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1. Introduction
In RAN1#74bis, the following agreement was made [1].
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In this contribution we discuss the minimum specification modifications to support TDD-FDD CA UEs not capable of simultaneous RX/TX.
2. Discussion
2.1. Behavior of a Rel-11 UE not supporting simultaneous RX/TX
The behavior of a Rel-11 UE not supporting simultaneous RX/TX is specified in TS36.211 [2] according to the PCell subframe type as follows. 
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These restrictions are defined for Frame structure type 2 (TDD). Support for TDD-FDD CA UEs not capable of simultaneous RX/TX could be achieved with minimum standardization effort through a natural extension of these restrictions to cover the possible TDD-FDD CA scenarios.
2.1.1. FDD PCell + TDD SCell
When the PCell is an FDD cell, there are both a downlink subframe and an uplink subframe in the primary cell at any given time (they exist regardless of them being used or not). Therefore, if the UE transmission and reception on the SCell are ruled according to the above restrictions (based on the PCell subframe type), neither uplink transmission nor downlink reception is possible at all in the SCell. A possible solution to avoid this problem is to determine the SCell transmission and reception restrictions based on the actual usage of the PCell subframe for downlink reception and/or uplink transmission, instead of the subframe type. 
In this case:

· UEs can receive downlink signal/channel from the SCell in a subframe if PCell uplink transmission is not scheduled in the same subframe. 
· A UE with half-duplex FDD operation can transmit uplink signal/channel on the SCell in a subframe if the downlink reception is not required on the PCell in the same subframe. 
· In contrast, a UE with full-duplex FDD operation cannot transmit uplink signal/channel on a TDD SCell in any subframes, since they have to monitor (E)PDCCH in every subframe in the FDD PCell.
Observation 1:

· For the FDD PCell case, restrictions in the current specification for UEs not supporting simultaneous Rx/Tx, i.e. restrictions according to the type of the PCell subframe, prevent any transmission and reception on the SCell.

· UE transmission and reception on the SCell can be restricted according to the actual usage of the PCell subframe for downlink reception and/or uplink transmission.
· Downlink reception on the SCell is allowed for all UEs.

· Uplink transmission on the SCell is allowed only for UEs with half-duplex FDD operation.
2.1.2. TDD PCell + FDD SCell

When the PCell is a TDD cell, the type of each subframe on the PCell is well defined (any of downlink, uplink, or special subframe). However, when the PCell subframe is a special subframe, Rel-11 only contemplates the possibility that the SCell is a special subframe or a DL subframe, while under TDD-FDD there is also an UL subframe in the SCell. This case is not reflected in the Rel-11 restrictions.

In order to deal with this omission, we see two alternatives:

· Alternative 1: use the restrictions set indicated above for the FDD PCell + TDD SCell case (obs. 1).

· Alternative 2: add an extra clause to the Rel-11 restrictions set explaining the behaviour to be expected from the FDD UE UL subframe when the TDD PCell subframe is a special subframe.

Alternative 1 is a very clean and simple solution to this problem. The FDD PCell + TDD SCell case requires of a minimal specification effort, which can in turn be directly reused for the TDD PCell + FDD SCell case.

Alternative 2 results in an independent solution for TDD PCell + FDD SCell, which may be an attractive proposition for RAN1 if other factors are considered. 

Fig. 1 shows an example in which the PCell is transmitting a special subframe, and a UE plans to transmit an SRS over the SCell at the end of the subframe. 
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Fig. 1 – Simultaneous PCell special subframe and SCell SRS.

If all SCell UL transmissions are precluded during a PCell special subframe, the UE cannot transmit the SRS over the SCell at the end of the subframe, even though there is no problem in doing so at that moment (Fig. 1.a). This is clearly not the most efficient use of the available resources.

On the other hand, if SCell UL transmissions are only precluded during the DwPTS and the GP of the PCell special subframe, the UE can transmit the SRS at the end of the subframe (Fig. 1.b). This operation speeds up the eNB acquisition of the estimated channel conditions, improving the efficiency and smoothening the holistic operation of the cell.

Alternative 2 could be easily implemented into the Rel-11 restrictions set by adding an extra clause, for example:

· if the subframe in the primary cell is a special subframe and the same subframe in a secondary cell is an uplink subframe, the UE shall not transmit any signal or channel on a secondary cell during the DwPTS and GP fields of the PCell special subframe.
Observation 2:
· For the TDD PCell case, restrictions in the current specification for UEs not supporting simultaneous Rx/Tx neglect the existence of an UL band in the FDD SCell and are therefore incomplete.

· We see two alternatives:

· Alt. 1: the restrictions set based on the role of the PCell subframe for UEs not supporting simultaneous Rx/Tx can be reused.

· Alt. 2: add a clause to the Rel-11 restrictions set explaining the behaviour to be expected from the FDD UE UL subframe when the TDD PCell subframe is a special subframe.

· SCell UL transmissions are precluded during the DwPTS and the GP of a PCell special subframe.

3. Conclusion

In this contribution, we make the following observations:
Observation 1:

· For the FDD PCell case, restrictions in the current specification for UEs not supporting simultaneous Rx/Tx, i.e. restrictions according to the type of the PCell subframe, prevent any transmission and reception on the SCell.

· UE transmission and reception on the SCell can be restricted according to the actual usage of the PCell subframe for downlink reception and/or uplink transmission.

· Downlink reception on the SCell is allowed for all UEs.

· Uplink transmission on the SCell is allowed only for UEs with half-duplex FDD operation.

Observation 2:
· For the TDD PCell case, restrictions in the current specification for UEs not supporting simultaneous Rx/Tx neglect the existence of an UL band in the FDD SCell and are therefore incomplete.

· We see two alternatives:

· Alt. 1: the restrictions set based on the role of the PCell subframe for UEs not supporting simultaneous Rx/Tx can be reused.

· Alt. 2: add a clause to the Rel-11 restrictions set explaining the behaviour to be expected from the FDD UE UL subframe when the TDD PCell subframe is a special subframe.

· SCell UL transmissions are precluded during the DwPTS and the GP of a PCell special subframe.
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Agreement:


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


 





if the subframe in the primary cell is a downlink subframe, the UE shall not transmit any signal or channel on a secondary cell in the same subframe 


if the subframe in the primary cell is an uplink subframe, the UE is not expected to receive any downlink transmissions on a secondary cell in the same subframe


if the subframe in the primary cell is a special subframe and the same subframe in a secondary cell is a downlink subframe, the UE is not expected to receive PDSCH/EPDCCH/PMCH/PRS transmissions in the secondary cell in the same subframe, and the UE is not expected to receive any other signals on the secondary cell in OFDM symbols that overlaps with the guard period or UpPTS in the primary cell.
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1.a) SCell UL transmission is precluded during PCell special subframe.


1.b) SCell UL transmission is only precluded during the DwPTS of the PCell special subframe.



