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1 Introduction

In Rel-11 TDD CA with different TDD UL-DL configurations, the different combinations of Pcell/Scell UL-DL configurations are categorized into 3 Cases to define PDSCH HARQ timing,

· Case A: Scell DL subframes are a subset of Pcell

· Case B: Scell DL subframes are a superset of Pcell

· Case C: Scell DL subframes are neither a superset nor a subset of Pcell.

PDSCH HARQ timing for Pcell PDSCH always follows Pcell UL-DL configuration itself. For self-scheduling case, PDSCH HARQ timing follows Pcell configuration, Scell configuration or a reference configuration for Case A, B or C respectively, as summarized in Table 1. As to the maximum number of configured cells,
· For Case C, the number of Cells that can be aggregated by a UE is limited to 2, if configuration #5 is used as timing reference; however, 

· For both Case A and Case B, no similar restriction was agreed. That is, it is allowed to aggregate more than 2 Cells even when configuration #5 is used as timing reference for Case A and B. 

Table 1: UL-DL configuration for PDSCH HARQ timing reference
	UL-DL configuration for PDSCH HARQ  timing reference 
	PCell SIB1 UL-DL configuration 

	
	0
	1
	2
	3
	4
	5
	6

	SCell SIB1 UL-DL configuration 
	0
	- 
	1
	2
	3
	4
	5
	6

	
	1
	1
	- 
	2
	4
	4
	5
	1

	
	2
	2
	2
	- 
	5
	5
	5
	2

	
	3
	3
	4
	5
	- 
	4
	5
	3

	
	4
	4
	4
	5
	4
	- 
	5
	4

	
	5
	5
	5
	5
	5
	5
	- 
	5

	
	6
	6
	1
	2
	3
	4
	5
	- 

	Meaning of the colors 
	Case A 
	Case B 
	Case C 
	　
	　
	　
	　


As to cross-carrier scheduling, it was agreed to always use Pcell UL-DL configuration for the Scell PDSCH HARQ timing. That is, the PDSCH timing method of a Scell is independent to the other configured Scell(s) too.
Considering a maximum of only 20 bits could be reported by PUCCH format 3, the maximum number of configured cells for a UE could be impacted by the reference timing used for the Scells. So in this contribution, we discuss the maximum allowed number of configured cells in each CA scenarios. 
2 Discussion 
In Rel-10, a maximum of 5 cells can be configured to a UE for UL-DL configuration #0~#4 and #6; and it is only 2 for UL-DL configuration #5. The reason for such restriction is to limit the maximum number of HARQ-ACK bits (spatial bundling if needed) to 20 bits. It is straightforward to have the same limitation of maximum 20 bits in inter-band TDD CA with different UL-DL configurations. Hence, a maximum of 5 cells can be configured for most CA scenarios with different UL-DL configurations. However, in some other CA scenarios, e.g. when UL-DL configuration #5 is used as timing reference for a cell, the maximum number of configured cells supported has to be reduced. We discuss this issue in detail in this section. 
According to the agreements on PDSCH HARQ timing for self scheduling, the timing reference for a Scell is based on the relation between Pcell and the respective Scell, and could be independent to other Scell(s) configured to a UE. Hence, for a UE configured with more than one Scells having different UL-DL configurations, it is possible that they have different UL-DL configurations for timing reference. Further, timing reference for different Scells could belong to different cases among Case A, B and C. 

As shown in Figure 1, a UE may be configured with 4 cells and self scheduling is used on each cell. Pcell uses configuration #2, Scell-1 to Scell-3 use configuration #2, #1 and #5 respectively. As to PDSCH HARQ timing, it’s Rel-10 CA for Scell-1, Case A for Scell-2 and Case B for Scell-3. Accordingly, the timing reference configurations are configuration #2, #2 and #5 for the 3 Scells respectively. As a consequence, the total number of HARQ-ACK bits after spatial bundling is 4+4+3+9=20 bits. 
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Figure 1: CA scenario of Case A and B

Since there is no restriction on the number of configured cells when UL-DL configuration #5 is used as timing reference for Case A and Case B, so the CA scenario in Figure 1 is allowed by current agreements. However, the payload size for HARQ-ACK after spatial bundling is already 20bits, so that at most 4 cells can be configured for such CA scenario. 
Therefore, strictly following the agreements on PDSCH HARQ timing for TDD inter-band CA, sometimes the supported maximum number of configured cells for a UE could be less than 5, which is still a valid CA scenario, due to the limitation on payload size for HARQ-ACK transmission. In detail,
· If all configured cells (Pcell or Scell) for a UE has timing reference configuration #{0, 1, 2, 3, 4, 6}, the maximum number of configured cells for the UE is 5 (to have the same maximum value 5 as Rel-10); 

· If one Case C Scell uses timing reference configuration #5 is configured, then the number of configured cells is limited to 2 (this is to align with current agreements on Case C for self scheduling);
· Otherwise, the number of configured cells for the UE is subjected to a maximum 20 HARQ-ACK bits after spatial bundling. 
The above bullets apply for both self scheduling and cross-carrier scheduling. It worth mentioned the methods handling timing reference configuration #5 according to the current agreements are different for Case A/B from Case C for self scheduling, which is why in the last bullet the number of configured cells has to be calculated based on the maximum 20-bit payload size. As a comparison, in Rel-10, the maximum number of configured cells is either limited to 2 (for TDD UL-DL configuration #5) or 5 (for other TDD UL-DL configurations). 
3 Conclusions
In this contribution, we discuss the maximum number of configured cells for a UE based on the agreements on PDSCH HARQ timing. The following should be captured by the specification to clearly reflect the situation for both self scheduling and cross-carrier scheduling. 
· If all configured cells (Pcell or Scell) for a UE has timing reference configuration #{0, 1, 2, 3, 4, 6}, the maximum number of configured cells for the UE is 5 (to have the same maximum value 5 as Rel-10); 

· If one Case C Scell uses timing reference configuration #5 is configured, then the number of configured cells is limited to 2 (this is to align with current agreements on Case C for self scheduling);

· Otherwise, the number of configured cells for the UE is subjected to a maximum 20 HARQ-ACK bits after spatial bundling. 
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