
3GPP TSG RAN WG1 Meeting #74bis
R1-134349
Guangzhou, China, October 7 - 11, 2013
Agenda Item:
7.2.3.1
Source:
Huawei, HiSilicon

Title:
Discussion on TDD-FDD CA with more than two carriers
Document for:
Discussion and decision

1 Introduction

In the RAN#60 meeting, a new WI [1] for TDD-FDD joint operation was approved and later updated in the RAN#61 meeting [2]. In the RAN1#74 meeting, TDD-FDD joint operation was discussed and it was concluded that the number of carriers (and what combinations of FDD/TDD carriers) to be supported for TDD-FDD joint operation needs to be clarified [3]. 
It is clear that TDD-FDD carrier aggregation will be introduced in Rel-12 specification [1] [2] [3]. For multi-stream aggregation (MSA), it may depend on the result of the RAN2 small cell enhancement SI. Thus, this contribution mainly focuses on TDD-FDD carrier aggregation (CA) and discusses the number of serving cells to be supported. The details of TDD-FDD CA are presented in a companion contribution [4]. 
2 Discussion on the number of serving cells to be supported 
In Rel-10/11 CA, the maximum number of serving cells to be supported is 5. For TDD-FDD CA, in order to reuse the schemes and implementations in CA as much as possible, it is better that the maximum number of serving cells to be supported is still 5.   

Proposal 1: The maximum number of serving cells to be supported for TDD-FDD carrier aggregation is 5, which includes at least one FDD serving cell and one TDD serving cell. 
In Rel-10/11 CA, it is configurable whether to use PUCCH format 1b with channel selection or PUCCH format 3 for HARQ-ACK feedback. PUCCH format 3 can support up to five serving cells and up to 20 HARQ-ACK feedback bits. HARQ-ACK spatial bundling is used if the number of HARQ-ACK bits is more than 20 bits, and PUCCH format 3 cannot support the aggregation if the number of HARQ-ACK bits after spatial bundling is still more than 20 bits. PUCCH format 1b can support up to two serving cells and the tables for channel selection can only support up to 4 DL subframes for a corresponding UL subframe. Thus, there are additional restrictions for TDD [5]:   

· For TDD if a UE is configured with more than one serving cell and if at least two serving cells have different UL/DL configurations and if the DL-reference UL/DL configuration for at least one serving cell is TDD UL/DL Configuration 5, then the UE is not expected to be configured with more than two serving cells.
· If a UE is configured with more than one serving cell and the TDD UL/DL configurations of all serving cells are the same, TDD UL/DL configuration 5 with PUCCH format 3 is only supported for up to two configured serving cells.
· If a UE is configured with two serving cells and the TDD UL/DL configuration of the two serving cells is the same, TDD UL/DL configuration 5 with PUCCH format 1b with channel selection for two configured serving cells is not supported.
· If a UE is configured with two serving cells and if the TDD UL/DL configurations of the two serving cells are not the same and if the DL-reference UL/DL configuration of at least one serving cell is TDD UL/DL Configuration 5, PUCCH format 1b with channel selection is not supported.
For TDD-FDD CA, it is straightforward that both PUCCH format 1b with channel selection and PUCCH format 3 should be supported, and which one to be used is configurable. From RAN1 perspective, as in Rel-10/11 CA, the possible combinations of FDD/TDD serving cells may also depend on the HARQ-ACK feedback scheme and the restrictions of PUCCH format 3 and PUCCH format 1b with channel selection.  
Case 1: PUCCH is only transmitted on the PCell and the PCell is FDD   
As discussed in [4], the HARQ-ACK timing of a FDD serving cell can be considered for a TDD serving cell in this case, which will result in an aggregation similar as FDD CA in Rel-10/11, thus up to 5 serving cells with any combination of FDD and TDD serving cells can be supported. However, if the HARQ-ACK timing of the TDD serving cell(s) is maintained, then there will be an additional restriction as below:

· For TDD-FDD carrier aggregation, if the DL-reference UL/DL configuration or the TDD UL/DL configuration for at least one serving cell is TDD UL/DL Configuration 5, then the UE is not expected to be configured with more than two serving cells.
Case 2: PUCCH is only transmitted on the PCell and the PCell is TDD   
As discussed in [4], the HARQ-ACK timing for a FDD serving cell needs new design in this case, which will result in an aggregation similar as TDD CA in Rel-10/11, thus there will be some additional restrictions and it may also depend on the new designed HARQ-ACK timing for a FDD serving cell. For example, if the HARQ-ACK timing given in Table 1 or Table 2 in [4] is used, when the TDD UL/DL configuration of the PCell is TDD UL/DL configuration 2 or 4, then there will be 5 DL subframes on the FDD serving cell corresponding to one UL subframe on the PCell, thus even when PUCCH format 3 is configured for HARQ-ACK feedback, up to 4 serving cells can be supported. Thus, the additional restrictions are as below:

· For TDD-FDD carrier aggregation, if the DL-reference UL/DL configuration or the TDD UL/DL configuration for at least one serving cell (i.e. PCell) is TDD UL/DL Configuration 5, then the UE is not expected to be configured with more than two serving cells.
· If the DL-reference UL/DL configuration or the TDD UL/DL configuration for the PCell is TDD UL/DL configuration 2 or 4, then the UE is not expected to be configured with more than four serving cells.
Case 3: PUCCH is transmitted on both PCell and SCell     
In this case, for UEs with multiple transmission capability in one subframe, multiple PUCCHs can be transmitted simultaneously in one subframe. However, the maximum number of simultaneous PUCCHs may be limited to two for simplicity; an example is shown in figure 1. 
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Figure 1. An example of PUCCHs transmission for UEs that can support simultaneous transmission on FDD and TDD
In this case, firstly the maximum number of serving cells to be supported should still be 5, including at least one FDD serving cell and one TDD serving cell. Then for the PUCCH corresponding to the aggregation of TDD serving cells, the same additional restrictions as in Rel-10/11 should be maintained.    
UEs with single transmission capability in one subframe need to switch among UL serving cells in time division manner. For simplicity, up to two UL serving cells, including one FDD serving cell and one TDD serving cell, are supported. As discussed in [4], the HARQ-ACK timing for the FDD serving cell needs a new design, which will result in an aggregation similar as TDD CA in Rel-10/11 for the aggregated FDD serving cell(s), which means there may be some additional restrictions.
However, it depends on the HARQ-ACK timing design for the FDD serving cell. If the HARQ-ACK timing shown in figure 3 in [4] is used, then there is no additional restriction for the number of FDD serving cells while the total number of FDD serving cells and TDD serving cells should not be larger than 5. For the aggregation of TDD serving cells, the same additional restrictions as in Rel-10/11 should be maintained while the total number of FDD serving cells and TDD serving cells should not be larger than 5.
Based on the above discussion, we can see that the possible combinations of FDD/TDD serving cells depend on the HARQ-ACK feedback scheme. Thus it is better to discuss the HARQ-ACK feedback scheme for TDD-FDD carrier aggregation first. 
Proposal 2: The HARQ-ACK feedback for TDD-FDD carrier aggregation should be discussed before possible combinations of FDD/TDD serving cells. 
3 Conclusion

This contribution mainly focuses on TDD-FDD carrier aggregation, and firstly discusses the number of serving cells to be supported, then discusses details of TDD-FDD carrier aggregation with more than two serving cells. Based on the discussion, we have the following proposals:
Proposal 1: The maximum number of serving cells to be supported for TDD-FDD carrier aggregation is 5, which includes at least one FDD serving cell and one TDD serving cell. 

Proposal 2: The HARQ-ACK feedback for TDD-FDD carrier aggregation should be discussed before possible combinations of FDD/TDD serving cells. 
References
[1] RP-130888, “LTE TDD-FDD Joint operation”, Nokia Corporation, Nokia Siemens Networks, Oranjestad, Aruba, June 11-14, 2013.
[2] RP-131399, “LTE TDD-FDD Joint operation including Carrier Aggregation”, Nokia Corporation, Nokia Siemens Networks, Porto, Portugal, September 3-6, 2013.
[3] 3GPP, “Draft Report of 3GPP TSG RAN WG1 #74 v0.1.0”, Barcelona, Spain, August 19-23, 2013.
[4] R1-134056, “Details of TDD-FDD CA”, Huawei, HiSilicon, Guangzhou, China, October 7-11, 2013.
[5] 3GPP TS 36.213 v11.3.0. 











































































_1440679445.vsd
DL CC 1


 


 


DL CC 4


 


 


 


FDD


FDD


TDD


TDD


UL CC 1


UL CC 4


PUCCH 1


UL CC 2


UL CC 3


PUCCH 2


DL CC 2


 


DL CC 3


 



