for any physical channel or signal except PRACH is defined by

	

where  is the time within the subframe, 


and

-	 is given by clause 4.2;

-	 is the subcarrier spacing configuration; 
-	 is the largest  value among the subcarrier spacing configurations by the higher-layer parameter scs-SpecificCarrierList. 


The starting position of OFDM symbol  for subcarrier spacing configuration in a subframe is given by
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