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1 Introduction

The maximum number of DL HARQ processes is used in 36.212 and 36.213 for soft buffer allocation. The maximum number of DL HARQ processes for TDD SCell with FDD PCell was discussed by email after the RAN1#76bis meeting, with an initial proposal to have 8 DL HARQ processes for each TDD UL/DL configuration. However, for some TDD UL/DL configurations this proposal would result in worse performance for TDD, and no consensus was achieved. This contribution provides our views on the maximum number of DL HARQ processes for TDD SCell with FDD PCell. 
2 Discussion
According to the agreements from RAN1#75 meeting and RAN1#76 meeting, the DL HARQ timing of a TDD SCell follows the PCell’s timing for both self-scheduling and cross-carrier scheduling when the PCell is FDD [1] [2]. However, while this agreement tells us that a 8ms timing is followed, it does not directly tell us what the soft buffer allocation should be for a TDD SCell with an FDD PCell. Therefore the maximum number of DL HARQ processes for TDD SCell with FDD PCell needs to be defined. 
The following options were discussed by email after the RAN1#76bis meeting: 

Option 1: The maximum number of DL HARQ processes for a TDD SCell is 8 regardless of the UL/DL configuration of the TDD SCell
· Pros: Simple for both specification and implementation. 
· Cons: Performance could possibly be worse for TDD UL/DL configurations 0, 1 and 6 compared to the current TDD system. According to Table 7-1 in 36.213, the maximum number of DL HARQ processes for a TDD serving cell with TDD UL/DL configuration 0, 1 and 6 is smaller than 8.   

Option 2: The maximum number of DL HARQ processes for a TDD SCell is 4, 6, 7, 7, 8, 8 and 5 for UL/DL configuration 0, 1, 2, 3, 4, 5 and 6 respectively. (The number of DL HARQ processes matches the maximum number of downlink/special subframes within a 8 subframe window)
· Pros: Optimizes performance compared to the current TDD system.  

· Cons: May increase the complexity for both specification and implementation.   

Option 3: The maximum number of DL HARQ processes for a TDD SCell is 4, 7, 8, 8, 8, 8 and 6 for TDD UL/DL configuration 0, 1, 2, 3, 4, 5 and 6 respectively. (Reuse current TDD or FDD, whichever is smaller)
· Pros: 1) Simple for both specification and implementation. 2) Maintain the performance for TDD UL/DL configuration 0, 1 and 6, because it just reuses the maximum number of DL HARQ processes in Table 7-1 in 36.213.
· Cons: Performance is slightly worse than option 2 for UL/DL configurations 1, 2, 3 and 6. 
One thing that became clear in the email discussion is that the maximum number of DL HARQ processes is just that, a number, and need not have any particular meaning. For example, all companies that participated in the discussion at one point or another could accept an option that contained processes that were defined, but not used by the eNB scheduler. (One of these options had a 10ms timing for TDD configuration 2 that violates the earlier agreement to follow the 8ms FDD timing, so is not listed above.) From a pure coding (or specification operation) perspective, even maintaining the current Table 7-1 is functional though not a good idea – rate matching and soft buffer allocation can be done with > 8 processes, but the scheduler cannot use those processes as they are not addressable by the DCI. 
Table 1 captures the three options as well as the current values in the specification.

Table 1. Summary of Options

	UL/DL Configuration
	Table 7-1 of 36.213
	Option 1
	Option 2
	Option 3

	0
	4
	8
	4
	4

	1
	7
	8
	6
	7

	2
	10
	8
	7
	8

	3
	9
	8
	7
	8

	4
	12
	8
	8
	8

	5
	15
	8
	8
	8

	6
	6
	8
	5
	6


Comparing option 2 to options 1 and 3, it is unclear that how much performance benefit can be achieved by optimizing for each UL/DL configuration without extensive simulations. In order to reduce the complexity to specification and implementation, option 1 and option 3 may be better choices. Considering that option 3 maintains current TDD, while option 1 degrades the performance for UL/DL configuration 0, 1 and 6, option 3 is preferred.   
3 Conclusion
In this contribution, we discussed the maximum number of DL HARQ processes for TDD SCell with FDD PCell. Based on the discussion in section 2, we have the following proposal.  
Proposal: The maximum number of DL HARQ process for a TDD SCell with FDD PCell is 4, 7, 8, 8, 8, 8 and 6 for UL/DL configuration 0, 1, 2, 3, 4, 5 and 6 respectively.
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