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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 #71 [1]. Several solutions to the handling of soft buffer partitioning for interband TDD CA UEs were proposed [2]—[12]:

Alt-U1
For an SCell, soft buffer storage parameter nSB is calculated using MDL_HARQ determined by the SCell SIB configuration.
Alt-U2
For an SCell, soft buffer storage parameter nSB is calculated using MDL_HARQ determined by the actual maximum number of HARQ processes.

Alt-U3
For an SCell, soft buffer storage parameter nSB is are calculated using MDL_HARQ determined by the DL-reference configuration for the SCell.

Alt-U4
For an SCell, soft buffer handling parameter nSB is calculated using MDL_HARQ given by 

-
MDL_HARQ determined by SCell SIB configuration if the SCell SIB UL-DL configuration is identical to that of the PCell;

-
Mlimit if the SCell SIB UL-DL configuration is different than that of the PCell.

Alt-U5 
For a TDD serving cell, the soft buffer storage parameter nSB is calculated using MDL_HARQ given by

-
Mlimit if this serving cell is a secondary cell of TDD UL/DL configuration #1—6 aggregating with a primary cell of TDD UL/DL configuration #0 and the carrier indicator field is not configured for this serving cell; and
-
MDL_HARQ of the PCell for all other cases.

Alt-U6
For a TDD serving cell, the soft buffer storage parameter nSB is calculated using largest MDL_HARQ ϵ {4, 6, 7, 9, 10, 12, 15} such that MDL_HARQ is no greater than the maximum number of HARQ processes.

Alt-U7
For a TDD serving cell, the soft buffer storage parameter nSB is calculated given by
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where MDL_HARQ determined by the DL-reference configuration for serving cell.

In this contribution, we provided analysis on the relative strengths and weaknesses of the these proposals in terms of improving performance, enhancing operation robustness and lowering complexity.

2. Soft buffer handling parameter nSB determination on the UE side

To illustrate the differences of the different soft buffer partitioning solutions, the numbers of HARQ process buffers on PCell and SCell are provided in the tables in the Annex. 

2.1. Support soft buffer pooling between serving cells to enhance buffer overbooking performance

Alt-U5 and Alt-U7 are designed specifically to support efficient soft buffer pooling between the different serving cells. The beneficial features are that the buffers from different serving cells are identical size and hence are completely interchangeable for different serving cells. However, it was concluded during the offline discussion at RAN1 #70 that the other alternatives also support soft buffer pooling though less efficiently because of different soft buffer sizes for different cells. 

Observation 1 Alt-U5 and Alt-U7 provide more efficient soft buffer pooling support.

2.2. Reduce Rel-11 interband TDD CA UE implementation complexity and costs
For Rel-10 carrier aggregation, UE soft buffers are partitioned equally among serving cells and HARQ processes. There are only four partitioning schemes needed for supporting two serving cells. For Rel-11 interband TDD CA with different UL/DL configurations on different bands, the different soft buffer partitioning proposals require significantly different level of implementation complexity on the UE side. For Alt-U1, Alt-U2 and Alt-U6, the number of UE soft buffer partitioning schemes quadruples to 16, which substantially increases Rel-11 implementation and IOT difficulties. Alt-U5 requires the least incremental complexity above Rel-10 to implement because only one additional soft buffer partitioning scheme is introduced.
Observation 2 Alt-U5 requires least incremental complexity above Rel-10.

2.3. Avoid soft buffer repartitioning when the UL/DL configuration of a secondary cell changes

The support of interband TDD CA with different UL-DL configurations on different bands was introduced in Rel-11 based on the observed benefits of legacy system co-existence, heterogeneous network support, aggregation of traffic dependent carriers, flexible UL/DL configuration and higher peak rates [13]. To ensure operation robustness, avoiding soft buffer repartitioning when the SCell UL/DL configuration changes is preferred. For all alternatives other than Alt-U5, Scell soft buffers need to be repartitioned frequently when the SCell UL/DL configuration changes. Furthermore, Pcell soft buffers are also repartitioned in the case of Alt-U7. On the other hand, Alt-5 is designed to avoid soft buffer repartitioning as much as possible. In the case of cross-scheduling, there is no need to repartition Scell soft buffers when the SCell UL/DL configuration changes. For the self-scheduling case, Scell soft buffers need to be repartitioned frequently only when the SCell UL/DL configuration changes and the Pcell is of configuration #0.
Observation 3 Alt-U5 avoids soft buffer repartitioning to the largest extent.
Table 1 Feature comparison of different UE soft buffer partitioning solutions.

	

	Rel-10
	Alt-U1
	Alt-U2
	Alt-U3
	Alt-U4
	Alt-U5
	Alt-U6
	Alt-U7

	Support soft buffer pooling
	++
	+
	+
	+
	+
	++
	+
	++

	Number of soft buffer partition schemes needed for two cells
	4
	16
	16
	10
	7
	5
	16
	8

	Avoid Scell soft buffer repartitioning with Scell UL/DL configuration chanage
	NA
	
	
	
	
	+
	
	

	Avoid Pcell soft buffer repartitioning with Scell UL/DL configuration chanage
	NA
	+
	+
	+
	+
	+
	+
	


3. Conclusion

Based on extensive analysis provided in this contribution, we propose to adopt the following approach for determining the soft buffer handling parameter nSB. The proposed approach has lower complexity, enhanced operation robustness and superior performance than other alternatives.
Alt-U5
For a TDD serving cell, the soft buffer storage parameter nSB is calculated using MDL_HARQ given by

- Mlimit if this serving cell is a secondary cell of TDD UL/DL configuration #1—6 aggregating with a primary cell of TDD UL/DL configuration #0 and the carrier indicator field is not configured for this serving cell; and
- MDL_HARQ of the PCell for all other cases.
4. References

[1] RAN WG1 meeting #70b Chairman’s Note

[2] R1-124147 Soft buffer operations in aggregation of TDD carriers with different UL/DL configurations
Ericsson, ST-Ericsson 
[3] R1-124092 Soft buffer partitioning for TDD inter-band CA with different UL-DL configurations, CATT
[4] R1-124113 Discussion on number of DL HARQ processes for inter-band CA, Intel Corporation
[5] R1-124230 Number of DL HARQ processes for rate matching and IR buffer size calculation for different TDD UL-DL configurations, Panasonic
[6] R1-124313 Issues on DL HARQ process in case of TDD CA with different UL-DL configurations, LG Electronics
[7] R1-124361 Soft buffer handling for TDD inter-band CA, Samsung
[8] R1-124389 DL HARQ Process Number for CC Specific TDD Configuration, Renesas Mobile Europe Ltd
[9] R1-124478 Maximun number of DL HARQ processes for TDD inter-band CA with different UL-DL configurations, ITRI
[10] R1-124437 Support of CA for different TDD UL-DL configurations, Qualcomm Inc.

[11] R1-124431 Remaining detail of support different TDD UL-DL configuration on different bands, ZTE
[12] R1-124068 Remaining issues for inter-band TDD CA with different UL-DL configurations, Huawei, HiSilicon
[13] RAN WG1 meeting #66bis Chairman’s Note

5. Annex A Numbers of soft buffers for examples of two aggregated cells
Green shades indicate soft buffer partitioning schemes supported also in Rel-10.

Alt-U1
For an SCell, soft buffer storage parameter nSB is calculated using MDL_HARQ determined by the SCell SIB configuration
For both self- and cross-scheduling cases

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

	
	0
	1
	2
	3
	4
	5
	6

	0
	4+4
	7+4
	8+4
	8+4
	8+4
	8+4
	6+4

	1
	4+7
	7+7
	8+7
	8+7
	8+7
	8+7
	6+7

	2
	4+8
	7+8
	8+8
	8+8
	8+8
	8+8
	6+8

	3
	4+8
	7+8
	8+8
	8+8
	8+8
	8+8
	6+8

	4
	4+8
	7+8
	8+8
	8+8
	8+8
	8+8
	6+8

	5
	4+8
	7+8
	8+8
	8+8
	8+8
	8+8
	6+8

	6
	4+6
	7+6
	8+6
	8+6
	8+6
	8+6
	6+6


Alt-U2
For an SCell, soft buffer storage parameter nSB is calculated using MDL_HARQ determined by the actual maximum number of HARQ processes.
For self-scheduling case
	SCell SIB1 UL-DL configuration
	PCell SIB1 UL-DL configuration

	
	0
	1
	2
	3
	4
	5
	6

	0
	4+4
	7+5
	8+5
	8+6
	8+7
	8+7
	6+5

	1
	4+7
	7+7
	8+8
	8+8
	8+8
	8+8
	6+7

	2
	4+8
	7+8
	8+8
	8+8
	8+8
	8+8
	6+8

	3
	4+8
	7+8
	8+8
	8+8
	8+8
	8+8
	6+8

	4
	4+8
	7+8
	8+8
	8+8
	8+8
	8+8
	6+8

	5
	4+8
	7+8
	8+8
	8+8
	8+8
	8+8
	6+8

	6
	4+6
	7+6
	8+7
	8+7
	8+8
	8+8
	6+6


For cross-scheduling case
	SCell SIB1 UL-DL configuration
	PCell SIB1 UL-DL configuration

	
	0
	1
	2
	3
	4
	5
	6

	0
	4+4
	7+5
	8+5
	8+6
	8+7
	8+7
	6+5

	1
	4+4
	7+7
	8+8
	8+7
	8+8
	8+8
	6+6

	2
	4+4
	7+7
	8+8
	8+8
	8+8
	8+8
	6+6

	3
	4+4
	7+6
	8+8
	8+8
	8+8
	8+8
	6+6

	4
	4+4
	7+7
	8+8
	8+8
	8+8
	8+8
	6+6

	5
	4+4
	7+7
	8+8
	8+8
	8+8
	8+8
	6+6

	6
	4+4
	7+6
	8+7
	8+7
	8+8
	8+8
	6+6


Alt-U3
For an SCell, soft buffer storage parameter nSB is are calculated using MDL_HARQ determined by the DL-reference configuration for the SCell.
For self-scheduling case
	SCell SIB1 UL-DL configuration
	PCell SIB1 UL-DL configuration

	
	0
	1
	2
	3
	4
	5
	6

	0
	4+4
	7+7
	8+8
	8+8
	8+8
	8+8
	6+6

	1
	4+7
	7+7
	8+8
	8+8
	8+8
	8+8
	6+7

	2
	4+8
	7+8
	8+8
	8+8
	8+8
	8+8
	6+8

	3
	4+8
	7+8
	8+8
	8+8
	8+8
	8+8
	6+8

	4
	4+8
	7+8
	8+8
	8+8
	8+8
	8+8
	6+8

	5
	4+8
	7+8
	8+8
	8+8
	8+8
	8+8
	6+8

	6
	4+6
	7+7
	8+8
	8+8
	8+8
	8+8
	6+6


For cross-scheduling case
	SCell SIB1 UL/DL configuration
	PCell SIB1 UL/DL configuration

	
	0
	1
	2
	3
	4
	5
	6

	0
	4+4
	7+7
	8+8
	8+8
	8+8
	8+8
	6+6

	1
	4+4
	7+7
	8+8
	8+8
	8+8
	8+8
	6+7

	2
	4+4
	7+8
	8+8
	8+8
	8+8
	8+8
	6+8

	3
	4+4
	7+8
	8+8
	8+8
	8+8
	8+8
	6+8

	4
	4+4
	7+8
	8+8
	8+8
	8+8
	8+8
	6+8

	5
	4+4
	7+8
	8+8
	8+8
	8+8
	8+8
	6+8

	6
	4+4
	7+7
	8+8
	8+8
	8+8
	8+8
	6+6


Alt-U4
For an SCell, soft buffer handling parameter nSB is calculated using MDL_HARQ given by 

- MDL_HARQ determined by SCell SIB configuration if the SCell SIB UL-DL configuration is identical to that of the PCell;

- Mlimit if the SCell SIB UL-DL configuration is different than that of the PCell.
For both self- and cross-scheduling cases
	SCell SIB1 UL-DL configuration
	PCell SIB1 UL-DL configuration

	
	0
	1
	2
	3
	4
	5
	6

	0
	4+4
	7+8
	8+8
	8+8
	8+8
	8+8
	6+8

	1
	4+8
	7+7
	8+8
	8+8
	8+8
	8+8
	6+8

	2
	4+8
	7+8
	8+8
	8+8
	8+8
	8+8
	6+8

	3
	4+8
	7+8
	8+8
	8+8
	8+8
	8+8
	6+8

	4
	4+8
	7+8
	8+8
	8+8
	8+8
	8+8
	6+8

	5
	4+8
	7+8
	8+8
	8+8
	8+8
	8+8
	6+8

	6
	4+8
	7+8
	8+8
	8+8
	8+8
	8+8
	6+6


Alt-U5
For a TDD serving cell, the soft buffer storage parameter nSB is calculated using MDL_HARQ given by

- Mlimit if this serving cell is a secondary cell of TDD UL/DL configuration #1—6 aggregating with a primary cell of TDD UL/DL configuration #0 and the carrier indicator field is not configured for this serving cell; and
- MDL_HARQ of the PCell for all other cases.
For self-scheduling case
	SCell SIB1 UL/DL configuration
	PCell SIB1 UL/DL configuration

	
	0
	1
	2
	3
	4
	5
	6

	0
	4+4
	7+7
	8+8
	8+8
	8+8
	8+8
	6+6

	1
	4+8
	7+7
	8+8
	8+8
	8+8
	8+8
	6+6

	2
	4+8
	7+7
	8+8
	8+8
	8+8
	8+8
	6+6

	3
	4+8
	7+7
	8+8
	8+8
	8+8
	8+8
	6+6

	4
	4+8
	7+7
	8+8
	8+8
	8+8
	8+8
	6+6

	5
	4+8
	7+7
	8+8
	8+8
	8+8
	8+8
	6+6

	6
	4+8
	7+7
	8+8
	8+8
	8+8
	8+8
	6+6


For cross-scheduling case

	SCell SIB1 UL/DL configuration
	PCell SIB1 UL/DL configuration

	
	0
	1
	2
	3
	4
	5
	6

	0
	4+4
	7+7
	8+8
	8+8
	8+8
	8+8
	6+6

	1
	4+4
	7+7
	8+8
	8+8
	8+8
	8+8
	6+6

	2
	4+4
	7+7
	8+8
	8+8
	8+8
	8+8
	6+6

	3
	4+4
	7+7
	8+8
	8+8
	8+8
	8+8
	6+6

	4
	4+4
	7+7
	8+8
	8+8
	8+8
	8+8
	6+6

	5
	4+4
	7+7
	8+8
	8+8
	8+8
	8+8
	6+6

	6
	4+4
	7+7
	8+8
	8+8
	8+8
	8+8
	6+6


Alt-U6
For a TDD serving cell, the soft buffer storage parameter nSB is calculated using the largest MDL_HARQ ϵ {4, 6, 7, 9, 10, 12, 15} such that MDL_HARQ is no greater than the maximum number of HARQ processes of the serving cell.

For self-scheduling case
	SCell SIB1 UL-DL configuration
	PCell SIB1 UL-DL configuration

	
	0
	1
	2
	3
	4
	5
	6

	0
	4+4
	7+4
	8+4
	8+6
	8+7
	8+7
	6+4

	1
	4+7
	7+7
	8+8
	8+8
	8+8
	8+8
	6+7

	2
	4+8
	7+8
	8+8
	8+8
	8+8
	8+8
	6+8

	3
	4+8
	7+8
	8+8
	8+8
	8+8
	8+8
	6+8

	4
	4+8
	7+8
	8+8
	8+8
	8+8
	8+8
	6+8

	5
	4+8
	7+8
	8+8
	8+8
	8+8
	8+8
	6+8

	6
	4+6
	7+6
	8+7
	8+7
	8+8
	8+8
	6+6


For cross-scheduling case
	SCell SIB1 UL-DL configuration
	PCell SIB1 UL-DL configuration

	
	0
	1
	2
	3
	4
	5
	6

	0
	4+4
	7+4
	8+4
	8+6
	8+7
	8+7
	6+4

	1
	4+4
	7+7
	8+8
	8+7
	8+8
	8+8
	6+6

	2
	4+4
	7+7
	8+8
	8+8
	8+8
	8+8
	6+6

	3
	4+4
	7+6
	8+8
	8+8
	8+8
	8+8
	6+6

	4
	4+4
	7+7
	8+8
	8+8
	8+8
	8+8
	6+6

	5
	4+4
	7+7
	8+8
	8+8
	8+8
	8+8
	6+6

	6
	4+4
	7+6
	8+7
	8+7
	8+8
	8+8
	6+6


Alt-U7
For a TDD serving cell, the soft buffer storage parameter nSB is calculated given by
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where MDL_HARQ determined by the DL-reference configuration for serving cell.

For self-scheduling case
	SCell SIB1 UL-DL configuration
	PCell SIB1 UL-DL configuration

	
	0
	1
	2
	3
	4
	5
	6

	0
	8
	12
	13
	14
	15
	15
	11

	1
	11
	14
	16
	16
	16
	16
	13

	2
	12
	15
	16
	16
	16
	16
	14

	3
	12
	15
	16
	16
	16
	16
	14

	4
	12
	15
	16
	16
	16
	16
	14

	5
	12
	15
	16
	16
	16
	16
	14

	6
	10
	13
	15
	15
	16
	16
	12


For cross-scheduling case
	SCell SIB1 UL-DL configuration
	PCell SIB1 UL-DL configuration

	
	0
	1
	2
	3
	4
	5
	6

	0
	8
	12
	13
	14
	15
	15
	11

	1
	8
	14
	16
	15
	16
	16
	12

	2
	8
	14
	16
	16
	16
	16
	12

	3
	8
	13
	16
	16
	16
	16
	12

	4
	8
	14
	16
	16
	16
	16
	12

	5
	8
	14
	16
	16
	16
	16
	12

	6
	8
	13
	15
	15
	16
	16
	12
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