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1
Introduction

The discussion on “LTE TDD-FDD joint operation including carrier aggregation” has been agreed to be one of the working items in RAN #60. Moreover, the maximum number of DL HARQ processes needs to be discussed for TDD-FDD CA. During email discussion [76-213], the following two agreements were made for the maximum number of DL HARQ processes: 

	· For TDD serving cell with TDD PCell, number of DL HARQ processes refers to table 7-1 of TS36.213 based on the DL-reference UL/DL configuration derived from the TDD PCell UL/DL configuration and TDD serving cell UL/DL configuration following Rel-11 CA rule.

· For FDD serving cell with TDD PCell, define the number of DL HARQ processes as in the following table according to the newly defined DL HARQ timing. Especially for UL/DL configuration 5, counted HARQ process number is 17, but will be upper limited by 16 as in the table considering the 4 bits HARQ process number in DCIs for PDSCH assignment.
TDD PCell UL/DL
Configuration
Maximum number of HARQ processes
0
10
1
11
2
12
3
15
4
16
5
16
6
12



This contribution aims to share our opinions on the maximum number of DL HARQ processes for TDD serving cell with FDD PCell. 
2
Discussion
It is worth to discuss the maximum number of DL HARQ processes for TDD serving cell with FDD PCell, and the following options were proposed in email discussion [76-213].
Option A: Define the maximum number of DL HARQ processes for each TDD serving cell’s UL/DL configuration
· Option A-1: Define the maximum number of DL HARQ processes as 4, 6, 7, 7, 8, 8, 5 for UL/DL configuration 0-6.
· Option A-2: Define the maximum number of DL HARQ processes as 4, 6, 8, 7, 8, 8, 5 for UL/DL configuration 0-6.
In Option A, the maximum number of DL HARQ processes for TDD serving cell with FDD PCell is determined according to each TDD serving cell’s UL/DL configuration. When PCell is FDD carrier and SCell is TDD carrier, the DL HARQ timing for PDSCH transmitted on SCell follows PCell timing [1][2]. In other words, for TDD SCell, a UE transmits PDSCH HARQ-ACK in subframe #n to report PDSCH transmission indicated by a corresponding PDCCH within subframe #n-4. And two alternatives (Option A-1 and Option A-2) are introduced for Option A, as listed in TABLE 1. The downlink retransmission can be scheduled after 8ms and 10ms from the previous transmission for Option A-1 and Option A-2, respectively. Therefore, the maximum number of DL HARQ processes is 7 for Option A-1 when TDD serving cell is UL/DL configuration 2, as shown in FIGURE 1. And the maximum number of DL HARQ processes is 8 for Option A-2 when TDD serving cell is UL/DL configuration 2, as shown in FIGURE 2. Although the difference between Option A-1 and Option A-2 is not significant, Option A-1 can reduce the maximum number of DL HARQ processes; and thus, the downlink retransmission performance can be improved. Moreover, eNB may schedule the downlink retransmission after 4ms from receiving the HARQ-ACK feedback; and thus, Option A-1 can be supported. 
· Pros:

· Reduce the maximum number of DL HARQ processes (compared with Option B)
· Improve the downlink retransmission performance (compared with Option B)
· Cons:

· Additional standard effort is needed.
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FIGURE 1: For Option A-1, the maximum number of DL HARQ process is 7 when TDD serving cell is UL/DL configuration 2.
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FIGURE 2: For Option A-2, the maximum number of DL HARQ process is 8 when TDD serving cell is UL/DL configuration 2.
Option B: Define the maximum number of DL HARQ processes as 8 regardless whether the serving cell is FDD or TDD without further optimization
In Option B, the maximum number of DL HARQ processes for TDD serving cell with FDD PCell is set to be 8 regardless the TDD serving cell’s UL/DL configuration, as listed in TABLE 1. Even though Option B is simple without additional standard effort, the maximum number of DL HARQ processes may not be reduced.  Consequently, the downlink retransmission performance may also be degraded if Option B is adopted.
· Pros:

· Simple, without additional standard effort
· Cons:

· Maximum number of DL HARQ processes may not be reduced.
· Downlink retransmission performance may also be degraded.

TABLE 1: Comparisons between Option A-1, Option A-2 and Option B
	TDD serving cell’s UL/DL configuration
	Maximum number of HARQ processes

	
	Option A-1
	Option A-2
	Option B

	0
	4
	4
	8

	1
	6
	6
	

	2
	7
	8
	

	3
	7
	7
	

	4
	8
	8
	

	5
	8
	8
	

	6
	5
	5
	


3
Conclusions

In this contribution, the maximum number of DL HARQ processes for TDD serving cell with FDD PCell is discussed.  Compared with Option B, Option A can reduce the maximum number of DL HARQ processes and improve downlink retransmission performance. Thus, we suggest that the following proposal can be considered: 
Proposal: 

· Define the maximum number of DL HARQ processes for each TDD serving cell’s UL/DL configuration (Option A).
· If Option A is supported, the downlink retransmission can be scheduled after 8ms from the previous transmission (Option A-1).
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