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1 Introduction

At RAN1#70bis, the minimum number of storing soft channel bits to soft buffer for TDD inter-band CA with different UL-DL configurations was discussed [1].

	For nSB(36.213)

Alt1:  Working assumption is that the operation of storing soft channel bits in TS 36.213 is kept unchanged except the following:

- MDL_HARQ is the maximum number of DL HARQ processes defined in Table 7-1 in TS 36.213 for the DL-reference UL/DL configuration of the serving cell
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Alt 2:  Working assumption is that in TS 36.213, the Rel-10 behaviour of UE storing soft channel bits applies except the following equation is used, and where MDL_HARQ_i is given by the DL-reference configuration of that carrier 
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Conclusion: continue offline discussion.


In this contribution, we discuss the minimum number of storing soft channel bits.
2 Discussion
At RAN1#70bis, two alternatives (Alt1 as in R1-124611 [2] and Alt2 as in R1-124615 [3]) were discussed. In both alternatives, the number of DL HARQ processes for calculation of the minimum number of storing bits (MDL_HARQ) is given by the DL reference UL-DL configuration of each serving cell. Another alternative to use actual number of DL HARQ processes exists but the actual number varies depending on each combination of UL-DL configurations, whether full duplex operation or half duplex operation, and whether self scheduling or cross carrier scheduling. Such variations make the spec too much complicated, and we do not think there is a significant HARQ performance difference between taking the reference number and the actual number in UE implementation since UE has freedom to store more bits than the minimum by its implementation. Hence we prefer the number of DL HARQ processes for calculation of the minimum number of storing bits (MDL_HARQ) is given by the DL reference UL-DL configuration of each serving cell.
Proposal1: the number of DL HARQ processes for calculation of the minimum number of storing bits (MDL_HARQ) is given by the DL reference UL-DL configuration of each serving cell.

Through the discussion of DL reference UL-DL configuration, it has been concluded that 
        A. SCell’s DL reference UL-DL configuration is the same as PCell’s UL-DL configuration or 
        B. DL subframes of SCell’s DL reference UL-DL configuration is superset of those of PCell’s UL-DL configuration.
These mean that the number of DL HARQ processes for the SCell’s DL reference UL-DL configuration is equal to or larger than that for PCell’s UL-DL configuration. In the larger case, we still have two alternatives on how to partition the soft buffer. 

In Figure 1, we describe two alternatives with an example of two configured CCs where PCell’s UL-DL configuration is 1 (MDL_HARQ=7) and SCell’s DL reference UL-DL configuration is 2 (MDL_HARQ=10). In Alt1, soft buffer is first split into equal size per cell, and then the soft buffer per cell is respectively split into MDL_HARQ pieces with the maximum of Mlimit=8 pieces for each cell. Hence the minimum number of storing bits for PCell is larger than that for SCell. In Alt2, the sum of MDL_HARQ with the maximum of Mlimit=8 for each serving cell is first calculated, and then soft buffer is equally split by the sum. Hence the minimum number of storing bits is the same among CCs.
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Fig. 1   Soft buffer partitioning in case of MDL_HARQ =7 for PCell and =10 for SCell
This may imply that Alt2 can support buffer sharing among CCs while Alt1 can not. But as indicated in [4], we think buffer sharing can be managed in Alt1 by UE implementation, namely, in the larger case, buffer sharing can only occur from SCell to PCell and the minimum number of storing bits for PCell is larger than that for SCell, hence UE can store the minimum number of storing bits for SCell in the buffer for PCell.
Another difference between Alt1 and Alt2 would be that PCell is prioritized in Alt1 since the minimum number of storing bits for PCell is larger than that for SCell, while there is no differentiation among CCs in Alt2 since the minimum number of storing bits is same among CCs. Hence Alt1 is beneficial when multiple CCs are configured but only PCell is activated, while Alt2 is beneficial when multiple CCs are configured and activated. But we do not think this makes a significant difference since HARQ performance can be determined not only by the minimum number of storing soft channel bits but also bit width of soft channel bits, number of iterations of turbo decoding, MIMO detection method and so on.
Yet another difference is that Alt1 has the more stable minimum number of storing bits among different combinations of UL-DL configurations than Alt2. Such stability would be preferred as a future proof design especially for inter-band CA with TDD eIMTA. The minimum number of storing bits for PCell is stable irrespective of SCell’s UL-DL configuration in Alt1 while not in Alt2.
According to the discussion above, we slightly prefer Alt1.
Proposal2: the minimum number of storing soft channel bits is calculated according to the following formula:

[image: image4.wmf](

)

÷

÷

ø

ö

ç

ç

è

æ

ú

ú

û

ú

ê

ê

ë

ê

×

×

×

¢

=

limit

DL_HARQ

MIMO

,

min

,

min

M

M

K

N

C

N

N

n

DL

cells

soft

cb

SB


Although we prefer Alt1, we anyhow need to conclude the discussion on the minimum number of storing bits to complete release 11. We further discuss possible alternatives (Alt3 and Alt4) for way forwards as below.
Alt3: Alt2 for UE categories 1-5 and Alt1 for UE categories 6-8
In UE Categories 1-5, soft buffer size per CC per process tends to be insufficient since CA should be supported in release 10 with the same soft buffer size and the same number of bits after rate matching as in release 8 (non-CA). Hence buffer sharing would significantly improve HARQ performance. Furthermore even if processing block is different between CCs, a processing block per CC needs to have full accessibility to soft buffer memory (namely, accessible to every physical address on soft buffer memory) to support non-CA case, it is a natural design to have full accessibility even for CA case. Therefore, the buffer sharing among CC is easy. 
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Fig. 2   Accessibility to soft buffer memory
On the other hand in UE Categories 6-8, soft buffer size per CC per process tends to be sufficient even in CA case. Hence buffer sharing does not provide significant performance improvement. Furthermore in UE implementation, UE Categories 6-8 (and also UE Category 5) have larger soft buffer memory. If UE supports full accessibility to the soft buffer memory, it could lead to larger peripheral circuit and slower access speed to the soft buffer memory. This may be somehow solved by splitting the soft buffer into some smaller memories, which is a trade-off with memory cost. Then not to require full accessibility to all soft buffers may have some benefit for the implementation.. Therefore, it is reasonable to have different alternative depending on the category, i.e. Alt2 for UE categories 1-5 and Alt1 for UE categories 6-8.
Alt4: the minimum number of storing soft channel bits is calculated according to the following formula, where MDL_HARQ_i is given by the DL-reference configuration of that carrier
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This option is the minimum number of storing bits is defined as minimum value between alt1 and alt2. i.e. the minimum number of storing bits is same among CCs. For example in case of two configured CCs where PCell’s UL-DL configuration is 1 (MDL_HARQ=7) and SCell’s DL reference UL-DL configuration is 2 (MDL_HARQ=10), soft buffer is equally split into 16 pieces. Hence buffer sharing can be easily supported. The minimum number of storing bits in Alt3 is the same as that for SCell in Alt2 but UE has freedom to store more bits than the minimum by its implementation. The RAN4 performance requirement is defined based on alt.1 assumption.
Proposal3: if discussion can not be concluded between Alt1 and Alt2, compromised solutions could be considered.
3 Conclusion 
In this contribution, we provided our view on the minimum number of storing soft channel bits. We propose the following;
Proposal1: the number of DL HARQ processes for calculation of the minimum number of storing bits (MDL_HARQ) is given by the DL reference UL-DL configuration of each serving cell.

Proposal2: the minimum number of storing soft channel bits is calculated according to the following formula:
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Proposal3: if discussion can not be concluded between Alt1 and Alt2, compromised solutions could be considered.
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