


[bookmark: _GoBack]z3GPP TSG-RAN WG2 Meeting #110-e                              R2-2005690
e-Meeting, 1st– 12th June 2020                                (revision of R2-2003750)

Source: 			ZTE Corporation, Sanechips, 
Title: 	Discussion on XDD-FRX differentiation in UE capability
[bookmark: Source]Agenda item:		5.4.3.1
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
For UE capability reporting, RAN2 has received the following LS[1] from RAN1 last meeting. In this LS, RAN1 identified a potential issue for UE capability that supports both “XDD-Diff” and “FRX-Diff”. 
R1-1913579	LS on XDD-FRX Difference	(contact: Qualcomm) RAN1  LS in  Rel-15  NR_newRAT-Core To: RAN2 Cc: RAN4
During email discussion [2], companies discussed the possible interpretations of how UE sets the XDD FRX capabilities, and companies have discrepancy understandings. In this contribution, we further discuss the remaining issues and share our views. 
2. Discussion
Based on the signalling structure of UE-NR-Capability in TS 38.331, for a feature needs TDD/FDD and FR1/FR2 differentiation. The field will be defined within 5 branches, see below the example:   
**** example ****

UE-NR-Capability ::=            SEQUENCE {
    xx-Parameters                   XX-Parameters  //branch-1                    OPTIONAL,
    fdd-Add-UE-NR-Capabilities      UE-NR-CapabilityAddXDD-Mode //branch-2       OPTIONAL,
    tdd-Add-UE-NR-Capabilities      UE-NR-CapabilityAddXDD-Mode //branch-3       OPTIONAL,
fr1-Add-UE-NR-Capabilities      UE-NR-CapabilityAddFRX-Mode //branch-4       OPTIONAL,
    fr1-Add-UE-NR-Capabilities      UE-NR-CapabilityAddFRX-Mode //branch-5       OPTIONAL

}
When the field is included in branch-1, it means the UE supports this feature for all supported duplex mode(s) and FR mode(s). If the UE supports different capability value for TDD/FDD or FR1/FR2, the UE should indicate the capable of feature in specific branch (i.e. branch-2~ branch-4). 
However, due to the parallel definition of xdd-Add-UE-NR-Capabilities and frx-Add-UE-NR-Capabilities fields, the UE is unable to indicate the precise capability value for combined scenario. For instance, a UE supports FDD+FR1 and TDD+FR2, but it does not support TDD+FR2 or FDD+FR1.
Currently, based on TS 38.306 v15.9.0 version and the progress of email discussion [3], following capabilities are defined with both XDD-Diff and FRX-Diff:
· Phy-Parameters:
· dl-SchedulingOffset-PDSCH-TypeA
· dl-SchedulingOffset-PDSCH-TypeB
· dynamicSFI
· twoDifferentTPC-Loop-PUCCH
· twoDifferentTPC-Loop-PUSCH
· twoPUCCH-F0-2-ConsecSymbols
· ul-SchedulingOffset
· MeasAndMobParameters
· handoverLTE-5GC
· handoverInterF
· handoverLTE-EPC
Observation 1: Currently, the XDD-FRX ambiguity issue exists in capabilities within Phy-Parameters and MeasAndMobParameters. 
According to email discussion [2], so far, for legacy UE, there are two interpretations/implementations of setting the XDD FRX capabilities (i.e. 1-a and 1-b, see details in Annex). The main difference is how UE sets the value of “xDD-Diff” and “FRx-Diff” in common branches. However, for both interpretations, there is one problematic case 6 that is impossible to be signaled.  
	Case 6
	· FR1 FDD: ‘supported’
· FR1 TDD: ‘not supported’
· FR2 TDD: ‘supported


So based on current situation, for a UE which do support Case 6 for a feature, the UE is forced to report tailored capability combinations:
For instance, the UE can indicate: 
· TDD: supported;  FDD: supported;  FR1: not supported;  FR2: supported; //network interprets only FR2+TDD is supported, falls back to case 7.
Or 
· TDD: not supported;  FDD: supported;  FR1: supported;  FR2: supported; //network interprets only FR1+FDD is supported, falls back to case 4. 
Observation 2: Based on the progress of email disc [2], no matter of interpretation 1-a or 1-b, the UE is unable to report its support of Case 6. As a consequence, the UE can only report a subset of supported combinations.
So we are now facing several problems: How to solve case 6? When it should be implemented? Should we also fix the problem for existing Rel-15 capabilities?
· How to solve problematic case 6?
As discussed above, the problem occurs because we defined paralleled structure for XDD-Add and FRX-Add. So one possible solution is to define two-stage structure for duplex mode and FR mode. More specifically, there are two alternatives:


Alt 1: Define duplex mode differentiation at root level, and for each duplex mode, defines FR modes differentiation within it.


Alt 2: Define FR mode differentiation at root level, and for each FR mode, defines duplex modes differentiation within it.


As we can see, the signalling overhead for two-stage tree structure is the same as current structure (i.e. for a given feature, both cost 4 bits). But for Alt1&2, the UE can report combined capability directly and ambiguity issue can be avoid. In our opinion, both Alt1 and Alt2 work and Alt1 is less preferable because it looks natural to put duplex mode at higher level.
For ASN.1 change, an example is given as below, we can introduce the FRX-Diff parameters under existing XDD-Diff structure:
MeasAndMobParametersXDD-Diff ::=            SEQUENCE {
    intraAndInterF-MeasAndReport        ENUMERATED {supported}                      OPTIONAL,
    eventA-MeasAndReport                ENUMERATED {supported}                      OPTIONAL,
    ...,
    [[
    handoverInterF                      ENUMERATED {supported}                      OPTIONAL,
    handoverLTE-EPC                     ENUMERATED {supported}                      OPTIONAL,
    handoverLTE-5GC                     ENUMERATED {supported}                      OPTIONAL
    ]],
    [[
    sftd-MeasNR-Neigh                   ENUMERATED {supported}                      OPTIONAL,
    sftd-MeasNR-Neigh-DRX               ENUMERATED {supported}                      OPTIONAL
    ]],
    [[
     feature1-FR1                       ENUMERATED {supported}                      OPTIONAL,
     feature1-FR2                       ENUMERATED {supported}                      OPTIONAL
    ]]
}
Proposal 1: Adopt two-stage tree structure for features defined with both XDD-Diff and FRX-Diff.
· When it should be implemented? Should we also fix the problem for existing Rel-15 capabilities?
We think it makes sense to at least apply proposal 1 to Rel-16 new UE features. Regarding the Rel-15 capabilities identified in section 2, especially for mobility related capabilities, we see the value to fix it in Rel-15, the corresponding CRs are provided in [4][5]. 
Proposal 2: Apply Proposal 1 to both Rel-15 and Rel-16 UE features.
For Rel-15 UE feature, the following aspects should be taken into consideration:
1. To avoid inter-operability issue between a new UE and legacy gNB, the UE reports the new capability signalling should also set the values in legacy xDD-Diff, FRx-Diff fields;
2. Upon receiving the new capability signalling, the network which supports new signalling can ignore the value in legacy fields of this feature. 
Proposal 3: For correction on Rel-15 UE features, follow the below principles:
· A UE reports the new capability signalling should also set the values in legacy xDD-Diff, FRx-Diff fields;
· When receives the new capability signalling, the network which supports new signalling can ignore the value in legacy fields of this feature. 
Proposal 3: Agree the CRs in [4][5].
3. Conclusion and proposals
RAN2 is kindly asked to discuss and adopt the following proposal:
[bookmark: _Toc535476034]Observation 1: Currently, the XDD-FRX ambiguity issue exists in capabilities within Phy-Parameters and MeasAndMobParameters. 
Observation 2: Based on the progress of email disc [2], no matter of interpretation 1-a or 1-b, the UE is unable to report its support of Case 6. As a consequence, the UE can only report a subset of supported combinations.
Proposal 1: Adopt two-stage tree structure for features defined with both XDD-Diff and FRX-Diff.
Proposal 2: Apply Proposal 1 to both Rel-15 and Rel-16 UE features.
Proposal 3: For correction on Rel-15 UE features, follow the below principles:
· A UE reports the new capability signalling should also set the values in legacy xDD-Diff, FRx-Diff fields;
· When receives the new capability signalling, the network which supports new signalling can ignore the value in legacy fields of this feature. 
Proposal 3: Agree the CRs in [4][5].
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5. Annex

Interpretation 1-a
	Support for the feature
	UE capability containers

	
	xDD-Diff in common
	FRX-diff in common
	fdd-Add
	tdd-Add
	fr1-Add
	fr2-Add

	Case 1
	· FR1 FDD: ‘supported’
· FR1 TDD: ‘supported’
· FR2 TDD: ‘supported
	Supported
	Supported
	Not included
	Not included
	Not included
	Not included

	Case 2
	· FR1 FDD: ‘not supported’
· FR1 TDD: ‘not supported’
· FR2 TDD: ‘not supported
	Not supported
	Not supported
	Not included
	Not included
	Not included
	Not included

	Case 3
	· FR1 FDD: ‘not supported’
· FR1 TDD: ‘supported’
· FR2 TDD: ‘supported
	Not supported
	Supported
	Not included
	Supported
	Not included
	Not included

	Case 4
	· FR1 FDD: ‘not supported’
· FR1 TDD: ‘not supported’
· FR2 TDD: ‘supported
	Not supported
	Not supported
	Not included
	Supported
	Not included
	Supported

	Case 5
	· FR1 FDD: ‘not supported’
· FR1 TDD: ‘supported’
· FR2 TDD: ‘not supported
	Not supported
	Not supported
	Not included
	Supported
	Supported
	Not included

	Case 6
	· FR1 FDD: ‘supported’
· FR1 TDD: ‘not supported’
· FR2 TDD: ‘supported
	Unable to signal

	Case 7
	· FR1 FDD: ‘supported’
· FR1 TDD: ‘not supported’
· FR2 TDD: ‘not supported
	Not supported
	Not supported
	Supported
	Not included
	Supported
	Not included

	Case 8
	· FR1 FDD: ‘supported’
· FR1 TDD: ‘supported’
· FR2 TDD: ‘not supported
	Supported
	Not supported
	Not included
	Not included
	Supported
	Not included




Interpretation 1-b
	Support for the feature
	UE capability containers

	
	xDD-Diff in common
	FRX-diff in common
	fdd-Add
	tdd-Add
	fr1-Add
	fr2-Add

	Case 1
	· FR1 FDD: ‘supported’
· FR1 TDD: ‘supported’
· FR2 TDD: ‘supported
	Supported
	Supported
	Not included
	Not included
	Not included
	Not included

	Case 2
	· FR1 FDD: ‘not supported’
· FR1 TDD: ‘not supported’
· FR2 TDD: ‘not supported
	Not supported
	Not supported
	Not included
	Not included
	Not included
	Not included

	Case 3
	· FR1 FDD: ‘not supported’
· FR1 TDD: ‘supported’
· FR2 TDD: ‘supported
	Not supported
	Not supported
	Not included
	Supported
	Not included
	Not included

	Case 4
	· FR1 FDD: ‘not supported’
· FR1 TDD: ‘not supported’
· FR2 TDD: ‘supported
	Not supported
	Not supported
	Not included
	Supported
	Not included
	Supported

	Case 5
	· FR1 FDD: ‘not supported’
· FR1 TDD: ‘supported’
· FR2 TDD: ‘not supported
	Not supported
	Not supported
	Not included
	Supported
	Supported
	Not included

	Case 6
	· FR1 FDD: ‘supported’
· FR1 TDD: ‘not supported’
· FR2 TDD: ‘supported
	Unable to signal

	Case 7
	· FR1 FDD: ‘supported’
· FR1 TDD: ‘not supported’
· FR2 TDD: ‘not supported
	Not supported
	Not supported
	Supported
	Not included
	Supported
	Not included

	Case 8
	· FR1 FDD: ‘supported’
· FR1 TDD: ‘supported’
· FR2 TDD: ‘not supported
	Not supported
	Not supported
	Not included
	Not included
	Supported
	Not included
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