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1 Introduction
This is discussion document of email discussion [108#57][DCCA] Async CA (QC):
· [108#57][DCCA] Async CA (QC)

Scope: RRC signalling design for slot offset, taking into account R1 Nov outcome. 


Intended outcome: Agreeable TP for RRC


Deadline:  2020-01-30

Rapporteur would like to have following schedule for this email discussion to have enough time for preparing the summary report.
· Phase 1 (2020-01-20): Companies are invited to provide inputs and comments for questions.
· Phase 2 (2020-01-24): Rapporteur will provide email discussion reports and 38.331 CR.
2 Discussion  
All the RAN1 agreements related to async CA were summarized in appendix for you reference.
In rapporteur’s understanding, RRC impacts on slot offset include the following 3 observations:
Observation 1: RAN1#98b agreed to introduce explicit RRC signalling of slot offset for the UE capable of supporting unaligned frame boundary with slot alignment and partial SFN alignment inter-band CA.
Observation 2: RAN1#99 agreed the meaning of “slot alignment” was: two CCs are slot aligned if the beginning of slot 0 of the CC with lower SCS coincides with a slot of the CC with higher SCS.
Observation 3: RAN1#99 agreed that slot offset (named N) was indicated via RRC signalling and whether to shift the slot offset left or right (named q) depends on the relationship between lowest SCS of PCell/PScell and lowest SCS of SCell (which will be specified in RAN1 spec, not in RRC). 
Rapporteur would like to check whether each company has the same understanding on above 3 observations.

Question 1: Do you agree the 3 observations on how to indicate slot offset list by rapporteur? 
	Company
	Yes/No
	Comment (please indicate your understanding if you don’t agree)

	Ericsson
	Yes
	Our understanding from the list of parameters we got from RAN1 is that only the slot offset (i.e., what is called N in the RAN1 agreements) needs to be introduced in the RRC signaling. On top of this, slot alignment definition and “q” determination are already captured in the already endorsed RAN1 CR in R1-1913685.

	MediaTek
	Yes
	We agree that only slot offset need to be signaled in RRC.

	ZTE
	Yes for 1,2

Not really for 3
	We have the same understanding with observation 1 and observation 2.

For Observation 3, based on RAN1 agreements, we understand whether to shift “left” or “right” is not given by “q”, but is given by the positive or negative of slot offset “N”. Notice that q is a fixed value based on the lowest SCS of SpCell and SCell. (see example in our response to Q4)

But we also agree that only slot offset needs to be introduced in RRC spec. 

	Nokia
	Yes
	We agree with observations

	CATT
	Yes for 1,2
	We agree only slot offset need to be signaled in RRC. For observation 3, we agree with ZTE, whether to shift the slot offset left or right depends on the positive or negative of slot offset “N”.

	Vodafone
	Yes
	Observations are correct and we agree

	Intel
	Yes
	For all 3 observations

	Samsung
	Yes
	We agree with others that only slot offset need to be signaled in RRC.

	OPPO
	Yes 
	

	Qualcomm
	Yes
	We can achieve the consensus, which is enough to progress in RRC:

· Only slot offset (N) needs to be introduced in RRC
· “q” is not needed to be introduced in RRC
· Need to capture in RRC spec that the UE determines latency between the SCell and SpCell based on RRC configured slot offset as specified in Section 5.1.2.1/6.1.2.1 of TS 38.214.


================================Summary of Question 1==========================

Based on companies’ input, we can achieve the following consensus:

Proposal 1: Only slot offset (N) needs to be introduced in RRC, and “q” is not needed to be introduced in RRC

Proposal 2: In RRC spec, capture that “based on the RRC configured slot offset, the UE determines and applies the latency of the SCell (between the SpCell) as specified in Section 5.1.2.1/6.1.2.1 of TS 38.214.”
===========================================================================

If your answer to Question 1 is “Yes”, it means you have the same understanding that only slot offset N is required to be indicated by RRC. Then based on the following 2 RAN1 agreements, rapporteur understands that only single slot offset N is indicated for one cell group if the offset is not zero (if the UE supports async CA):

Agreements (RAN1#98b):
· Note: Offset is always signalled if the offset is not zero for the UE indicating this capability

Agreement (RAN1#99):
· At most single non-zero offset duration (independent on SCS) can be configured among CCs in the unaligned CA configuration.
Rapporteur would like to check whether each company has the same understanding.
Question 2: Do you agree only single slot offset N is indicated for one cell group if the offset is not zero (if the UE supports async CA), elsewise it is not indicated? 
	Company
	Yes/No
	Comment (please indicate your understanding if you don’t agree)

	Ericsson
	Yes
	

	MediaTek
	Need Clarification
	We would like to clarify the meaning of the RAN1 agreement – “at most single non-zero offset duration (independent on SCS) can be configured”. 
Within a cell group, it could be :
<1> Only one Scell could be unaligned with sPCell. Thus only one non-zero value is configured for all Scells.
<2> A sub-group of Scells could be unaligned with sPCell. The Scells in this sub-group have the same offset value. (exactly the same, independent on the SCS of the Scells)
<3> A sub-group of Scells could be unaligned with sPCell. The Scells in this sub-group have the same offset duration in ms. (Thus the CA-slot-offset value would be different if the SCS is different)
Our understanding is <3>, but it would be good to confirm this with other companies.

	ZTE
	No
	We understand the “non-zero offset duration” in RAN1 agreement, is the absolute timing shift, e.g. 1.5ms, 2ms, not the value of slot offset N, because N maybe different among Scells due to SCS difference. This is the same as understanding<3> listed by MediaTek.

	Nokia
	Yes
	It seems RAN1 agreements is quite clear – it specifically states that “independent on SCS” single non-zero offset is configured. 

	CATT
	No
	We agree with the understanding <3> of MediaTek and ZTE, at most single offset duration in ms can be configured among CCs, but the value of slot offset N can be different for different CCs which depends on the lowest SCS configured by the CC.

	Vodafone
	Yes
	In general. we agree with single slot offset N. 

	Intel
	Yes
	

	Samsung
	Yes
	

	OPPO
	Yes 
	For our understanding, the “independent on SCS” in RAN1 agreements does not means we should use absolute timing shift, e.g. 1.5ms, 2ms as ZTE mentioned. We can use the number of slots based on a fixed SCS, e.g. the reference SCS configured by network.

	Qualcomm
	Yes
	Our understanding is option 3 list by MediaTek:

<3> A sub-group of Scells could be unaligned with sPCell. The Scells in this sub-group have the same offset duration in ms. (Thus the CA-slot-offset value would be different if the SCS is different)




================================Summary of Question 2==========================

Based on companies’ input, we can achieve the following consensus:

Proposal 3: In RRC spec, capture that “The Network configures at most single non-zero offset duration in ms (independent on SCS) among CCs in the unaligned CA configuration.”
===========================================================================

If your answer to Question 2 is “Yes”, then the rapporteur understands that the single slot offset N can only be included in the configuration of primary cell of one cell group (i.e. PCell/PSCell). Rapporteur would like to check whether each company has the same understanding.
Question 3: If your answer to Question 2 is “Yes”, do you agree the single slot offset N can only be included in the configuration of primary cell of one cell group (i.e. PCell / PSCell)? 

	Company
	Yes/No
	Comment (please indicate your understanding if you don’t agree)

	Ericsson
	No
	Our preference is that N should be per SCell. The unit of N is slots, which together with involved numerologies (of the BWPs of PCell and SCell) determines the offset duration in ms. Therefore, different N values for SCells can result in a single offset duration. Since N can be 0 for some SCells and non-zero for others in the same cell group, then would be more natural to signal it per SCell.

	MediaTek
	No
	We understand from the LS R1-1913675 (LS on updated Rel-16 LTE and NR parameter lists). The CA-slot-offset is configured per SCell.
However, we think that NW configuration limitation should be captured in field description base on the following RAN1 agreement.
· At most single non-zero offset duration (independent on SCS) can be configured among CCs in the unaligned CA configuration
Although further clarification may be requested for the above agreement, but we clearly need some restriction to be specified in the specification.

	ZTE
	No
	Same view with Ericsson and MediaTek.

	Nokia
	
	Same view with Ericsson and MediaTek

	CATT
	No
	Same view with Ericsson and MediaTek, it should be configured per SCell.

	Vodafone
	No 
	Agree with Ericsson’s and MediaTek’s explanations 

	Intel
	No
	Same view as Ericsson and MediTek

	Samsung
	No
	Same view as Ericsson and MediTek

	OPPO
	NO
	Same view as Ericsson and MediTek

	Qualcomm
	No
	We thought the slot offset can be indicated in PCell with Scell indices whose slot offset is not zeros, but we just realized that RAN1 has sent LS R1-1913675 with their preference to indicate the slot per SCell…

Then, to save our time, we think we can follow the same way indicated in RAN1 LS (i.e. indicated per SCell). 


================================Summary of Question 3==========================

Based on companies’ input, we can achieve the following consensus:

Proposal 4: The slot offset is configured per SCell.
===========================================================================

Next, we discuss which IE to include the slot offset N. Based on companies’ contributions, the rapporteur understands there are basically two options:

· Alt-1: included in IE ServingCellConfig [1]
· Alt-2: included in IE TDD-UL-DL-ConfigCommon [2]
· Alt-3: included in IE SCellConfig in CellGroupConfig
For these two options, the rapporteur understand that two key differences are:

1) Alt-2 includes the slot offset in ServingCellConfigCommon, which implies that the slot offset is available for IDLE UE (via SSB, MIB or SIBs).
2) Alt-2 only applies to TDD system, although it seems to be common understanding on use scenario of async CA.

Rapporteur would like to ask for preference for the above 2 solutions.

Question 4: For the question of which IE to include the slot offset N, which alternative do you prefer?
	Company
	Alt1/Alt2
	Comment 

	Ericsson
	Alt1
	The CA-SlotOffset parameter should be added within ServingCellConfig IE. 
The NW is supposed to tell the UE for each SCell whether/which slot-offset it has compared to the UE’s SpCell. If so, this offset should be neither in ServingCellConfigCommon nor in TDD-UL-DL-ConfigCommon since both are common to all UEs, but the offset is actually a UE-specific information.
Example: 
Carrier 1: ---|---------|---------|---------|---------|
Carrier 2: ------|---------|---------|---------|---------|
If the UE is configured with CA, there are two cases in this example:

· Case a: SpCell on Carrier 1, SCell on Carrier 2: In this case the SCell is delayed by 3 slots, i.e., the offset for this UE is 3.

· Case b: SpCell on Carrier 2, SCell on Carrier 1: In this case the SCell is delayed by 7 slots, i.e., the slot offset for this UE is 7.

The xxxCommon IEs in RRC are meant to contain information which is common to all UEs. And the values in ServingCellConfigCommon (sent in the RRCReconfiguration for each SCell) should be the same as in the ServingCellConfigCommonSIB (which the UE may also find in the SI broadcast of that SCell).

Hence, the offset should be in ServingCellConfig IE.

	MediaTek
	Alt-3, in SCellConfig
	As our comment in Q3. We understand from the LS R1-1913675, the CA-slot-offset is configured per SCell. It is a dedicated configuration (not common configuration), thus we should not put it in ServingCellConfigCommon. It is a configuration only for SCell (not for PCell/PSCell). Thus ServingCellConfig is not suitable either. We prefer to follow the suggestion from LS R1-1913675. (i.e. put the configuration in SCellConfig)

	ZTE
	Alt-3, in SCellConfig
	Seems SCellConfig is a better place, then no need to declare it is not applicable for SpCell. (added this option above)
Besides the example provided by Ericsson, we provide another example below, it would be good to confirm the understanding with companies about how to set parameter CA-slot-offset (N):

[image: image1.emf]18 19

0 1 2 3 9 8

0 1 2 3 4 5 6 7

16 17 18 19 0 1 2 3 4 5 14 15

SFN = 0

SFN = 0

SFN = 0

Carrier 1

(SCS= 15kHz)

Carrier 2

(SCS= 30kHz)

Carrier 3

(SCS= 30kHz)

8 9


UE1 is configured with CA of Carrier 1 and Carrier 2, UE2 is configured with CA of Carrier 1 and Carrier 3. 
· Case 1: UE 1, SpCell on Carrier 1, SCell on Carrier 2. In this case, q= -1, CA-slot-offset = -2 (SCell shifts left);
· Case 2: UE 2, SpCell on Carrier 1, SCell on Carrier 3. In this case, q = -1, CA-slot-offset = 2 (SCell shifts right); 
· Case 3: UE 1, SpCell on Carrier 2, SCell on Carrier 1. In this case, q = 1, CA-slot-offset = 2 (SCell shifts right);
· Case 4: UE 2, SpCell on Carrier 3, SCell on Carrier 1. In this case, q = 1, CA-slot-offset = -2 (SCell shifts left). 
Note: the positive of value N means the SCell is delayed than SpCell (shift right); and the negative of value N means the SCell is earlier than SpCell (shift left). 

	Nokia
	
	Parameter should not be in “common” IE but dedicated IE. To use logical place seems to be servingCellConfig. 

	CATT
	Alt-1 or Alt-3
	The offset shouldn’t be in “common” IE, it should be dedicated IE, if Alt-1 is adopted, a present condition should be clarified that this filed can only be present for SCell. 

	Vodafone 
	Alt 1
	ServingCellConfig is a more natural location for this adjustment, also agree with Ericsson’s explanation 

	Intel
	Alt 1
	ServingCellConfig

	Samsung
	Alt-1/Alt-3
	We understand that it should be part of dedicated IE (even though we had proposed to put it under common before), and either way would work.

	OPPO
	Alt-1/Alt-3
	We think both Alt-1 and Alt-3 work.

	Qualcomm
	Alt-1 or Alt-3 (prefer a little on Alt-1)
	We understand that ServingCellConfig is a more logical location to indicate the UE specific time slot offset. 
Alt-3 (i.e. SCellConfig) can also work but we understand that it is to provide highest level configuration of SCell, including both common and dedicated part. In that sense, indication of time slot may cause some confusion. Thus, we prefer a little on Alt-1

Furthermore, according to RAN1 LS, we need to capture that the absence of this IE means the time slot offset (between SpCell) is 0.


================================Summary of Question 4==========================

Following majority view of companies, we propose the following to make progress:
Proposal 5: The slot offset is UE dedicated and configured in IE ServingCellConfig. Capture its presence condition as “This field is mandatory present for SCells whose slot offset between the SpCell is not 0. Otherwise it is absent”.
Proposal 6: In the field description, capture that “If the field is absent, the UE applies the value of 0” 
===========================================================================

Finally, we would like to discuss the granularity of the slot offset value. Based on below RAN1 agreement, the rapporteur understands that the possible smallest granularity is the slot duration of 120KHz SCS (i.e. largest SCS), and value range is within the range of ±76800Ts:
Agreements:

For the lowest SCS combinations of other than 60kHz/60kHz and 120kHz/120kHz
· For slot offset N, for CA case, the beginning of slot #0 of the CC with lower SCS (or PCell/PScell for equal SCS) coincides with the beginning of slot #(qN mod M) of the CC with higher SCS (or SCell for equal SCS) 

· Where 

· q = -1, if lowest SCS of PCell/PScell is smaller than or equal to lowest 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.

· Here the lowest is same as the definition in Alt 1.

For the lowest SCS combinations of 60kHz/60kHz and 120kHz/120kHz
· For slot offset N, the beginning of slot #0 of the CC with lower subcarrier#0 of CRB#0 coincides with the beginning of slot #(qN mod M) of the CC with higher subcarrier#0 of CRB#0 

· Where 

· q = -1, if subcarrier#0 of CRB#0 of PCell/PScell is lower than subcarrier#0 of CRB#0 of SCell

· q = 1, otherwise

· M is the number of slots per frame in the CC 

· Here the lowest is same as the definition in Alt 1.

Therefore, the smallest granularity is 1ms/8slot = 0.125ms, and the corresponding maximum slot number is ±20 corresponding to the range of ±76800Ts agreed in RAN plenary.
Rapporteur would like to check whether each company has the same understanding.
Question 5: Do you agree for the slot offset N, its smallest granularity is 0.125ms (corresponding to 120KHz SCS), and the corresponding maximum slot number is ±20 within the range of ±76800Ts? 

	Company
	Yes/No
	Comment (please indicate your understanding if you don’t agree)

	Ericsson
	Yes with comment
	Yes, the maximum allowed range of the CA-SlotOffset should be -20…+20. However, how to implement this in the ASN.1 is not straightforward. This is because, according to the parameters list we got from RAN1, the “allowed” range for this field it changes based on the reference SCS selected when comparing the lowest SCS of the SpCell and the lowest SCS of the SCell. Therefore, a single field with a range -20…+20 may be not enough. Anyway we can sort this out when we discussion the related RRC CR.

	MediaTek
	Yes
	Again from LS R1-1913675.
The value range of this parameter is

{-2,…,2} for 15 kHz reference SCS

{-5,…5} for 30 kHz ref SCS

{-10,…10} for 60 kHz ref SCS

{-20,…20} for 120 kHz ref SCS
And the comment in this parameter states that “The granularity of the offset is determined by the maximum of Pcell/pScell lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList and the CC’s lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList. This SCS is considered as the reference SCS for the slot offset.”
We see two alternative in ASN.1
<1> A choose of SCS follows by different integer range.
<2> Use integer range {-20,…20} for CA-SlotOffset, the SCS is determined by the implicit rule as specified above.
In our understanding, RAN1 suggest to use alternative 2 but we are open to discuss which one to go. Both alternative rely on proper NW configuration.

	ZTE
	Yes
	RAN1 LS already provides the value ranges for different SCS. 
Regarding the ASN.1, to avoid complex field description, we slightly prefer to use “CHOICE” structure with different integer range. (i.e. Alt-1 listed by MediaTek).

	Nokia
	Yes
	CHOICE type of structure seems to be quite easy here and avoids any “mapping” definition between different SCS.

	CATT
	Yes
	Agree with the range. 
Regarding the ASN.1, we slightly prefer to use integer range {-20,…20} for CA-SlotOffset, the SCS is determined by the implicit rule as specified in RAN1 spec.

	Vodafone
	Yes
	 We agree with 0.125ms granularity 

	Intel
	Yes
	Agree with MediaTek on the range and granularity are already in R1-1913675


	Samsung
	Yes
	We are fine to have CHOICE structure with ranges from the LS.

	OPPO
	Yes 
	Agree with Samsung.

	Qualcomm
	Yes
	Since RAN1 LS R1-1913675 had indicated the value ranges in different reference SCSs, and also definition of reference SCS as copied below:

“The granularity of the offset is determined by the maximum of Pcell/pScell lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList and the CC’s lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList. This SCS is considered as the reference SCS for the slot offset.

At most single non-zero offset duration (independent on SCS) can be configured among CCs in the unaligned CA configuration.”

We think we can just follow RAN1 LS to use the CHOICE structure.


================================Summary of Question 5==========================

Following majority view of companies, we propose the following to make progress:
Proposal 7: For slot offset, adopt the CHOICE structure depending on the reference SCS.
===========================================================================

3 Summary
Proposal 1: Only slot offset (N) needs to be introduced in RRC, and “q” is not needed to be introduced in RRC

Proposal 2: In RRC spec, capture that “based on the RRC configured slot offset, the UE determines and applies the latency of the SCell (between the SpCell) as specified in Section 5.1.2.1/6.1.2.1 of TS 38.214.”

Proposal 3: In RRC spec, capture that “The Network configures at most single non-zero offset duration in ms (independent on SCS) among CCs in the unaligned CA configuration.”

Proposal 4: The slot offset is configured per SCell.

Proposal 5: The slot offset is UE dedicated and configured in IE ServingCellConfig. Capture its presence condition as “This field is mandatory present for SCells whose slot offset between the SpCell is not 0. Otherwise it is absent”.

Proposal 6: In the field description, capture that “If the field is absent, the UE applies the value of 0” 

Proposal 7: For slot offset, adopt the CHOICE structure depending on the reference SCS.

4 References
[1] R1-1912982, Unaligned frame boundary with slot alignment and partial SFN alignment for R16 NR inter-band CA, Qualcomm Incorporated.
[2] R2-1915224, Support of unaligned frame boundary for inter-band TDD CA, Samsung.
5 Appendix

5.1 RAN1#98b
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

5.2 RAN1#99

Agreements:

Update and confirm the working assumption that Alt 1 modified as below

Alt 1: the granularity of the offset is determined by the maximum of Pcell/pScell lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList and the CC’s lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList

Update and confirm the working assumption as below

· For slot offset N, for CA case, the beginning of slot #0 of the CC with lower SCS (or PCell/PScell for equal SCS) coincides with the beginning of slot #(qN mod M) of the CC with higher SCS (or SCell for equal SCS) 

· Where 

· q = -1, if lowest SCS of PCell/PScell is smaller than or equal to lowest 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.

· Here the lowest is same as the definition in Alt 1.

Note: For the combinations of 60kHz/60kHz and 120kHz/120kHz for Pcell/Scell with a UE-specific Pcell configuration, the above agreements may not be fully desirable. Discuss further offline whether or not to further address these cases (without any additional RRC impact). If no additional consensus reached by Friday, the above agreements stay as is

Agreement:
At most single non-zero offset duration (independent on SCS) can be configured among CCs in the unaligned CA configuration.

Agreements:
For timing determination for cross-carrier scheduling of PDSCH in 5.1.2.1 and of PUSCH in 6.1.2.1 of TS38.214

· Update the scheduled slot determination equations with slot offset NSCS,PxSCH, and the slot offset is only applicable for cross-carrier scheduling
Note:
Error case when NSCS,PDSCH + K0< minimum value of UE reported K0 capability.


Error case when NSCS,PUSCH + K2< minimum value of UE reported K2 capability.

Agreement:
Adding the slot offset for cross-carrier triggering aperiodic CSI report.

Agreement:
Adding the slot offset for cross-carrier triggering aperiodic SRS. 
Agreements:

For the lowest SCS combinations of other than 60kHz/60kHz and 120kHz/120kHz
· For slot offset N, for CA case, the beginning of slot #0 of the CC with lower SCS (or PCell/PScell for equal SCS) coincides with the beginning of slot #(qN mod M) of the CC with higher SCS (or SCell for equal SCS) 

· Where 

· q = -1, if lowest SCS of PCell/PScell is smaller than or equal to lowest 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.

· Here the lowest is same as the definition in Alt 1.

For the lowest SCS combinations of 60kHz/60kHz and 120kHz/120kHz
· For slot offset N, the beginning of slot #0 of the CC with lower subcarrier#0 of CRB#0 coincides with the beginning of slot #(qN mod M) of the CC with higher subcarrier#0 of CRB#0 

· Where 

· q = -1, if subcarrier#0 of CRB#0 of PCell/PScell is lower than subcarrier#0 of CRB#0 of SCell

· q = 1, otherwise

· M is the number of slots per frame in the CC 

· Here the lowest is same as the definition in Alt 1.
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