Page 1

3GPP TSG-RAN WG1 #76
R1-140411
Prague, Czech Republic, 10th – 14th February 2014
Source: 
Intel Corporation 
Title:                     
On support of TDD-FDD Carrier Aggregation
Agenda item:
    7.2.3.1
Document for:
Discussion and Decision
1 Introduction
At the RAN1 #75 meeting, the following agreements on TDD-FDD carrier aggregation were reached:
· For TDD-FDD carrier aggregation, at least PUCCH on PCell-only is supported as in Rel-10/11 carrier aggregation, regardless of whether or not UE is configured with UL-CA. 

· For the case of PUCCH transmission on PCell only:

· For PDSCH/PUSCH transmitted on PCell, scheduling/HARQ timing follows existing PCell timing regardless whether PCell is TDD or FDD carrier

· For PUSCH transmitted on SCell with self-scheduling, scheduling/HARQ timing follows existing Scell timing regardless whether SCell is TDD or FDD

· 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 open issues on HARQ-ACK timing and PUSCH scheduling timing for both cases of self-scheduling and cross-carrier 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 below for each TDD UL/DL configuration on PCell. In Table 1, new entries marked with brackets are added to ensure that all the 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 a PUCCH can be transmitted on subframe #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. However, we believe that this would not be an issue, given that PUCCH transmission on these two concerned 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 the case of TDD configuration 0 on PCell 
· Configuration 1 on PCell (Alt.1 and Alt.1*): The two solutions, Alt.1 and Alt.1*, differ in terms of PUCCH load balancing and UL radio resource efficieny. Alt. 1* can provide a better PUCCH load balancing compared to Alt. 1 at the expense of an increased HARQ delay. In addition, as identified in email discussion [75-08], Alt.1* reduces the likelihood of the widely known problem that a PUSCH 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 a 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 up 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 the figure, for instance, the HARQ-ACK feedback associated with the 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 the configuration 3/4 on PCell cases. 
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Figure 2: PDSCH HARQ timing for the case TDD configuration 3 on PCell
It is our understanding that compared to Option 2c, Option 1 can provide a 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 tradeoff in more depth. 
· Proposal 1: 
If RAN1 decides to introduce new HARQ timing relationships (i.e. Option 1) for PDSCH transmitted on FDD SCell case with self-scheduling, Option 0A, 1*, 2, 3, 4, 5 and 6 should be adopted as baseline. 
2.2 Cross-carrier scheduling
Cross-carrier scheduling was adopted in Rel-10 to enable CA-based ICIC for control channels. For TDD-FDD CA, cross-carrier scheduling would be needed to protect the UEs not supporting EPDCCH in range expansion zone from the macro interference in heterogeneous deployments.
Downlink cross-carrier scheduling timing 
For PDSCH transmission, corresponding PUCCH is transmitted on PCell. The PDSCH HARQ timing in case of cross-carrier scheduling can be classified into the following two cases: 
· 
Case A: PCell is FDD and cross-carrier scheduled serving cell is TDD. 
· Case B: PCell is TDD and cross-carrier scheduled serving cell is FDD.
Case A
For DL Case A, we prefer to reuse the timing agreed for self-scheduling, i.e., the HARQ timing for PDSCH on TDD SCell follows the HARQ timing for PDSCH on FDD PCell. The main reason is that since a FDD carrier always has the UL subframes available for transmission of HARQ-ACK, FDD PDSCH HARQ timing can reduce the HARQ feedback latency compared to TDD SCell HARQ timing. Moreover, the above rule can avoid the issue of uneven HARQ payload distribution across FDD DL subframes. 
· Proposal 2: 
When Pcell is FDD carrier and SCell is TDD carrier, for PDSCH transmitted on Scell with cross-carrier scheduling, PDSCH HARQ timing follows Pcell timing. 

Case B
For DL Case B, there are two alternatives under discussion, either following the PCell’s timing (Alt. DL-A) or reusing the HARQ timing for self-scheduling case (Alt.DL-B). It is important to note that there is no system performance difference between these two candidates, as the SCell subframes that can not be scheduled by DL-A still could be utilized by other self-scheduling UEs. The former option would result in a DL throughput loss for the specific UE with cross-carrier scheduling configuration. The latter option reuses one of options considered for self-scheduling (i.e. Option 1 or Option 2C) when FDD is SCell, which still are being discussed. It has been widely realized in email discussion [75-09] that Alt.DL-B requires additional specification efforts to handle the PUCCH resource allocation issue when FDD SCell is cross-carrier scheduled by the other serving cell (e.g. FDD SCell or DL-heavier TDD configuration compared to PCell configuration). Tradeoff between the performance gain and the specification complexity should be investigated further, taking into account a final decision on HARQ timing for self-scheduling case. 
Uplink cross-carrier scheduling timing
For PUSCH transmission, corresponding PHICH is transmitted on the scheduling cell. The PUSCH scheduling and HARQ timing discussion need to consider the following two cases: 
· Case A: The scheduling serving cell is FDD and the scheduled serving cell is TDD. 

· Case B: The scheduling serving cell is TDD and the scheduled serving cell is FDD. 
Case A

For UL Case A, one possibility is to utilize the existing PUSCH timing of TDD scheduled cell’s UL/DL configuration (Alt.UL-A1). Another possibility is to introduce a new 10ms RTT timing with 4ms between UL grant/PHICH and 6ms between PUSCH and PHICH (Alt.UL-B1). 
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Figure 2: PUSCH scheduling/HARQ timing with Alt.UL-B1 for UL Case A
From the throughput performance perspective, there is no difference between these two solutions as all UL subframes on the scheduled TDD cell can be utilizable for PUSCH transmission in both of the approaches. An important advantage of following TDD scheduled cell’s PUSCH scheduling/HARQ timing (i.e. Alt.UL-A1) is that it ensures UEs with cross-carrier scheduling configuration and UEs with self-scheduling configuration could be scheduled at the same Time (i.e. TTI) and therefore could simplify eNB scheduler. In contrast, as already pointed out in the post-meeting email discussion [75-09], UL-B1 may lead to a more stringent PUSCH processing requirement on eNB scheduler. For the example of TDD UL/DL configuration 6 on TDD scheduled SCell as illustrated in Figure 2 above, the subframe #7 on TDD scell is assumed to be scheduled from previous subframe #0 for the self-scheduling TDD UEs. Meanwhile, for cross-carrier scheduled UEs, the subframe #7 could be a retransmission corresponding to PHICH/UL grant in FDD DL subframe #3 and the initial transmission was in preivous subframe #7. In order to maximize the utilization of radio resources in subframe #7, eNB would need to have decoded PUSCH transmitted on previous subframe #7 on TDD SCell already in subframe #0. It means that eNB PUSCH processing delay was effectively reduced by 1ms. Based on the above dicussions, we do not see any need for introducing a new PUSCH scheduling/HARQ timing for UL Case A and therefore propose:
· Proposal 3: 

When scheduling cell is FDD carrier and scheduled cell is TDD carrier, PUSCH scheduling/HARQ timing of TDD scheduled cell follows its TDD UL/DL configuration. 
Case B 

For UL Case B, two primary options are considered: either follows a UL-reference UL/DL configuration with no new timing (Alt. UL-A2), or uses a 10ms RTT timing relationship with 4ms between UL grant/PHICH and PUSCH and 6ms between PUSCH and associated PHICH (Alt. UL-B2). Furthermore, several candidates for UL-reference UL/DL configuration in Alt.UL-A2 include TDD scheduling serving cell’s UL/DL configuration (Alt. UL-A2-1), fixed reference UL/DL configuration 0 (Alt. UL-A2-2) and configurable reference UL/DL configuration among a set of candidates (Alt. UL-A2-3). 
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Figure 3: PUSCH scheduling/HARQ timing of Alt.UL-B2 for UL Case B
We prefer Alt. UL-B2 for the following two reasons: 
· Throuhput benefits: Alt.UL-A2-1 reuses the Rel-11 TDD inter-band CA principle by treating FDD cell as a TDD SCell. The main drawback with this approach is that only a subset of UL subframes on FDD scheduled cell corresponding to the UL subframes on TDD scheduling cell are schedulable in this case. Alt.UL-A2-2 could increase the number of schedulable UL subframe compared to UL-A2-1, but still only 60% of UL resources can be reached, which would cause a huge throughput loss. For Alt. UL-B2, as shown in Figure 3,  still not all UL subframes on FDD SCell could be scheduled by cross-carrier scheduling, but the schedulable UL subframes number is increased due to the fact that majority of TDD UL/DL configurations are DL-heavy and the number of schedulable UL subframes in UL-B2 is identical to the numbers of DL subframes on TDD scheduling cell. The ratio of schedulable UL subframes to the total UL subframes on the scheduled FDD SCell for each options is listed in Table 2. As can be seen, Alt.UL-B2 allows much more schedulable UL subframes than the others for most of the configurations except TDD UL/DL configuration 0 on scheduling cell. 
Table 2. Schedulable UL subframe radio on FDD scheduled SCell
	
	UL/DL configuratioin of TDD Scheduling cell

	
	#0
	#1
	#2
	#3
	#4
	#5
	#6

	Alt.UL-A2-1
	60%
	40%
	20%
	30%
	20%
	10%
	50%

	Alt.UL-A2-2
	60%

	Alt.UL-B2
	40%
	60%
	80%
	70%
	80%
	90%
	50%


· Simpify the eNB scheduler implementation efforts:  
Alt. UL-B2 schedules the self-scheduling UE and cross-carrier scheduled UE at the same TTI. Similar to Rel-11 discussion, this property could facilitate eNB scheduler to provide anefficient prioritization of UEs in the scheduling processes, service prioritization policies and coordination efficiency. In addition, it may simplify the eNB’s implementation efforts by avoiding the problem discussed earlier for UL case A that eNB scheduler needs to cross-carrier schedule PUSCH for a subframe before being able to determine retransmissin of self-scheduled UEs for the same subframe. 
As in Rel-11 TDD inter-band CA, PHICH-less operation can be used for the DL subframe where PHICH resource is not available for UL-B2.
Based on the above discussions, we propose the following: 
· Proposal 4: 

When scheduling cell is TDD carrier and scheduled cell is FDD carrier, PUSCH scheduling/HARQ timing of FDD scheduled cell follows a 10ms RTT timing relationship with 4ms between UL grant/PHICH and PUSCH and 6ms between PUSCH and associated PHICH. 
3 Conclusions
In this contribution, we have studied open issues related to HARQ timing for both self-scheduling and cross-carrier scheduling cases to support TDD-FDD CA in Rel-12. From the above discussions, we propose the following: 
· Proposal 1: 
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 as baseline. 

· Proposal 2: 
When Pcell is FDD carrier and SCell is TDD carrier, for PDSCH transmitted on Scell with cross-carrier scheduling, PDSCH HARQ timing follows Pcell timing. 

· Proposal 3: 

When scheduling cell is FDD carrier and scheduled cell is TDD carrier, PUSCH scheduling/HARQ timing of TDD scheduled cell follows its TDD UL/DL configuration. 
· Proposal 4: 

When scheduling cell is TDD carrier and scheduled cell is FDD carrier, PUSCH scheduling/HARQ timing of FDD scheduled cell follows a 10ms RTT timing relationship with 4ms between UL grant/PHICH and PUSCH and 6ms between PUSCH and associated PHICH. 
We summarized our views in Table 3 and 4 repectively for PDSCH HARQ Feedback timing and for PUSCH HARQ Feedback timing. Text with gray background represents reached agreements.
Table 3 PDSCH HARQ Feedback timing for TDD-FDD CA (PUCCH transmitted on PCell only)
	PCell
	SCell
	PCell HARQ Feedback timing
	SCell HARQ Feedback timing

	FDD
	TDD, Self-scheduling
	Follow PCell timing
	Follow PCell timing

	FDD
	TDD, Cross-carrier scheduled
	Follow PCell timing
	Follow PCell timing

	TDD
	FDD, Self-scheduling
	Follow PCell timing
	FFS
(If Option 1 is agreed by RAN1, our preference is Alt. 0A, 1*, 2, 3, 4, 5, 6 in Table 1)

	TDD
	FDD, Cross-carrier scheduled
	Follow PCell timing
	FFS


Table 4 PUSCH HARQ feedback timing for TDD-FDD CA (PHICH transmitted on DL of scheduling serving cell)

	Cell 1
	Cell 2
	Cell 1 Feedback timing
	Cell 2 Feedback timing

	FDD
	TDD, Self-scheduling
	Follow Cell 1 timing
	Follow Cell 2 timing

	FDD
	TDD, Cross-carrier scheduled
	Follow Cell 1 timing
	Follow Cell 2 timing

	TDD
	FDD, Self-scheduling
	Follow Cell 1 timing
	Follow Cell 2 timing

	TDD
	FDD, Cross-carrier scheduled
	Follow Cell 1 timing
	10ms RTT timing, with 4ms between UL grant/PHICH and PUSCH and 6ms between PUSCH and associated PHICH


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

Intel Corporation
PAGE  
6/6

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



D
D
D
D
D
D
D
D
D
D
D
S
U
U
U
D
D
U
U
D
Radio frame n
#0
#1
#2
#3
#4
#5
#6
#7
#8
#9
U
U
D
D
D
D
#7
#8
#9
Radio frame n-1
3ms
PUSCH scheduling timing
Timing relationship between PUSCH àPHICH
Self-scheduling
Cross-carrier scheduling
FDD, DL
TDD, UL/DL Configuration 6



D
S
U
U
D
S
U
U
D
D
Radio frame n
#0
#1
#2
#3
#4
#5
#6
#7
#8
#9
U
U
U
U
U
U
U
U
U
U
FDD, UL
TDD
D
S
U
U
D
#0
#1
#2
#3
#4
Radio frame n+1
D
……
……
U
U
S
#5
#6
#7
#8
#9
Radio frame n-1
PUSCH scheduling timing
Timing relationship between PUSCH àPHICH
U
Schedulable UL subframe
U
Un-schedulable UL subframe



