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1
Introduction
At the RAN Plenary meeting #61 LTE TDD-FDD joint operation was adopted as a work item. The objective is to enhance LTE TDD-FDD joint operation with LTE TDD-FDD carrier aggregation (CA).
RAN 1 already reached some decisions to enable LTE TDD-FDD joint operation with CA. In this document we address the remaining questions with respect to the scheduling/HARQ timeline for self-scheduling and cross-carrier scheduling..
2
Discussion
Rel-12 will support LTE TDD + FDD joint operation, including CA and possibly other types of operation (e.g., dual-connectivity when there is non-ideal backhaul between two or more CCs). In this document we discuss the control solutions needed to support the LTE TDD + FDD joint operation. Two baseline scenarios are considered: FDD CC is the PCC/controlling CC and TDD is the PCC/controlling CC. 
RAN 1 already reached decisions with respect to the scheduling/HARQ timeline for some cases and solutions for some cases are still to be decided. The current state is presented in Table 1and Table 2.

Table 1: FDD CC as the PCell/controlling CC

	
	Self-scheduling
	Cross-carrier scheduling

	DL
	DL HARQ timing of the scheduled serving cell follows the PCell’s timing (PCell FDD timing is applied to TDD CC) 

(Already agreed)
	Alt DL-A: DL HARQ timing of the scheduled serving cell follows the PCell’s timing (PCell FDD timing is applied to TDD CC)



	UL
	TDD CC follows its own timeline

(Already agreed)
	Alt UL-A1: the TDD scheduled serving cell’s UL/DL configuration

or

Alt UL-B1: 10ms RTT: 4ms between UL grant/PHICH and PUSCH, 6ms between PUSCH and PHICH


Table 2: TDD CC as the PCell/controlling CC

	
	Self-scheduling
	Cross-carrier scheduling

	DL
	Option 1: FDD SCell PDSCH timing depends on TDD PCell timing + additional new timing for remaining subframes of FDD SCell
or

Option 2c: Configurable reference TDD UL/DL configuration for FDD SCell from the existing set of configurations
	Alt DL-A: DL HARQ timing of the scheduled serving cell follows the PCell’s timing (PCell TDD timing is applied to FDD CC)

or

Alt DL-B: apply self-scheduling option 1, but if option 1 is not agreed for self-carrier scheduling then DL-A is agreed for cross-carrier scheduling

	UL
	FDD CC follows its own timeline

(Already agreed)
	Alt UL-A2: a UL-reference UL/DL configuration with no new timing

· Candidate UL reference UL/DL configuration (for down selection):

· Alt UL-A2-1: TDD scheduling serving cell’s UL/DL configuration

· Alt UL-A2-2: Fixed reference UL/DL configuration 0

· Alt UL-A2-3: Configurable reference UL/DL configuration amongst a set of candidates

or

Alt UL-B2: 10ms RTT: 4ms between UL grant/PHICH and PUSCH, 6ms between PUSCH and PHICH


2.1
Self-carrier Scheduling

The only remaining decision on the DL self-scheduling case is when TDD cell is the PCell. Two options are being considered:
· Option 1: FDD SCell PDSCH timing depends on TDD PCell timing + additional new timing for remaining subframes of FDD SCell
· Option 2c: Configurable reference TDD UL/DL configuration for FDD SCell from the existing set of configurations.

Option 1
Option 1 provides better utilization of the DL subframes on the FDD SCell, as with additional specification all subframes can be utilized. It however involves defining the additional timeline/rules than what is already available in Rel-11. Primarily the modifications are needed with respect to the HARQ feedback transmitted on UL on the PCell for DL data transmissions on FDD SCell. 
The first to address is the DL association set index table, i.e. to include new entries to cover all FDD subframes. This can be done in many ways, e.g. by uniformly distributing the load for A/N feedback across subframes (Table 3) or by minimizing HARQ delays (Table 4). 
Table 3: DL association set index: uniform distribution of the control load across subframes

[image: image1.emf]UL - DL   Configuration  Subframe  n  

 0  1  2  3  4  5  6  7  8  9  

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

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

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

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

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

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

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

 


Table 4: DL association set index: minimized HARQ delay

[image: image2.emf]UL - DL   Config  Subframe  n  

 0  1  2  3  4  5  6  7  8  9  

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

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

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

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

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

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

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

 


The red entries are values of k corresponding to additional DL subframes of FDD CC. 
We believe that it is more desirable to keep the uniform distribution of A/N load across subframes and therefore prefer Table 3 as the solution.

As can be seen from the tables, the number of entries in some cases is larger than 4 (not only for configuration 5), which means that we would have to define tables for HARQ multiplexing for PUCCH format 1 w/channel selection for M>4 or restrict those cases to bundling (as is configuration 5 currently).
PUCCH format 3 seems to be easily applicable here. If the number of feedback bits is larger than 20, spatial A/N bundling of codewords within a DL subframe could be performed for each CC, as in Rel-10. In the extreme case where the feedback is larger than 20 even after spatial bundling (e.g. 5 CCs and M>4), additional rules are needed. One viable solution is to perform bundling across subframes of the FDD CC with M>4, e.g. bundle the first or the last subframe(s) to get M=4.
Option 2c
Option 2c does not enable utilization of all DL subframes on the FDD SCell, but it allows the reuse of the existing Rel-11 specification with minimal impact to the specification.
In this case, an FDD CC is regarded as a TDD CC with a specific (configured) UL/DL configuration, and per Rel-11 FDD CC would follow the timeline of the configured reference UL/DL configuration. Configuring the UL/DL configuration with large number of DL subframes could allow majority of DL FDD subframes to be utilized. 
It would also be beneficial that the reference UL-DL configuration can only be chosen from a subset of the currently defined TDD UL-DL subframe configurations, depending on the PCell UL-DL subframe configuration. One possible realization is given in Table 5.

Table 5: Allowed reference configurations

	TDD PCell UL-DL configuration
	Allowed reference configuration for FDD-SCell

	0
	2, 4, 5

	1
	2, 4, 5

	2
	2, 5

	3
	4, 5

	4
	4, 5

	5
	5

	6
	2, 4, 5


Proposal 1: For the DL HARQ timing of the scheduled FDD SCell Option 1 should be chosen as long as the time needed for agreeing on the necessary details does not have negative impact on the introduction of other necessary TDD-FDD CA features such as cross-carrier scheduling.  Otherwise, Option 2 should be considered.  The proposed details of either option are provided in this document. 
2.2
Cross-carrier Scheduling

2.2.1
FDD PCell/controlling cell
DL Operation

Support of self-scheduling as well as cross-carrier scheduling of PDSCH can be readily provided since FDD CC has the full set of DL subframes available. Note that utilizing the FDD DCI format to cross-schedule the TDD CC allows sharing of the search spaces of both CCs in case of the same BW and Tx mode.
Since Rel-10/11 CA supports PUCCH on PCC only, regardless of the scheduling configuration (cross-carrier scheduling or the same carrier scheduling), the UL control on PUCCH will be transmitted on FDD CC. Since FDD UL CC has the full set of UL subframes available, it would be beneficial to utilize that feature and provide more efficient HARQ operation on a TDD CC. Namely, the HARQ feedback for PDSCH transmissions on TDD CC can follow the FDD timeline, i.e. it can be sent 4 ms after the PDSCH transmission. This can provide shorter HARQ delays (as compared to TDD timeline) on the TDD CC. Also, throughput loss due to ACK/NACK bundling/multiplexing can be reduced.  
The above discussed approach is actually Alt DL-A as listed in Table 1.

Proposal 2: Cross-carrier scheduling is supported for PDSCH
Proposal 3: DL HARQ timing of the scheduled TDD SCell follows the FDD PCell’s timing (Alt DL-A)

Proposal 4: CSI configuration is based on the sets supported by the FDD PCell.
Proposal 5: Scheduling cell DCI format is utilized to cross-schedule TDD SCell.

UL Operation

Options considered for UL operation when PCell is FDD are:
· Alt UL-A1: the TDD scheduled serving cell’s UL/DL configuration
· Alt UL-B1: 10ms RTT: 4ms between UL grant/PHICH and PUSCH, 6ms between PUSCH and PHICH

Alt UL-B1 allows very efficient HARQ operation for TDD CC, obtained by the aid of the FDD CC. Using this approach, the number of UL HARQ processes equals the number of UL subframes in a frame, as shown in Table 6.
Table 6: Number of UL HARQ processes

[image: image3.png]SCC TDD UL-DL Configuration | Number of UL HARQ Processes

0

o A W N -
u P, N WN PO




Note that the timing of the self-scheduled UEs and cross-scheduled UEs not being aligned is existent even in Rel-11, and does not seem as an issue that needs to be resolved.
Unlike Alt UL-B1, Alt UL-A1 does not take advantage of the additional UL and DL subframes availability on FDD CC to carry the control information. It however provides the aligned self-scheduling and cross-carrier scheduling timing. As mentioned above this is not a feature that should be regarded as important, as the non-aligned timing is excitant in Rel-11 as well. Therefore, overall Alt UL-A1 is inferior with respect to the Alt UL-B1.
Proposal 6: Cross-carrier scheduling is supported for PUSCH
Proposal 7: HARQ for PUSCH transmissions on TDD SCell has 10 ms RTT: 4ms between UL grant/PHICH and PUSCH, 6ms between PUSCH and PHICH.

2.2.2
TDD PCell/controlling cell
Defining the control timeline and procedures for the case when TDD cell is the PCell/controlling CC is a more difficult task than the case when FDD cell is the PCell/controlling cell. The reason is that TDD cell always has a subset of both UL and DL subframes compared to an FDD cell. 
DL Operation

The considered options for DL operation are:

· Alt DL-A: DL HARQ timing of the scheduled serving cell follows the PCell’s timing (PCell TDD timing is applied to FDD CC)

· Alt DL-B: apply self-scheduling option 1, but if option 1 is not agreed for self-carrier scheduling then DL-A is agreed for cross-carrier scheduling

Alt DL-A It is the straight forward solution and it directly follows the principles of Rel-11 (when CC of different Ul/DL configurations are aggregated, in the case of cross-scheduling the SCell PDSCH HARQ timing reference configuration is SIB1 UL-DL configuration of the PCell). No new HARQ timeline is required. Note that not all subframes would be able to be utilized on FDD SCell on DL. 

Alt DL-B, if self-scheduling option 1 is adopted, can provide better DL subframe utilization on FDD SCell in some scenarios. However, since multi-subframe/cross-subframe scheduling is not supported in Rel-12, if FDD SCell is cross-carrier scheduled from TDD PCell, there will be no improvement in terms of DL FDD subframe utilization compared to Alt DL-A. The reason is that the DL grant could come only on PCell DL subframes, and additional timing defined for HARQ feedback is not useful (unlike in the case of self-scheduling where there is no limitation on subframes where grants can be transmitted). The benefit of Alt-B is apparent in cases where the TDD SCell is cross-carrier scheduled from another FDD SCell, where there is no limitation on subframes where grants can be transmitted. Defining cross-carrier cross-subframe scheduling in the future can further enhance the efficiency in subframe utilization of Alt DL-B even when scheduling is performed from TDD PCell.
Proposal 8: For DL cross-carrier scheduling when TDD is the PCell, adopt Alt DL-B: apply self-scheduling option 1, but if option 1 is not agreed for self-carrier scheduling then DL-A is agreed for cross-carrier scheduling.
UL Operation

Options considered for UL operation when PCell is TDD are:
· Alt UL-A2: a UL-reference UL/DL configuration with no new timing

· Candidate UL reference UL/DL configuration (for down selection)

· Alt UL-A2-1: TDD scheduling serving cell’s UL/DL configuration

· Alt UL-A2-2: Fixed reference UL/DL configuration 0

· Alt UL-A2-3: Configurable reference UL/DL configuration amongst a set of candidates

· Alt UL-B2: 10ms RTT: 4ms between UL grant/PHICH and PUSCH, 6ms between PUSCH and PHICH

Alt UL-A2-2 and Alt UL-A2-3 allow good utilization of the UL subframes on FDD CC by using the UL/DL reference configuration that has large number of UL subframes. If subsequently the Rel-11 rules are utilized, the SCell PUSCH HARQ/scheduling timing would follow the reference UL/DL configuration timing (as defined for the targeting case where SCell UL subframes are a superset of the UL subframes indicated by the scheduling cell SIB1 configuration). While Alt UL-A2-2 bases the reference UL/DL configuration on the UL heaviest configuration 0, Alt UL-A2-3 allows more flexibility by configuring other UL heavy UL/DL configurations as the reference configuration.
Note that the timing of the self-scheduled UEs and cross-scheduled UEs alignment (main argument for UL-B2) is not existent even in Rel-11, and does not seem as an issue that needs to be resolved.
Proposal 9: UL HARQ feedback of the scheduled FDD SCell is based on a reference UL/DL configuration among the set of candidates (UL-heavy UL/DL configurations)
2.2.2
Additional Considerations

When TDD CC is a PCC and FDD CC is a SCC, if DL-UL TDD configuration 5 is used as the actual or the reference configuration, there may be a limit on how many CCs can be aggregated in CA for a UE. This is because TDD DL-UL subframe configuration 5 has 9:1 (DL:UL) ratio, and even with ACK/NAK spatial bundling, there are still up to 9 ACK/NAK bits to be feedback by the UE for the CC. PUCCH format 3 for ACK/NAK feedback has the limited capacity of up to 22 bits in Rel-11. Thus, up to two CCs of TDD DL-UL subframe configuration 5 can be aggregated.
If aggregation of more than two CCs of TDD DL-UL subframe configuration 5 and FDD CCs with TDD CC as a PCC is desired additional solutions for HARQ feedback on PUCCH are needed. Those solutions could include additional bundling (e.g., time-domain, CC-domain bundling), or support of parallel PUCCH transmissions.
3
Conclusions 
In this document we discussed the solutions to support LTE TDD+FDD CA. Based on the discussion we propose the following:

Proposal 1: For the DL HARQ timing of the scheduled FDD SCell Option 1 should be chosen as long as the time needed for agreeing on the necessary details does not have negative impact on the introduction of other necessary TDD-FDD CA features such as cross-carrier scheduling.  Otherwise, Option 2 should be considered.  The proposed details of either option are provided in this document. 

Proposal 2: Cross-carrier scheduling is supported for PDSCH.

Proposal 3: DL HARQ timing of the scheduled TDD SCell follows the FDD PCell’s timing (Alt DL-A).

Proposal 4: CSI configuration is based on the sets supported by the FDD PCell.

Proposal 5: Scheduling cell DCI format is utilized to cross-schedule TDD SCell.

Proposal 6: Cross-carrier scheduling is supported for PUSCH

Proposal 7: HARQ for PUSCH transmissions on TDD SCell has 10 ms RTT: 4ms between UL grant/PHICH and PUSCH, 6ms between PUSCH and PHICH.

Proposal 8: For DL cross-carrier scheduling when TDD is the PCell, adopt Alt DL-B: apply self-scheduling option 1, but if option 1 is not agreed for self-carrier scheduling then DL-A is agreed for cross-carrier scheduling.

Proposal 9: UL HARQ feedback of the scheduled FDD SCell is based on a reference UL/DL configuration among the set of candidates (UL-heavy UL/DL configurations).
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