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1 Introduction
In RAN1 #74bis, the following agreement was made regarding FDD-TDD CA:

· RAN1 should focus on the design of TDD-FDD CA assuming simultaneous RX/TX capability of the TDD-FDD CA UEs in Rel.12
· Further discussion of TDD-FDD CA UE not supporting simultaneous RX/TX is not precluded

In this contribution, we further discuss the behavior of TDD-FDD CA UE not supporting simultaneous RX/TX.
2 Discussion

During the work on Rel-11 TDD inter-band CA with different UL-DL configuration, RAN1 asked RAN4 whether it can be assumed that the UE supports simultaneous transmission/reception on the different bands. The following answers were provided by RAN4 in [1]:
The feasibility of TDD UE supporting simultaneous transmission/reception for a given band combination should be considered on a band combination specific basis. A UE supporting inter-band carrier aggregation with different UL-DL configurations does not necessarily mean supporting of simultaneous transmission/reception on different bands. There is no architectural limitation to do so. Additional complexity and cost or degraded RF performance (sensitivity, output power) may occur for TDD UEs supporting simultaneous transmission/reception on different bands, compared to UEs not supporting simultaneous transmission/reception on different bands. If similar filtering performance for TDD is assumed as for FDD then similar band separation can be expected as for FDD. 
Based on the above answer, it was agreed in Rel-11 that a capability bit is introduced per band combination to indicate whether the UE supports simultaneous Rx/Tx on the relevant band combination. For Rel-12 work on FDD-TDD CA, it is possible to adopt the same approach, i.e. a capability bit is used to indicate whether the UE support simultaneous Rx/Tx in the relevant FDD-TDD band combination. It was pointed out in RAN1-74bis that there is no such capability bit in case of FDD-FDD CA, and FDD-TDD CA can also follow the FDD-FDD CA design, i.e. without such simultaneous Rx/Tx capability bit per band combination. In the following, we discuss whether there is any benefit to have the simultaneous Rx/Tx capability indication for FDD-TDD CA.
For FDD-FDD CA, if the UE does not support simultaneous Rx/Tx on the aggregated bands, the UE can simply indicate the support of DL CA only. In other words, given that DL CA and UL CA are separate UE capabilities, there is no benefit to introduce the additional UE capability bit on simultaneous Rx/Tx for FDD-FDD CA. An example is shown in Figure 1.

[image: image1.emf]FDD Carrier 1 

UL

FDD Carrier 1 

DL

FDD Carrier 2 

UL

FDD Carrier 2 

DL

UE cannot support simultaneous 

Rx/Tx on FDD carrier 1 DL and 

FDD carrier 2 UL

In DL: UE can indicate support DL CA on 

FDD carrier 1 DL and FDD carrier 2 DL

In UL: UE can indicate only support FDD 

carrier 1 UL


Figure 1: Example of FDD-FDD CA without the necessity of simultaneous Rx/Tx capability indication 

For FDD-TDD CA, whether simultaneous Rx/Tx capability indication depends on the UE’s DL and UL CA capability. We use Figure 2 and Figure 3 to illustrate. In both cases, it is assumed that a UE does not support simultaneous Rx/Tx on FDD DL and TDD UL.

· If the UE indicates that DL CA is supported on the FDD-TDD bands and the supported UL band (UL non-CA) is the FDD band as shown in Figure 2, there is no need to have the simultaneous Rx/Tx indication. This is because the TDD UL cannot be used anyway. Note that in this example, only the FDD carrier can be the primary cell.

· If the UE indicates that DL CA is supported on the FDD-TDD bands and the supported UL band (UL non-CA) is the TDD band as shown in Figure 3, there is a need to have the simultaneous Rx/Tx indication. This is because otherwise the network will not know if the UE can perform simultaneous Rx/Tx on the FDD DL and TDD UL subframe. Note that in this example, only the TDD carrier can be the primary cell.
· If the UE indicates that both DL and UL CA is supported on the FDD-TDD bands as shown in Figure 4, there is a need to have the simultaneous Rx/Tx indication. This is because otherwise the network will not know if the UE can perform simultaneous Rx/Tx on the FDD DL and TDD UL subframe.
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Figure 2: Example of FDD-TDD CA without the necessity of simultaneous Rx/Tx capability indication
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Figure 3: Example of FDD-TDD CA with the necessity of simultaneous Rx/Tx capability indication
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Figure 4: Example of FDD-TDD CA with the necessity of simultaneous Rx/Tx capability indication

From the above discussion, it is concluded that for FDD-TDD CA, it is still necessary to have the simultaneous Rx/Tx capability indication per band combination.
3 Detailed UE capability signaling design

In Rel-11 TDD inter-band CA, 1-bit is included per band combination to indicate whether the UE supports simultaneous Rx/Tx. Given the different frequency arrangements for FDD-TDD CA as shown in Figure 5, it is necessary to check if 1-bit is sufficient to indicate the capability of simultaneous Rx/Tx for FDD-TDD CA. In addition, there exists the Rel-8 UE capability of half duple FDD. Therefore, it is also necessary to discuss the interaction between the new UE capability of simultaneous Rx/Tx for FDD-TDD CA and the existing Rel-8 half duplex FDD UE capability. It is noted that the Rel-8 half duplex FDD UE capability is indicated per band.
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Figure 5: Possible frequency arrangements for FDD-TDD CA
Assuming the FDD band is band X and the TDD band is band Y, Table 1 shows the different combinations of FDD/TDD frequency arrangements, the UE DL/UL CA capability, and the FDD half duplex UE capability. The following assumptions are used when deriving the contents of Table 1:

· Assumption 1: If simultaneous Rx/Tx is supported with a smaller frequency separation, then simultaneous Rx/Tx is also supported with a larger frequency separation.
· Assumption 2: If simultaneous Rx/Tx is not supported with a smaller frequency separation, then simultaneous Rx/Tx may or may not be supported with a larger frequency separation.

· Assumption 3: If simultaneous Rx/Tx is supported with a larger frequency separation, then simultaneous Rx/Tx may or may not be supported with a smaller frequency separation.

· Assumption 4: If simultaneous Rx/Tx is not supported with a larger frequency separation, then simultaneous Rx/Tx is also not supported with a smaller frequency separation.
Table 1: Necessary indication of UE simultaneous Rx/Tx capability for FDD-TDD CA
	FDD/TDD frequency arrangements
	Full/half duplex in FDD band X
	UE DL and UL CA capability

	
	
	DL: FDD band X + TDD band Y

UL: FDD band X
	DL: FDD band X + TDD band Y

UL: TDD band Y
	DL: FDD band X + TDD band Y

UL: FDD band X + TDD band Y

	Case 1 in Figure 5
	Full duplex
	N/A
	(FDD DL, TDD UL)
	(FDD DL, TDD UL)

	
	Half duplex
	(TDD DL, FDD UL)
	(FDD DL, TDD UL)
	(FDD DL, TDD UL)

(TDD DL, FDD UL)

	Case 2 in Figure 5
	Full duplex
	(TDD DL, FDD UL)
	(FDD DL, TDD UL)
	(FDD DL, TDD UL)

(TDD DL, FDD UL)

	
	Half duplex
	N/A
	N/A
	N/A

	Case 3 in Figure 5
	Full duplex
	(TDD DL, FDD UL)
	N/A
	(TDD DL, FDD UL)

	
	Half duplex
	(TDD DL, FDD UL)
	(FDD DL, TDD UL)
	(FDD DL, TDD UL)

(TDD DL, FDD UL)


In Table 1, “N/A” means that no additional UE capability signaling is needed for simultaneous Rx/Tx, with the above assumptions 1 – 4; (FDD DL, TDD UL) means it is necessary to have the UE capability signaling to indicate whether the UE supports simultaneous Rx/Tx in FDD DL and TDD UL; (TDD DL, FDD UL) means it is necessary to have the UE capability signaling to indicate whether the UE supports simultaneous Rx/Tx in TDD DL and FDD UL.

Proposal 1: Ask RAN2 to design the corresponding UE capability signaling according to Table 1. 
4 Transmission direction determination

For a UE that does not support simultaneous Rx/Tx on a respective FDD-TDD band combination, it is necessary to define the transmission direction in such conflicting subframes. In Rel-11 TDD inter-band CA with different UL-DL configuration, it was adopted that the PCell transmission direction is followed in such subframes where the UE cannot perform simultaneous Rx/Tx. It is proposed that the same design is taken as the baseline for FDD-TDD CA UEs but not capable of simultaneous Rx/Tx. 
Proposal 2: For a FDD-TDD CA UE not capable of simultaneous Rx/Tx in the respective (FDD DL, TDD UL) or (TDD DL, FDD UL) combination, the UE shall assume the PCell transmission direction in subframes where the UE cannot perform simultaneous Rx/Tx.
5 Conclusions
In this contribution, we further discuss the support of FDD-TDD CA capable UEs without simultaneous Rx/Tx capability. In particular, we have the following two proposals:
Proposal 1: Ask RAN2 to design the corresponding UE capability signaling according to Table 1. 
Proposal 2: For a FDD-TDD CA UE not capable of simultaneous Rx/Tx in the respective (FDD DL, TDD UL) or (TDD DL, FDD UL) combination, the UE shall assume the PCell transmission direction in subframes where the UE cannot perform simultaneous Rx/Tx.
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