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1. Introduction

For the support of interband TDD CA with different UL-DL configurations on different bands, significant progresses were made in RAN1 #70 [1]. Consensus regarding HARQ-ACK timing configuration and feedback mechanism had largely been reached. One remaining important issue for the support is maximum number of HARQ processes to be operated in these new Rel-11 interband TDD CA cases. 

We provide analysis on the use of the maximum number of HARQ processes and recommend a simple solution for Rel-11 interband TDD CA with different UL-DL configurations on different bands.

2. Background

For Rel-11, the initial analysis in [2] and [3] as well as the reflector discussion [70-06] identified the following issues to be addressed for the maximum number of HARQ processes (MDL_HARQ) to be operated for Rel-11 interband TDD carrier aggregation:

· MDL_HARQ for the PCell is unchanged by the interband carrier aggregation configuration and is dependent of the PCell SIB configuration only.

· MDL_HARQ for an SCell is affected by the interband carrier aggregation configuration and is dependent of the following factors:

· The PCell SIB configuration

· The SCell SIB configuration

· The configuration of self-scheduling or cross-carrier scheduling

· UE capability regarding simultaneous transmission and reception

For the case of self-scheduling and UE capable of simultaneous transmission and reception, the actual maximum numbers of PDSCH HARQ processes are given in [3] and reproduced in Table 1. However, for the case of cross-carrier scheduling or UE not capable of simultaneous transmission and reception, the actual maximum numbers of PDSCH HARQ processes may be different than those provided in Table 1. Several companies provided the view that the benefits of optimizing for every case should be carefully traded off with the increase complexity of specifications and implementations on both the eNB and UE sides.
Table 1 Actual maximum number of PDSCH HARQ processes for SCell with self-scheduling [3].

	SCell SIB1 UL-DL configuration
	PCell SIB1 UL-DL configuration

	
	0
	1
	2
	3
	4
	5
	6

	0
	4
	5
	6
	6
	7
	7
	5

	1
	7
	7
	8
	9
	10
	11
	7

	2
	10
	10
	8
	14
	14
	14
	10

	3
	9
	10
	10
	8
	10
	11
	9

	4
	12
	12
	12
	12
	8
	13
	12

	5
	15
	15
	15
	15
	15
	8
	15

	6
	6
	6
	6
	7
	8
	9
	6


For an SCell in interband TDD CA with different UL-DL configurations on different bands, the following two proposals were previously discussed in [2] and [3] as well as the reflector discussion [70-06]:

Alt-M1 Maximum number of PDSCH HARQ processes for an SCell in interband TDD CA with different UL-DL configurations on different bands is specified by Table 1 regardless of combinations of self/cross scheduling configuration and UE capability regarding simultaneous transmission and reception.
Alt-M2 Maximum number of PDSCH HARQ processes for an SCell in interband TDD CA with different UL-DL configurations on different bands is specified with different tables corresponding to combinations of self/cross scheduling configuration and UE capability regarding simultaneous transmission and reception.
3. Discussion

The maximum number of HARQ processes (MDL_HARQ) plays for a serving cell the following three roles:

1. Informing the UE of the maximum HARQ process number.

2. Affecting the calculation of the rate matching parameter NIR through min(MDL_HARQ, Mlimit).

3. Affecting the calculation of the soft buffer handling parameter nSB through min(MDL_HARQ, Mlimit).

In Rel-8, the maximum number of PDSCH HARQ processes of a TDD cell MDL_HARQ depends on its SIB UL-DL configuration. However, when the number of processes is greater than Mlimit=8, HARQ process overbooking is used [4]
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[5]. 

· Process overbooking is an integral part of TDD operations to achieve high performance while controlling UE implementation costs.
For an SCell in interband TDD CA with different UL-DL configurations on different bands, we provide extensive analysis to arrive at the following conclusions in the companion contribution [6]:
· Beyond Mlimit=8, the exact MDL_HARQ value (e.g., 9 vs 10) is irrelevant to the correct operations of rate matching and soft buffer memory partitioning.
· For reduced complexity, enhanced operation robustness and superior performance, we found it is preferred to operate rate matching and buffer memory partitioning similar to that in Rel-10. The recommended approaches (Alt-U5 and Alt-E5) are insensitive and robust to the exact maximum number of processes on the SCell.
The robust rate matching and soft buffer handling can greatly reduce Rel-11 interband TDD CA UE and eNB implementation difficulties. The recommended schemes allow the eNB and UE to operate smoothly for the range of HARQ processes on the PCell and SCell.

It remains to investigate the value of informing the UE of the maximum HARQ process number. We first point out that
· Because of the integral of overbooking in TDD, a UE supporting more than Mlimit processes should be able to make proper dynamic mapping of HARQ process numbers to actual physical memory addresses.
Hence, knowing the maximum HARQ process number can allow the UE to save a few bytes of register memory that is used for mapping HARQ process ID to physical memory addresses. The saving does not appear to be substantial. From this view, Alt-M1 and Alt-M2 in particular do not appear necessary.

Therefore, we recommend that the maximum number of PDSCH HARQ processes for an SCell in interband TDD CA with different UL-DL configurations on different bands is treated as an eNB implementation issue. The eNB can signal a HARQ process number anywhere from 0 to 15 in DCI for an SCell with SIB UL-DL configuration different than that of the PCell. This allows flexible implementation on the eNB scheduler. We propose the following for consideration:

Proposal

· For a TDD SCell with SIB UL-DL configuration different than that of the PCell, the maximum number of PDSCH HARQ processes is 16
4. Conclusion

Based on the analysis provided in this contribution and [6], we propose

· For a TDD SCell with SIB UL-DL configuration different than that of the PCell, the maximum number of PDSCH HARQ processes is 16
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