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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 

During RAN1#97 meeting, the necessity of frame boundary alignment for NR CA has been discussed. The following observation has been made to encourage companies to further check details on this issue [2].
	Observation:
From some cross-carrier operation, e.g., cross-carrier scheduling, cross-carrier triggering, etc., in 214, at least in cross-carrier scheduling, the timing on the scheduled cell may have two interpretations:
· Interpretation 1: UE takes the slot numbering of the scheduling cell as timing reference for scheduled behavior;
· if UE go 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 go with this interpretation, frame boundary alignment or not will have no impact on timing in scheduled cell
 
Encourage companies to look into the 213&214 to identify if there are other operations in CA requiring frame boundary alignment before August 2019.



In this contribution, key issues are summarized based on the submitted contributions in this meeting. 

[bookmark: _Ref473802466][bookmark: _Ref462669569]Summary of Technical Proposals 
Issues related to signalling support for slot offset
Necessity of signalling support of slot offset
The first issue to be discussed is the necessity of signaling support of the slot offset of SCell radio frame boundary relative to the PCell/PSCell radio frame boundary. Seven companies explicitly support introducing signaling of slot offset to support unaligned frame boundary inter-band CA. One company explicitly stated that the signaling is not needed. Other companies didn’t express strong views on this issue. 
	Views
	Companies

	Support
	ZTE, CATT, Huawei, HiSilicon, Intel, LG, Qualcomm

	Not support
	Samsung (From RAN1 point of view)

	Both are feasible
	Ericsson



Observation: Majority of companies support explicit signalling of slot offset to the UE.
Offline proposal 1: Support explicit signalling of slot offset to the UE in unaligned frame boundary inter-band CA.
Offline agreement: 
· Support explicit RRC signalling of slot offset to the UE in unaligned frame boundary inter-band CA.
· FFS: RAN1 Spec if any impact
· FFS: If slot offset is indicated with respect to Pcell
· Note: Offset is always signalled if the offset is not zero for the UE indicated this capability
· Observation: One slot right-shift and one slot left-shift corresponds to different samples in the current spec description  

Comments for the issue. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	
	

	
	




Related Proposals:
	Company
	proposals

	ZTE[4]
	Proposal 1: Network indicates slot offset of each SCell to UE. 
The slot offset of each SCell is relative to PCell;
The slot offset of each SCell is numbered in the unit 60 KHz and 120 KHz for FR1 and FR2, respectively.

	CATT [6]
	Proposal 1: signaling of slot offset is needed to support unaligned frame boundary inter-band CA from RAN1 perspective.

	Huawei, HiSilicon [7]
	Proposal 1: Slot offset is explicitly indicated to the UE by RRC for asynchronous NR CA operation.

	Intel [9]
	Proposal: For NR CA with unaligned frame boundary with slot alignment and partial SFN alignment, slot offset could be used to adjust the cross-carrier scheduling timeline, i.e. a DCI with a value of K0 in slot n on scheduling cell is to schedule a slot   on scheduled cell.

	LG [10]
	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.

	Qualcomm [12]
	Proposal 1: If async-CA is defined, the exact slot offset and frame boundary offset must be indicated in an RRC message, because it has been agreed that blind detection of slot offset is not in scope.

	Samsung [8]
	Observation 1: From a RAN1 perspective, there is no need for signaling the slot offset for CA operation with unaligned frame boundaries among cells.

	Ericsson [11]
	•	For a Rel16 UE indicating capability of such operation, following options of UE behavior are possible
o	Alt1: 
	During Scell addition, UE is configured with a slot offset with reference to Pcell timing
	Within RAN1 specs, UE procedures are updated to reflect the presence of the slot offset between Pcell and Scell
o	Alt 2:
	During Scell addition, UE is configured with a slot offset with reference to Pcell timing
	The slot offset is provided as ‘assistance information’ to the UE, e.g. at least to acquire the Scell in case of blind Scell addition
	No additional changes are made to RAN1 specs to reflect the presence of the slot offset. i.e., the time difference between serving cells is handled via NW implementation 
o	Alt3:
	No additional signaling is introduced.
	For each configured Scell, the UE assumes frame timing can be misaligned up to ±76800Ts wrt Pcell timing (in addition to assuming symbol level alignment).
	No additional changes are made to RAN1 specs to reflect the unaligned frame timing. i.e., the time difference between serving cells is handled via NW implementation.
	Note: Cases which require blind detection of slot offset are assumed to be not supported.
Our initial view is that all three above alternatives are feasible from RAN1 perspective and further discussion/analysis is needed to select one of the alternatives.



Determination of the slot offset value
Three companies expressed their views on determination of the slot offset value. Three companies all mentioned the reference numerology for slot offset indication, or something like that. Basically, there are two options.
Issue 1: Reference numerology of slot offset indication
· Option 1: Reference numerology of slot offset indication is in the specification, e.g., 60KHz for FR1 and 120 kHz for FR2
· Option 2. Reference numerology of slot offset indication is a certain numerology of scheduled Scell.
Offline proposals: More discussion is needed, and we can first try option 1 for simplicity. Companies are invited to provide more views on this issue. 
Offline agreement
· Reference numerology of slot offset indication can be any 15/30/60/120/240
· FFS: It is expected that higher SCS is configured as reference numerology from network side

After determination of the reference numerology, another issue should be discussed is the unit of the slot offset value and the value range. Three companies expressed their different views on this, and more discussion is needed. Two options are identified as following.
Issue 2: The granularity of slot offset value and the value range
Option 1: The granularity of slot offset value corresponds to one slot of the reference numerology —— ZTE, Qualcomm
Option 2: The value of slot offset corresponds to multiples of 0.5ms—— LG
Offline proposals: The granularity of slot offset value corresponds to one slot of the reference numerology.
Offline Agreement:
· The granularity of slot offset value corresponds to one slot of the candidate reference numerology.
· [bookmark: _GoBack]Offset Range is to be limited to ±76800Ts


Note: As the WID, the misalignment should be limited to ±76800Ts. 
· For 15kHz, ±76800Ts equals to ±2.5 slots; 
· For 30kHz, ±76800Ts equals to ±5 slots; 
· For 60kHz, ±76800Ts equals to ±10 slots; 
· For 120kHz, ±76800Ts equals to ±20 slots;
· For 240kHz, ±76800Ts equals to ±40 slots.

Comments for the issues. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	
	

	
	



Related Proposals:
	Company
	proposals

	ZTE [3]
	Proposal 1: Network indicates slot offset of each SCell to UE. 
The slot offset of each SCell is relative to PCell;
The slot offset of each SCell is numbered in the unit 60 KHz and 120 KHz for FR1 and FR2, respectively.
Since the misalignment should be limited to ±76800Ts, i.e., 2.5ms, for FR1, the value range of slotOffsetToPcell is {-10, -9… -3, -2, -1, 0, 1, 2, 3 … 9, 10}. Similarly, for FR2, the value range of slotOffsetToPcell is {-20, -19… -3, -2, -1, 0, 1, 2, 3 … 19, 20}.

	LG [9]
	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


	Qualcomm [11]
	Observation: The RRC message – sCellConfig could be considered to configure the new field - “Offset” with the condition of “PScell/Scell addition”. The Offset value should be within ±5 slots.



Timing of cross-carrier PDSCH/PUSCH scheduling
High level rewording principle of timing determination for cross-carrier scheduling in 5.1.2.1 and 6.1.2.1 of TS38.214
Base on the proposals from companies, there are three options for timing determination of cross-carrier PDSCH/PUSCH scheduling. Option 1 and 2 are equivalent, just different expression methods. Option 1 has five supportive companies, and option 2 has three supportive companies. The company who proposed option 3 seems do not have strong view on this.
Option 1: update the scheduled slot determination equations with slot offset.`
· Support: ZTE, Huawei, HiSilicon, Intel, CATT(need more discussion)
Option 2: describe the slot determination following Interpretation 2 without explicitly mentioning slot offset, in a similar way as PDSCH-to-PUCCH HARQ ACK timing in 38.213.
· Support: Vivo, Samsung, CATT(need more discussion)
Option 3: No additional changes are made to RAN1 specs to reflect the presence of the slot offset/the unaligned frame timing, i.e. the time difference between serving cells is handled via NW implementation 
· Support: Ericsson, Qualcomm (need more discussion)

Observation: Option 1 and option 2 have comparable number of supportive companies.
Offline proposal: Down select from Option 1 and Option 2 for high level principle of timing determination for cross-carrier scheduling in 5.1.2.1 and 6.1.2.1 of TS38.214

Comments for the issue. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	
	

	
	



Related Proposals:
	Company
	proposals

	ZTE
	Observation 1: UEs with Interpretation#1 need slot offset to determine the target slot in the scheduled SCell.
Observation 2: For UEs with Interpretation#2, slot offset is not necessary for cross-carrier scheduling.

	VIVO
	Proposal 1: 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 2: 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.


	CATT
	Proposal 2: revise determination of slot offset in 5.1.2.1 and 6.1.2.1 in 38.214 to support cross-carrier scheduling for unaligned frame boundary inter-band CA.
Proposal 3: discuss the following two options for slot determination for cross-carrier scheduling for unaligned frame boundary inter-band CA.
· Opt.1: update the slot determination equations to add slot offset. 
· Opt.2: describe the slot determination following interpretation 2 in a similar way as PDSCH-to-PUCCH timing in 38.213.


	Huawei, HiSilicon
	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  .


	Samsung
	Observation 2: For a UE declaring a capability to use the slots of the scheduled cell as timing reference, the timing relation descriptions for PDSCH/PUSCH/SRS in 38.214 can be aligned with the ones for PUCCH in 38.213.

	Intel Corporation
	[bookmark: _Hlk17221238][bookmark: p1]Proposal: For NR CA with unaligned frame boundary with slot alignment and partial SFN alignment, slot offset could be used to adjust the cross-carrier scheduling timeline, i.e. a DCI with a value of K0 in slot n on scheduling cell is to schedule a slot  on scheduled cell. 


	Ericsson
	· For a Rel16 UE indicating capability of such operation, following options of UE behavior are possible

· Alt1: 
· During Scell addition, UE is configured with a slot offset with reference to Pcell timing
· Within RAN1 specs, UE procedures are updated to reflect the presence of the slot offset between Pcell and Scell

· Alt 2:
· During Scell addition, UE is configured with a slot offset with reference to Pcell timing
· The slot offset is provided as ‘assistance information’ to the UE, e.g. at least to acquire the Scell in case of blind Scell addition
· No additional changes are made to RAN1 specs to reflect the presence of the slot offset. i.e., the time difference between serving cells is handled via NW implementation 

· Alt3:
· No additional signaling is introduced.
· For each configured Scell, the UE assumes frame timing can be misaligned up to ±76800Ts wrt Pcell timing (in addition to assuming symbol level alignment).
· No additional changes are made to RAN1 specs to reflect the unaligned frame timing. i.e., the time difference between serving cells is handled via NW implementation.
· Note: Cases which require blind detection of slot offset are assumed to be not supported.

Our initial view is that all three above alternatives are feasible from RAN1 perspective and further discussion/analysis is needed to select one of the alternatives.


	Qualcomm Incorporated
	Our understanding is that Rel-15 specification clearly mandates interpretation 1 for PDCCH-to-PDSCH and PDCCH-to-PUSCH mapping, while it mandates interpretation 2 for PDSCH-to-PUCCH mapping. 
· Example of Interpretation 1 is scheduling PDSCH/PUSCH by PDCCH in the same or in a different carrier. 
· Example of Interpretation 2 is the SCell self-schedules PDSCH and feedback ACK via PUCCH on PCell. 

We don’t yet see a need to change either of this. For the Async CA scenario, we suggest reusing the Rel-15 reference timing.



Details of Spec impact following Option 1
Huawei/HiSilicon and Intel provided the concrete formula to determine the scheduled slot number. They are essentially the same, except the handling of edge slot number of each frame. ZTE and CATT gave examples to eliminate the unalignment with slot offset using similar way.
Offline Proposals: Further discuss the concrete formula taking into account the slot offset to determine the scheduled slot number.

Comments for the issue. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	
	

	
	




Related Proposals:
	Company
	proposals

	ZTE, CATT
	Provided examples to eliminate the unalignment with slot offset.

	Huawei, HiSilicon
	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  .

	Intel Corporation:
	For NR CA with unaligned frame boundary with slot alignment and partial SFN alignment, slot offset could be used to adjust the cross-carrier scheduling timeline, i.e. a DCI with a value of K0 in slot n on scheduling cell is to schedule a slot  on scheduled cell.


	Ericsson
	Within RAN1 specs, UE procedures are updated to reflect the presence of the slot offset between Pcell and Scell




Details of Spec impact following Option 2
The companies supporting option 2 share similar view that the cross-carrier scheduling timing is determined in a similar way as PDSCH-to-PUCCH timing in 38.213, but they have different wording.
Offline proposal: Further discuss the wording in the spec if option 2 is agreed.

Comments for the issue. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	
	

	
	



Related Proposals:
	Company
	proposals

	ZTE
	For UEs with Interpretation#2, since they take the timing location of the numbering slot of the scheduling cell as timing reference for scheduled behavior, the slot offset is not necessary for determining the target slot in the scheduled cell;

	VIVO
	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. 



Cross-carrier scheduling timing for PUSCH 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. 





	CATT
	In a similar way as PDSCH-to-PUCCH timing in 38.213. 
	


-	The slot allocated for the PDSCH is n+K0,  where n is the slot within which the scheduling DCI ends with reference to slots for PDSCH reception, and K0 is based on the numerology of PDSCH, and  and are the subcarrier spacing configurations for PDSCH and PDCCH, respectively, and




	Samsung:
	[bookmark: _Toc525748050]5.1.2.1	Resource allocation in time domain
…




With reference to slots of PDSCH receptions, Tthe 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,


[bookmark: _Toc20318033][bookmark: _Toc11352143]6.1.2.1	Resource allocation in time domain
…




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



Timing of cross-carrier triggering
Cross-carrier triggering of AP-SRS
One company mentioned that the timing relation description for SRS in 38.214 should be reworded. 
Offline proposals: More discussion is needed, and Samsung’s proposal could be taken as a starting point. 

Comments for the issue. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	
	

	
	



Related Proposals:
	Company
	proposals

	Samsung
	[bookmark: _Toc20318047][bookmark: _Toc11352157]6.2.1	UE sounding procedure


With reference to slots of SRS transmissions, Iif the UE receives the DCI triggering aperiodic SRS in slot n, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot where k is configured via higher layer parameter slotOffset for each triggered SRS resources set and is based on the subcarrier spacing of the triggered SRS transmission, µSRS and µPDCCH are the subcarrier spacing configurations for triggered SRS and PDCCH carrying the triggering command respectively.

Observation 2: For a UE declaring a capability to use the slots of the scheduled cell as timing reference, the timing relation descriptions for PDSCH/PUSCH/SRS in 38.214 can be aligned with the ones for PUCCH in 38.213.





Cross-carrier triggering of AP CSI reporting
One company mentioned that, for reference CSI resource for aperiodic CSI reporting, there is similar timing issue as PDSCH/PUSCH scheduling, but did not give detailed solution. Considering that the aperiodic CSI reporting with mix numerologies is under discussion in RAN1, the detail can be finalized together with the mix numerologies case.


Comments for the issue. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	
	

	
	



Related Proposals:
	Company
	proposals

	Vivo
	[bookmark: _Ref20754886]Proposal 3: The timing of CSI reference resource should be redefined agnostic to the absolute slot index of the cells.
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