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1. Introduction
In RAN#60, the work item “LTE TDD-FDD joint operation” [1] was approved. LTE TDD-FDD Carrier Aggregation was introduced in Rel-12 specification from RAN#61 until RAN#64. Some agreements of TDD-FDD CA were achieved in last RAN1#74bis including
· Ideal backhaul is assumed for TDD-FDD CA

· TDD and FDD cells are synchronized

· The followings are supported when designing Rel-12 TDD-FDD carrier aggregation:

· Maximum supported number of aggregated CC is 5

· Aggregation of different UL/DL configurations for TDD carriers on different bands is supported

· Same UL/DL configuration should be applied for intra-band CA

· A TDD-FDD CA-capable UE supports TDD-FDD DL CA

· A TDD-FDD CA-capable UE is allowed not to support TDD-FDD UL CA

· Note that not supporting UL TDD-FDD CA means that UE can only be configured with one serving cell in UL

· 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 analysis some physical layer related issues for TDD-FDD CA and show our views on these issues.
2. Discussions
The following issues should be first considered for TDD-FDD CA. Detailed analysis and our views on each issue are discussed in the following subsection. 

· PUCCH transmission related issue

· Cross-carrier scheduling related issue

· Scheduling and HARQ related issue

2.1. PUCCH transmission related issue

There are three alternatives for PUCCH transmission.
Alt 1: PUCCH on PCell [2], [5]
Alt 2: PUCCH on PCell or SCell [3], [5]
Alt 3: PUCCH on PCell and SCell [2], [4]
For Alt1, PUCCH transmission is restricted to only PCell which is same as Rel-10/Rel-11. For Alt2, PUCCH can be transmitted on SCell when there are no UL subframes on PCell. When FDD cell is PCell and TDD cell is SCell, Alt2 is same as Alt1. The UL carrier for PUCCH transmission may be switched in case of TDD PCell and FDD SCell. An example is shown in Figure 1. For Alt3, PUCCH corresponding to FDD is transmitted on FDD cell and PUCCH corresponding to TDD is transmitted on TDD cell. An example is shown in Figure 2. 
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Figure 1 Alt2 where TDD cell with UL-DL configuration#0
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Figure 2 Alt3 where TDD cell with UL-DL configuration#0
If Alt 1 is applied, the conclusion (e.g., Power control, UCI transmission, etc) which were agreed in Rel-10/Rel-11 can be largely reused for TDD-FDD CA. The specification impact would almost be ignored. But not all PDSCH resource on FDD cell can be scheduled because the DL subframes on TDD cell is a subset of DL subframes on FDD cell. If FDD could be seen as TDD UL-DL configurations#5, only downlink subframe#2 cannot be used in case self-scheduling. The unused subframe(s) can be used by other UEs which are not configured with TDD-FDD CA. For Alt 2, the UE implement complexity may increase because UL carrier for PUCCH transmission may be switched on a subframe basis. The resource utilization will be reduced because some subframes must be used as guard band for switching. Alt3 is only used for UEs which support TDD-FDD UL CA and the specification impact is serious because extra schemes (e.g., new power scaling scheme and new simultaneous UCI transmission, etc) should be introduced. For UEs which cannot support TDD-FDD UL CA, Alt 3 cannot be used and extra PUCCH transmission scheme should be considered. From the perspective of using a uniform solution and reducing specification impact, Alt1 is preferable.

Proposal 1: PUCCH transmission is restricted to only PCell.
2.2. Whether to support cross-carrier scheduling for TDD-FDD CA
In Rel-10, cross-carrier scheduling is introduced for PDCCH load balancing and CA based eICIC in het-net scenario. If the cross-carrier scheduling could be applied for TDD-FDD CA, the same benefit would also be achieved, e.g., cross-carrier scheduling can be used for interference cancellation in the scenario of FDD-TDD non-co-located with ideal backhaul which is one of important deployment scenario for TDD-FDD CA. In the scenario of half-duplex, cross-carrier scheduling should be supported for improving uplink resources utilization. Moreover, support of cross-carrier scheduling between TDD cells and FDD cells is feasible and not very complicated. Cross-carrier scheduling for TDD-FDD CA may face the problem that partial subframes in FDD carriers can’t be scheduled when TDD cell is the scheduling cell. A similar problem also exists in inter-band TDD CA and the solution is scheduling restriction. In order to reducing impact on standard, scheduling restriction could also be reused in TDD-FDD CA.
Proposal 2: Cross-carrier scheduling is supported for TDD-FDD CA.
2.3. Scheduling and HARQ timing
For DL, HARQ-ACK timing of PCell PDSCH should follow the PCell timing for inter-band CA as agreed in Rel-11. This agreement could also be applied for TDD-FDD CA. We focus on HARQ-ACK timing of SCell PDSCH in the following discussion.
For UL, PHICH should be transmitted on the cell carrying the UL grant and the HARQ timing of scheduling cell PUSCH should follow the scheduling cell timing as agreed in Rel-11 CA. Such agreements could also be applied for TDD-FDD CA. So we only focus on scheduled cell PUSCH timing in case of cross-carrier scheduling.

2.3.1. DL HARQ timing issues
Different solutions for DL HARQ timing on SCell PDSCH would be considered for different TDD-FDD CA scenarios with the assumption of PUCCH only on PCell.
· FDD cell is PCell and TDD cell is SCell.
· In case of self-scheduling
Two solutions may be considered in this case. 
· Solution 1: follow PCell timing [5], [6], an example is shown in figure 3
· Solution 2: follow SCell timing itself [2], [7], an example is shown in figure 4
Both Solution1 and Solution 2 use existing HARQ timing. The feedback latency and retransmission latency of Solution 1 is shorter than Solution 2 and spatial or subframe bundling could be avoided in Solution 1. 
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Figure 3 DL PDSCH HARQ Timing of FDD cell and TDD cell with UL-DL configuration#1
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Figure 4 DL PDSCH HARQ Timing of FDD cell and TDD cell with UL-DL configuration#1
· In case of cross-carrier scheduling
All PDSCH on TDD cell can be scheduled because the DL subframes on FDD cell is a superset of DL subframes on TDD cell. The HARQ-ACK timing of SCell PDSCH is same as the case of self-scheduling.
Proposal 3: When FDD cell is PCell and TDD cell is SCell, the HARQ-ACK timing of SCell PDSCH could follow PCell timing regardless of self-scheduling or cross-scheduling.
· TDD cell is PCell and FDD cell is SCell
· In case of self-scheduling
There are three solutions in this case. 
· Solution 1: follow TDD PCell timing [2], [3]
· Solution 2: follow reference HARQ-ACK timing, in this case FDD DL subframes can be seen as a special TDD UL-DL configuration [2], [6]
· Solution 3: follow new HARQ-ACK timing [5], [8].One example is show in Table 1. 
If Solution 1 or Solution 2 is applied, only part of FDD DL subframes can be scheduled for the TDD-FDD CA capable UEs. For Solution 1, the number of DL subframes that can be scheduled depends on the number of DL subframes of TDD PCell. For Solution 2, the number of DL subframes that can be scheduled depends on the number of DL subframes of TDD UL-DL configurations #X. It is obvious that the number of DL subframes that can be scheduled in Solution 2 is larger than Solution 1, e.g. the number of DL subframes that can be scheduled in Solution1 is 4 if UL-DL configuration of TDD PCell is configuration #0, while the number of DL subframes can be scheduled in Solution 2 is 9 if X equals to 5. But the number of HARQ-ACK in UL subframe #2 would be very large if FDD DL subframes are seen as DL subframes of TDD UL-DL configurations #5. Therefore new HARQ-ACK bundling scheme should be considered or the number of aggregated carriers should be limited to 2. For Solution 3, all FDD DL subframes can be scheduled by applying new HARQ-ACK timing.  But as shown in Table 1, in order to schedule all DL subframes in FDD cell, 5 DL subframes on FDD SCell will map to one UL subframe on TDD PCell when the UL-DL configuration of TDD PCell is UL-DL configuration 2 and 4. Considering existing PUCCH format 1b with channel selection can only support up to four DL subframes feedback and the HARQ process number in Solution 3 is different from the existing system, specification impact such as new HARQ-ACK bundling or mapping table is expected for Solution 3.
Table 1 Downlink association set index
[image: image5.wmf]K

: 
[image: image6.wmf]{

}

011

,,

M

kkk

-

L

 for FDD in Solution 3
	TDD UL-DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6, 5, 4
	-
	5, 4
	-
	-
	6, 5, 4
	-
	5,4

	1
	-
	-
	7, 6, 5
	5, 4
	-
	-
	-
	7, 6, 5
	5,4
	-

	2
	-
	-
	8, 7, 4, 6, 5
	-
	-
	-
	-
	8, 7, 4, 6,5
	-
	-

	3
	-
	-
	10, 9, 8, 11
	8, 7, 6
	6, 5, 4
	-
	-
	-
	-
	-

	4
	-
	-
	12, 10, 9, 8, 11
	8, 6, 5, 4, 7
	-
	-
	-
	-
	-
	-

	5
	-
	-
	13, 12, 10, 9, 8, 7, 5, 4, 11, 6
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	8, 7
	6, 7
	6, 5
	-
	-
	7, 6
	5, 4
	-


· In case of cross-carrier scheduling
Not all PDSCH on FDD cell can be scheduled because the DL subframes on TDD cell is a subset of DL subframes on FDD cell if the cross-subframe scheduling may not be introduced. The HARQ-ACK timing of SCell PDSCH is same as the case of self-scheduling.
Proposal 4: When TDD cell is PCell and FDD cell is SCell, the HARQ timing of SCell PDSCH could follow a TDD reference configuration HARQ-ACK timing or new HARQ-ACK timing regardless of self-scheduling or cross-scheduling. 
2.3.2. UL scheduling and HARQ timing issues
The scheduled cell PUSCH timing in case of cross-carrier scheduling would be considered for different TDD-FDD CA scenarios:
· FDD cell is scheduling cell and TDD cell is scheduled cell
There are three solutions in this case: 
· Solution 1: The TDD cell PUSCH timing would follow TDD cell PUSCH timing. An example is shown in figure 5 [2], [7].
· Solution 2: modified TDD PUSCH timing. An example is shown in figure 6, where the timing of UL grant and PUSCH of TDD cell should follow FDD cell timing and the timing of retransmission PUSCH of TDD cell should follow TDD cell PUSCH timing [2]
· Solution 3: modified FDD PUSCH timing which RTT is 10ms [9], [10]
No new HARQ timing would be introduced and the specification impact could be ignored in Solution 1.  But the scheduling latency of UL grant is large and PHICH collision would be serious for TDD UL-DL configuration #0. Solution 2 and Solution 3 have no scheduling latency for UL grant. The probability of PHICH collision for TDD UL-DL configuration #0 is reduced in Solution 2 and Solution 3. The specification impact of Solution 2 is smaller than Solution 3 because no new PUSCH timing to be introduced and no impact on the retransmission of PUSCH in Solution 2. The HARQ process number is different from existing system when the UL-DL configuration of TDD scheduled cell is #0 or #6 in Solution 3. The probability of resource collision in Solution 3 will be increased because the SCell PUSCH retransmission timing in the case of cross-carrier scheduling is different from that of self-scheduling. 
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Figure 5 UL scheduling and HARQ Timing of FDD cell and TDD cell with UL-DL configuration#0
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 Figure 6 UL scheduling and HARQ Timing of FDD cell and TDD cell with UL-DL configuration#0
Proposal 5: When FDD cell is scheduling cell and TDD cell is scheduled cell, the scheduled cell PUSCH timing should follow modified PUSCH timing. 

· TDD cell is scheduling cell and FDD cell is scheduled cell
The following three solutions should be considered in this case.
· Solution1: The FDD cell PUSCH timing would follow TDD cell PUSCH timing [2], [7].
· Solution2: follow reference PUSCH timing, FDD UL subframes can be seen as a special TDD UL-DL configurations [2], [9]
· Solution3: modified FDD PUSCH timing which RTT is 10ms [10], [11]
The specification impact of Solution 1 and Solution 2 can be ignored because the existing PUSCH timing was reused. For Solution1, the number of UL subframes that can be scheduled depends on the number of UL subframes on TDD scheduling cell. For Solution 2, the number of UL subframes can be scheduled depends on the number of DL subframes of TDD scheduling cell and the number of UL subframes of TDD UL-DL configuration #X. Therefore the number of UL subframes can be scheduled for Solution 2 cannot be larger than 6. For Solution 3, the number of UL subframes can be scheduled depends on the number of DL subframes of TDD scheduling cell. It is obvious that the number of UL subframes can be scheduled for Solution 3 is larger than Solution 2. The HARQ process number is different of existing system when the UL-DL configuration of TDD scheduling cell is #0 or #6. The specification impact of Solution 3 is larger than Solution 2. 
Proposal 6: When TDD cell is scheduling cell and FDD cell is scheduled cell, the scheduled cell PUSCH timing should follow a reference configuration PUSCH timing or modified FDD PUSCH timing.

3. Conclusion

In this contribution, issues and potential solutions for TDD-FDD CA are discussed. We have following proposals:
Proposal 1: PUCCH transmission is restricted to only PCell.
Proposal 2: Cross-carrier scheduling is supported for TDD-FDD CA.
Proposal 3: When FDD cell is PCell and TDD cell is SCell, the HARQ-ACK timing of SCell PDSCH could follow PCell timing regardless of self-scheduling or cross-scheduling.  
Proposal 4: When TDD cell is PCell and FDD cell is SCell, the HARQ timing of SCell PDSCH could follow a TDD reference configuration HARQ-ACK timing or new HARQ-ACK timing regardless of self-scheduling or cross-scheduling. 
Proposal 5: When FDD cell is scheduling cell and TDD cell is scheduled cell, the scheduled cell PUSCH timing should follow modified PUSCH timing. 
Proposal 6: When TDD cell is scheduling cell and FDD cell is scheduled cell, the scheduled cell PUSCH timing should follow a reference configuration PUSCH timing or modified FDD PUSCH timing.
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