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1 Introduction

In Rel-11 TDD CA with different TDD UL-DL configurations, PDSCH HARQ timing issues have been considered mainly for two cells scenario including the Pcell and a single Scell. As per the agreements to date, the UL-DL configuration used as PDSCH HARQ timing reference for a Scell for full duplex UEs in case of self-scheduling is summarized in Table 1. 

Table 1: TDD 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 
	　
	　
	　
	　


This contribution discusses PDSCH HARQ timing issues in the TDD CA scenarios consisting of more than 2 cells with different TDD UL-DL configurations.
2 PDSCH HARQ timing for more than 2 cells configuration
2.1 Issues of more than 2 cells configuration
In the situation of more than 2 cells configuration (e.g., Pcell, Scell-1 and Scell-2), PDSCH HARQ timing issue when PDSCH in either Scell-1 or Scell-2 is self-scheduled by itself or cross-carrier scheduled by Pcell, can be covered by the progresses made in RAN1 until now for Case A, B and C, in case of both self-scheduling and cross-carrier scheduling. It is noted that Case A, B and C for PDSCH HARQ timing in the RAN1 discussions were categorized according to DL subframe relation between Pcell and Scell. On the other hand, when PDSCH in Scell-2 is cross-carrier scheduled by Scell-1, a categorization of cases and PDSCH HARQ timing for each case seems to be not fully covered by discussions from RAN1.
Figure 1 illustrates an example of 3 cells configuration with different TDD UL-DL configurations. In Figure 1, the green arrow indicates linkage from PDSCH transmission on the Pcell and the Scell-2 to the corresponding UL HARQ-ACK transmission on the Pcell while the red arrow indicates linkage from PDCCH in Scell-1 to the corresponding scheduled PDSCH in Scell-2.
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Figure 1: An example of 3 cells configuration with different TDD UL-DL configurations.
In Figure 1, when PDSCH in Scell-2 is cross-carrier scheduled by PDCCH in Scell-1, a categorization of cases to define HARQ timing for the PDSCH sent in Scell-2 has not been discussed in RAN1. In the following, it is discussed that the categorization can be made considering DL subframe relations between the cells, with providing two alternative approaches, and how PDSCH HARQ timing for each case can be determined.
2.2 PDSCH HARQ timing for more than 2 cells configuration
When considering 3 cells configuration as illustrated in Figure 1 as an example, PDSCH HARQ timing rules for each case are discussed with the following two alternatives.
a) Alternative 1: PDSCH HARQ timing based on the relation between Pcell and Scell-2
b) Alternative 2: PDSCH HARQ timing based on the relation between Pcell and Scell-1
It is noted that for the all two alternatives, cross-carrier scheduling is applied for DL subframes with a same timing between the scheduling cell and the scheduled cell.
Alternative 1: PDSCH HARQ timing based on relation between Pcell and Scell-2
In Alternative 1, to get a TDD UL-DL configuration used as the timing reference for Scell-2, Case A, B and C are categorized considering DL subframe relation between Pcell (for HARQ-ACK transmission) and Scell-2 (for PDSCH transmission). It is noted that Scell-1 (for cross-carrier scheduling PDSCH in Scell-2) does not need to be considered in the categorization. Alternative 1 can be similarly managed as in the self-scheduling cases discussed in RAN1 because this alternative considers only the cells with HARQ-ACK transmission (Pcell) and PDSCH transmission (Scell-2) for the case categorization. The case categorization is proposed as follows:
· Case A: Scell-2 DL subframes are a subset of Pcell
· Case B: Scell-2 DL subframes are a superset of Pcell
· Case C: Scell-2 DL subframes are neither a superset nor a subset of PCell.

In Alternative 1, HARQ timing rules for PDSCH in Scell-2 are proposed for the respective cases as follows, which is actually equivalent to the design for the two cell cases:
· Case A: Pcell configuration timing

· Case B: Scell-2 configuration timing (=Scheduled cell configuration timing)
· Case C: Reference configuration timing

It is noted that PDSCH HARQ timings proposed for Case A, B and C above are the same as PDSCH HARQ timings agreed for the cases that the Scell self-schedules PDSCH in two cell configurations, which is captured in Table 1 agreed in RAN1#68bis. 
Thus, regardless of how many cells are configured, the PDSCH HARQ timing for an Scell with a PDSCH transmission can be determined only by taking into account the relationship between the Pcell and the Scell, which include the subframe relations and whether the Scell is cross-carrier scheduled by the Pcell. Then, the agreement made for the two cell cases can be applied the same, as shown below.
· PDSCH HARQ timing rule in cases PDSCH in Scell is not cross-carrier scheduled by Pcell, which include the cases that PDSCH in the Scell is self-scheduled and is cross-carrier scheduled by another Scell:
· PDSCH HARQ timing rule follows the one for the self-scheduling case which was already agreed in RAN1 (Table 1)
· Case A: Pcell configuration timing

· Case B: Scheduled cell configuration timing

· Case C: Reference configuration timing

Likewise, in cases that PDSCH in the Scell is cross-carrier scheduled by Pcell, the agreement to be made for the cases of two cell configurations with cross-carrier scheduling could be applied the same. This way, the PDSCH HARQ timing rules can be defined regardless of the number of the configured cells, leading to simple specification.
Alternative 2: PDSCH HARQ timing based on relation between Pcell and scheduling cell (Scell-1)
In Alternative 2, to get a TDD UL-DL configuration used as the timing reference for Scell-2, Case A, B and C are categorized considering DL subframe relations between Pcell (for HARQ-ACK transmission) and Scell-1 (the scheduling cell for Scell-2 PDSCH). Assuming no cross-subframe scheduling, only the Scell-2 DL subframe having a DL subframe in the same timing in Scell-1 can be cross-carrier scheduled by Scell-1. That is, the schedulable Scell-2 DL subframes must be a subset of Scell-1 DL subframes. Therefore, after defining PDSCH HARQ timing for the timing positions of all DL subframes in Scell-1, it provides the HARQ timing for all schedulable DL subframes in Scell-2. 

Based on the relation between Pcell and scheduling cell (Scell-1), the case categorization is,
· Case A: Scheduling cell DL subframes are a subset of Pcell

· Case B: Scheduling cell DL subframes are a superset of Pcell
· Case C: Scheduling cell DL subframes are neither a superset nor a subset of Pcell.

The above case categorization is similar to the one used in the self-scheduling case. Accordingly, the method defining a UL-DL configuration used as timing reference for self-scheduling case of a Scell applies as well. That is, the PDSCH HARQ timing rules for Scell-2 for each case are as follows:
· Case A: Pcell configuration timing

· Case B: Scheduling cell (Scell-1) configuration timing

· Case C: Reference configuration timing whose UL subframe is an intersection of Pcell and Scheduling cell (Scell-1)
As shown in Table 2, the only change comparing to Table 1 is the use of scheduling cell SIB1 UL-DL configuration in determining the HARQ timing reference. 
Table 2: TDD UL-DL configuration for PDSCH HARQ timing reference
	UL-DL configuration for PDSCH HARQ  timing reference for a cell
	PCell SIB1 UL-DL configuration 

	
	0
	1
	2
	3
	4
	5
	6

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

	
	1
	1
	1
	2
	4
	4
	5
	1

	
	2
	2
	2
	2
	5
	5
	5
	2

	
	3
	3
	4
	5
	3
	4
	5
	3

	
	4
	4
	4
	5
	4
	4
	5
	4

	
	5
	5
	5
	5
	5
	5
	5
	5

	
	6
	6
	1
	2
	3
	4
	5
	6

	Meaning of the colors 
	Case A 
	Case B 
	Case C 
	　
	　
	　
	　


The terms scheduling cell and scheduled cell are actually applicable to both cross-carrier scheduling and self-scheduling, so one key observation is Alternative 2 can provide a unified structure for all CA scenarios discussed in Rel-11, either self-scheduling or cross-carrier scheduling. Further, if focusing on cross-carrier scheduling, Alternative 2 works for both scenarios that scheduling Scell is Pcell or another Scell.
The Alternative 2 is equivalent to the current agreement on self-scheduling of a Scell. Considering the PDSCH transmission in a Scell by self-scheduling, the scheduling cell is the Scell itself. Finding a UL-DL configuration for timing reference by Pcell and the scheduling cell is exactly finding it by Pcell and the Scell as the current agreement. 
The Alternative 2 is also applicable for a Scell cross-carrier scheduled by Pcell. In this scenario, scheduling cell is Pcell. Finding a UL-DL configuration for timing reference by Pcell and scheduling cell (Pcell) collapses to do it only based on Pcell. That is, the diagonal elements in Table 2 (white blocks) cover for such CA scenario. We provide a detailed discussion in [1] on the benefit of using Pcell UL-DL configuration as timing reference for a Scell PDSCH cross-carrier scheduled by Pcell. 
3 Conclusions
This contribution discussed the methods to handle the scenarios that more than 2 cells are configured for UEs in TDD CA with different TDD UL-DL configurations. We proposed 2 alternative approaches and both approaches can simply handle all the possible combinations of TDD UL-DL configurations between Pcell and Scells for PDSCH HARQ timing. 
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