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1. Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]The MR-DC and CA enhancement WI is updated in RAN#85 to support unaligned frame boundary for R16 NR inter-band CA [1]:
	Introduce support for unaligned frame boundary with slot alignment and partial SFN alignment for R16 NR inter-band CA [RAN1, RAN2]
a. Misalignment should be limited to ±76800Ts
b. 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 provide our analysis on the details to support unaligned frame boundary.

2. Discussion 
In LTE, frame boundary alignment between cells is required for CA operation, mainly for the sake of HARQ timing definition from RAN1 perspective. Nevertheless, thanks to the flexible HARQ timing design in NR, such limitation can be removed. It has been agreed in the previous meeting to signal the timing offset of a shifted Scell [2], for the sake of RS sequence generation, reference timing definition for SMTC, configured grant, RRM, etc. In the section, the details of slot offset signaling as well as other RAN1 specification impact are discussed.

2.1. Signaling support for timing offset
The signaling for timing offset is defined with slot granularity for a shifted Scell was agreed in the previous meeting [2]:
	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 granularity 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


Working assumption:
· 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
· Note: Other simple description is not precluded as long as it is aligned with above principle.



One problem of this shifting is that, in some case, the slot boundary cannot be aligned between the PCell/PScell and the shifted Scell. One example is shown in the Figure 1, where the slot boundaries are not aligned between Pcell and Scell with some specific shifting offset. 
[image: ]
[bookmark: _Ref23858784]Figure 1: Unaligned slot boundaries between 60 kHz Pcell and 120 kHz shifted Scell
However, in our view this is not a critical issue, and may happen in the case of CA with multiple TAGs, where cells from different TAGs anyway cannot be exactly aligned in slot boundary.
[bookmark: _Ref23859446]Observation 1: The situation of slot boundary not exactly aligned also exists in the case of CA with multiple TAGs in Rel-15.

Another problem of this definition is that, the granularity of the slot offset indicated for each Scell is not a fix and unambiguous value. Instead, it is defined as the maximum of {lowest SCS among all the configured DL/UL BWPs of Pcell/PScell, lowest SCS among all the configured DL/UL BWPs of the shifted Scell}. Consequently, in the case of RRC reconfiguring the SCS of the BWP(s) in Pcell/PScell, the slot offsets for all the Scells should be reconfigured together due to the change of slot granularity.
This may have great impact on the ongoing data scheduling in the Scells, and may cause significant signaling overhead because all the shifted Scells should be reconfigured together (where the ServingCellConfig is quite a large RRC IE). Therefore, it is preferable to have a predefined SCS as slot granularity (e.g. Alt.3 in the agreement). Alternatively, the reference SCS is configured by RRC together with the slot offset itself.
[bookmark: _Ref23790727]Proposal 1: The slot granularity for offset indication should base on a predefined SCS (e.g., 60 kHz for FR1 and 120 kHz for FR2), or a SCS configured by RRC for that shifted cell.

2.2. Cross-carrier scheduling/triggering
The expected scheduling operations for both aligned and unaligned frame boundary cases are illustrated in Figure 2. 
[image: ]
[bookmark: _Ref16088834]Figure 2: Scheduling timing for both aligned and unaligned frame boundary cases
From RAN1 perspective, removing this limitation may have impact on the following aspects:
· HARQ feedback timing for PUCCH and PDSCH on different cells
· Scheduling timing for PDSCH and PUSCH in the case of cross-carrier scheduling
· Reference CSI resource timing for aperiodic CSI reporting on a different cell

HARQ feedback timing
According to our understanding, HARQ feedback timing for CA with unaligned frame boundary are already supported by the current RAN1 specification, as shown in the following text from 38.213. The highlighted sentence explicitly defines the reference slot for k1, which is agnostic to the absolute slot index of the cells, regardless of aligned or unaligned frame boundary. Further, it works well for both same numerology and mix numerologies cases.
	


For a SPS PDSCH reception ending in slot , the UE transmits the PUCCH in slot where  is provided by the PDSCH-to-HARQ-timing-indicator field in DCI format 1_0 or, if present, in DCI format 1_1 activating the SPS PDSCH reception. 



If the UE detects a DCI format 1_1 that does not include a PDSCH-to-HARQ-timing-indicator field and schedules a PDSCH reception or activates a SPS PDSCH reception ending in slot , the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot  where  is provided by dl-DataToUL-ACK.





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-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. 



[bookmark: _Ref6943471]Observation 2: No RAN1 specification change of HARQ feedback timing is required to support CA with unaligned frame boundary.

[image: ]
[bookmark: _Ref20750102]Figure 3: Cross-carrier scheduling timing for PDSCH
Cross-carrier scheduling timing for PDSCH 
On the other hand, as illustrated in Figure 3, the cross-carrier scheduling timing for PDSCH in the case of CA with unaligned frame boundary is incorrect. The problem is that the reference slot for PDSCH (i.e., k0 = 0) is determined by the absolute slot index of the scheduling DCI, which is not aligned between scheduling and scheduled cells in this case, as highlighted in the following text cited from 38.214.
	When the UE is scheduled to receive PDSCH by a DCI, the Time domain resource assignment field value m of the DCI provides a row index m + 1 to an allocation table. The determination of the used resource allocation table is defined in sub-clause 5.1.2.1.1. The indexed row defines the slot offset K0, the start and length indicator SLIV, or directly the start symbol S and the allocation length L, and the PDSCH mapping type to be assumed in the PDSCH reception.
Given the parameter values of the indexed row:



-	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


To resolve this issue, the most straightforward solution is to redefine the reference slot for PDSCH, using a similar text as 38.213. A draft TP is provided as follow:
	When the UE is scheduled to receive PDSCH by a DCI, the Time domain resource assignment field value m of the DCI provides a row index m + 1 to an allocation table. The determination of the used resource allocation table is defined in sub-clause 5.1.2.1.1. The indexed row defines the slot offset K0, the start and length indicator SLIV, or directly the start symbol S and the allocation length L, and the PDSCH mapping type to be assumed in the PDSCH reception.
Given the parameter values of the indexed row:
-	If the DCI scheduling PDSCH in slot , the corresponding PDSCH is in slot .  corresponds to the first slot of the PDSCH reception that overlaps with the PDCCH reception. 


[bookmark: _Ref528781633]Proposal 2: The slot index for PDSCH should be redefined agnostic to the absolute slot index of the cells, similar as the definition of K1 in 38.213.
[image: ]
[bookmark: _Ref20755177]Figure 4: Cross-carrier scheduling timing for PUSCH
Cross-carrier scheduling timing for PUSCH 
Similar issue also exist on the scheduling timing for PUSCH, as illustrated in Figure 4, due to the highlighted sentences in the following text cited from 38.214.
	




When the UE is scheduled to transmit a PUSCH with no transport block and with a CSI report(s) by a CSI request field on a DCI, the Time-domain resource assignment field value m of the DCI provides a row index m + 1 to an allocated table which is defined by the higher layer configured pusch-TimeDomainAllocationList in pusch-Config. The indexed row defines the start and length indicator SLIV, and the PUSCH mapping type to be applied in the PUSCH transmission and the K2 value is determined as , where  are the corresponding list entries of the higher layer parameter reportSlotOffsetList in CSI-ReportConfig for the  triggered CSI Reporting Settings and  is the (m+1)th entry of .



[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


It can be resolved by the same way as the PDSCH scheduling timing, as shown in the following draft TP:
	




When the UE is scheduled to transmit a PUSCH with no transport block and with a CSI report(s) by a CSI request field on a DCI, the Time-domain resource assignment field value m of the DCI provides a row index m + 1 to an allocated table which is defined by the higher layer configured pusch-TimeDomainAllocationList in pusch-Config. The indexed row defines the start and length indicator SLIV, and the PUSCH mapping type to be applied in the PUSCH transmission and the K2 value is determined as , where  are the corresponding list entries of the higher layer parameter reportSlotOffsetList in CSI-ReportConfig for the  triggered CSI Reporting Settings and  is the (m+1)th entry of .
-	If the UE detects the DCI scheduling PUSCH in slot , the UE transmits the corresponding PUSCH in slot .  corresponds to the first slot of the PUSCH transmission that overlaps with the PDCCH reception. 


[bookmark: _Ref4610362]Proposal 3: The slot index for PUSCH should be redefined agnostic to the absolute slot index of the cells, similar as the definition of K1 in 38.213.

Reference CSI resource for aperiodic CSI reporting
For the aperiodic CSI reporting, in the case of cross-carrier triggering with same numerology, a timing issue similar as PDSCH/PUSCH scheduling also exists, as highlighted in the following text cited from 38.214, which should also be resolved. An additional slot offset X is agreed for the mix numerologies case [2]. 
	-	In the time domain, the CSI reference resource for a CSI reporting in uplink slot n' is defined by a single downlink slot n-nCSI_ref,



-	where  and and  are the subcarrier spacing configurations for DL and UL, respectively
-	where for periodic and semi-persistent CSI reporting
-	if a single CSI-RS/SSB resource is configured for channel measurement nCSI_ref is the smallest value greater than or equal to , such that it corresponds to a valid downlink slot, or

-	if multiple CSI-RS/SSB resources are configured for channel measurement nCSI_ref is the smallest value greater than or equal to , such that it corresponds to a valid downlink slot.

-	where for aperiodic CSI reporting, if the UE is indicated by the DCI to report CSI in the same slot as the CSI request, nCSI_ref is such that the reference resource is in the same valid downlink slot as the corresponding CSI request, otherwise nCSI_ref is the smallest value greater than or equal to , such that slot n- nCSI_ref corresponds to a valid downlink slot, where Z' corresponds to the delay requirement as defined in Subclause 5.4.


[bookmark: _Ref20754886]In both cases, the timing of CSI reference resource should be redefined, agnostic to the absolute slot index, similarly as that for cross-carrier PDSCH/PUSCH scheduling.
[bookmark: _Ref23790731]Proposal 4: The timing of CSI reference resource should be redefined agnostic to the absolute slot index of the cells.

3. Conclusion
In the contribution, we provide our view on the details to support unaligned frame boundary, and have the following observations and proposals,
Observation 1: The situation of slot boundary not exactly aligned also exists in the case of CA with multiple TAGs in Rel-15.
Observation 2: No RAN1 specification change of HARQ feedback timing is required to support CA with unaligned frame boundary.

Proposal 1: The slot granularity for offset indication should base on a predefined SCS (e.g., 60 kHz for FR1 and 120 kHz for FR2), or a SCS configured by RRC for that shifted cell.
Proposal 2: The slot index for PDSCH should be redefined agnostic to the absolute slot index of the cells, similar as the definition of K1 in 38.213.
Proposal 3: The slot index for PUSCH should be redefined agnostic to the absolute slot index of the cells, similar as the definition of K1 in 38.213.
Proposal 4: The timing of CSI reference resource should be redefined agnostic to the absolute slot index of the cells.
4. [bookmark: _Ref510367705][bookmark: _Ref503565490][bookmark: _Ref493791948][bookmark: _Ref503565531]Reference
[1] [bookmark: _Ref521328302][bookmark: _Ref510367818]RP-1922336, “Revised WID: Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements”, RAN#85, Newport Beach, September 2019.
[2] [bookmark: _Ref521143722][bookmark: _Ref4589190][bookmark: _Ref20754525]Chairman Notes, 3GPP TSG RAN WG1 #98bis meeting, Chongqing, October 2019.
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