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1 Introduction

From RAN1#67 to RAN1#69, several agreements on reference DL HARQ/scheduling timing for SCell PDSCH transmission were made [1][2].

Table 1   3 Different cases for DL HARQ/scheduling timing on SCell 
	
	PCell SIB1 UL-DL Configuration

	
	0
	1
	2
	3
	4
	5
	6

	UL-DL Configuration indicated by SIB1 on SCell
	0
	
	A
	A
	A
	A
	A
	A

	
	1
	B
	
	A
	C
	A
	A
	B

	
	2
	B
	B
	
	C
	C
	A
	B

	
	3
	B
	C
	C
	
	A
	A
	B

	
	4
	B
	B
	C
	B
	
	A
	B

	
	5
	B
	B
	B
	B
	B
	
	B

	
	6
	B
	A
	A
	A
	A
	A
	

	
	Case A
	Case B
	Case C
	


Table 2   Agreements on reference DL HARQ/scheduling timing on SCell (Self scheduling case)
	
	(1) Reference timing
	(2) Notes

	Case A
	PCell
	

	Case B
	SCell
	For half duplex case, this is a working assumption. Can be revisited after discussion of other DL and UL cases.

	Case C
	Config#4 for (PCell, SCell)=(#1, #3) or (#3, #1)

Config#5 for other cases
	In case where configuration 5 timing is used as a reference, only 2CC is supported.
For half duplex case, this is a working assumption.


Table 3   Agreements on reference DL HARQ/scheduling timing on SCell (Cross carrier scheduling case)
	
	(1) Reference timing
	(2) Notes

	Case A
	PCell
	

	Case B
	Not yet concluded. Possible alternatives would be PCell or scheduled SCell
	Working assumption is that cross subframe scheduling is not supported in Rel.11.

	Case C
	Not yet concluded. Possible alternatives would be PCell or same as self scheduling case
	


According to the agreements, SCell follows DL HARQ/scheduling timing specified by reference UL-DL configuration which is different from UL-DL configuration indicated by SIB1 on the SCell (namely at least in Case A).

According to the possible alternatives, DL HARQ/scheduling timings may be different between self scheduling case and cross carrier scheduling case (namely in Case B and Case C).
In this contribution, we focus on how to determine the number of DL HARQ processes for calculation of rate matching parameter and calculation of minimum IR buffer size. In each determination of calculation, we further discuss the case where reference UL-DL configuration on SCell is different from the one indicated by SIB1 on SCell and the case where reference UL-DL configurations on SCell are different between self scheduling and cross carrier scheduling. 
2 Discussion
2.1 Rate matching parameter calculation

According to 5.1.4.1.2 of TS36.212, the soft buffer size for the transport block NIR is calculated for DL-SCH and PCH transport channels for each serving cell as follows:
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       where MDL_HARQ ​is the maximum number of DL HARQ processes as specified in Table 4 below.

Table 4   Maximum number of DL HARQ processes for TDD

	TDD UL/DL configuration
	Maximum number of HARQ processes

	0
	4

	1
	7

	2
	10

	3
	9

	4
	12

	5
	15

	6
	6


2.1.1 The case where reference UL-DL configuration on SCell is different from the one indicated by SIB1 on SCell

For TDD inter-band CA with different UL-DL configurations, PCell always follows DL HARQ/scheduling timing specified by PCell SIB1 UL-DL configuration. Hence, for PCell, the maximum number of DL HARQ processes can simply follow the value specified by PCell SIB1 UL-DL configuration and Table 4. But for SCell, SCell follows DL HARQ/scheduling timing specified by reference UL-DL configuration which is different from UL-DL configuration indicated by SIB1 on the SCell (namely at least in Case A). 

The problem of SCell is explained further by following the example in Fig.1. For self scheduling case, when PCell SIB1 UL-DL configuration is #1 and UL-DL configuration indicated by SIB1 on SCell is #0, PCell follows PCell SIB1 UL-DL configuration#1. Hence, the maximum number of DL HARQ processes is 7, as shown in Fig.1 (a). But SCell follows DL HARQ/scheduling timing specified by reference UL-DL configuration#1. Hence, the maximum number of DL HARQ processes becomes 5 as shown in Fig.1 (c), which is larger than the original value 4 (for UL-DL configuration#0) as shown in Fig. 1 (b).
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Fig. 1   Number of DL HARQ processes

If MDL_HARQ is determined by the UL-DL configuration indicated by SIB1 on SCell (e.g. MDL_HARQ is set to 4 in Fig. 1 (c)) as shown in Table 5 (Alt.1-1), the possibility where UE can not store soft channel bits would increase. Then HARQ performance will be degraded in this alternative.
Table 5   MDL_HARQ on SCell (Alt.1-1)
	
	PCell SIB1 UL-DL Configuration

	
	0
	1
	2
	3
	4
	5
	6

	UL-DL Configuration indicated by SIB1 on SCell
	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
	


One solution to avoid HARQ performance loss would be, MDL_HARQ is determined by the actual number of DL HARQ processes respectively specified by the combination of PCell and SCell UL-DL configurations (e.g. MDL_HARQ is set to 5 in Fig. 1 (c)), as shown in Table 6 (Alt.1-2).

This alternative looks complicated but the most optimized value of MDL_HARQ is determined, but a value of MDL_HARQ=5 needs to be introduced to the rate matching parameter calculation which causes additional design to the Rel.10 design both in eNB and UE implementation.
Table 6   MDL_HARQ on SCell (Alt.1-2)
	
	PCell SIB1 UL-DL Configuration

	
	0
	1
	2
	3
	4
	5
	6

	UL-DL Configuration indicated by SIB1 on SCell
	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
	


Yet another solution  to avoid HARQ performance loss would be, MDL_HARQ is determined by the reference UL-DL configuration used for DL HARQ/scheduling timing (e.g. MDL_HARQ is set to 7 in Fig. 1 (c)) as shown in Table 7 (Alt.1-3).

This alternative is simple but the value is not so much optimized as Alt.1-2. The value range of MDL_HARQ is the same as Rel.10 design (i.e. MDL_HARQ={6, 7 and more than 8}).

Table 7   MDL_HARQ on SCell (Alt.1-3)
	
	PCell SIB1 UL-DL Configuration

	
	0
	1
	2
	3
	4
	5
	6

	UL-DL Configuration indicated by SIB1 on SCell
	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
	
	12
	15
	9

	
	4
	12
	12
	15
	12
	
	15
	12

	
	5
	15
	15
	15
	15
	15
	
	15

	
	6
	6
	7
	10
	9
	12
	15
	


Considering HARQ performance, eNB and UE implementation and simplicity, we propose Alt.1-3 as a determination scheme of MDL_HARQ for rate matching parameter calculation on SCell.

Proposal1: MDL_HARQ for calculation of soft buffer size for the transport block NIR is determined by the reference UL-DL configuration used for DL HARQ/scheduling timing on SCell.

And for PCell,

Proposal2: MDL_HARQ for calculation of soft buffer size for the transport block NIR is determined by PCell SIB1 UL-DL configuration on PCell.

2.1.2 The case where reference UL-DL configuration on SCell is different between self scheduling and cross carrier scheduling

Although it is not yet concluded in RAN1, the maximum numbers of DL HARQ processes may be different between self scheduling case and cross carrier scheduling case. In Case B, reference timing on SCell for self scheduling (Table 2) is SCell while that for cross carrier scheduling case is PCell (Table 3).  In Case C, reference timing on SCell for self scheduling (Table 2) is Config#4 or #5 while that for cross carrier scheduling case is PCell (Table 3).

In the case where reference UL-DL configurations on SCell are different between self scheduling and cross carrier scheduling, we see two alternatives for determination of MDL_HARQ for rate matching parameter calculation.


Alt.2-1   Align the value of MDL_HARQ to the larger one


Alt.2-2   Not align the values of MDL_HARQ
In Alt.2-1, DL HARQ can be continued after reconfiguration between self scheduling and cross carrier scheduling. 

In Alt.2-2, better HARQ performance is obtained than Alt.2-1 due to usage of more optimized value of MDL_HARQ for the case with the smaller value of MDL_HARQ.

Comparing these two alternatives, we prefer Alt.2-1 because system gain from faster reconfiguration by Alt.2-1 would be higher than link gain from better rate matching parameter.

Proposal3: MDL_HARQ for calculation of soft buffer size for the transport block NIR is aligned to the larger value between self scheduling case and cross carrier scheduling case, if different reference HARQ/scheduling timing on SCell is agreed between self scheduling case and cross carrier scheduling case.
2.2 Minimum IR buffer size calculation

According to 7.1.8 of TS36.213, minimum number of storing soft channel bits nSB is calculated as follows:
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       where MDL_HARQ ​is the maximum number of DL HARQ processes as Table 4.

A similar discussion with rate matching parameter calculation can be adopted, which are shown in section 2.2.1 and 2.2.2 respectively.
2.2.1 The case where reference UL-DL configuration on SCell is different from the one indicated by SIB1 on SCell

In Alt.1-1(MDL_HARQ is determined by the UL-DL configuration indicated by SIB1 on SCell), UE can not prepare IR buffer for each DL HARQ process. Then HARQ performance is degraded in this alternative.

In Alt.1-2(MDL_HARQ is determined by the actual number of DL HARQ processes respectively), HARQ performance loss will be avoided. But a value of MDL_HARQ=5 should be introduced to the minimum IR buffer size calculation which causes additional design to the Rel.10 design in UE implementation.
In Alt.1-3(MDL_HARQ is determined by the reference UL-DL configuration used for DL HARQ/scheduling timing), HARQ performance loss will also be avoided. The value is not so much optimized as Alt.2. The value range of MDL_HARQ is the same as Rel.10 design (i.e. MDL_HARQ={6, 7 and more than 8}). Hence no new UE implementation is required for soft buffer splitting.

Considering HARQ performance, UE implementation and simplicity, we propose Alt.1-3 as a determination scheme of MDL_HARQ for minimum IR buffer size calculation on SCell.

Proposal4: MDL_HARQ for calculation of minimum number of storing soft channel bits nSB is determined by the reference UL-DL configuration used for DL HARQ/scheduling timing on SCell.

And for PCell,

Proposal5: MDL_HARQ for calculation of minimum value of storing soft channel bits nSB is determined by PCell SIB1 UL-DL configuration on PCell.

2.2.2 The case where reference UL-DL configuration on SCell is different between self scheduling and cross carrier scheduling

In Alt.2-1(Align the value of MDL_HARQ to the larger one), DL HARQ can be continued after reconfiguration between self scheduling and cross carrier scheduling due to the same IR buffer splitting.
In Alt.2-2(Not align the values of MDL_HARQ), better HARQ performance is obtained than Alt.2-1 due to the usage of more optimized value of MDL_HARQ for the case with the smaller value of MDL_HARQ.

Comparing these two alternatives, we prefer Alt.2-1 because system gain from faster reconfiguration by Alt.1 would be higher than link gain from more optimized value of minimum IR buffer size.

Proposal6: MDL_HARQ for calculation of minimum number of storing soft channel bits nSB is aligned to the larger number between self scheduling case and cross carrier scheduling case, if different reference HARQ/scheduling timing on SCell is agreed between self scheduling case and cross carrier scheduling case.
3 Conclusion 
In this contribution, we provided our views on rate matching parameter calculation and IR buffer size calculation.

Rate matching parameter calculation
Proposal1: MDL_HARQ for calculation of soft buffer size for the transport block NIR is determined by the reference UL-DL configuration used for DL HARQ/scheduling timing on SCell.

Proposal2: MDL_HARQ for calculation of soft buffer size for the transport block NIR is determined by PCell SIB1 UL-DL configuration on PCell.

Proposal3: MDL_HARQ for calculation of soft buffer size for the transport block NIR is aligned to the larger value between self scheduling case and cross carrier scheduling case, if different reference HARQ/scheduling timing on SCell is agreed between self scheduling case and cross carrier scheduling
Minimum IR buffer size calculation

Proposal4: MDL_HARQ for calculation of minimum number of storing soft channel bits nSB is determined by the reference UL-DL configuration used for DL HARQ/scheduling timing on SCell.

Proposal5: MDL_HARQ for calculation of minimum value of storing soft channel bits nSB is determined by PCell SIB1 UL-DL configuration on PCell.

Proposal6: MDL_HARQ for calculation of minimum number of storing soft channel bits nSB is aligned to the larger number between self scheduling case and cross carrier scheduling case, if different reference HARQ/scheduling timing on SCell is agreed between self scheduling case and cross carrier scheduling case.
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