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1 Introduction

In RAN1#70bis meeting, two way forward documents on UE operation of storing soft bits were discussed [1][2], the commonality is to follow MDL_HARQ of the DL-reference UL/DL configuration of the serving cell, but the exact formulas for storing soft bits are different. 
So, in this contribution, we provide some further analysis and it hence proposes to agree on the scheme provided in [1]. 
2 Discussion 
In RAN1#70bis meeting, two schemes were proposed for UE operation of storing soft bits. Both schemes use MDL_HARQ of the DL-reference UL/DL configuration of the serving cell, while different formulas are used for storing soft bits. 

· Scheme 1 [1]: the same formula as defined in Rel-10 is reused, i.e. the soft buffer is equalized divided per cell.
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· Scheme 2 [2]: the soft buffer is equalized divided per HARQ process among configured cells, i.e. a new formula,
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2.1 Pooling operation
Above of all, the standardization should not mandate the UE implementation always does pooling, it should be left to vendor choice. We don’t think we need to take too much implementation issues into the specification, however, to clarify the detail of each of the 2 schemes, we still provide some analysis here to show pooling operation can be efficiently supported by scheme 1, just equally simple as scheme 2. 
Table 1 provides the nominal MDL_HARQ for {Pcell, Scell} combinations according to the DL-reference configuration for self scheduling and full duplex. 

Table 1: nominal MDL_HARQ for {Pcell, Scell} combinations
	MDL_HARQ of 

(Pcell, Scell)
	PCell SIB1 UL-DL configuration  

	
	0
	1
	2
	3
	4
	5
	6

	SCell SIB1 UL-DL configuration  
	0
	4+4
	7+7
	10+10
	9+9
	12+12
	15+15
	6+6

	
	1
	4+7
	7+7
	10+10
	9+12
	12+12
	15+15
	6+7

	
	2
	4+10
	7+10
	10+10
	9+15
	12+15
	15+15
	6+10

	
	3
	4+9
	7+12
	10+15
	9+9
	12+12
	15+15
	6+9


	
	4
	4+12
	7+12
	10+15
	9+12
	12+12
	15+15
	6+12

	
	5
	4+15
	7+15
	10+15
	9+15
	12+15
	15+15
	6+15

	
	6
	4+6
	7+7
	10+10
	9+9
	12+12
	15+15
	6+6

	Meaning of the colors  
	Case A  
	Case B  
	Case C  
	　 
	　 
	　 
	　 


Actually, the real parameter impact UE storing soft bits is 
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, which are provided in Table 2. From Table 2, 
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 for most Pcell/Scell combinations are equal, which result in the same operations for scheme 1 and scheme 2. 
Table 2: nominal 
[image: image5.wmf](

)

limit

DL_HARQ

,

min

M

M

 for {Pcell, Scell} combinations
	Actual MDL_HARQ 
	PCell SIB1 UL-DL configuration  

	
	0
	1
	2
	3
	4
	5
	6

	SCell SIB1 UL-DL configuration  
	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

	Meaning of the colors  
	Case A  
	Case B  
	Case C  
	　 
	　 
	　 
	　 


In the following, we focus discussion on remaining combinations having different 
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 between Pcell and Scell, which only correspond to about 29% of all combinations. One thing to note is MDL_HARQ of Scell is always larger than MDL_HARQ of Pcell in the remaining combinations. 
For the case MDL_HARQ of both Pcell and Scell are smaller than 8, no overbooking is needed, hence no need for pooling operation. This corresponds to Pcell/Scell combination (#0, #1), (#0, #6) and (#6, #1). 
We hence focus on the remaining combinations below. MDL_HARQ of Pcell is 4 or 6, while 
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 of Scell equals to 8. Taking 
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 of Pcell and Scell {6+8} as example, soft buffer partitions for both cells are illustrated. The soft buffer is first equally divided for each cell, and then further divided into buffer blocks inside the buffer for a cell. In detail, 6 buffer blocks for Pcell are allocated and each buffer block has a size of 1/12 of the whole buffer size; 8 buffer blocks for Scell are allocated and each buffer block has a size of 1/16 of the whole buffer size. 
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The details for different cases of pooling operation are discussed below. 

1) Above all, MDL_HARQ of Pcell always less than 8, so no overbooking applied for Pcell, i.e. no case for Pcell to borrow buffer from Scell;

2) MDL_HARQ of Scell > MDL_HARQ of Pcell, which means the buffer per process for Scell is smaller than that for Pcell. In case burst error of Scell, if the number of erroneous process is larger than 8, e.g. 10, two buffer blocks of Pcell can be lent to Scell, but only part of the Pcell lent buffer blocks are respectively used by Scell. It is just simple operation in the implementation. 
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3) After successful decoding the Scell process, the borrowed buffer block is returned to Pcell
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4) If Pcell need to buffer a new process, but currently all buffer blocks are either used by Pcell itself or already lent to Scell, 2 options could be considered. The 2 options are actually common solutions for both the 2 schemes [1][2]. 

a) Drop the soft bits of the new Pcell HARQ process
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b) Retrieve one lent buffer block, drop the Scell HARQ process and store Pcell HARQ process
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Based on above analysis, pooling operation can be efficiently supported by scheme 1. 
Observation: The scheme on UE soft buffer handling proposed in [1] could efficiently support pooling operation.
2.2 Further discussions 
Scheme 1 keeps the same principle as Rel-10 CA, i.e. equal division of soft buffer per cell, so as to maintain the independence between configured cells. As a consequence, the Rel-10 design/implementation for a configured cell can be reused in inter-band TDD CA. 

· The exactly same behavior on Pcell as Rel-10 CA is reused if adopting scheme 1. Further considering the same PDSCH HARQ timing agreed in past meetings, the Rel-10 design/implementation on Pcell can be directly reused in inter-band TDD CA. 
· As to Scell, its SIB-1 configuration can be different to the DL-reference configuration. However, it is still possible to reuse Rel-10 design/implementation for the DL-reference configuration for PDSCH HARQ transmissions on Scell. That is, PDSCH transmission of Scell could work as if it’s a cell configured by SIB-1 with a UL-DL configuration same as the DL-reference configuration of the Scell. 

In scheme 1, the soft buffer size per cell is the same as Rel-10 CA. The buffer size per cell only depends on number of configured cells. In scheme 2, it tries to have equal buffer size per HARQ process. Which results in buffer allocated to a cell is impacted by TDD configurations of all the configured severing cells. After the number of configured cell is set, UE still needs to adapt its exact handling based on the TDD configurations of all the configured severing cells, hence it significantly complicates the UE implementation. 
Specially, for scheme 2, In case 
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 of SCell is larger than that of Pcell, the buffer size allocated to Pcell is reduced hence results in worse Pcell performance than Rel-10 CA. Though the Scell performance is improved a little, it’s more reasonable that Pcell performance should be prioritized since normally Pcell is more important than a Scell.  

One more issue needs consideration is the exact buffer size allocated for a transport block is also impacted by a parameter 
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, which could be 1 (single TB transmission) or 2 (2-TB transmission). That is, even in scheme 2, if different 
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 are configured on the severing cells, it still results in different buffer size per transport block, which is the basic unit of downlink data from MAC layer to PHY layer. That is, UE still needs to handle the mismatch of buffer size per TB in the implementation following scheme 2. 

Proposal: The scheme proposed in [1] is used for storing soft bits at UE side, i.e. the same formula as defined in Rel-10, 
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, where, 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. 

3 Conclusion 

In this contribution, we discuss the remaining issues existed in soft buffer handling. Based on the analysis, it is observed,

Observation: The scheme on UE soft buffer handling proposed in [1] could efficiently support pooling operation.
Hence it is proposed,
Proposal: The scheme proposed in [1] is used for storing soft bits at UE side, i.e. the same formula as defined in Rel-10, 
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, where, 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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