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1. Introduction

A new work item for LTE TDD-FDD joint operation has been started in RAN #60 meeting, The objective is to enhance LTE TDD-FDD joint operation with LTE TDD-FDD carrier aggregation feature and potentially also with other TDD-FDD joint operation solutions depending on the outcome of the initial scenario evaluation phase of the work item. As to the LTE TDD-FDD carrier aggregation, the objective is: 

Introduction of LTE TDD-FDD Carrier Aggregation in Rel-12 specification from RAN#61 until RAN#64:

· Introduce LTE TDD – FDD Carrier Aggregation support including either TDD or FDD as PCell satisfying the following conditions for the LTE TDD-FDD CA specification work.

· UEs supporting FDD and TDD carrier aggregation operation shall be able to access both legacy FDD and legacy TDD single mode carriers

· Legacy FDD UEs and UEs supporting FDD and TDD CA operation may camp on and connect the FDD carrier, which is part of the jointly operated FDD/TDD network

· Legacy TDD UEs and UEs supporting FDD and TDD CA operation may camp on and connect the TDD carrier, which is part of the jointly operated FDD/TDD network

· No new TDD UL-DL configuration is introduced

· Generic specification support starting with RAN1 and RAN2 specification work for the existing LTE CA deployment scenarios 1, 2, 3 and 4 defined in TS36.300 of Rel-11.
In this contribution, designs of LTE TDD-FDD Carrier Aggregation are discussed, considering different UE capabilities and the HARQ timing design, and some initial proposals are made.


2. UE capabilities
In [2], terminal requirement section indicates variety UE capabilities should be considered, which is:

Solutions can be considered which support UEs which do not have one or more of the following capabilities, as well as solutions which require one or more of these capabilities:

· simultaneous reception on FDD and TDD carriers (i.e. DL aggregation)

· simultaneous transmission on FDD and TDD (i.e. UL aggregation)

· simultaneous transmission and reception on FDD and TDD (i.e. full duplex)
In this contribution, we have considered four cases with different UE capabilities depending on the TDD and FDD spectrum combination. In each case, simultaneous reception on FDD and TDD carriers is supposed, and both simultaneous and non-simultaneous transmission on FDD and TDD are considered.
2.1. Case 1: carrier frequency of TDD is far away enough from joint operated FDD carrier frequencies
In case 1, carrier frequency of TDD is far away enough from joint operated FDD carrier frequencies, thus TDD and FDD can operate independently without interference. But whether simultaneous transmission on FDD and TDD is supported depends on the UE implement, so both simultaneous and non-simultaneous transmission on FDD and TDD are possible in this case. So the following capabilities are supported in this case:
· Simultaneous reception on FDD and TDD carriers
· Both simultaneous and non-simultaneous transmission on FDD and TDD are possible in this case.
· Simultaneous transmission and reception on FDD and TDD
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Figure 1: case 1-Carrier frequency of TDD is far away enough from joint operated FDD carrier frequencies
2.2. Case 2: Carrier frequency of TDD is near the UL band of joint operated FDD
In this case, DL transmission of TDD and UL transmission of FDD interferes with each other seriously, which means simultaneous reception on TDD and transmission on FDD cannot happen, but simultaneous reception on FDD and transmission on TDD is possible. The following capabilities are supported in this case:
· Simultaneous reception on FDD and TDD carriers
· Both simultaneous and non-simultaneous transmission on FDD and TDD are possible in this case.
· Non-simultaneous reception on TDD and transmission on FDD, but simultaneous reception on FDD and transmission on TDD is possible.
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Figure 2: case 2- Carrier frequency of TDD is near the UL band of joint operated FDD
2.3. Case 3: Carrier frequency of TDD is near the DL band of joint operated FDD
In this case, UL transmission of TDD and DL transmission of FDD interferes with each other seriously, which means simultaneous transmission on TDD and reception on FDD cannot happen, but simultaneous reception on TDD and transmission on FDD is possible. The following capabilities are supported in this case:
· Simultaneous reception on FDD and TDD carriers
· Both simultaneous and non-simultaneous transmission on FDD and TDD are possible in this case.
· Non-simultaneous transmission on TDD and reception on FDD, but simultaneous reception on TDD and transmission on FDD is possible.
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Figure 3: case 3- Carrier frequency of TDD is near the DL band of joint operated FDD
2.4. Case 4: Carrier frequency of TDD locates between the UL band and DL band of joint operated FDD

In this case, transmission and reception on TDD carrier can be a strong interference to FDD, and vise vasa. The UE capabilities in this case are:

· Simultaneous reception on FDD and TDD carriers
· Both simultaneous and non-simultaneous transmission on FDD and TDD are possible in this case.
· Non-simultaneous transmission on TDD and reception on FDD, and non-simultaneous reception on TDD and transmission on FDD.
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Figure 4: case 3- Carrier frequency of TDD locates between the UL band and DL band of joint operated FDD


3. Design of TDD-FDD Carrier Aggregation
In this section, HARQ timing designs of TDD-FDD Carrier Aggregation are discussed considering the above four cases of UE capabilities, and only self-carrier scheduling and ideal backhaul is considered here. Cross-carrier scheduling case needs further study.
Proposal 0: the following requirements are considered when designing TDD-FDD carrier aggregation
· Both TDD and FDD carrier can be PCell. Depending on different deployments in different areas, TDD and FDD as PCell are both possible.
· Supported number of aggregated CC: 5.
· Use the current HARQ timing design as much as possible.
· Synchronization between TDD and FDD cell is required.
3.1. HARQ design for Case 1
Full duplex is supported in this case, PDSCH and PUSCH designs are discussed when FDD or TDD as PCell. Here, when simultaneous transmission on FDD and TDD is not supported, assumption is that only UL transmission on PCell is permitted.
· HARQ design for PDSCH transmission
Table 1 gives the PDSCH HARQ timing analysis for case 1, different subcases including whether simultaneous transmission on FDD and TDD are supported or not and whether TDD or FDD as PCell are listed on the table. Subframes in deep purple color means no transmission due to UE capabilities. It can be seen that:

If FDD carrier is the PCell, PDSCH transmission on PCell shall follow PCell’s HARQ timing, and PDSCH transmission on SCell can also follow the PCell’s HARQ timing no matter simultaneous transmission on FDD and TDD is supported or not. That is, without UCI enhancement, PUCCH transmission is only present in PCell.
If TDD carrier is the PCell, PDSCH transmission on PCell shall follow PCell’s HARQ timing, and HARQ of PDSCH transmission on SCell needs a reference timing design no matter simultaneous transmission on FDD and TDD is supported or not when no UCI enhancement is introduced. Specifically, we can treat DL transmission of FDD as TDD UL/DL configuration 5, and then the same design as inter-band CA HARQ timing can be reused, which means SCell’s HARQ timing of PDSCH transmission on FDD follows TDD UL/DL configuration 5. As for SCell PDSCH transmission on TDD, same solution with R11 can be reused.
Table 1: PDSCH HARQ timing analysis for case 1
	
	Simultaneous transmission on FDD and TDD NOT supported
	Simultaneous transmission on FDD and TDD supported

	HARQ timing of PDSCH transmission
	FDD as PCell
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	TDD as PCell,
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	FDD as PCell
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	TDD as PCell
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	HARQ of PDSCH on PCell follows PCell’s timing;
HARQ of PDSCH on SCell follows PCell’s HARQ timing.
	HARQ of PDSCH on PCell follows PCell’s timing;
HARQ of PDSCH on SCell needs reference timing design.
	HARQ of PDSCH on PCell follows PCell’s timing;
HARQ of PDSCH on SCell follows PCell’s timing and transmits on PCell (without UCI enhancement);
HARQ of PDSCH on SCell follows SCell’s timing and transmits on SCell (with UCI enhancement);


	HARQ of PDSCH on PCell follows PCell’s timing;
HARQ of PDSCH on SCell needs reference timing design (without UCI enhancement);
HARQ of PDSCH on SCell follows SCell’s timing and transmits on SCell (with UCI enhancement);


· HARQ design for PUSCH transmission

Table 2 gives the PUSCH HARQ timing analysis for case 1. HARQ of PUSCH transmission on PCell always follows PCell’s HARQ timing no matter what the duplex mode of PCell is. And PUSCH transmission on SCell follows its own HARQ timing, which is the same as inter-band CA.
Table 2: PUSCH HARQ timing analysis for case 1
	
	Simultaneous transmission on FDD and TDD NOT supported
	Simultaneous transmission on FDD and TDD supported

	HARQ timing of PSCH transmission
	FDD as PCell,
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	TDD as PCell,
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	FDD as PCell
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	TDD as PCell
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	HARQ of PUSCH on PCell follows PCell’s timing;

No PUSCH transmission on SCell on SCell due to UE capability.
	HARQ of PUSCH on PCell follows PCell’s timing;

HARQ of PUSCH on SCell follow SCell’s timing.
	HARQ of PUSCH on PCell follows PCell’s timing;

HARQ of PUSCH on SCell follows SCell’s timing;
	HARQ of PUSCH on PCell follows PCell’s timing;

HARQ of PUSCH on SCell follows SCell’s timing


3.2. HARQ design for Case 2

PDSCH and PUSCH designs are discussed when FDD or TDD as PCell for case 2 in this section. Here, when simultaneous transmission on FDD and TDD is not supported, assumption is that only UL transmission on PCell is permitted. Since there are non-simultaneous reception on TDD and transmission on FDD, if FDD carrier is PCell, then DL transmission is not allowed on TDD carrier, and if TDD carrier is PCell, UL transmission overlapped with TDD DL on FDD is forbidden. That’s why subframes in deep purple color cannot be transmitted in table 3 and 4.
· HARQ design for PDSCH transmission

Detail analysis is shown in table 3. 

PDSCH transmission on PCell still follows PCell’s HARQ timing regardless which carrier as PCell.
If FDD carrier is the PCell, and when simultaneous transmission on FDD and TDD are not supported, there is no need to support TDD-FDD Carrier Aggregation, since only resources on FDD can be scheduled. 
If TDD carrier is the PCell, PDSCH transmission in SCell needs a reference HARQ timing, which can be TDD UL/DL configuration 5. Even if UCI enhancement is introduced when simultaneous transmission on FDD and TDD are supported, as UL transmission on FDD overlapped with TDD DL transmission cannot be scheduled due to serious interference, leading to unavailable UL feedback subframe for some DL subframes on SCell, new HARQ design for PDSCH transmission on FDD such as subframe bundling should be considered. 
Table 3: PDSCH HARQ timing analysis for case 2
	
	Simultaneous transmission on FDD and TDD NOT supported
	Simultaneous transmission on FDD and TDD supported

	HARQ timing of PDSCH transmission
	FDD as PCell
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	TDD as PCell,
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	FDD as PCell
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	TDD as PCell
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	HARQ of PDSCH on PCell follows PCell’s timing;

No PDSCH transmission on SCell due to UE capability in this case.
	HARQ of PDSCH on PCell follows PCell’s timing;

HARQ of PDSCH on SCell needs reference timing design.
	HARQ of PDSCH on PCell follows PCell’s timing;

No PDSCH transmission on SCell due to UE capability in this case.

	HARQ of PDSCH on PCell follows PCell’s timing;

HARQ of PDSCH on SCell needs reference timing design (without UCI enhancement);

HARQ of PDSCH on SCell need new design (with UCI enhancement);


· HARQ design for PUSCH transmission

As seen in table 4, HARQ of PUSCH transmission on PCell always follows PCell’s HARQ timing no matter what the duplex mode of PCell is. And PUSCH transmission on SCell follows its own HARQ timing, which is the same as inter-band CA. But for FDD as PCell and when simultaneous transmissions on FDD and TDD are supported, without PDSCH transmission on TDD, scheduling and PHICH feedback of PUSCH for SCell on TDD needs to be transmitted on PCell.
Table 4: PUSCH HARQ timing analysis for case 2
	
	Simultaneous transmission on FDD and TDD NOT supported
	Simultaneous transmission on FDD and TDD supported

	HARQ timing of PUSCH transmission
	FDD as PCell
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	TDD as PCell,
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	FDD as PCell
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	TDD as PCell
[image: image20.emf]D[S U
D [p o









D S U U D

U U U U U

D D D D D



	
	HARQ of PUSCH on PCell follows PCell’s timing;

No PUSCH transmission on SCell due UE capability in this case.
	HARQ of PUSCH on PCell follows PCell’s timing;

No PUSCH transmission on SCell due UE capability in this case.
	HARQ of PUSCH on PCell follows PCell’s timing;

HARQ of PUSCH on SCell follows SCell’s timing, but need to be transmitted on PCell since no TDD PDSCH transmission on SCell.


	HARQ of PUSCH on PCell follows PCell’s timing;

HARQ of PUSCH on SCell follows SCell’s timing. 



Obersvation 1: There is no need to support TDD-FDD Carrier Aggregation for case 2 with FDD as PCell when simultaneous transmission on FDD and TDD are not supported.
Obersvation 2: In case 2 with simultaneous transmission on FDD and TDD supported and FDD as Pcell, scheduling and PHICH transmission of PUSCH on SCell shall be transmitted on PCell, which means self-carrier scheduling is not possible.
3.3. HARQ design for Case 3

PDSCH and PUSCH designs are discussed when FDD or TDD as PCell for case 3. Here, when simultaneous transmission on FDD and TDD is not supported, assumption is that only UL transmission on PCell is permitted.  Since there are non-simultaneous transmission on TDD and reception on FDD, if FDD carrier is PCell, then UL transmission is not allowed in TDD, and if TDD carrier is PCell, DL transmission overlapped with TDD UL on FDD is forbidden.

· HARQ design for PDSCH transmission

Analysis in table 5 can be summarized as follows:

PDSCH transmission on PCell still follows PCell’s HARQ timing regardless which carrier as PCell.

If FDD carrier is the PCell, HARQ timing of PDSCH transmission on SCell can follow PCell’s timing.
If TDD carrier is the PCell, HARQ timing of PDSCH transmission on SCell can also follow PCell’s timing.
When simultaneous transmission on FDD and TDD are supported, since no PUSCH is transmitted on TDD when FDD carrier is PCell in this case, there is no need to introduce UCI enhancement. And when TDD carrier is the PCell, there is no resource gain to introduce UCI enhancement.
Table 5: PDSCH HARQ timing analysis for case 3
	
	Simultaneous transmission on FDD and TDD NOT supported
	Simultaneous transmission on FDD and TDD supported

	HARQ timing of PDSCH transmission
	FDD as PCell
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	TDD as PCell,
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	FDD as PCell
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	TDD as PCell
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	HARQ of PDSCH on PCell follows PCell’s timing;

HARQ of PDSCH on SCell follows PCell’s HARQ timing.
	HARQ of PDSCH on PCell follows PCell’s timing;

HARQ of PDSCH on SCell follows PCell’s HARQ timing.
	HARQ of PDSCH on PCell follows PCell’s timing;

HARQ of PDSCH on SCell follows PCell’s HARQ timing.

	HARQ of PDSCH on PCell follows PCell’s timing;

HARQ of PDSCH on SCell follows PCell’s HARQ timing. (without UCI enhancement);

HARQ of PDSCH on SCell follow its own timing (with UCI enhancement);


· HARQ design for PUSCH transmission

HARQ of PUSCH transmission on PCell always follows PCell’s HARQ timing no matter what the duplex mode of PCell is. 
In this case, no PUSCH transmission when FDD carrier is PCell, and when TDD carrier is PCell, as PHICH transmission of some UL subframes on DL subframes are not available, to fully use PUSCH subframes in SCell, new HARQ timing design should be considered, such as subframe bundling or other solutions.

Table 6: PUSCH HARQ timing analysis for case 3
	
	Simultaneous transmission on FDD and TDD NOT supported
	Simultaneous transmission on FDD and TDD supported

	HARQ timing of PUSCH transmission
	FDD as PCell
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	TDD as PCell,
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	FDD as PCell
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	TDD as PCell
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	HARQ of PUSCH on PCell follows PCell’s timing;

No PUSCH transmission on SCell due to UE capability in this case.
	HARQ of PUSCH on PCell follows PCell’s timing;

HARQ of PUSCH on SCell follows SCell’s HARQ timing, and new HARQ timing design may be need to fully use UL subframes.
	HARQ of PUSCH on PCell follows PCell’s timing;

No PUSCH transmission on SCell due to UE capability in this case.

	HARQ of PUSCH on PCell follows PCell’s timing;

HARQ of PUSCH on SCell may need new new HARQ timing design to fully use UL subframes.




3.4. HARQ design for Case 4

PDSCH and PUSCH designs are discussed when FDD or TDD as PCell for case 4. Here, when simultaneous transmission on FDD and TDD is not supported, assumption is that only UL transmission on PCell is permitted.  Since there are non-simultaneous transmission on TDD and reception on FDD, and non-simultaneous reception on TDD and transmission on FDD, if FDD carrier is PCell, then TDD carrier cannot be scheduled, and if TDD carrier is PCell, DL transmission overlapped with TDD UL and UL transmission overlapped with TDD DL on FDD is forbidden.

· HARQ design for PDSCH transmission

PDSCH transmission on PCell still follows PCell’s HARQ timing regardless which carrier as PCell.

If FDD carrier is the PCell, TDD-FDD Carrier Aggregation doesn’t make any sense.

If TDD carrier is the PCell, HARQ timing of PDSCH transmission on SCell can follow PCell’s timing. 
Again in this case, UCI enhancement doesn’t bring any gain. When simultaneous transmission on FDD and TDD are supported and TDD carrier is PCell, with UCI enhancement, HARQ feedback is transmitted on UL subframe on FDD, and HARQ timing for FDD means some DL transmission cannot find feedback UL subframes, so new design should be considered to fully use the DL resources, such as same HARQ timing as aggregated TDD configuration or subframe bundling.
Table 7: PDSCH HARQ timing analysis for case 4
	
	Simultaneous transmission on FDD and TDD NOT supported
	Simultaneous transmission on FDD and TDD supported

	HARQ timing of PDSCH transmission
	FDD as PCell
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	TDD as PCell,
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	FDD as PCell
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	TDD as PCell
[image: image32.emf]








U U U U U

D S U U D

D D D D D



	
	HARQ of PDSCH on PCell follows PCell’s timing;

No PDSCH transmission due to UE capability in this case.
	HARQ of PDSCH on PCell follows PCell’s timing;

HARQ of PDSCH on SCell follows PCell’s HARQ timing.
	HARQ of PDSCH on PCell follows PCell’s timing;

No PDSCH transmission due to UE capability in this case.

	HARQ of PDSCH on PCell follows PCell’s timing;

HARQ of PDSCH on SCell follows PCell’s HARQ timing. (without UCI enhancement);

HARQ of PDSCH on SCell need new HARQ timing design to fully use DL resource (with UCI enhancement);


· HARQ design for PUSCH transmission

HARQ of PUSCH transmission on PCell always follows PCell’s HARQ timing no matter what the duplex mode of PCell is. 

If FDD carrier is PCell, TDD-FDD Carrier Aggregation doesn’t make any sense in this case.

If TDD carrier is PCell, when simultaneous transmission on FDD and TDD are not supported, no PUSCH transmission on SCell with FDD mode. And when simultaneous transmission on FDD and TDD are supported, new HARQ timing design may be considered to fully use UL subframes or it can follow PCell timing.

Table 8: PUSCH HARQ timing analysis for case 4
	
	Simultaneous transmission on FDD and TDD NOT supported
	Simultaneous transmission on FDD and TDD supported

	HARQ timing of PUSCH transmission
	FDD as PCell，
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	TDD as PCell,

[image: image34.emf]








U U U U U

D S U U D

D D D D D


	FDD as PCell，
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	TDD as PCell，
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	HARQ of PUSCH on PCell follows PCell’s timing;

No PUSCH transmission on SCell due to UE capability in this case.
	HARQ of PUSCH on PCell follows PCell’s timing;

No PUSCH transmission on SCell due to UE capability in this case.
	HARQ of PUSCH on PCell follows PCell’s timing;

No PUSCH transmission on SCell due to UE capability in this case.


	HARQ of PUSCH on PCell follows PCell’s timing;

HARQ of PUSCH on SCell needs new HARQ timing design to fully use UL resources.


Based on the above analysis for each case, the following observations are made for self-carrier scheduling:
Observation 3: UCI enhancement is not necessary when TDD-FDD Carrier Aggregation is applied, especially when FDD carrier is PCell.
Observation 4: There is no need to support TDD-FDD Carrier Aggregation for case 4 with FDD as PCell.
Observation 5: For case 1 and case 2, when TDD carrier is PCell, PDSCH transmission on SCell need a reference HARQ timing, which can be TDD UL/DL configuration 5.

Observation 6: For case 3 and case 4, when TDD carrier is PCell, PUSCH transmission on SCell need a new HARQ design to fully use the PUSCH resources.
A summary is made for HARQ timing for the above four cases from table 9 to table12 without UCI enhancement.
Table 9: summary of HARQ timing for case 1
	The HARQ timing should follow
	HARQ timing for PCell
	HARQ timing for SCell

	PDSCH
	FDD as PCell
	PCell
	PCell

	
	TDD as PCell
	PCell
	Reference timing (such as TDD config.5)

	PUSCH
	FDD as PCell
	PCell
	SCell

	
	TDD as PCell
	PCell
	SCell


Table 10: summary of HARQ timing for case 2
	The HARQ timing should follow
	HARQ timing for PCell
	HARQ timing for SCell

	PDSCH
	FDD as PCell
	PCell
	--

	
	TDD as PCell
	PCell
	Reference timing (such as TDD config.5)

	PUSCH
	FDD as PCell
	PCell
	SCell, but tansmit on PCell

	
	TDD as PCell
	PCell
	SCell


Table 11: summary of HARQ timing for case 3
	The HARQ timing should follow
	HARQ timing for PCell
	HARQ timing for SCell

	PDSCH
	FDD as PCell
	PCell
	PCell

	
	TDD as PCell
	PCell
	PCell

	PUSCH
	FDD as PCell
	PCell
	--

	
	TDD as PCell
	PCell
	New design for FDD


Table 12: summary of HARQ timing for case 4
	The HARQ timing should follow
	HARQ timing for PCell
	HARQ timing for SCell

	PDSCH
	FDD as PCell
	PCell
	--

	
	TDD as PCell
	PCell
	PCell

	PUSCH
	FDD as PCell
	PCell
	--

	
	TDD as PCell
	PCell
	New design for FDD


And proposals are made for self-scheduling as following:

Proposal 1: there is no need to support TDD-FDD Carrier Aggregation in some cases, such as case 4 with FDD as PCell and case 2 with FDD as PCell when simultaneous transmission on FDD and TDD are not supported.

Proposal 2: PDSCH transmission on PCell always follows PCell’s HARQ timing.

Proposal 3: PUSCH transmission on PCell always follows PCell’s HARQ timing.

Proposal 4: When FDD carrier is PCell, PDSCH transmission on SCell follows PCell’s HARQ timing if there are PDSCH transmissions on SCell (only exists on case 1 and 3). PUSCH transmission on SCell can follow SCell’s HARQ timing (only exists for case 1 and 2 when simultaneous transmissions on FDD and TDD are supported, and for case 2, cross-carrier cross-carrier scheduling and PHICH transmission are required).
Proposal 5: when TDD carrier is PCell, if no UCI enhancement, PDSCH transmission on SCell follows PCell’s HARQ timing for case 3 and 4(when DL subframes in FDD available for transmission are the same as aggregated TDD), and follows TDD UL/DL configuration 5 for case 1 and 2(when all DL subframes in FDD are available for transmission). PUSCH transmission on SCell can follow SCell’s HARQ timing, but for case 3 and case 4, new FDD HARQ timing design is needed to make fully use of UL subframes.


4. Conclusions

In this contribution, we have discussed HARQ timing of TDD-FDD Carrier Aggregation for self-carrier scheduling, considering different cases, which correspond to different UE capabilities. Based on the analysis, the following observations and proposals are made:
Obersvation 1: There is no need to support TDD-FDD Carrier Aggregation for case 2 with FDD as PCell when simultaneous transmission on FDD and TDD are not supported.

Obersvation 2: In case 2 with simultaneous transmission on FDD and TDD supported and FDD as Pcell, scheduling and PHICH transmission of PUSCH on SCell shall be transmitted on PCell, which means self-carrier scheduling is not possible.

Observation 3: UCI enhancement is not necessary when TDD-FDD Carrier Aggregation is applied, especially when FDD carrier is PCell.
Observation 4: There is no need to support TDD-FDD Carrier Aggregation for case 4 with FDD as PCell.
Observation 5: For case 1 and case 2, when TDD carrier is PCell, PDSCH transmission on SCell need a reference HARQ timing, which can be TDD UL/DL configuration 5.

Observation 6: For case 3 and case 4, when TDD carrier is PCell, PUSCH transmission on SCell need a new HARQ design to fully use the PUSCH resources.
Proposal 0: the following requirements are considered when designing TDD-FDD carrier aggregation

· Both TDD and FDD carrier can be Pcell. Depending on different deployments in different areas, TDD and FDD as Pcell are both possible.

· Supported number of aggregated CC: 5.

· Use the current HARQ timing design as much as possible.

· Synchronization between TDD and FDD cell is required.

Proposal 1: there is no need to support TDD-FDD Carrier Aggregation in some cases, such as case 4 with FDD as PCell and case 2 with FDD as PCell when simultaneous transmission on FDD and TDD are not supported.

Proposal 2: PDSCH transmission on PCell always follows PCell’s HARQ timing.

Proposal 3: PUSCH transmission on PCell always follows PCell’s HARQ timing.

Proposal 4: When FDD carrier is PCell, PDSCH transmission on SCell follows PCell’s HARQ timing if there are PDSCH transmissions on SCell (only exists on case 1 and 3). PUSCH transmission on SCell can follow SCell’s HARQ timing (only exists for case 1 and 2 when simultaneous transmissions on FDD and TDD are supported, and for case 2, cross-carrier scheduling and PHICH transmission are required).

Proposal 5: when TDD carrier is PCell, if no UCI enhancement, PDSCH transmission on SCell follows PCell’s HARQ timing for case 3 and 4(when DL subframes in FDD available for transmission are the same as aggregated TDD), and follows TDD UL/DL configuration 5 for case 1 and 2(when all DL subframes in FDD are available for transmission). PUSCH transmission on SCell can follow SCell’s HARQ timing, but for case 3 and case 4, new FDD HARQ timing design is needed to make fully use of UL subframes.
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