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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][2]. According to the decision, details to support CA operation with unaligned frame boundary were agreed in RAN1#98bis meeting as follows [3].
	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  
Note: it is confirmed that the offset Range is to be limited to ±76800Ts as in the WID



Moreover, the following was agreed as working assumption via RAN1 email reflector discussion after RAN1#98bis meeting.
	· Confirm Alt 1 as the slot granularity for offset indication 
· Single value representing slot offset with slot granularity is indicated by RRC parameter  for a given Scell
· For slot offset N, the beginning of slot #0 of the CC with lower SCS (or PCell/PScell for equal SCS) coincides with slot #(qN mod M) of the CC with higher SCS (or SCell for equal SCS) 
· Where 
· q = -1, if SCS of PCell/PScell is smaller than or equal to SCS of SCell
· q = 1, otherwise
· M is the number of slots per frame in the CC with higher SCS



Even though the agreements so far provide some framework, there are still remaining points to decide to specify exact definition of ‘unaligned frame boundary with slot alignment’ for inter-band CA operation. Moreover, corresponding discussion/decision on the HARQ/scheduling timing involving aggregated cells (e.g., cross-carrier scheduling case) is necessary.
In this contribution, we discuss details for inter-band CA operation with unaligned frame boundary with slot alignment, and make suggestions to finalize the relevant Rel-16 specifications.

2. Discussion
2.1. Definition of slot offset
In email discussion after RAN1#98bis meeting, the principle of the slot granularity for offset indication was agreed as working assumption. However, according to the current principle described by text, it seems to have an ambiguity because multiple different solution can satisfy the text. 
For example, following two solutions can be considered. 
· 1st Solution: 16k is always located at the front of slot number #0 of Scell.
· 2nd Solution: The location of 16k can be changed in order to keep slot boundary alignment

According to waveform generation formula, 16k is located at the front of 1st OFDM symbol in a subframe. If following the formula, we may think that when slot indices of Scell are shifted, 16k is always located at the front of slot number #0 of shifted cell. In figure 1, an example of 1st solution is depicted.
On the other hand, since there is no limitation to keep the location of 16k in the working assumption, we may consider that the location of 16k can be changed to the front of other slot of shifted cell for tight slot alignment. In figure 2, an example of 2nd solution is depicted.



Figure 1. Example of 1st Solution (in 120kHz SCS case)


Figure 2. Example of 2nd Solution (in 120kHz SCS case)

At first, based on assuming that 1st solution is common understanding in RAN1 discussion, we provide exact formula which fulfils the principle as follow:
Observation 1:
· Current working assumption can be described as an exact form as follows, under the condition that 16k is always located at the front of slot number #0 of Scell. 
	If SCS of Pcell/Pscell and Scell is 15kHz,
· Nshift_samples =  i * 32720k samples
else, 
· Nshift_samples =  i*L+ (floor( i/Ns )+[1-delta(i mod Ns)] ) * 16k samples, for normal CP
· Nshift_samples = i*Lext samples, for extended CP
where 
• N is slot offset configured by higher layer.
• i is slot number (qN mod M) of the CC with higher SCS (or Scell for equal SCS)
• M is number of slot within frame.
• Ns is number of slot within 0.5ms
• L = (15360k – 16k)/Ns
• Lext = 15360k / Ns
• delta(i mod Ns) = 1 if (i mod Ns) = 0 and delta(i mod Ns) = 0 if (i mod Ns) ≠ 0
• k = Ts / Tc = 64, where, Ts = 1/(Δfref · Nf,ref), Δfref = 15·103 Hz and Nf,ref = 2048 [Ref: TS38.211]



However, in case that SCS of both Pcell/Pscell and Scell is larger than 30kHz, it is hard to keep slot alignment between Pcell/PScell and Scell. 

[image: ]
Figure 3. Example of slot index shift (60kHz SCS for Pcell/PScell, 60kHz/120kHz SCS for Scell)
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Figure 4. Example of slot index shift (120kHz SCS for Pcell/PScell, 120kHz SCS for Scell)

[image: ]
Figure 5. Example of slot index shift (120kHz SCS for Pcell/PScell, 60kHz for Scell)

From figure 3 to figure 5, it is observed that slot boundary is not aligned between Pcell/PScell and Scell when SCS for both Pcell/Pscell and Scell is larger than 30kHz. On the other hand, one among SCS of Pcell/Pscell and SCS of Scell is equal to or smaller than 30kHz, slot boundary is always kept. 

On the other hand, if it is allowed to change the 16k position depending on slot shift, slot boundary alignment can be achieved. In figure 6, an example of 2nd solution in case of 120kHz SCS for Pcell/PScell and 60kHz for Scell is depicted. 


Figure 6. Example of 2nd solution (120kHz SCS for Pcell/PScell, 60kHz for Scell)

In case that shifted slot has longer slot duration (i.e., slot with 15kHz SCS and 30kHz SCS), the slot boundary between Pcell/Pscell and Scell is aligned even though the 16k is located at the 1st OFDM symbol in a subframe. In case that shifted slot has shorter slot duration (i.e. slot with 60kHz SCS), when it is allowed to change 16k position depending on slot shift offset, slot boundary alignment is kept. 
Between two solutions, 2nd solution is more appropriate considering the current objective of aligning slot boundaries between aggregated cells. Therefore, we suggest the following:
Proposal 1:
Based on the current working assumption, exact form of the slot offset is defined as follows under the condition that slot boundary alignment is exactly kept.
· In case that shifted slot has longer slot duration (i.e., slot with 15kHz SCS and 30kHz SCS), the 16k is located at the 1st OFDM symbol in a subframe. 
· In case that shifted slot has shorter slot duration (i.e. slot with 60kHz and 120kHz SCS), it is allowed to change 16k position depending on slot shift offset.
2.2. HARQ/scheduling timing
When the UE is configured with inter-band CA with unaligned frame boundary, at least the following timings involving different cells should be clarified
· PDSCH to HARQ-ACK feedback timing
· PDCCH to PDSCH/PUSCH timing

PDSCH to HARQ-ACK feedback timing
In [5], PDSCH to HARQ-ACK feedback timing is defined as follows:
	




With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 scheduling a PDSCH reception ending in slot  or if the UE detects a DCI format 1_0 indicating a SPS PDSCH release through a PDCCH reception ending in slot , the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot , where  is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, if present, or provided by dl-DataToUL-ACK.  corresponds to the last slot of the PUCCH transmission that overlaps with the PDSCH reception or with the PDCCH reception in case of SPS PDSCH release.


Following the current description above, HARQ-ACK transmission timing in a cell is defined based on a slot number n, where the slot number n is not derived from the absolute slot number of the PDSCH transmission cell but defined relative to the PDSCH transmission slot of the PDSCH transmission cell. Therefore, it is not necessary to modify the current definition even if the frame boundary between PDSCH transmission cell and HARQ-ACK transmission cell are not aligned as long as slot boundaries are aligned.

Observation 2: 
· In case of unaligned frame boundary with slot alignment for inter-band CA, current description of PDSCH to HARQ-ACK timing doesn’t need to be modified as long as the slot boundaries are aligned between PDSCH transmission cell and HARQ-ACK transmission cell

PDCCH to PDSCH/PUSCH timing
In [5], PDCCH to PDSCH/PUSCH timing is defined as follows:
	<PDCCH to PDSCH>



-	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
<PDCCH to PUSCH>



[bookmark: _Hlk497992508]-	The slot where the UE shall transmit the PUSCH is determined by K2 as  where n is the slot with the scheduling DCI, K2 is based on the numerology of PUSCH, and  and  are the subcarrier spacing configurations for PUSCH and PDCCH, respectively, and


Following the current description above, in case of cross-carrier scheduling, the slot index for PDSCH/PUSCH transmission timing in a cell is defined as an absolute slot index of the scheduled cell which is derived from the absolute slot index of the scheduling cell. Therefore, if the frame boundary between PDSCH transmission cell and HARQ-ACK transmission cell are not unaligned, the current definition should be modified accordingly. However, considering the current discussion of slot offset definition for unaligned frame boundary case, modification based on absolute slot indices of scheduling cell and scheduled cell may accompany unnecessary complexity in both standardization work and the resultant description in the specifications. Moreover, cross-carrier scheduling offset definition based on absolute slot index would be vulnerable to the potential further enhancements in the future. Therefore, it is desirable to modify the current description of PDCCH to PDSCH scheduling offset definition following the similar approach with PDSCH to HARQ-ACK timing definition without involving absolute slot indices.

Proposal 2: 
· Modify the current description of PDCCH to PDSCH/PDSCH timing in case of cross-carrier scheduling as follows:
· If the DCI schedules PDSCH(PUSCH) in slot n, the corresponding PDSCH(PUSCH) is transmitted in slot n+K_0(K_2). K_0(K_2)=0 corresponds to the first slot of the PDSCH(PUSCH) reception(transmission) that overlaps with the PDCCH reception
· FFS exact meaning of “the first slot of the PDSCH(PUSCH) reception that overlaps with the PDCCH reception” when the slot boundaries are not exactly aligned between the scheduling cell and the scheduled cell

Conclusion 
In this contribution, we discussed details for inter-band CA operation with unaligned frame boundary with slot alignment, and made suggestions to finalize the relevant Rel-16 specifications. The observations and proposals of this contribution are summarized as follows: 

Observation 1:
· [bookmark: _GoBack]Current working assumption can be described as an exact form as follows, under the condition that 16k is always located at the front of slot number #0 of Scell 
	If SCS of Pcell/Pscell and Scell is 15kHz,
· Nshift_samples =  i * 32720k samples
else, 
· Nshift_samples =  i*L+ (floor( i/Ns )+[1-delta(i mod Ns)] ) * 16k samples, for normal CP
· Nshift_samples = i*Lext samples, for extended CP
where 
• N is slot offset configured by higher layer.
• i is slot number (qN mod M) of the CC with higher SCS (or Scell for equal SCS)
• M is number of slot within frame.
• Ns is number of slot within 0.5ms
• L = (15360k – 16k)/Ns
• Lext = 15360k / Ns
• delta(i mod Ns) = 1 if (i mod Ns) = 0 and delta(i mod Ns) = 0 if (i mod Ns) ≠ 0
• k = Ts / Tc = 64, where, Ts = 1/(Δfref · Nf,ref), Δfref = 15·103 Hz and Nf,ref = 2048 [Ref: TS38.211]



Proposal 1:
Based on the current working assumption, exact form of the slot offset is defined as follows under the condition that slot boundary alignment is exactly kept.
· In case that shifted slot has longer slot duration (i.e., slot with 15kHz SCS and 30kHz SCS), the 16k is located at the 1st OFDM symbol in a subframe. 
In case that shifted slot has shorter slot duration (i.e. slot with 60kHz and 120kHz SCS), it is allowed to change 16k position depending on slot shift offset.

Observation 2: 
· In case of unaligned frame boundary with slot alignment for inter-band CA, current description of PDSCH to HARQ-ACK timing doesn’t need to be modified as long as the slot boundaries are aligned between PDSCH transmission cell and HARQ-ACK transmission cell
Proposal 2: 
· Modify the current description of PDCCH to PDSCH/PDSCH timing in case of cross-carrier scheduling as follows:
· If the DCI schedules PDSCH(PUSCH) in slot n, the corresponding PDSCH(PUSCH) is transmitted in slot n+K_0(K_2). K_0(K_2)=0 corresponds to the first slot of the PDSCH(PUSCH) reception(transmission) that overlaps with the PDCCH reception
· FFS exact meaning of “the first slot of the PDSCH(PUSCH) reception that overlaps with the PDCCH reception” when the slot boundaries are not exactly aligned between the scheduling cell and the scheduled cell
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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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