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1 Introduction

In RAN1#68, the following agreements were made [1]:

· HARQ-ACK timing of PCell PDSCH, the scheduling timing of PCell PUSCH, the HARQ timing of PCell PUSCH should follow the PCell timing.
· PCell timing is the same as Rel-8/9/10.

· The PDSCH HARQ timing on SCell shall

· follow the PCell SIB1 configuration if the set of DL subframes indicated by the SCell SIB1 configuration is a subset of the DL subframes indicated by the PCell SIB1 configuration

· FFS if the set of DL subframes indicated by the SCell SIB1 configuration is NOT a subset of the DL subframes indicated by the PCell SIB1 configuration
And then in RAN1#68bis, the remaining cases that the set of DL subframes indicated by the SCell SIB1 configuration is NOT a subset of the DL subframes indicated by the PCell SIB1 configuration was agreed for self scheduling [2]. 
· On PDSCH timing for the case where  SCell(s) downlink subframes is a superset of PCell (namely case B)
· In case of self scheduling
· For full-duplex case, agreement is that SCell PDSCH HARQ timing should follow the SCell SIB1 HARQ timing.
· For half-duplex case, working assumption is to follow SCell SIB1 HARQ timing
· Can be revisited after discussion of other DL and UL cases

· On PDSCH timing for the case where the set of SCell(s) downlink subframe is neither a subset nor a superset of PCell (namely case C)

· In case of self-carrier scheduling, 
· For full duplex case, the timing table in alternative 1 is agreed.

· For half duplex case, working assumption is the timing table in alternative 1

· In case where configuration 5 timing is used as a reference, it is agreed that the number of CCs that can be aggregated by a UE is limited to 2 CCs.

Based on the above agreements, PDSCH HARQ timing for Pcell PDSCH follows Pcell UL-DL configuration itself, and the UL-DL configuration used as PDSCH HARQ timing reference for a Scell at least for full duplex case of self scheduling is summarized in Table 1. 
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 
	　
	　
	　
	　


The above design on Scell timing reference is only based on the relation between Pcell and the respective Scell, and could be independent to the number of Scell configured to a UE. However, considering a maximum of 20 bits could be reported by PUCCH format 3, the maximum number of configured cells for a UE is impacted by the reference timing used for Scell. 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 2 for UL-DL configuration 5. The reason for such restriction is to limit the maximum number of HARQ-ACK (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, when configuration 5 is used as timing reference for a cell, the maximum number of configured cells supported has to be reduced.  
The current agreement on timing reference applies on a per Scell basis, that is, for a UE configured with more than one Scell, the timing reference for each Scell can be determined by the agreement respectively. If the Scells have different UL-DL configuration to each other, it is possible that they have different UL-DL configuration for timing reference. Further, timing reference for different Scells could belong to different case among Case A, B and C. 
As shown in Figure 1, a UE may be configured 3 cells, Pcell uses configuration 2, Scell-1 uses configuration 1 and Scell-2 uses configuration 5. As to PDSCH HARQ timing, it belongs to Case A for Scell-1, i.e. Pcell UL-DL configuration (configuration 2) is applied; and it is Case B for Scell-2, so Scell-2 UL-DL configuration itself (configuration 5) is used. As a consequence, the total number of HARQ-ACK bits after spatial bundling (if needed) is 4+3+9=14 bits. One thing to note is there is no restriction on using UL-DL configuration 5 as timing reference for Case A and Case B, so the above CA scenario is aligned with current agreements on inter-band TDD CA. 
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Figure 1: CA scenario of Case A and C
However, in the agreement for Case C, there is a bullet “In case where configuration 5 timing is used as a reference, it is agreed that the number of CCs that can be aggregated by a UE is limited to 2 CCs.” The wording seems to restrict that only Pcell and one Scell is allowed, if timing reference of the Scell is configuration 5. Such an interpretation on the bullet contradicts with the more typical Case A and Case B. As discussed in Figure 1, if there has one Scell using configuration 5 as timing reference, it’s not forbidden to have more Scells by the current agreement. 
Actually, according to our understanding, the intention of online discussion is to limit there can be at most one Scell that uses UL-DL configuration 5 as timing reference, however, it doesn’t preclude some other Scells using a timing reference different from configuration 5 can be configured for the same UE. With this understanding, we see Case A, B and C can be well aligned. 
Figure 2 provides one example related to Case C. A UE is configured 4 cells with one Scell them uses configuration 5 as timing reference. Pcell, Scell-1 and Scell-2 are in the same band hence having the same UL-DL configuration, e.g. configuration 2; while Scell-2 is in a different band and uses configuration 3. The timing reference for PDSCH in Scell-1 and Scell-2 will of course be configuration 2 since their configuration is same as Pcell. According to the current agreement on inter-band TDD CA, configuration 5 is used timing reference for Scell-3. Therefore, the total number of HARQ-bits after spatial bundling if needed is 4+4+4+7=19 bits, which is still less than the limit of 20 bits.
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Figure 2: 
In a summary of the above discussions, a UE could be allowed to support aggregation of more than 2 cells with one Scell using configuration 5 as time reference, which brings much freedom for eNB scheduler. That is, according to the service requirement of UEs and other aspects, eNB could configure a proper number of aggregated cells to UE, not limited to only 2 cells allowable. 

3 Conclusions
In this contribution, we discuss the factors which impact on the maximum number of configured cells for a UE. Hence we propose the following criteria for inter-band TDD CA
· The maximum payload size on PUCCH format 3 is 20 bits;

· The maximum number of configured cells for a UE is 5;

· There can be at most one configured Scell with timing reference of UL-DL configuration 5 for a UE, but it doesn’t preclude other Scells use configuration 0~4 and 6 as timing reference for the same UE. 
· Note: this restriction is to align with the agreement on Case C made in RAN1#68bis. 
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