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1 Introduction
After RAN1#76bis, RAN1 has discussed the maximum number of DL HARQ processes for TDD serving cell with FDD PCell during email discussion related to Rel-12 CR. Due to time limitation on email discussion, RAN1 have not reached to an agreement on this issue. In this contribution, we would thus  address this issue and provide our simple analysis and views about the maximum number of DL HARQ processes in TDD serving cell with FDD PCell.
2 Discussion
Based on email discussion, the four options have been provided as followings:

· Option 1a-1) define number of DL HARQ processes as 4, 6, 7, 7, 8, 8, 5 for UL/DL configuration 0-6 (TDD configuration 0 ~ 6, respectively)

· Option 1a-2) define number of DL HARQ processes as 4, 6, 8, 7, 8, 8, 5 for UL/DL configuration 0-6 (TDD configuration 0 ~ 6, respectively)

· Option 1b) define number of DL HARQ processes as 8 regardless whether the serving cell is FDD or TDD without further optimization
· Option 1c) define number of DL HARQ processes as the smaller of Table 7-1 or 8 for TDD Scell without further optimization

Among proposed four options, both option 1a-1 and 1a-2 has no big difference on the number of DL HARQ processes except for TDD UL/DL configuration#2, even if they have different HARQ RTT assumption based on either 8ms (for option 1a-1) or 10ms (for option 1a-2). The difference of that for TDD UL-DL configuration#2 could be seen via Figure 1. As to TDD UL-DL configuration#5, in order to avoid increase of an additional 1bit in DL DCI formats, it is naturally limited up to 8 for all the options. 
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Figure 1: Example on the maximum number of DL HARQ processes for both option 1a-1 and 1a-2 (in TDD UL-DL configuration#2 with FDD PCell)

For option 1b, since it was agreed that the DL HARQ timing for TDD serving cell with FDD PCell regardless of self-scheduling or cross-carrier scheduling is following PCell's DL HARQ timing (i.e. FDD HARQ timing), it can be simply assumed to be always 8 number of DL HARQ processes as in Rel-11 FDD serving cell. But, it will cause worse soft buffer utilization due to over-reservation than actual number of DL HARQ processes, although it is most simple option aligned with current assumption from FDD DL HARQ timing.
For option 1c, it is proposed that between the maximum number of DL HARQ processes per TDD UL-DL configuration (via Table 7-1 in [1]) and 8 (from assumption with FDD DL HARQ timing), the smaller one is used for the TDD serving cell with FDD PCell so that the maximum number of DL HARQ processes is limited to 8 as shown in Table 1. Considering that the number of HARQ processes has been strongly related to the HARQ timing, it would be observed that there is no strong motivation/relation to have to consider the current number of HARQ processes for TDD into the TDD serving cell based on FDD HARQ timing with FDD PCell in TDD-FDD CA.

According to each option above, it can be finally summarized in terms of maximum number of DL HARQ processes per TDD UL-DL configuration as following Table 1.
Table 1: Maximum number of DL HARQ processes for TDD serving cell with FDD DL HARQ timing
	TDD UL/DL configuration
	Maximum number of HARQ processes
(Option 1a-1)
	Maximum number of HARQ processes
(Option 1a-2)
	Maximum number of HARQ processes
(Option 1b)
	Maximum number of HARQ processes
(Option 1c)

	0
	4
	4
	8
	4

	1
	6
	6
	8
	7

	2
	7
	8
	8
	8

	3
	7
	7
	8
	8

	4
	8
	8
	8
	8

	5
	8
	8
	8
	8

	6
	5
	5
	8
	6


It seems some TDD UL-DL configurations (e.g. 0 and 6) have different values among proposed options as seen Table 1. So, we need to see how many soft channel bits are available in UE soft buffer under the assumption on different maximum number of DL HARQ processes in order to estimate its performance impacts. For example, it is assumed that the TDD serving is UL-DL configuration#0 with FDD PCell, and thus 8 and 4 number of DL HARQ processes can be derived. For the comparison, it is also assumed that Alt 1 and Alt 2 in the Table 2 have 8 and 4 number of DL HARQ processes, respectively. The other assumptions can be shown in the Table 2 [2]. In the Table 2, when comparing the parameter n_sb that has been specified for defining the soft-channel bit size in UE [1], it would be observed that Alt 1(using 8 number of DL HARQ processes) has less number of stored soft channel bits than that of Alt 2 (using 4 number of DL HARQ processes) from MCS index 11 (i.e. 16QAM) to higher MCS indexes as highlighted by yellow and red. In addition, in some MCS level (e.g. MCS index 20~26), the number of stored soft channel bits for the Alt 1 has even less number of stored soft channel bits than the size of systematic bits (highlighted by red). Based on this simple analysis, it could be easily expected to cause some system performance degradation especially in the cases that schedule concerned MCS indexes as above. 
Table 2: Comparison of N_sb on different number of DL HARQ processes (Alt 1 (8) Vs Alt 2 (4))
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In summary, comparing all of proposed options having different maximum number of the DL HARQ processes for TDD serving cell with FDD PCell, it would be considered that to define actual number of DL HARQ processes like option 1a-1/2 is beneficial for better system performance gain, while the option 1b is simple and well aligned with the current number of DL HARQ processes when using FDD DL HARQ timing. Furthermore, for the option 1-c it may not be good option, if RAN1 have in mind to optimize system performance, since option 1a-1/2 would be better options in that perspective. So, it is slightly preferable to apply option 1a-1/2 to improve system performance that may not require significant implementation and specification efforts but, for simplicity, the option 1b is also ok with us.
Proposal 1: Select either option 1a or 1b for the definition of the maximum DL HARQ processes in the case where TDD serving cell and FDD PCell is configured in TDD-FDD CA. It is slightly preferable to support the option 1a for further optimization.
3 Conclusions

In this contribution, we discuss about the maximum number of DL HARQ processes in TDD serving cell and FDD PCell for Rel-12 FDD-TDD CA WI. The following proposal is our preference.
Proposal 1: Select either option 1a or 1b for the definition of the maximum DL HARQ processes in the case where TDD serving cell and FDD PCell is configured in TDD-FDD CA. It is slightly preferable to support the option 1a for further optimization.
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