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1
Introduction
In RAN1 there has been already quite extensive discussions on TDD/FDD joint operation e.g. carrier aggregation mixed TDD/FDD band serving cells in one band combination and sent a LS [R1-141056] to inform the below RAN1 conclusion.  
RAN1 discussed the RRC impact of TDD-FDD CA based on the available RAN1 design and concluded that the current RRC signalling is seen as sufficient in order to enable TDD-FDD CA configuration as well as UE capability indication. Therefore RAN1 sees no need for new RRC parameters in order to support TDD-FDD CA from RAN1 perspective. 

RAN1 would in addition like to highlight, that the RAN1 Rel-12 TDD-FDD CA design requires the UE to support simultaneous RX and TX (i.e. full-duplex) for the indicated TDD-FDD CA band combinations. 

In this paper we we consider potential RAN2 impacts.

2
RAN2 impacts
2.1
Configuration
In REL10 RAN2 did quite future proof signalling approach as even current signalling can already indicate TDD-FDD combinations:

SCellToAddMod-r10 ::=


SEQUENCE {


sCellIndex-r10





SCellIndex-r10,


cellIdentification-r10



SEQUENCE {



physCellId-r10





PhysCellId,



dl-CarrierFreq-r10




ARFCN-ValueEUTRA


}















OPTIONAL,
-- Cond SCellAdd


radioResourceConfigCommonSCell-r10

RadioResourceConfigCommonSCell-r10
OPTIONAL,
-- Cond SCellAdd


radioResourceConfigDedicatedSCell-r10
RadioResourceConfigDedicatedSCell-r10
OPTIONAL,
-- Cond SCellAdd2


...,


[[
dl-CarrierFreq-v1090



ARFCN-ValueEUTRA-v9e0
OPTIONAL
-- Cond EARFCN-max


]]

}

When looking at description of ARFCN-ValueEUTRA:

–
ARFCN-ValueEUTRA
The IE ARFCN-ValueEUTRA is used to indicate the ARFCN applicable for a downlink, uplink or bi-directional (TDD) E-UTRA carrier frequency, as defined in TS 36.101 [42]. If an extension is signalled using the extended value range (as defined by IE ARFCN-ValueEUTRA-v9e0), the UE shall only consider this extension (and hence ignore the corresponding original field, using the value range as defined by IE ARFCN-ValueEUTRA i.e. without suffix, if signalled). In dedicated signalling, E-UTRAN only provides an EARFCN corresponding to an E-UTRA band supported by the UE.
ARFCN-ValueEUTRA information element
-- ASN1START

ARFCN-ValueEUTRA ::=



INTEGER (0..maxEARFCN)

ARFCN-ValueEUTRA-v9e0 ::=


INTEGER (maxEARFCN-Plus1..maxEARFCN2)

ARFCN-ValueEUTRA-r9 ::=



INTEGER (0..maxEARFCN2)

-- ASN1STOP

And looking at 36.101 one can see that the carrier frequency in LTE can indicate either TDD or FDD. So already now existing signalling can support configuration of FDD/TDD CA combinations by just simply indicating corresponding EARFCNs for serving cells.
Observation 1: Existing RRC signalling to configure SCell supports combination of FDD and TDD serving cells
2.2
UE Capabilities
Current UE capability signalling for CA is as below (omitting below non relevant parts):
RF-Parameters-v1020 ::=              SEQUENCE { -- THIS INFORMATION ELEMENT INDICATE SUPPORTED COMBINATIONS

    supportedBandCombination-r10         SupportedBandCombination-r10

}

SupportedBandCombination-r10 ::= SEQUENCE (SIZE (1..maxBandComb-r10)) OF BandCombinationParameters-r10 -- EACH COMBINATION HAS OWN INSTANCE of bandcombinationparameter-r10 

BandCombinationParameters-r10 ::= SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF BandParameters-r10 -- EACH BAND IN EACH BAND COMBINATION HAS bandparameters-r10
SupportedBandwidthCombinationSet-r10 ::= BIT STRING (SIZE (1..maxBandwidthCombSet-r10))

BandParameters-r10 ::= SEQUENCE { -- FOR EACH BAND UE INDICATES the BAND 

    bandEUTRA-r10                FreqBandIndicator,            -- As TDD and FDD has different band indicators UE may already now indicate support of TDD/FDD band combinations

    bandParametersUL-r10         BandParametersUL-r10                 OPTIONAL,

    bandParametersDL-r10         BandParametersDL-r10                 OPTIONAL

}

And as the band indicator can also indicate either TDD or FDD bands already it seems that existing signalling can support UE indicating support of TDD/FDD band combinations.

Observation 2: Existing UE capability signalling can indicate UE support for band combinations having both FDD and TDD cells

However, the LS from RAN1 also indicated that UE is requirement to support simultaneous RX and TX (i.e, full-duplex) for the indicated TDD-FDD CA band combinations. To our knowledge, this decision holds for Rel-12 but can be changed in the future release. 

Currently simultaneousRx-Tx is an optional feature for inter-band TDD TDD CA and signalling is optimized for the UEs not supporting the feature as below. (i.e, only the UEs supporting the simultaneousRx-Tx need to include the bit.)

SupportedBandCombination-v1130 ::= SEQUENCE (SIZE (1..maxBandComb-r10)) OF BandCombinationParameters-v1130

BandCombinationParameters-v1130 ::=
SEQUENCE {


multipleTimingAdvance-r11

ENUMERATED {supported}




OPTIONAL,


simultaneousRx-Tx-r11


ENUMERATED {supported}




OPTIONAL,


bandParameterList-r11


SEQUENCE (SIZE (1..maxSimultaneousBands-r10)) OF BandParameters-v1130
OPTIONAL,


...

}

To accommodate RAN1 agreement, one way could be to add simultaneousRx-Tx per all TDD-FDD band combinations in the UE capability to indicate that the feature is supported by UE. Then the same signalling can be used in the future when the simultaneousRx-Tx for TDD-FDD CA is not any more mandatory. However, this will increase the size of UE capabilities which is already quite big.
Considering RAN2 is actively discussing to reduce the size of UE capability, the simplest way is that network assumes UE shall be able to send and to receive at the same time if UE is Rel-12 and is configured TDD-FDD CA. This can be captured in TS36.306 without any impact to TS36.331.
The field description in the 36.331 for simultaneousRx-Tx is following:

simultaneousRx-Tx

Indicates whether the UE supports simultaneous reception and transmission on different bands for each band combination listed in supportedBandCombination. This field is only applicable for inter-band TDD carrier aggregation.
So field description seems to limit the UE signalling of the field only to the case of TDD carrier aggregation and UE is not allowed to signal the value in case of combination of TDD and FDD serving cells i.e. no need to do change in 36.331 to prevent confusing signalling from the UE.
Proposal: It is proposed to capture simultaneous RX and TX (i.e, full-duplex) capability for TDD-FDD CA UEs is captured only in TS36.306 without any signalling impact to TS36.331 in Rel-12.

3.2
MAC impacts
There are potential impacts for HARQ RTT timer definition in 36.321. When PCell is FDD carrier and SCell is TDD carrier, DL HARQ timing follows FDD PCell timing for PDSCH transmitted on the TDD SCell. 
Potential HARQ RTT changes on FDD SCell in the case of TDD PCell depend on future RAN1 decisions that should be available for may RAND2 meeting.. 
Just for convenience below is provided one possible way to capture FDD PCell case HARQ timing impacts to 36.321 i.e.for FDD-TDD CA with FDD cell as PCell, the HARQ timing will follow FDD timing, i.e. ACK/NACK at n+4, which means HARQ RTT timer for both FDD and TDD cell would be 8 subframes. Thus possible implementation of this into 36.321 could be following:
7.7        HARQ RTT Timer
For FDD cell or for TDD cell when FDD-TDD CA is configured and the FDD cell is PCell the HARQ RTT Timer is set to 8 subframes. For TDD cell when FDD-TDD CA is not configured , the HARQ RTT Timer is set to k + 4 subframes, where k is the interval between the downlink transmission and the transmission of associated HARQ feedback, as indicated in Table 10.1.3.1-1 of [2] , and for an RN configured with rn-SubframeConfig [8] and not suspended, as indicated in Table 7.5.1-1 of [11]. 
4
Conclusion
In this paper we analysed potential impacts of TDD-FDD CA operation which lead us to following proposal:

Proposal: It is proposed to capture simultaneous RX and TX (i.e, full-duplex) capability for TDD-FDD CA UEs is captured only in TS36.306 without any signalling impact to TS36.331 in Rel-12.

Corresponding CR is provided in R2-141112.
Additionally we provided an initial TP for 36.321 due to HARQ timing changes in the FDD-TDD CA operation, but before final CR can be agreed RAN1 needs to decide how TDD PCell case is to be handled. 
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