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1 Introduction

In the RAN1#82 meeting, the following conclusion was reached on soft buffer management for enhanced carrier aggregation (eCA) with configuration of up to 32 serving cells [1]. In the RAN1 #82bis meeting, this issue was discussed in many contributions [2]-[8]. In this contribution, the analysis on this issue is provided, and our proposals are given. 

Conclusions:

· Following other enhancement have been potentially identified in Rel. 13 eCA

· Topic 3: UE soft-buffer management for the increased number of aggregated carriers
2 Discussion
The soft buffer management is related to the specifications in 36.212 for eNB rate matching [9], 36.213 for UE storing soft channel bits [10] and 36.306 for UE category definition including the process capability and values of the soft buffer size [11]. These three impacts are discussed for eCA in the following sections, respectively. We also have a companion contribution for the discussion on UE category for Rel-13 eCA [12]. 
2.1 Soft buffer impact to eNB side rate matching
The soft buffer size NIR for a transport block (TB) and Ncb for a code block (CB) for rate matching on eNB side is calculated by the follow [9]: 
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In the above formulas, KMIMO is related to the number of codewords for a TB. MDL_HARQ ​is the maximum number of DL HARQ processes, and Mlimit is equal to 8. For TDD, if the number of scheduled HARQ processes exceeds 8, soft buffer overbooking is used for the TDD UL/DL configuration with more than 8 processes. The parameter KC is the number of cells corresponding to the peak data rate or UE processing capability related to the UE category. For example, KC is equal to 2 for UE category 6 and 7, and KC is equal to 5 for UE category 8. Note that a UE with KC equal to 2 can also be configured with 5 cells, but the eNB should still perform the rate matching according to the above formula with KC equal to 2. 
For eCA with up to 32 cells configured to the UE, the soft buffer and KC for the eNB side rate matching should also be defined according to UE processing capability related to the UE category. For example, a soft buffer size for a UE category with the processing capability targeting 32 cells should be defined and can be used in the above formula.
2.2 Soft buffer impact to UE side storing soft channel bits
According to [10], if the UE is configured with more than one serving cell, then, upon decoding failure of a code block of a transport block for a serving cell, the UE shall store at least 
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 received soft channel bits for the code block, where
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Based on this formula, the soft buffer is equally divided into 
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 cells. Even though KC could be smaller than
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, considering the UE processing capability in UE category, eNB should ensure that the total number of scheduled bits in one TTI is not larger than “Maximum number of DL-SCH transport block bits received within a TTI” in the UE category, in other words, eNB will not schedule whole bandwidth of 
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to UE in one TTI. Moreover, the UE may store more soft channel bits than the specified ones by implementation within UE actual soft buffer, e.g., in case that the UE configured with 5 cells but only is scheduled with 2 cells. 

Note that for Rel-12, the soft buffer sizes Nsoft and 
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 defined in [9] and [10] respectively are of the same value. Following this principle for eCA with up to 32 cells configured to the UE, it is straightforward to specify the soft buffer size 
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 implemented for the UE according to processing capability in UE category. However, it would seriously introduce large cost for the UE implementation. Considering that the ratio for the simultaneous error decodes on a certain number of cells (e.g., 8 or 10) is very low, it should be reasonable to define a smaller soft buffer size for UE implementation compared to the soft buffer size Nsoft which is almost linearly scaled with the processing capability related to UE category. The value for the implemented soft buffer size is FFS. In addition, to follow similar design principles as Rel-12, the soft buffer size 
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 in formula (3) is equal to the soft buffer size Nsoft in formula (2). 
Proposal 1: Define a smaller soft buffer size for UE implementation compared to the soft buffer size Nsoft corresponding to processing capability. The value of the implemented soft buffer size is FFS. 
Proposal 2: The soft buffer size 
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 in formula (3) for eNB rate matching is equal to the soft buffer size Nsoft in formula (2) for UE storing soft channel bits. 
In addition, it was proposed to introduce cell priority to save UE buffer size, e.g., licensed cells have higher priority to be stored than unlicensed cells [7], considering that LBT rule can guarantee more accurate link adaptation on unlicensed cells than licensed cells. However, contention collision may still occur even when LBT is applied. Furthermore, more aggressive CCA thresholds may be used to increase the transmission probability even under some interference. It was also stated that due to contention based access, the target BLER for initial transmission on unlicensed carriers would be significantly reduced by the eNB to minimize packet delays. However, it is still not always the case, and it is only one implementation strategy for the eNB. At least in the case of load on unlicensed cells, there is no need to do so, and there might be no difference for making the strategy of link adaptation between the unlicensed and licensed cells. 
Proposal 3: No need to introduce cell priority for UE storing soft channel bits. 
2.3 Soft buffer impact to UE category
For Rel-12, the DL parameters for UE category are listed in the following table in [11], and the total number of soft channel bits (4th column in the table) that is equal to Nsoft and 
[image: image12.wmf]soft

N

¢

 defined in formulas (2) and (3). The maximum number of DL-SCH TB bits within a TTI (2nd column in the table) is related to t processing capability. Considering both Nsoft and 
[image: image13.wmf]soft

N

¢

 defined in formulas (2) and (3) could be decoupled with the actual soft buffer size implemented by UE, we need to introduce the two soft buffer sizes for the UE category. 
Table 4.1-1 in [11]: Downlink physical layer parameter values set by the field ue-Category
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note 1)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	Category 1
	10296
	10296
	250368
	1

	Category 2
	51024
	51024
	1237248
	2

	Category 3
	102048
	75376
	1237248
	2

	Category 4
	150752
	75376
	1827072
	2

	Category 5
	299552
	149776
	3667200
	4

	Category 6
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	Category 7
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	Category 8
	2998560
	299856
	35982720
	8

	Category 9
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4

	Category 10
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4

	Category 11
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4

	Category 12
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4

	NOTE 1:
In carrier aggregation operation, the DL-SCH processing capability can be shared by the UE with that of MCH received from a serving cell. If the total eNB scheduling for DL-SCH and an MCH in one serving cell at a given TTI is larger than the defined processing capability, the prioritization between DL-SCH and MCH is left up to UE implementation.


Proposal 4: Introduce two soft buffer sizes for the UE category. One corresponds to DL-SCH processing capability, and the other corresponds to the soft buffer implemented by the UE. 
3 Conclusion

In the RAN1#82 meeting, the following conclusion was reached on soft buffer management for enhanced carrier aggregation (eCA) with configuration of up to 32 serving cells [1]. In the RAN1 #82bis meeting, this issue was discussed in many contributions [2]-[8]. In this contribution, the analysis on this issue is provided, and our proposals are given as below: 
Proposal 1: Define a smaller soft buffer size for UE implementation compared to the soft buffer size Nsoft corresponding to processing capability. The value of the implemented soft buffer size is FFS. 
Proposal 2: The soft buffer size 
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 in formula (3) for eNB rate matching is equal to the soft buffer size Nsoft in formula (2) for UE storing soft channel bits. 

Proposal 3: No need to introduce cell priority for UE storing soft channel bits. 

Proposal 4: Introduce two soft buffer sizes for the UE category. One corresponds to DL-SCH processing capability, and the other corresponds to the soft buffer implemented by the UE. 
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