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1. Introduction

In RAN#60, LTE TDD-FDD joint operation was approved as Rel-12 WI [1]. One of the objectives of the WI is to enhance LTE TDD-FDD joint operation with LTE TDD-FDD carrier aggregation feature for the UEs simultaneously connected to the network on two (or more) bands with different duplex modes.
Table 1 TDD UL-DL configurations and FDD

	Uplink-downlink

configuration
	Downlink-to-Uplink

Switch-point periodicity
	subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D

	

	FDD
	-
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	
	
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U


Table 1 shows available UL/DL direction according to the subframe number in TDD and FDD. Specification impact of TDD-FDD joint operation based on CA would be almost similar to that of the CA between different TDD UL-DL configurations specified in Rel-11, where the main issue was DL/UL HARQ timing.
In this contribution, we discuss the UL HARQ timing for SCell to support carrier aggregation of TDD-FDD carriers.
2. UL HARQ timing for PCell
Similar to the CA between different TDD UL-DL configurations, PCell UL HARQ timing needs to be kept same as PCell’s own HARQ timing in order to maintain robust connection during RRC (re)configuration of SCell or SCell misconfiguration.
Proposal 1: Keep PCell’s own UL HARQ timing when TDD-FDD carrier aggregation is configured regardless whether PCell is FDD cell or TDD cell.
3. UL HARQ timing for SCell in case of cross-carrier scheduling
In Rel-10/11 CA, PHICH is transmitted on the cell carrying UL grant. Therefore, in case of NCCS, UL HARQ timing of SCell can be kept as Rel-8 for CA of TDD and FDD. 
Proposal 2: It is proposed to keep SCell’s own UL HARQ process timing when cross carrier scheduling is not configured.
On the other hand, in case of CCS, HARQ timing and management of SCell should be reconsidered.
3.1. FDD as PCell, TDD as SCell
The period of FDD synchronous UL HARQ process is 8 ms, while the period of UL direction of TDD is 10 ms. In this case, accordingly, FDD PCell timing cannot be applied for TDD SCell due to the synchronous UL HARQ process. Anyhow, FDD cell can support HARQ timing of all TDD UL-DL configurations, and we can consider two options.
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(a) Option 1: keeping TDD SCell’s own TDD DL HARQ timing
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(b) Option 2: new timing adjusted to 10 ms period for UL-DL configuration 0 (and 6)
Figure 1: UL HARQ timing for aggregation of PCell FDD and SCell TDD (UL-DL configuration 0)

· Option 1: keeping SCell’s own TDD UL HARQ timing
Keeping the TDD SCell UL HARQ timing is the reasonable solution as depicted in Figure 1(a). However, for the case of UL-DL configuration 0, multiple UL subframe scheduling by UL index is still needed due the UL subframe heavy situation.
· Option 2: new timing adjusted to 10 ms period for UL-DL configuration 0 and 6
We can consider this option because UL grant can be transmitted on the FDD PCell DL subframe aligned to TDD SCell UL subframe. Then, as shown in the Figure 1(b), the period of UL HARQ process of UL-DL configuration 0 can be adjusted to 10 ms by adopting 4 ms delay between UL grant to PUSCH and 6 ms delay between PUSCH and PHICH, which are same as the other UL-DL configuration 1,2,3,4, and, 5. This new HARQ timing dispenses with the need of multiple UL subframe scheduling which enables efficient PUSCH scheduling and PHICH resource utilization, which are explained more in the companion contribution [2]. Also, the period of UL HARQ process of UL-DL configuration 6 can be adjusted to 10 ms with the same way.

From the discussion above, option 2 is preferred due to avoidance of the multiple UL scheduling without any expense of UL subframe utilization and reduced latency of UL HARQ process retransmission.

Proposal 3: It is proposed to keep SCell’s own TDD UL HARQ timing for UL-DL configuration 1-5 and to introduce new timing adjusted to 10 ms period for UL-DL configuration 0 and 6, when TDD SCell is aggregated with FDD PCell and cross-carrier scheduling is configured.
3.2. TDD as PCell, FDD as SCell
In this case, TDD PCell timing is only applicable for FDD SCell due to the lack of DL (for UL grant or PHICH) on TDD PCell. However, only with TDD timing, several FDD SCell UL subfames aligned to the TDD PCell DL subframes cannot be utilized as marked by boxes with red dotted line in Figure 2. Therefore, it may be necessary to study about the additional HARQ timing for those FDD cell UL directions. 
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Figure 2: UL HARQ timing for aggregation of PCell TDD(UL-DL configuration 1) and SCell FDD 

Table 2 shows an example of the timing relation between UL grant and corresponding PUSCH, and Table 3 shows an example of the timing relation between PUSCH and associated PHICH or UL grant for retransmission, to support all the UL subframes in FDD SCell. The values without square bracket are existing values from Rel-8, and the values with square bracket are introduced for the additional HARQ timing. With these additional HARQ timing and multiple subframe scheduling by ‘UL index’ already practiced in the UL-DL configuration 0 from Rel-8, we can fully utilize the UL subframe of FDD SCell in all UL-DL configurations.
Table 2: UL grant in subframe (n) and PUSCH in subframe (n+k) TDD configurations 0-6 

(UL grant (n) ( PUSCH (n+k))
	TDD UL/DL
Configuration
	Subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	4,[5]
	6,[5]
	
	
	
	4.[5]
	6,[5]
	
	
	

	1
	[5]
	6,[5]
	
	
	4,[5]
	[5]
	6,[5]
	
	
	4,[5]

	2
	[5]
	[5]
	
	4,[5]
	[5]
	[5]
	[5]
	
	4,[5]
	[5]

	3
	4,[7]
	[7]
	
	
	
	[4]
	[4]
	[4]
	4,[7]
	4,[7]

	4
	[6]
	[6]
	
	
	[4]
	[4]
	[4]
	[4]
	4,[6]
	4,[6]

	5
	[5]
	[5]
	
	[4]
	[4]
	[4]
	[4]
	[4]
	4,[5]
	[5]

	6
	7,[6]
	7,[8]
	
	
	
	7,[5]
	7,[5]
	
	
	5,[6]


Table 3: PHICH or UL grant for retransmission in subframe (i) and PUSCH in subframe (i-k) TDD configurations 0-6 (PUSCH (i-k) ( PHICH (i) or UL grant for retransmission (i))
	TDD UL/DL
Configuration
	Subframe number i

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	7,[5]
	4,[5]
	
	
	
	7,[5]
	4,[5]
	
	
	

	1
	[5]
	4,[5]
	
	
	6,[5]
	[5]
	4,[5]
	
	
	6,[5]

	2
	[5]
	[5]
	
	6,[5]
	[5]
	[5]
	[5]
	
	6,[5]
	[5]

	3
	6,[4]
	[4]
	
	
	
	[7]
	[7]
	[7]
	6,[7]
	6,[4]

	4
	[4]
	[4]
	
	
	[6]
	[6]
	[6]
	[6]
	6,[4]
	6,[4]

	5
	[4]
	[4]
	
	[5]
	[5]
	[5]
	[5]
	[4]
	6,[4]
	[4]

	6
	6,[5]
	4,[5]
	
	
	
	7,[6]
	4,[6]
	
	
	6,[8]


Proposal 4: It is proposed to adopt TDD PCell UL HARQ process timing for FDD SCell when FDD SCell is aggregated with TDD PCell and cross-carrier scheduling is configured.
Proposal 5: It is proposed to introduce the additional HARQ timing for FDD SCell UL subframes aligned with TDD PCell DL subframes when FDD SCell is aggregated with TDD PCell and cross-carrier scheduling is configured.
4. UL HARQ processes for SCell
As discussed in UL/DL HARQ timing, SCell HARQ timing can be changed from its own cell-specific HARQ timing as in Rel-8. Therefore, the maximum HARQ process number and corresponding DCI field should be reconsidered according to the schedulable UL subframes within the HARQ period.
5. Conclusion
This contribution discussed the UL HARQ timing issues to support TDD-FDD joint operation based on CA. We propose as follows:

Proposal 1: Keep PCell’s own UL HARQ timing when TDD-FDD carrier aggregation is configured regardless whether PCell is FDD cell or TDD cell.
Proposal 2: It is proposed to keep SCell’s own UL HARQ process timing when cross carrier scheduling is not configured.
Proposal 3: It is proposed to keep SCell’s own TDD UL HARQ timing for UL-DL configuration 1-5 and to introduce new timing adjusted to 10 ms period for UL-DL configuration 0 and 6, when TDD SCell is aggregated with FDD PCell and cross-carrier scheduling is configured.

Proposal 4: It is proposed to adopt TDD PCell UL HARQ process timing for FDD SCell when FDD SCell is aggregated with TDD PCell and cross-carrier scheduling is configured.

Proposal 5: It is proposed to introduce the additional HARQ timing for FDD SCell UL subframes aligned with TDD PCell DL subframes when FDD SCell is aggregated with TDD PCell and cross-carrier scheduling is configured.
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