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1. Introduction
LBRM algorithm was discussed and agreed by RAN1 in [4]. The soft buffer size in the current specification is denoted for the transport block by NIR as follows:
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where:

Nsoft is the total number of soft channel bits [2].

KMIMO is equal to 2 if the UE is configured to receive PDSCH transmissions based on transmission modes 3 or 4 as defined in Section 7.1 in [3], 1 otherwise.

MDL_HARQ ​is the maximum number of DL HARQ processes as defined in section 7 in [3].

Mlimit ​is a constant equal to 8.

More than 9 HARQ process overbooking issue was discussed for MIMO mode and TDD [5]. By introducing the constant Mlimit ​, the minimum coding rate is guaranteed not to exceed 0.75. 
During RAN1 #53bis meeting discussion, the constant Mlimit is agreed to change from 9 to 8, considering when the minimum coding rate exceed one for the maximum transport block sizes in case of TDD UE category 3 and MIMO operation, the transport block may not be decodable [7]. Some optimization mechanisms were also discussed in RAN1#53&53bis meetings [8] [9], which proposed to extend soft buffer bit or additional UE category for TDD.
For some TDD UL/DL configurations, the maximum number of DL HARQ processes is larger than 8 (as shown in Table 1). When more than 8 processes need to be retransmitted, the last exceed processes can not be stored. The performance of these non-stored processes is worse than the others, as they decode only based on the redundancy version of single transmission, and can not get the retransmission combine gain.
Table 1: 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


In this document, we propose an enhanced mechanism of soft buffer allocation for HARQ processes, which can improve performance for high-class UE category in TDD by making fully use of soft buffer allocation based on the current LBRM design. 
2. Discussion
We concentrate predominantly on UE categories 3, 4 and 5 for TDD. Based on existing method, the soft buffer of UE category 3-5 is designed to support two streams transmission. When the UE is configured to receive PDSCH transmission in the case of KMIMO =1, the total number of soft channel bits should be equally split to maximum 8 partitions. Actually, by using acceptable effective coding rate with LBRM, the number of bits need to store in each soft buffer partition can be smaller than the allocated soft buffer size for each HARQ process. So a mass of the soft buffer bits would be residual, which can potentially used for TDD to support more HARQ processes than 8.
The following table 2 compares the residual number of soft buffer bits for UE category 3-5 in case of single stream transmission with effective coding rate 2/3.
Table 2: Comparison of residual number of soft buffer bits for category 3-5 UE
	UE Category
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Effective coding rate
	Maximum number of bits for single stream transmission in each process
	Transport block of NIR for each process (Total number of soft channel bits/ Mlimit) 
Mlimit =8
	Residual number of soft buffer bits per partitions

	Category 3
	75376
	2/3
	113064
	154656
	41592

	Category 4
	75376
	2/3
	113064
	228384
	115320

	Category 5
	151376
	2/3
	227064
	458400
	231336


We could observe that there are a large number of residual soft buffer bits which can be used for TDD to support more HARQ processes in case of single stream transmission, especially for UE category 4 and 5.
In addition, based on the current allocation of NIR , when the maximum number of DL HARQ error processes is larger than 8, the exceed processes would be dropped. The analysis of HARQ blocking probabilities was given in [6]. For KMIMO = 1, the probability with more than 8 transport blocks (out of 15) result in a NACK is about 4% by assuming a NACK probability as high as 0.3.
The existing soft buffer allocation mechanism for TDD mode is not optimal. More suitable allocation mechanism could be used with LBRM and storing more number of HARQ processes.

3. Proposed soft buffer allocation mechanism

In this section we suggest four options to improve the existing soft buffer allocation. In these options, the allocation of soft buffer is not only depending on the MIMO mode and DL HARQ processes, but also UE category. Option 1-3 apply to category 4-5 UEs.
Option1:
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Kmax ​is equal to 2 for the UE of category 4 or 5 as defined in [2], and equal to 1 otherwise.

Option2:
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Mlimit ​is equal to 16 for a UE of category 4 and 5 configured with KMIMO =1, and equal to 8 otherwise.

Option3:
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Kmax _TB is maximum number of bits of a DL-SCH transport block received within a TTI .

Kmax _TB_sum is maximum number of DL-SCH transport block bits received within a TTI [2].
Another additional option is considering for category 3-5 UE. The total soft channel bits are equally split to 10 partitions for UE category 3. Although this method can not store the maximum 15 HARQ processes, for KMIMO = 1, the probability that more than 10 transport blocks (out of 15) result in a NACK is lower than 0.1%.
Option 4:
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Mlimit ​is equal to 10 for a UE of category 3 configured with KMIMO =1, equal to 16 for a UE of category 4 and 5 configured with KMIMO =1, and equal to 8 otherwise.

Besides，the additional parameters, Kmax, Kmax _TB and Kmax _TB_sum, need to be defined in [1] and signalled by the higher layers. The table 3 shows the effect of these proposed allocation mechanism for UE of category 3-5 by using single stream transmission in TDD. 
Table 3: Comparing the maximum number of storing HARQ processes of proposed allocation options
	UE Category
	The maximum number of storing HARQ processes

	
	Current method
	Option 1
	Option 2
	Option 3
	Option 4

	Category 3
	8
	8
	8
	8
	10

	Category 4
	8
	15
	15
	15
	15

	Category 5
	8
	15
	15
	15
	15


4. Conclusion
In this contribution, we concentrate predominantly on UE categories 3, 4 and 5 and discuss several optimization schemes of soft buffer allocation for TDD, while the common function is described for all transmission modes and all duplex modes. We propose to discuss and decide on the above options in section 3. In addition, the proposed changes to 3GPP TS 36.212 are outlined in Appendix A and Appendix B.
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Appendix A: Proposed change to 3GPP TS 36.212 v 8.7.0

5.1.4.1.2
Bit collection, selection and transmission

……
where NIR is equal to:

[image: image6.wmf](

)

MIMODL_HARQmaxlimit

min,

soft

IR

N

N

KMKM

êú

=

êú

××

êú

ëû



where:

Nsoft is the total number of soft channel bits [4].
KMIMO is equal to 2 if the UE is configured to receive PDSCH transmissions based on transmission modes 3 or 4 as defined in Section 7.1 in [3], 1 otherwise.
Kmax ​is equal to 2 if the UE is category 4 or 5 as defined in [4], and equal to 1 otherwise.
MDL_HARQ ​is the maximum number of DL HARQ processes as defined in section 7 in [3].

Mlimit ​is a constant equal to 8.

Appendix B: Proposed change to 3GPP TS 36.212 v 8.7.0

5.1.4.1.2
Bit collection, selection and transmission

……
where NIR is equal to:
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where:

Nsoft is the total number of soft channel bits [2].

KMIMO is equal to 2 if the UE is configured to receive PDSCH transmissions based on transmission modes 3 or 4 as defined in Section 7.1 in [3], 1 otherwise.

MDL_HARQ ​is the maximum number of DL HARQ processes as defined in section 7 in [3].

Mlimit is equal to 10 for a UE of category 3 configured with KMIMO =1, equal to 16 for a UE of category 4 and 5 configured with KMIMO =1, and equal to 8 otherwise..
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