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1 Introduction
This is for below email discussion:
· [AT109e][049][DCCA] Async CA (Qualcomm)

Scope: Treat 108#57 (in case needed for discussion, can treat also additional papers).  

      Intended outcome: Agreed proposals / Issues resolutions, and endorsed TP

      Deadline: Mar 3 1200 CET

The topics includes:

· Timing of FR2 gap in Async CA

· Revisit of CG/SPS HARQ ID calculation in Async CA

· ASN.1 of IE tdm-PatternConfig-r16
2 Discussion  
2.1 Timing of FR2 gap in Async CA
In 38.331, the FR2 gap timing is a little complex, which is MR-DC scheme dependent. It can be illustrated in below table1, and the related spec is copied in appendix for you reference.
	MR-DC scheme 
	Timing of FR2 gap
	Who decides FR2 gap configuration

	(NG)EN-DC
	A serving cell in FR2 (up to UE determine)
	SN

	NR SA
	A serving cell in FR2 (up to UE determine)
	PCell

	NE-DC
	Indicated by the IE refServCellIndicator, which can be PCell, PSCell or a serving cell in FR2 in MCG (up to UE determine)
	MN

	NR-DC
	indicated by the IE refServCellIndicator, which can be PCell, PSCell or a serving cell in FR2 in MCG (up to UE determine)
	MN


Tabl.1 Timing of FR2 gap in existing 38.331
The reasons of this complexity can be summarized below:
· (NG)EN-DC and NR SA: UE to choose a serving cell in FR2
· It was to follow below RAN4 agreement:

· For Per-UE gap or Per-FR gap for FR2 configured in sync EN-DC and CA scenario,
Reference time for per-FR gap in FR2 is based on FR2 cell and MRTD for between FR2 CCs in synchronous case is no more than 8us. In this case, no additional slot is needed for interruption.

· The reason behind this agreement:

· According to 38.133, the required RF retuning time in FR2 gap is 250us, and the MRTD requirement is 8us for intra-band CA and 33us for inter-band CA. 
· Then, if SCG is working in mixed FR1-FR2 CA, then there are only 217us left for UE to re-tune its RF frequency in FR2 gap, which provides too narrow margin.
· NE-DC and NR-DC: indicated by IE refServCellIndicator (can be PCell, PSCell or FR2 serving cell in MCG)
· Reason: in some cases, the FR2 serving cell and the node to decide FR2 may be in different cell group, which will incur complex inter-node signaling. 
· For example, in NR-DC with MN@FR1 and SN@FR2, it is MN to decide FR2 gap configuration. Then if FR2 serving cell is only in SN, it is hard for MN and SN to coordinate with each other about which serving cell, whose timing will be used for gap calculation.
Finally, to avoid the complexity of MN/SN coordination, RAN2 agreed that network can indicate explicitly to UE which serving cell is used for gap calculation. Note that it can be PCell or PSCell in FR1.
Observation 1: In (NG)EN-DC and NR SA, it is UE to choose a serving cell in FR2 as timing of FR2 gap. It was because of the RAN4 requirement: if SCG is working in mixed FR1-FR2 CA, then there are only 217us left for UE to re-tune its RF frequency in FR2 gap, which provides too narrow margin.
Observation 2: In NE-DC and NR-DC, FR2 gap timing is indicated by IE refServCellIndicator. It was introduced to avoid complex MN-SN coordination on which FR2 serving cell to use, when the FR2 serving cell and the node to decide FR2 may be in different cell group.
However, for asynchronous NR CA in Rel-16, it is not clear which SFN of serving cell on FR2 is used because SFN in different carriers may be different. The following proposals, related to this topic, were made in the contributions:

	Company
	Views

	ZTE [1]
	Proposal 1: For async CA involves FR2 carrier(s), network can explicitly indicate to UE the serving cell, whose SFN and subframe is used for FR2 gap calculation. This is done by reusing the field “refServCellIndicator”. 

	Mediatek [2]
	Proposal 1: Introduce a new parameter to indicate an FR2 reference serving cell for FR2 gap configuration.


In rapporteur understanding, both proposals require NW to explicitly indicate UE which serving cell as FR2 gap timing via RRC. And the key difference of the two proposals is whether PCell/PSCell in FR1 can be configured by NW as FR2 gap timing. 
Observation 3: Both proposals (ZTE and MediaTek) require NW to explicitly indicate UE which serving cell as FR2 gap timing via RRC. And the key difference of them is whether PCell/PSCell in FR1 can be configured by NW as FR2 gap timing. 
To make progress, rapporteur think we can agree it is NW to explicitly indicate UE which serving cell as FR2 gap timing via RRC, and let us focus on how to address their difference. Because this issue occurs for both FR2 gap in NR SA or (NG)EN-DC, or NE-DC and NR-DC when refServCellIndicator is set to mcg-FR2. The rapporteur would like to discuss different MR-DC schemes separately. 
Question 1: In all MR-DC with async CA involving FR2 carrier(s), do you agree NW to always explicitly indicate which serving cell as FR2 gap timing via RRC? (Note that this question is only intended to confirm company understanding to use explicit RRC signaling. FR1 or FR2 issue is discussed in Question2/3)  
	Company
	Yes / No
	Comment 

	Qualcomm
	Yes
	In RAN2#108, we proposed to specify a simple rule (e.g. SFN of the serving cell in FR2 with smallest ServCellIndex ), to avoid ASN.1 change. However, we realized that it may not work in some cases. For example, in NR-DC with MN@FR1 and SN@FR2, it is MN to decide FR2 gap configuration, and MN doesn’t know the ServCellIndex of FR2 serving cell in SCG. It may cause some ambiguity between NW and UE. 
Thus, we can agree to use explicit RRC signalling for it. 


	OPPO
	Yes 
	We prefer to use explicit RRC signalling to configured one FR2 serving cell index as timer reference FR2 gap. We would like to keep the RAN4 agreements.
“Reference time for per-FR gap in FR2 is based on FR2 cell”


Question 2: In (NG)EN-DC and NR SA with async CA involving FR2 carrier(s), do you think PCell/PSCell in FR1 can be explicitly indicated by NW as FR2 gap timing? 
	Company
	Yes / No
	Comment 

	Qualcomm
	No
	· NBC for Rel-15 FR2 gap: Noting that PCell/PSCell in FR1 can’t be used as FR2 gap timing for (NG)EN-DC and NR SA in Rel-15, we think it is important to keep Rel-15 mechanism for (NG)EN-DC and NR SA, to avoid introducing possible NBC issue for Rel-15 FR2 gap. 
· One may argue that it is just a change for (NG)EN-DC and NR SA with async CA involving FR2 carriers, but it still doesn’t make sense to have totally different gap frameworks depending on whether FR2 carriers are sync or async. 

· Even if refServCellIndicator is agreed, we think it is important to specify that (NG)EN-DC and NR SA working under sync CA can’t use the IE refServCellIndicator. Otherwise, we think it is out of scoping of Rel-16 DCCA.
· No need of MN-SN coordination in (NG)EN-DC and NR SA: As indicated in ZTE contribution, the reason to introduce refServCellIndicator for NE-DC and NR-DC is because of their complex MN-SN coordination. However, such coordination is not required in (NG)EN-DC and NR SA because FR2 serving cell is not possible to be across different nodes.
Thus, for (NG)EN-DC and NR SA with async CA involving FR2 carrier(s), we think we can introduce a new RRC IE to indicate which FR2 serving cell as timing reference of FR2 gap configuration. 



	OPPO
	No 
	See the comments in question 1.


Question 3: In NE-DC and NR-DC with async CA involving FR2 carrier(s), do you think PCell/PSCell in FR1 can be explicitly indicated by NW as FR2 gap timing? 
	Company
	Yes / No
	Comment 

	Qualcomm
	Yes
	We understand the MN-SN coordination issues in NE-DC and NR-DC. And the current ASN.1 has allowed it:
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

    [[

    refServCellIndicator                ENUMERATED {pCell, pSCell, mcg-FR2}                                         OPTIONAL   -- Cond NEDCorNRDC

    ]]
refServCellIndicator

Indicates the serving cell whose SFN and subframe are used for gap calculation for this gap pattern. Value pCell corresponds to the PCell, pSCell corresponds to the PSCell, and mcg-FR2 corresponds to a serving cell on FR2 frequency in MCG.
Conditional Presence

Explanation

NEDCorNRDC

This field is mandatory present when configuring gap pattern to UE in NE-DC or NR-DC. In case the gap pattern to UE in NE-DC and NR-DC is already configured, then the field is absent, need M. Otherwise, it is absent.
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Thus, we think in NE-DC and NR-DC with async CA in FR2 carrier, the above IE (refServCellIndicator) can be reused. However, because refServCellIndicator can’t indicate serving cell index, we still need to introduce a new RRC IE to indicate which FR2 serving cell when refServCellIndicator is set to mcg-FR2. 



	OPPO
	NO
	See the comments in question 1.


Based on company input, rapporteur will make summary and draft CR.
2.2 Revisit of CG/SPS HARQ ID calculation in Async CA
In RAN2#108, the following MAC impacts on SPS and CG were agreed (i.e. SFN of SpCell used for HARQ ID and occurrences of SPS/CG).
· Under async CA, clarify that the UE uses SFN of primary cell (i.e. PCell or PSCell) within the same cell group for the calculation of HARQ Process ID in SPS/CG, i.e. no change of rel-15 legacy UE behaviour.  

· Under async CA, clarify that the UE uses SFN of primary cell (i.e. PCell or PSCell) within the same cell group for calculation of downlink/uplink assignment occurrences of SPS/CG, i.e. no change of rel-15 legacy UE behaviour.  

However, [2] identified that the above agreements had an issue if the numerologies of SpCell and Serving cell with SPS/CG are different. Specifically, the number of slot per frame (i.e. numberOfSlotsPerFrame) may be different between PCell and SCell if the numerology is different. Then, using SFN of PCell may cause some ambiguity as illustrated in Figure.1.

Thus, [2] proposed to revise the previous agreement to be based on SFN of the corresponding serving cell.

Rapporteur think it seems to be a valid issue, thus would like to collect company input on whether we need to revise the RAN2#108 agreement.
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  Figure.1 Illustrated issue 
Question 4: For HARQ ID and downlink/uplink assignment occurrences calculation of SPS/CG with async CA, do you think RAN2 needs to revise previous agreement to be based on SFN of the concerned serving cell ? 
	Company
	Yes / No
	Comment 

	Qualcomm
	Yes
	We agreed with the issue illustrated in figure.1 if the numerologies of SpCell and Serving cell with SPS/CG are different. Thus, we can agree to revise the agreement in RAN2#108.


	OPPO
	Yes 
	Agree with the issue from [2].


No matter whether your answer is “Yes” or “No” to Question 4, please note that RAN2 has not captured anything in TS 38.321. Rapporteur would like to know whether it is needed. Do you think some notes (e.g. the SFN of the concerned serving cell is used to calculate the HARQ Process ID used for configured CG/SPS) need to be captured in TS 38.321? 
Question 5: Do you think some notes (e.g. the SFN of the concerned serving cell is used to calculate the HARQ Process ID used for configured CG/SPS in Async CA) need to be captured in TS 38.321?
	Company
	Yes / No
	Comment 

	Qualcomm
	Yes
	Because we agree to revise previous RAN2#108 agreement, it may confuse people which solution is the correct one. Thus, we think some notes are required to be captured in TS38.321 for clarification. 


	OPPO
	Yes 
	I wonder if we can apply the rule to all cases, not only unaligned SFN case. E.g. from R16, use the serving cell’s SFN as timing reference is as default action for all cases. 


2.3 ASN.1 of IE tdm-PatternConfig-r16
In [3]

 REF _Ref33001582 \r \h  \* MERGEFORMAT 
[4], it was discussed how to account in TS 36.331 for a Rel-16 TDM pattern configuration for EN-DC as agreed by RAN1. Currently, a new RRC IE tdm-PatternConfig-r16 was captured accordingly in the running CR for 36.331 CA/DC enhancements [5] as follows:

RRCConnectionReconfiguration-v16xy-IEs ::= SEQUENCE {


tdm-PatternConfig-r16


TDM-PatternConfig-r15



OPTIONAL,
-- Need ON


nonCriticalExtension


SEQUENCE {}






OPTIONAL

}

	RRCConnectionReconfiguration field descriptions

	tdm-PatternConfig

UL/DL reference configuration indicating the time during which a UE configured with (NG)EN-DC is allowed to transmit certain LTE uplink signals as further specified in TS 36.213 [23].. This field is used when power control or IMD issues require single UL transmission as specified in TS 38.101-3 [101] and TS 38.213 [88].
The network sets at most one of tdm-PatternConfig-r15 and tdm-PatternConfig-r16 to setup. 

The tdm-PatternConfig-r16 may be configured also for a LTE TDD PCell provided that it does not indicate TDM subframe allocation 0 or 6 in SIB1. In this case, the network sets the tdm-PatternConfig-r16-> subframeAssignment to 2, 4 or 5 and ensures that the tdm-PatternConfig-r16-> harq-Offset does not violate the UL-DL configuration given in SIB1.


However, [3] raised the issue that there is some ambiguity in the above ASN.1: the highlighted part is only applied to Rel-15 IE tdm-PatternConfig-r15. However, new IE tdm-PatternConfig-r16 was introduced for different cases (dual UL and single UL with LTE TDD PCell) and different UE behaviour (single UL with LTE FDD PCell). Thus, if we only keep the highlighted part without description on cases of tdm-PatternConfig-r16, it may confuse people. To resolve this issue, one solution is to have separate field descriptions on tdm-PatternConfig-r15 and tdm-PatternConfig-r16 on their use cases and scenarios. An example of change is illustrated below:
	RRCConnectionReconfiguration field descriptions

	tdm-PatternConfig-r15
UL/DL reference configuration indicating the time during which a UE configured with (NG)EN-DC is allowed to transmit. This field is used when power control or IMD issues require single UL transmission in EN-DC/NE-DC with LTE FDD PCell as specified in TS 38.101-3 [101] and TS 38.213 [88].

	tdm-PatternConfig-r16
UL/DL reference configuration indicating the time during which a UE configured with (NG)EN-DC is allowed to transmit certain LTE uplink signals as further specified in TS 36.213 [23].. This field is used when power control or IMD issues require single UL transmission in EN-DC with LTE FDD/TDD PCell and when DL de-sensing issue from harmonic require dual UL transmission in EN-DC with LTE FDD PCell, as specified in TS 38.101-3 [101] and TS 38.213 [88].
The network sets at most one of tdm-PatternConfig-r15 and tdm-PatternConfig-r16 to setup. 
The tdm-PatternConfig-r16 may be configured also for a LTE TDD PCell provided that it does not indicate TDM subframe allocation 0 or 6 in SIB1. In this case, the network sets the tdm-PatternConfig-r16-> subframeAssignment to 2, 4 or 5 and ensures that the tdm-PatternConfig-r16-> harq-Offset does not violate the UL-DL configuration given in SIB1.


Rapporteur would like to check company input whether the above changes are required. 

Question 6: Do you agree to have separate field descriptions on tdm-PatternConfig-r15 and tdm-PatternConfig-r16 on their use cases and UE behaviour as illustrated below?
· tdm-PatternConfig-r15: it is used when power control or IMD issues require single UL transmission in EN-DC/NE-DC with LTE FDD PCell
· tdm-PatternConfig-r16: it is used when power control or IMD issues require single UL transmission in EN-DC with LTE FDD/TDD PCell, and when DL de-sensing issue from harmonic require dual UL transmission in EN-DC with LTE FDD PCell.
	Company
	Yes / No
	Comment and any other issues

	Qualcomm
	Yes
	The separate field descriptions on tdm-PatternConfig-r15 and tdm-PatternConfig-r16 is more clear to accommodate different cases of dual UL and SUO with LTE TDD PCell and different UE behaviour (SUO with LTE FDD PCell).

	OPPO
	Yes 
	My understanding is the one of the tdm-PatternConfig-r15 and tdm-PatternConfig-r16 will be configured. The purpose of the two tdm-PatternConfig will be different. I agree to describe the field separately. But I wonder if we can change the name of the tdm-PatternConfig-r16, e.g. add 2 at the end of the IE name. it is weird to use the same name for two IEs.


3 Summary
TBD
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5 Appendix (related RRC spec on FR2 gap timing)

5.1 Procedure text

~~~~~~~~~~~~~~~~~~~~~ extract from TS 38.331 section 5.5.2.9  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

NOTE 1: For gapFR2 configuration, for the UE in NE-DC or NR-DC, the SFN and subframe of the serving cell indicated by the refServCellIndicator in gapFR2 is used in the gap calculation. Otherwise, the SFN and subframe of a serving cell on FR2 frequency is used in the gap calculation.
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

The highlighted part means (NG)EN-DC or NR SA.
5.2 ASN.1 

~~~~~~~~~~~~~~~~~~~~~ extract from TS 38.331 section 6.3.2  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
–
MeasGapConfig
The IE MeasGapConfig specifies the measurement gap configuration and controls setup/release of measurement gaps.

MeasGapConfig information element

-- ASN1START

-- TAG-MEASGAPCONFIG-START

MeasGapConfig ::=                   SEQUENCE {

    gapFR2                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M

    ...,

    [[

    gapFR1                              SetupRelease { GapConfig }                                              OPTIONAL,   -- Need M

    gapUE                               SetupRelease { GapConfig }                                              OPTIONAL    -- Need M

    ]]

}

GapConfig ::=                       SEQUENCE {

    gapOffset                           INTEGER (0..159),

    mgl                                 ENUMERATED {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6},

    mgrp                                ENUMERATED {ms20, ms40, ms80, ms160},

    mgta                                ENUMERATED {ms0, ms0dot25, ms0dot5},

    ...,

    [[

    refServCellIndicator                ENUMERATED {pCell, pSCell, mcg-FR2}                                         OPTIONAL   -- Cond NEDCorNRDC

    ]]
}

-- TAG-MEASGAPCONFIG-STOP

-- ASN1STOP

	MeasGapConfig field descriptions

	gapFR1

Indicates measurement gap configuration that applies to FR1 only. In (NG)EN-DC, gapFR1 cannot be set up by NR RRC (i.e. only LTE RRC can configure FR1 measurement gap). In NE-DC, gapFR1 can only be set up by NR RRC (i.e. LTE RRC cannot configure FR1 gap). In NR-DC, gapFR1 can only be set up in the measConfig associated with MCG. gapFR1 can not be configured together with gapUE. The applicability of the FR1 measurement gap is according to Table 9.1.2-2 and Table 9.1.2-3 in TS 38.133 [14].

	gapFR2

Indicates measurement gap configuration applies to FR2 only. In (NG)EN-DC or NE-DC, gapFR2 can only be set up by NR RRC (i.e. LTE RRC cannot configure FR2 gap). In NR-DC, gapFR2 can only be set up in the measConfig associated with MCG. gapFR2 cannot be configured together with gapUE. The applicability of the FR2 measurement gap is according to Table 9.1.2-2 and Table 9.1.2-3 in TS 38.133 [14].

	gapUE

Indicates measurement gap configuration that applies to all frequencies (FR1 and FR2). In (NG)EN-DC, gapUE cannot be set up by NR RRC (i.e. only LTE RRC can configure per UE measurement gap). In NE-DC, gapUE can only be set up by NR RRC (i.e. LTE RRC cannot configure per UE gap). In NR-DC, gapUE can only be set up in the measConfig associated with MCG. If gapUE is configured, then neither gapFR1 nor gapFR2 can be configured. The applicability of the per UE measurement gap is according to Table 9.1.2-2 and Table 9.1.2-3 in TS 38.133 [14].

	gapOffset

Value gapOffset is the gap offset of the gap pattern with MGRP indicated in the field mgrp. The value range is from 0 to mgrp-1.

	mgl

Value mgl is the measurement gap length in ms of the measurement gap. The measurement gap length is according to in Table 9.1.2-1 in TS 38.133 [14]. Value ms1dot5 corresponds to 1.5 ms, ms3 corresponds to 3 ms and so on.

	mgrp

Value mgrp is measurement gap repetition period in (ms) of the measurement gap. The measurement gap repetition period is according to Table 9.1.2-1 in TS 38.133 [14].

	mgta

Value mgta is the measurement gap timing advance in ms. The applicability of the measurement gap timing advance is according to clause 9.1.2 of TS 38.133 [14]. Value ms0 corresponds to 0 ms, ms0dot25 corresponds to 0.25 ms and ms0dot5 corresponds to 0.5 ms. For FR2, the network only configures 0 ms and 0.25 ms. 

	refServCellIndicator

Indicates the serving cell whose SFN and subframe are used for gap calculation for this gap pattern. Value pCell corresponds to the PCell, pSCell corresponds to the PSCell, and mcg-FR2 corresponds to a serving cell on FR2 frequency in MCG.


	Conditional Presence
	Explanation

	NEDCorNRDC
	This field is mandatory present when configuring gap pattern to UE in NE-DC or NR-DC. In case the gap pattern to UE in NE-DC and NR-DC is already configured, then the field is absent, need M. Otherwise, it is absent.


~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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