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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
In this contribution, we discussed this issue and shared 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 v15.8.0 version, following capabilities are defined with both XDD-Diff and FRX-Diff:
· MRDC-Parameters;
· tdm-Pattern
· 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
Regarding tdm-Pattern, the MRDC-Parameters is per band combination signaled, then it is clear which duplex mode(s) or frequency range mode(s) are involved, so there is no ambiguity issue for tdm-Pattern capability reporting between UE and network. However, Phy-Parameters and MeasAndMobParameters are per-UE level signaled, therefore, for those listed capabilities in Phy-Parameters and MeasAndMobParameters, the issue identified in RAN1’s LS may exist. 
Observation 1: Currently, the XDD-FRX ambiguity issue may exist for capabilities in Phy-Parameters and MeasAndMobParameters. 
From both network and UE perspective, it is natural to derive the combined capability based on reported capability value for concerned duplex mode and FR mode. For instance, if network wants to determine whether the UE supports inter frequency handover from TDD+FR1 PCell. The network can look into the handoverInterF capability signaled for TDD and FR1 separately, and network can assume the UE supports the feature when both are set to “supported”. 
Although the issue identified by RAN1 is valid, at this late stage of Rel-15 specification, we think it is harmful to change any fundamental principles. On the other hand, based on existing capability signalling, if UE indeed supports some combined scenario that may cause ambiguity to network, we think it is up to UE to ensure the reported capabilities won’t cause ambiguity problem (e.g. reports tailored capability combination).
For instance, a UE supports following combinations:
· FR1 + FDD: supported
· FR1 + TDD: not supported
· FR2 + TDD: supported
Then the UE shall indicate: 
· TDD: supported;  FDD: supported;  FR1: not supported;  FR2: supported; //network interprets only FR2+TDD is supported. 
Or 
· TDD: not supported;  FDD: supported;  FR1: supported;  FR2: supported; //network interprets only FR1+FDD is supported.
Observation 2: Change fundamental principle will cause big impact to both network and UE implementations.
Proposal 1: RAN2 sticks to the principle, that for existing capability fields, the network assumes the UE supports combined duplex mode + FR mode capability, only if the UE signals the support of this capability for corresponding duplex mode and FR mode simultaneously. 
3. Consideration on future
Apparently, the solution provided above is not perfect, but it is simpler without capability signaling change. However, whether/how to solve it in future still worth discussing, and whether we should fix this problem for existing capabilities?
As discussed above, the problem occurs because we defined paralleled structure for XDD-Add and FRX-Add. Then one possible solution is to define two-stage tree 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 2: Adopt two-stage tree structure for features defined with both XDD-Diff and FRX-Diff.
Apparently, Proposal 2 should apply to Rel-16 features, regarding the Rel-15 capabilities identified in section 2, especially for mobility related capabilities, we see value to fix it in Rel-15, the corresponding CR is provided in [2]. In case the UE delivers the new capability signalling, the network that implements according to this CR can ignore the old bits.
Proposal 3: Agree the CR in [2][3].
4. Conclusion and proposals
RAN2 is kindly asked to discuss and adopt the following proposal:
[bookmark: _Toc535476034]Observation 1: Currently, the XDD-FRX ambiguity issue may exist for capabilities in Phy-Parameters and MeasAndMobParameters. 
Observation 2: Change fundamental principle will cause big impact to both network and UE implementations.
Proposal 1: RAN2 sticks to the principle, that for existing capability fields, the network assumes the UE supports combined duplex mode + FR mode capability, only if the UE signals the support of this capability for corresponding duplex mode and FR mode simultaneously. 
[bookmark: _GoBack]Proposal 2: Adopt two-stage tree structure for features defined with both XDD-Diff and FRX-Diff.
Proposal 3: Agree the CR in [2] and [3].
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