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1. Introduction

In RAN1#76bis meeting, most of the physical layer issues for introduction of Rel-12 TDD-FDD CA were stabilized. However, there seems to be several remaining issues to clarify for the final specification of TDD-FDD CA. One among those is the number of DL HARQ processes for TDD serving cell in case of FDD PCell. There was email discussion on this aspect and several options have been identified [1]. In this paper, we summarize the options briefly and clarify our view.
2. Remaining issues of dual connectivity
As for TDD SCell in case of FDD PCell, the following is the agreement for the DL HARQ timing for TDD SCell for both self-scheduling and cross-carrier scheduling [2][3].

	Agreements:
· For the case of PUCCH transmission on PCell only:

· When Pcell is FDD carrier and SCell is TDD carrier, for PDSCH transmitted on Scell with self-scheduling, HARQ timing follows Pcell timing
Agreements:
· For FDD Pcell case,

· For DL cross-carrier scheduling: agree on Alt DL-A

· For DL cross-carrier scheduling with PUCCH on PCell-only, the DL HARQ timing of the scheduled serving cell follows the PCell’s timing


Even though the HARQ-ACK feedback corresponding to the PDSCH transmitted in subframe n on TDD SCell is transmitted in subframe n+4 on FDD PCell according to the agreement, PDSCH retransmission timing and the number of DL subframes up to the PDSCH retransmission timing can be different from the FDD case. Therefore, number of DL HARQ processes should be defined for this case.
There have been four options in details discussed in RAN1 email reflector for the definition of number of DL HARQ processes for TDD serving cell in case of FDD PCell (to avoid confusion, we use the same identifiers for those options as used in the email discussion in this paper).

(Option 1a-1) define number of DL HARQ processes for each TDD serving cell’s UL/DL configuration, assuming 8ms RTT.
This option counts maximum number of DL subframes within any 8 consecutive subframes on TDD serving cell assuming 8ms PDSCH retransmission interval.
(Option 1a-2) define number of DL HARQ processes for each TDD serving cell’s UL/DL configuration, assuming 10ms RTT.
This option counts maximum number of DL subframes within 10 consecutive subframes on TDD serving cell assuming 10ms PDSCH retransmission interval.

Since DL HARQ retransmission timing is up to eNB scheduler, the assumptions on the retransmission interval of option 1a-1 and option 1a-2 is only for the purpose of counting maximum number of DL HARQ processes. As shown in the table 1, only difference between option 1a-1 and option 1a-2 exists in case of TDD serving cell’s UL-DL configuration 2, that is, 7 for option 1a-1 and 8 for option 1a-2. Example in figure 1 shows that actual RTT varies between 9ms and 8ms in option 1a-1 when all the consecutive DL subframes are used for PDSCH transmission, which may make eNB scheduling complex. As in example of figure 2, option 1a-2 can keep actual RTT of 10ms for all the consecutive PDSCH transmissions by trading off the soft buffer size (due to larger number of DL HARQ processes than in option 1a-1).
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Figure 1.  DL HARQ operation with option 1a-1
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Figure 2.  DL HARQ operation with option 1a-2
(Option 1b) define number of DL HARQ processes as 8 regardless whether the serving cell is FDD or TDD without further optimization.
This option just borrows the number of DL HARQ processes used in FDD mode, that is, 8 for all UL/DL configuration of TDD serving cell for simplicity.

(Option 1c) define number of DL HARQ processes as the smaller of Table 7-1 in 36.213 or 8 for TDD Scell without further optimization.
This option borrows the number of DL HARQ processes used in TDD mode with the maximum limitation of 8. It should be noted that the maximum numbers should be anyhow limited up to 8 for any options since it is already an agreement to support maximum 8 HARQ processes with 3 bits HARQ process number in DL DCI for the FDD PCell case [4]

The resultant maximum DL HARQ process numbers for each option are summarized in table 1. Again, it should be noted that the numbers are limited up to 8 since it is already an agreement to support maximum 8 HARQ processes with 3 bits HARQ process number in DL DCI for the FDD PCell case [4].
Table 1: Maximum number of DL HARQ processes for TDD serving cell for each option
	TDD UL/DL
configuration
	Maximum number of HARQ processes

	
	Rel-11
	Opt.1a-1
	Opt.1a-2
	Opt.1b
	Opt.1c

	0
	4
	4
	4
	8
	4

	1
	7
	6
	6
	8
	7

	2
	10
	7
	8
	8
	8

	3
	9
	7
	7
	8
	8

	4
	12
	8
	8
	8
	8

	5
	15
	8
	8
	8
	8

	6
	6
	5
	5
	8
	6


3. Discussion and suggestion
Before concluding on any of the options, we may conclude first whether the utilization of DL soft buffer size (and LBRM) should be optimized for each UL/DL configuration of TDD serving cell or not. Even though introducing a common maximum number for all the UL/DL configurations would simplify the description in the specification, it seems also true the additional specification complexity for the optimization is marginal since the required specification work is just to define the numbers for each UL/DL configuration, which we have already done for TDD PCell and FDD SCell case. Therefore, we may go with defining the numbers for each UL/DL configuration.
Suggestion 1: Maximum number of DL HARQ processes may be defined separately for each UL/DL configuration of TDD serving cell in case of TDD PCell.
If we are going to define the number of DL HARQ processes for each UL/DL configuration of TDD SCell, it seems natural to select between option 1a-1 and option 1a-2 since they derive the numbers directly from the agreed DL HARQ timing for TDD SCell and FDD PCell case. Considering the facts that option 1a-1 and option 1a-2 trade off soft buffer utilization and eNB scheduling flexibility and the fact that difference between option 1a-1 and option 1a-2 is marginal (difference by single process only in UL/DL configuration 2), either of option 1a-1 or option 1a-2 would be acceptable for Rel-12 specification.
Suggestion 2: If we are to define maximum number of DL HARQ processes separately for each UL/DL configuration of TDD serving cell in case of TDD PCell, select between option 1a-1 and option 1a-2.
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