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1
Introduction

For Rel-11, the following WI for CA enhancement was agreed in RAN#51 meeting [1]:
· Support of inter-band carrier aggregation for TDD DL and UL including different uplink- downlink configurations on different bands.
If TDD inter-band CA is supported, PCell and SCell may have different TDD UL-DL configurations.  In this case, self-scheduling and cross-carrier scheduling may follow different PDSCH HARQ timing.  If SCell doesn’t follow its SIB1 configuration for PDSCH HARQ timing, the maximum number of DL HARQ processes on SCell should be carefully designed.  In this contribution, the maximum number of DL HARQ processes on SCell is discussed. 
2
Discussion
Maximum Number of DL HARQ Processes between Self- and Cross-carrier Scheduling
For the maximum number of DL HARQ processes between self-scheduling and cross-carrier scheduling, one proposal is to align these two maximum HARQ process numbers for the case of fast reconfiguration between self-scheduling and cross-carrier scheduaing.  However, the configuration of self-scheduling/cross-carrier scheduaing is configured by higher layer (RRC), and it may not be configured fast/dynamically in Rel-11.  Hence, we propose that the maximum number of DL HARQ processes is not aligned between self-scheduling and cross-carrier scheduling.  
Proposal 1: 

· The maximum number of DL HARQ processes is not aligned between self-scheduling and cross-carrier scheduling.
Cross-carrier Scheduling
For cross-carrier scheduling, the PDSCH HARQ timing on SCell is determined by PCell SIB1 configuration, regardless of the number of aggregated CCs.  We propose that the maximum number of DL HARQ processes on SCell is determined by PCell SIB1 configuration.  In this case, it reuses PCell SIB1 configuration and minimizes specification impact.
Proposal 2: 

· For cross-carrier scheduling, the maximum number of DL HARQ processes on SCell is determined by PCell SIB1 configuration.
Self-scheduling
For self-scheduling, the PDSCH HARQ timing on SCell for self-scheduling can be grouped into three categories, as listed in Table 1: 
· Case A: SCell downlink subframes are a subset of PCell.
· SCell PDSCH HARQ timing follows PCell SIB1 configuration.
· Case B: SCell downlink subframes are a superset of PCell.
· SCell PDSCH HARQ timing follows SCell SIB1 configuration.
· Case C: SCell downlink subframes are neither a superset nor a subset of PCell.
· SCell PDSCH HARQ timing follows a reference UL-DL configuration.
Table 1: UL-DL configuration for PDSCH HARQ timing reference on SCell
	TDD UL-DL configuration for PDSCH HARQ timing reference on SCell
	PCell SIB1 UL-DL configuration

	
	0
	1
	2
	3
	4
	5
	6

	SCell SIB1 UL-DL configuration
	0
	
	1
	2
	3
	4
	5
	6

	
	1
	1
	
	2
	4
	4
	5
	1

	
	2
	2
	2
	
	5
	5
	5
	2

	
	3
	3
	4
	5
	
	4
	5
	3

	
	4
	4
	4
	5
	4
	
	5
	4

	
	5
	5
	5
	5
	5
	5
	
	5

	
	6
	6
	1
	2
	3
	4
	5
	

	Note
	Case A
	Case B
	Case C
	
	
	
	


For Case A and Case C, PDSCH HARQ timing on SCell doesn’t follow SCell SIB1 configuration.  At least for Case A, the maximum number of DL HARQ processes (MDL_HARQ) on SCell can be determined by the following options: 1) SCell SIB1 configuration, 2) the actual number of DL HARQ processes, 3) the PDSCH HARQ reference configuration [3][4].  In the following sections, the above three options are discussed. 

Option 1: Maximum number of DL HARQ processes on SCell is determined by SCell SIB1 UL-DL configuration.
In the first option, the maximum number of DL HARQ processes on SCell is determined by SCell SIB1 UL-DL configuration, as shown in Table 2.  For example, PCell is configured as UL-DL configuration 5 and SCell is configured as UL-DL configuration 0, as shown in Fig. 1.  The maximum number of DL HARQ processes on SCell is set to be 4 (based on SCell SIB1 UL-DL configuration).  In this case, DL HARQ processes cannot be transmitted on several DL subframes because of the predefined maximum number of DL HARQ processes is less than the actual number of DL HARQ process.  Option 1 reuses SCell SIB1 UL-DL configuration since its DL peak rate may not be achieved.
· Pros: Reuse SCell SIB1 UL-DL configuration.
· Cons: DL peak rate may not be achieved.
Table 2: MDL_HARQ on SCell is determined by SCell SIB1 UL-DL configuration.
	TDD UL-DL configuration for PDSCH HARQ timing reference on SCell
	PCell SIB1 UL-DL configuration

	
	0
	1
	2
	3
	4
	5
	6

	SCell SIB1 UL-DL configuration
	0
	
	4
	4
	4
	4
	4
	4

	
	1
	7
	
	7
	7
	7
	7
	7

	
	2
	10
	10
	
	10
	10
	10
	10

	
	3
	9
	9
	9
	
	9
	9
	9

	
	4
	12
	12
	12
	12
	
	12
	12

	
	5
	15
	15
	15
	15
	15
	
	15

	
	6
	6
	6
	6
	6
	6
	6
	

	Note
	Case A
	Case B
	Case C
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Figure 1: Illustration of MDL_HARQ on SCell is determined by SCell SIB1 UL-DL configuration.
Option 2: Maximum number of DL HARQ processes on SCell is determined by the actual number of DL HARQ processes.

In the second option, the maximum number of DL HARQ processes on SCell is determined by the actual number of DL HARQ processes.  The actual number of DL HARQ processes on SCell for full-duplex UE is shown in Table 3.  For half-duplex UE, the actual number of DL HARQ processes for half-duplex UE may be less than the number for full-duplex UE.  For example, PCell is configured as UL-DL configuration 5 and SCell is configured as UL-DL configuration 0, as shown in Fig. 2.  The maximum number of DL HARQ processes on SCell is set to be 7 (based on the actual number of DL HARQ processes).  In this case, each DL subframe can be used.  Option 2 can achieve DL peak rate, but an additional table for MDL_HARQ is required.
· Pros: DL peak rate can be achieved
· Cons: Specification impact. Additional table for MDL_HARQ needs to be specified
Table 3: MDL_HARQ on SCell is determined by the actual number of DL HARQ processes.
	TDD UL-DL configuration for PDSCH HARQ timing reference on SCell
	PCell SIB1 UL-DL configuration

	
	0
	1
	2
	3
	4
	5
	6

	SCell SIB1 UL-DL configuration
	0
	
	5
	6
	6
	7
	7
	5

	
	1
	7
	
	8
	9
	10
	11
	7

	
	2
	10
	10
	
	14
	14
	14
	10

	
	3
	9
	10
	10
	
	10
	11
	9

	
	4
	12
	12
	12
	12
	
	13
	12

	
	5
	15
	15
	15
	15
	15
	
	15

	
	6
	6
	6
	6
	7
	8
	9
	

	Note
	Case A
	Case B
	Case C
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Figure 2: Illustration of MDL_HARQ on SCell is determined by the actual number of DL HARQ processes.
Option 3: Maximum number of DL HARQ processes on SCell is determined by the agreed reference UL-DL configuration for PDSCH HARQ timing.

In the final option, the maximum number of DL HARQ processes on SCell is determined by the agreed reference UL-DL configuration for PDSCH HARQ timing, as shown in Table 4.  For example, PCell is configured as UL-DL configuration 5 and SCell is configured as UL-DL configuration 0, as shown in Fig. 3.  The maximum number of DL HARQ processes on SCell is set to be 15 (Case A: based on PCell SIB1 UL-DL configuration).  In this case, each DL subframe can be used.  Option 3 reuses the agreed reference UL-DL configuration for PDSCH HARQ timing, and DL peak rate may be achieved.

· Pros:

· Reuse the agreed reference UL-DL configuration for PDSCH HARQ timing
· DL peak rate can be achieved.

Table 4: MDL_HARQ on SCell is determined by the agreed reference UL-DL configuration for PDSCH HARQ timing
	TDD UL-DL configuration for PDSCH HARQ timing reference on SCell
	PCell SIB1 UL-DL configuration

	
	0
	1
	2
	3
	4
	5
	6

	SCell SIB1 UL-DL configuration
	0
	
	7
	10
	9
	12
	15
	6

	
	1
	7
	
	10
	12
	12
	15
	7

	
	2
	10
	10
	
	15
	15
	15
	10

	
	3
	9
	12
	15
	
	
	15
	9

	
	4
	12
	12
	15
	12
	
	15
	12

	
	5
	15
	15
	15
	15
	15
	
	15

	
	6
	6
	7
	10
	9
	12
	15
	

	Note
	Case A
	Case B
	Case C
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Figure 3: Illustration of MDL_HARQ on SCell is determined by PCell SIB1 UL-DL configuration.

Soft-buffer Size
Considering the soft buffer size of a UE which is determined by the following equation: 
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It can be seen that MDL_HARQ related factor in the denominator is upper bounded by Mlimit which is 8.  In Table 5, we show 
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.  We observe from Table 5 that, in terms of soft-buffer size, the difference between Option 2 and Option 3 is not significant.  For the cases highlight with red-color, the value for Option 3 is slightly larger than the value for Option 2.  In this case, UE may have ability to store more soft-channel bits if the soft buffer is not fully occupied by the erroneous DL processes.  Therefore, considering DL peak rate and specification impact, Option 3 is preferred.  
Proposal 3: 

· For self-scheduling, the maximum number of DL HARQ processes on SCell is determined by the agreed reference UL-DL configuration for PDSCH HARQ timing.
Table 5: 
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 for self-scheduling
	TDD UL-DL configuration for PDSCH HARQ timing reference on SCell
	PCell SIB1 UL-DL configuration

	
	0
	1
	2
	3
	4
	5
	6

	SCell SIB1 UL-DL configuration
	0
	
	(4,5,7)
	(4,6,8)
	(4,6,8)
	(4,7,8)
	(4,7,8)
	(4,5,7)

	
	1
	-
	
	(7,8,8)
	(7,8,8)
	(7,8,8)
	(7,8,8)
	-

	
	2
	-
	-
	
	(8,8,8)
	(8,8,8)
	(8,8,8)
	-

	
	3
	-
	(8,8,8)
	(8,8,8)
	
	(8,8,8)
	(8,8,8)
	-

	
	4
	-
	-
	(8,8,8)
	-
	
	(8,8,8)
	-

	
	5
	-
	-
	-
	-
	-
	
	-

	
	6
	-
	(6,6,7)
	(6,6,8)
	(6,7,8)
	(6,8,8)
	(6,8,8)
	

	Note
	Case A
	Case B
	Case C
	
	
	
	


4
Conclusions

In this contribution, the maximum number of DL HARQ processes on SCell is discussed.  We slightly suggest that the following proposals can be considered: 
Proposal 1: 

· The maximum number of DL HARQ processes is not aligned between self-scheduling and cross-carrier scheduling.
Proposal 2: 

· For cross-carrier scheduling, the maximum number of DL HARQ processes on SCell is determined by PCell SIB1 configuration.
Proposal 3: 

· For self-scheduling, the maximum number of DL HARQ processes on SCell is determined by the agreed reference UL-DL configuration for PDSCH HARQ timing.
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