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1. Introduction
In RAN1 #74bis, several issues regarding the specification of LTE TDD-FDD carrier aggregation (CA) were discussed [1]. Among them, the following questions have not been clarified yet.
· Whether or not cross-carrier scheduling is supported?
· Whether or not to support PUCCH on PCell or SCell?
· How to support HARQ/scheduling?
· DL self-carrier scheduling
· UL self-carrier scheduling
· DL cross-carrier scheduling (if supported)
· UL cross-carrier scheduling (if supported)
In this contribution, we discuss possible solutions for TDD-FDD CA focusing on the uplink scheduling and HARQ timing . Discussion on downlink HARQ timing can be found in a companion contribution [2].

2. Uplink scheduling/HARQ timing for TDD-FDD CA
In this section, we investigate the uplink scheduling and HARQ timing of each serving cell when cross-carrier scheduling is configured. If cross-carrier scheduling is not configured, TDD and FDD cells follow the HARQ timing of its own cell. Considering the aggregation of only two cells, if cross-carrier scheduling is applied, the SCell is always cross-carrier scheduled by the PCell. The HARQ timing of the PCell can use the same HARQ timing as defined in Rel-8, and thus we discuss only the SCell timing in the following.
2.1. FDD PCell and TDD SCell
When the PCell is the FDD cell, every UL subframe of the TDD SCell can be used for PUSCH transmission since there is always a corresponding DL subframe in the FDD PCell for UL grant or PHICH transmission. The following two schemes can be considered for the TDD SCell uplink timing.
· Alt. 1) The TDD timing of its own UL-DL configuration is applied.
· Alt. 2) For a UL grant or a PHICH transmitted in subframe n, the corresponding PUSCH on the TDD SCell is transmitted in subframe n+4, and the corresponding PHICH is transmitted in subframe n+10 (Figure 1).


[bookmark: _Ref368066562]Figure 1. Uplink scheduling and HARQ timing for TDD SCell based on Alt. 2 (UL-DL configuration 1)

In Alt. 1, when the TDD SCell is configured with UL-DL configuration 0 (the UL heavy configuration), multiple PHICHs need to be transmitted on some of DL subframes of the FDD PCell, which is not desirable in terms of control signaling overhead balancing. Also, the maximum HARQ round-trip time (RTT) can be 13 and 14 ms for UL-DL configurations 0 and 6, respectively.
On the other hand, the current FDD timing of uplink HARQ RTT 8 ms cannot be used for the uplink synchronous HARQ operation in the TDD-FDD CA case. Instead, Alt. 2 adopts a longer gap of 6 ms between PUSCH and the corresponding PHICH transmissions, which results in synchronous HARQ with 10 ms RTT for the TDD SCell. By applying Alt. 2, maximum one PHICH is transmitted in one DL subframe of the FDD PCell. Thus, in terms of HARQ-ACK feedback latency and overhead balancing, it seems that Alt. 2 is more suitable for the uplink HARQ timing of the TDD SCell.
Proposal 1: If TDD SCell is cross-carrier scheduled by FDD PCell, a modified FDD timing, i.e., a 6 ms gap between PUSCH and the corresponding PHICH, applies for the uplink HARQ timing of the TDD SCell.

2.2. TDD PCell and FDD SCell
Now let us consider the opposite case where FDD SCell is cross-carrier scheduled by TDD PCell. In this case, the HARQ timeline can be more complicated since the TDD PCell does not have a DL subframe in some TTIs. To increase the number of usable UL subframes in the FDD SCell, multi- or cross-subframe scheduling can be introduced.
First, in the case where multi-subframe scheduling is not introduced, we compare the following two approaches for the HARQ timing of the FDD SCell.
· Alt. 1) The TDD timing of the TDD PCell is applied (Figure 2).
· [bookmark: _GoBack]Alt. 2) For a UL grant or a PHICH transmitted in subframe n, the corresponding PUSCH on the FDD SCell is transmitted in subframe n+4 and the corresponding PHICH is transmitted in subframe n+10 (Figure 3).
Based on Alt. 2, we can use, for PUSCH scheduling, as many FDD SCell UL subframes as the number of TDD PCell DL subframes, which is more favorable than Alt. 1 for all the TDD UL-DL configurations except for UL-DL configuration 0. Also, Alt. 2 gives a fixed HARQ RTT of 10 ms no matter which UL-DL configuration is used in the TDD PCell. Thus, among the two schemes, we prefer Alt. 2 as the scheduling and HARQ timing of the FDD SCell. Alternatively, we can also consider using both Alt. 1 and Alt. 2 in a mixed manner if the main design consideration point is the number of usable FDD SCell UL subframes; The FDD SCell timing can follow Alt. 1 if the TDD PCell uses UL-DL configuration 0, and follow Alt. 2 otherwise.


[bookmark: _Ref367730316]Figure 2. Uplink PUSCH and HARQ timing for FDD SCell with Alt. 1 (UL-DL configuration 1)



[bookmark: _Ref367730651]Figure 3. Uplink PUSCH and HARQ timing for FDD SCell with Alt. 2 (UL-DL configuration 1)

Proposal 2: If FDD SCell is cross-carrier scheduled by TDD PCell, without multi-subframe scheduling, a modified FDD timing, i.e., a 6 ms gap between PUSCH and the corresponding PHICH, applies for the uplink HARQ timing of the FDD SCell.
As discussed above, some UL subframes of the FDD SCell are not available for scheduling when using Alt. 1 and Alt. 2 only. One way of avoiding the loss of UL subframes in the FDD SCell is to introduce multi-subframe scheduling. In this case, new scheduling and HARQ timing needs to be defined. If RAN1 decides to introduce the multi-subframe scheduling, HARQ feedback latency and PHICH overhead balancing as well as its specification impact should carefully be considered.
Observation 1: If FDD Scell is cross-carrier scheduled by TDD PCell, with multi-subframe scheduling, a new uplink scheduling and HARQ timing of the FDD SCell should be designed by considering HARQ feedback latency and PHICH overhead balancing as well as its specification impact.

3. Conclusions
In this contribution, we have discussed our views on potential TDD-FDD CA solutions with respect to the uplink HARQ timing. The followings are proposed.
Proposal 1: If TDD SCell is cross-carrier scheduled by FDD PCell, a modified FDD timing, i.e., 6 ms period between PUSCH and the corresponding PHICH, applies for the uplink HARQ timing of the TDD SCell.
Proposal 2: If FDD SCell is cross-carrier scheduled by TDD PCell, without multi-subframe scheduling, a modified FDD timing, i.e., 6 ms period between PUSCH and the corresponding PHICH, applies for the uplink HARQ timing of the FDD SCell.
Observation 1: If FDD Scell is cross-carrier scheduled by TDD PCell, with multi-subframe scheduling, a new uplink scheduling and HARQ timing of the FDD SCell should be designed by considering HARQ feedback latency and PHICH overhead balancing as well as its specification impact.

4. References
[1] Chairman’s notes RAN1 #74bis, Guangzhou, China, October 7th-11th, 2013.
[2] R1-135275, “Downlink HARQ timing in TDD-FDD carrier aggregation,” ETRI, 3GPP RAN1 #75, San Francisco, USA, November 11th-15th, 2013.
oleObject1.bin
D


D


D


D


D


D


D


D


D


D


D


S


U


U


D


D


S


U


U


D


U


U


U


U


U


U


U


U


U


U


0


1


2


3


4


5


6


7


8


9


D


D


U


U


U


U


8


9


time (subframe n)


FDD
(PCell)


TDD


U


U


D


D


D


S


0


1


(UL/DL configuration 1)


D


D


D


U


U


D


U


U


U


2


3


4



image2.emf
D D D D D D D D D D

D S U U D D S U U D

U U U U U

0 1 2 3 4 5 6 7 8 9

D D

U D

U U

8 9

U

D

U

7

D

S

U

6

time (subframe n)

FDD

TDD







U U

D D

D S

0 1

(UL/DL configuration 1)

U U U U U


oleObject2.bin
D


D


D


D


D


D


D


D


D


D


D


S


U


U


D


D


S


U


U


D


U


U


U


U


U


U


U


U


U


U


0


1


2


3


4


5


6


7


8


9


D


D


U


D


U


U


8


9


U


D


U


7


D


S


U


6


time (subframe n)


FDD


TDD


U


U


D


D


D


S


0


1


(UL/DL configuration 1)



image3.emf
D D D D D D D D D D

D S U U D D S U U D

U U U U U U U U U U

0 1 2 3 4 5 6 7 8 9

D D

U D

U U

8 9

U

D

U

7

D

S

U

6

time (subframe n)

FDD

TDD







U U

D D

D S

0 1

(UL/DL configuration 1)


oleObject3.bin
D


D


D


D


D


D


D


D


D


D


D


S


U


U


D


D


S


U


U


D


U


U


U


U


U


U


U


U


U


U


0


1


2


3


4


5


6


7


8


9


D


D


U


D


U


U


8


9


U


D


U


7


D


S


U


6


time (subframe n)


FDD


TDD


U


U


D


D


D


S


0


1


(UL/DL configuration 1)



image1.emf
D D D D D D D D D D

D S U U D D S U U D

U U U U U U U U U U

0 1 2 3 4 5 6 7 8 9

D D

U U

U U

8 9

time (subframe n)

FDD

(PCell)

TDD







U U

D D

D S

0 1

(UL/DL configuration 1)

D D D

U U D

U U U

2 3 4


