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1 Introduction
In RAN1#74bis, the following conclusions are achieved: 
· 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 document, we share our views on PDSCH timing in TDD-FDD CA.
2 PDSCH timing
In general, the following two cases are included in PDSCH timing design for FDD-TDD CA.
· FDD as PCell and TDD as SCell

· TDD as PCell and FDD as SCell

Similar to TDD inter-band CA with different UL-DL configuration in Rel-11, PDSCH on PCell should follow PCell PDSCH timing considering simplifying timing design. For HetNet scenario, control channel interference coordination should be considered. Thus, cross-scheduling should be supported. From UE complexity perspective, PUCCH is only transmitted on PCell should be a baseline.  
Proposal1 :

· PDSCH on PCell should follow PCell PDSCH timing.
· Self-scheduling and cross-scheduling should be supported.

· PUCCH is only transmitted on PCell should be a baseline.  
In following section, we assume PDSCH timing on PCell follows its own and PUCCH is only transmitted on PCell.
2.1 PCell with FDD configuration and SCell with TDD 
When PCell employs FDD configuration there are enough UL sub-frames to feedback ACK/NACK. For self-scheduling and cross-scheduling, two HARQ timing options can be chosen.
Option1: PDSCH HARQ timing of SCell follows its own timing 
This option is simple and no additional signalling is needed. However there is also a disadvantage. When PUCCH is only transmitted on PCell, A/N payload imbalance will occur, i.e. the payload size in sub-frames related to TDD may be quite larger than other sub-frames. If PUCCH format 1b with channel selection is used, some new mapping relation needs to be redefined because no mapping table is used for this case. A simple method is that DTX is padded to align the number of FDD A/N bit to TDD. However, in case the meaningless FDD A/N is added, FDD link performance will be impacted. Meanwhile TDD performance degradation still exists due to bundling A/N bits, especially for TDD UL-DL configuration 2 and 4. 
Option2: PDSCH HARQ timing of SCell follows PCell
In this option, scheduling/HARQ timing of SCell follows PCell’s. Compared to option 1, A/N payload can be distributed evenly. For TDD there is no performance loss due to A/N bundling. Thus this method is preferred. 

Proposal 2：For the case of PCell with FDD configuration and SCell with TDD configuration, DL HARQ timing of SCell follows FDD’s.
2.2 PCell with TDD configuration and SCell with FDD

In the case of PCell with TDD configuration and SCell with FDD configuration, if PUCCH is only transmitted on PCell, there are two options for A/N transmission of PDSCH for self-scheduling. 
Option 1 :Define new bundling feedback window
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Fig.1 redefine new A/N feedback timing
This method maintains TDD timing and to redefine bundling feedback window, so that FDD downlink sub-frames are all available and maximum throughput can be obtained, as Fig.1 shown. For example sub-frame 7,8,9 of radio frame 1 and sub-frame 0 of radio frame 2 can be shaped into one bundling feedback window for SCell. The feedback timing of subframes within the bundling window follows sub-frame 0 whose HARQ-ACK is transmitted on sub-frame 4. The new downlink association set index
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 for FDD is shown in table 1. The drawback is A/N payload size may be large in some sub-frame and DL DAI is needed to improve the performance of HARQ-ACK feedback for FDD. A/N bundling can lead to DL performance loss.   
Table 1 Downlink association set index
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 for FDD

	TDD UL/DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6
	-
	7,6,5, 4
	-
	-
	6
	-
	7,6,5, 4

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

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

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

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

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

	6
	-
	-
	10,9, 8,7
	7
	7,6,5
	-
	-
	7
	7
	-


Option 2: Redefine the timing of problematic sub-frames
According to FDD PDSCH timing, it is problematic sub-frame that A/N bits of PDSCH is mapped to TDD DL sub-frame. This option remains FDD timing and redefine the timing of problematic sub-frame. Taken Fig.2 as example, corresponding UL sub-frames can not be found for the green FDD DL sub-frames depending on FDD HARQ timing, which need redefine the HARQ timing. One simple method is to delay the timing of problematic sub-frame to the latest available sub-frame. However, for 10ms TDD DL- to- UL switch point periodicity configuration as PCell, payload imbalance problem still exists.
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Fig.2 FDD problematic sub-frame
Option 3: DL HARQ timing of SCell follows a reference TDD configuration 
Option 3a: DL HARQ timing of SCell follows PCell, e.g. FDD is simulated to TDD, as Fig.3 shown. Some DL sub-frames are muted. This method has less specification impact because Rel-10 principle can be used. However, DL throughput is degraded.

[image: image7.emf]0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

D D D D D D D D D D

D D D D D D D D D D

 FDD(TDD 

conf. 0)

D

S1

U U U D

S1

U U U

TDD Conf. 0

D

S1

U U U D

S1

U U U

U U U U U U U U U U

U U U U U U U U U U


Fig.3 FDD timing follows PCell
Option 3b: DL HARQ timing of SCell follows one of seven TDD UL-DL configurations configured by higher layer signaling as Fig.4 shown. This option is similar to option 3a. The different point is that different TDD UL-DL configuration can be selected compared to PCell UL-DL configuration. The reference configuration of FDD selection can be based on FDD UL-DL service load. The more DL sub-frame can be transmitted for self-scheduling. 
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Fig.4 FDD timing follows TDD configuration

Considering DL throughput and specification impact, option 3b is preferred for self-scheduling.

For cross-scheduling, both option 3a and 3b can be used in case of no multiple sub-frame scheduling support. Actually option 3b is a superset of option 3a. This option has the less specification impact, which is aligned to Rel-11 different UL-DL configuration case. Thus for cross-scheduling, option 3b is also preferred, which can maintain the same solution with self-scheduling case. 
Proposal 3：For self-scheduling and cross-scheduling, DL HARQ timing of SCell follows one of seven TDD UL-DL configuration informed by higher layer signaling.
3 Conclusions
In this document, we discussed PDSCH timing in TDD-FDD CA. 
Proposal1 :

· PDSCH on PCell should follow PCell PDSCH timing.
· Self-scheduling and cross-scheduling should be supported.

· PUCCH is only transmitted on PCell should be a baseline. 

Proposal 2：For the case of PCell with FDD configuration and SCell with TDD configuration, DL HARQ timing of SCell follows FDD’s.
Proposal 3：For the case of PCell with TDD configuration and SCell with FDD configuration, DL HARQ timing of SCell follows one of seven TDD UL-DL configuration informed by higher layer signaling for self-scheduling and cross-scheduling.
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