3GPP TSG RAN WG1 Meeting #84
R1-160749
St Julian’s, Malta, February 15 – 19, 2016
Agenda Item:
7.1.2
Source:
Huawei, HiSilicon
Title:
Soft buffer management for eCA
Document for:
Discussion/Decision
1 Introduction

In the RAN1 #82 and RAN1 #83 meetings, the following conclusion was reached on soft buffer management for enhanced carrier aggregation (eCA) with configuration of up to 32 serving cells [1][13]. 

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
· No RRC parameter in Rel-13 to configure soft buffer management.
· eNB rate matching will not have RRC impact.
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.
2 Discussion
The soft buffer management is related to the specifications in 36.212 for rate matching [9], 36.213 for UE storing soft channel bits [10] and 36.306 for UE category definition including the processing capability and values of the soft buffer size [11]. These three impacts on eCA are discussed 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 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 as following [9]: 
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In the above formulas, KMIMO is equal to 2 or 1 depending on the configured transmission mode, which 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 KC was not defined to be the number of configured cells. A UE with KC equal to 2 can also be configured with 5 cells, but the rate matching for each code block should still be performed according to the above formula with KC equal to 2. This method of overbooking can assure the sufficient instantaneous soft buffer for each code block. The instantaneous soft buffer is different from the soft buffer for storing soft bits in implementation, and not limiting the instantaneous soft buffer size by the defined soft buffer size is reasonable and necessary.  
Following the above principle, for eCA with up to 32 cells configured to the UE, the formula can easily be reused, while KC and Nsoft are defined with linear increasing of number of cells corresponding to UE category. For example, for a DL UE category 17 with the processing capability targeting to 32 cells,  KC is equal to 32 and the instantaneous soft buffer size Nsoft is proportional to  processing capability targeting to 32 cells.
Proposal 1: The rate matching formula defined in 36.212 is kept unchanged. 
Proposal 2: The soft buffer size used for rate matching keeps linearly scaled also for UEs supporting more than 5 CCs.
2.2 Soft buffer impact to storing soft channel bits at UE side
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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Based on this formula, the soft buffer to store the soft bits defined for each UE category is equally divided by 
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 can be larger than KC as mentioned above, considering the UE processing capability for each 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. 

In the existing specifications, the soft buffer sizes Nsoft and 
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 defined in [9] and [10] respectively are of the same value. According to the discussion in 2.1, the instantaneous soft buffer size will linearly increase with the number of cells corresponding to each UE category, and using the same buffer size to the soft buffer size for storing soft bits will increase the cost of the UEs and concern was raised in [7].  In [7], it was proposed to specify much smaller soft buffer sizes than linearly increased ones. To resolve this conflict, a simple approach is to define two soft buffer sizes, one is referring to instantaneous soft buffer size and the other is for the soft buffer size of storing soft bits. 
Proposal 3: For soft bit storing, if it is agreed to define smaller soft buffer size than linearly increasing with the number of CCs corresponding to each UE category, this soft buffer size needs to be decoupled from the soft buffer size used for rate matching.
2.3 Soft buffer impact to UE category
According to section 2.2, two soft buffer sizes can be defined in [11]. An example can be found in the following table.

Table 1: 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 for rate matching 
	Total number of soft channel bits 
	Maximum number of supported layers for spatial multiplexing in DL

	Category 17
	25065984
	391656 (8 layers, 256QAM)
	303562752
	75890688
	8

	
	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.


3 Conclusion

In this contribution, the analysis on soft buffer management is provided, and our proposals are given as below: 
Proposal 1: The rate matching formula defined in 36.212 is kept unchanged. 
Proposal 2: The soft buffer size used for rate matching keeps linearly scaled also for UEs supporting more than 5 CCs.
Proposal 3: For soft bit storing, if it is agreed to define smaller soft buffer size than linearly increasing with the number of CCs corresponding to each UE category, this soft buffer size needs to be decoupled from the soft buffer size used for rate matching.
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