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1 Introduction
At the RAN1 #75 meeting, the following agreement was made for FDD PCell case on TDD-FDD carrier aggregation. 
	Agreement: 

· When Pcell is FDD carrier and SCell is TDD carrier, for PDSCH transmitted on Scell with self-scheduling, HARQ timing follows Pcell timing


In this document, we address the open issue on PDSCH HARQ-ACK timing for FDD SCell with self-scheduling.
2 Discussion 
2.1 TDD PCell and FDD SCell with Self-scheduling
In Rel-11 TDD inter-band CA scenario, DL-reference UL/DL configuration was introduced for DL HARQ-ACK feedback timing on SCell. For the TDD-FDD CA scenario with TDD in PCell and FDD in SCell, it was proposed that DL-reference configuration (Option 2-c) should be reused for the DL HARQ feedback timing of FDD SCell so as to minimize the specificiation impacts. In Option 2-c, however, at least one subframe (subframe #2) of a frame on FDD SCell can not be scheduled. The number of such subframes depends on the DL-reference UL/DL configuration (as pointed out in [1]). One alternative (Option 1) has been proposed to solve this issue and is summarized in Table 1 for each TDD UL/DL configuration on PCell. In Table 1, new entries marked with brackets are added to ensure that all DL subframes on FDD SCell can be reached. 
Table 1: DL HARQ timing for FDD SCell PDSCH in TDD-FDD CA scenario
	UL-DL
Conf.
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0A
	-
	-
	6, [5]
	[5], [4]
	4
	-
	-
	6, [5]
	[5], [4]
	4

	0B
	
	
	6, [5], [4]
	
	[5], 4
	
	
	6, [5], [4]
	
	[5], 4

	1
	-
	-
	7, 6, [5]
	[5], 4
	-
	-
	-
	7, 6, [5]
	[5], 4
	-

	1*
	
	
	7, 6
	[6], [5], 4
	
	
	
	7, 6
	[6], [5], 4
	

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

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

	3a
	-
	-
	11, [10], 7, 6
	[10], 6, 5
	[10], 5, 4
	-
	-
	
	
	

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

	4a
	
	
	12, 11, [10], 8, 7
	[10], 7, 6, 5, 4
	
	-
	-
	
	
	

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

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


In Table 1, for some UL/DL configurations of PCell, there are more than one alternatives, e.g., 0A and 0B for TDD configuration 0. For such configurations, our preferred alternatives are presented below based on detailed discussion. 
· Configuration 0 on PCell (Alt. 0A and Alt. 0B): A major difference between Alt. 0A and Alt. 0B is whether PUCCH can be transmitted on subframes #3 and #8. Recall that no PUCCH resources are available on subframe #3 and #8 for TDD UL/DL configuration 0 in the single carrier case. An important benefit of Alt. 0A is the capability of distributing the HARQ-ACK load over all available UL subframes on PCell, as illustrated in Figure 1. On the other hand, a concern of eNB implementation complexity has been raised for Alt. 0A. Nevertheless, we believe that this would not be an issue, given that PUCCH transmission on these two considered subframes is already supported in Rel-11 TDD inter-band CA. Based on the above discussion, we prefer Alt.0A to Alt. 0B. 
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Figure 1: PDSCH HARQ timing for TDD configuration 0 on PCell 
· Configuration 1 on PCell (Alt.1 and Alt.1*): These two solutions, Alt.1 and Alt.1*, differ in terms of PUCCH load balancing and UL radio resource efficiency. Alt. 1* can provide better PUCCH load balancing compared to Alt. 1 at the expense of increased HARQ delay. In addition, as identified in email discussion [75-08], Alt.1* reduces the likelihood of the widely known problem where the PUSCH transmission conveying HARQ-ACK information can not be scheduled at the final DL subframe within a bundling window (e.g., Subframe #2) so that a more efficient UL resource utilization can be achieved compared to Alt. 1. For the above reasons, Alt.1* is our preferred option. 
· Configuration 3/4 on PCell (Alt.3/4 and Alt.3a/4a): Alt. 3a and 4a can provide better PUCCH load balancing compared to Alt 3 and 4 by evenly distributing the newly added HARQ-ACK payload over all UL subframes and by limiting the maximum bundling window size to 5. However, one potential issue identified in a RAN1 email discussion is the reversed HARQ-ACK subframe order as illustrated in Figure 2. In Figure 2, for instance, the HARQ-ACK feedback associated with PDSCH on subfame #3 of the FDD carrier is transmitted later than that on subframe #5 of the FDD carrier. It is unclear whether such timing relationship complicates the eNB scheduler implementation, and therefore further study may be needed on this approach. Based on these observations, we slightly prefer the HARQ timing defined in Alt.3 and 4 for configuration 3/4 on PCell. 
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Figure 2: PDSCH HARQ timing for TDD configuration 3 on PCell
It is our understanding that compared to Option 2c, Option 1 can provide higer DL peak data rate at the expense of more standardization impacts in terms of HARQ-ACK timing and PUCCH format. We therefore believe that further studies are needed to explore the tradeoffs in more depth. 
· Proposal 1: 
If RAN1 decides to introduce new HARQ timing relationships (i.e., Option 1) for PDSCH transmitted on FDD SCell with self-scheduling, Options 0A, 1*, 2, 3, 4, 5 and 6 should be adopted. 
3 Conclusions
In this contribution, we have studied open issues related to PDSCH HARQ timing for FDD SCell with self-scheduling to complete TDD-FDD CA WI in Rel-12. From the above discussion, we propose the following: 
· Proposal : 
If RAN1 decides to introduce new HARQ timing relationships (i.e., Option 1) for PDSCH transmitted on FDD SCell with self-scheduling, Option 0A, 1*, 2, 3, 4, 5 and 6 should be adopted. 

References
[1]
R1-135106
On support of TDD-FDD Carrier Aggregation

Intel Corporation
PAGE  
1/3

D
S
U
U
D
s
U
U
U
U
TDD
Radio frame n
#0
#1
#2
#3
#4
#5
#6
#7
#8
#9
#8
#9
Radio frame n-1
D
D
D
D
FDD
……
Option 0B
Option 0A
D
D
D
D
D
D
D
#6
#7
Common HARQ timing
U
U
U
……



U
U
D
Radio frame n
#0
#1
#2
#3
#4
#5
#6
#7
#8
#9
Radio frame n+1
D
D
D
D
D
D
D
U
D
D
D
D
D
S
U
U
U
D
D
#0
#1
#2
#3
#4
TDD
FDD
……
Concerned HARQ-ACK timing



