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Introduction
NR will support hybrid ARQ retransmissions using multiple hybrid-ARQ processes in a similar way as done for LTE. In this contribution we discuss around HARQ processes and soft buffer handling for NR. In RAN1#89, the following agreements on HARQ and soft buffer handling were reached [1]:
Agreements:
· A set of reference parameters is used for the purpose of soft buffer dimensioning
· A reference set of parameters includes at least DL HARQ RTT [Y ms] and data rate(s) of X Gbps 
· FFS: values of X and Y
· FFS: other conditions
· This does not imply UE has to have a HARQ-ACK timing based on the reference HARQ RTT
· FFS: how different UE categories are defined
· LBRM is taken into account
· Maximum number of HARQ processes per carrier supported in NR is 8 or 16 
· This is at least for the single numerology case and a slot-level scheduling and single-TRxP transmission
· FFS: down-selection of 8 or 16
· FFS: soft-buffer handling
· FFS: the value may be different depending on a certain condition (e.g., subcarrier spacing) 

Discussion
The amount of soft buffer memory in the UE increases with increased roundtrip time assuming the UE should be capable of soft buffering of all the transmissions. Although there is some relation to the number of hybrid-ARQ processes used, the amount of soft buffer memory could in principle be seen as a separate issue to discuss. Requiring the UE to support the highest possible data rate simultaneously with the maximum number of hybrid-ARQ processes may increase UE complexity and cost. For example, assuming a static split of the soft buffer memory across the hybrid-ARQ processes and operating at 10% initial BLER, it is not likely that all processes fail reception and needs to be soft buffered with full IR support.
Instead of a semi-static split of the soft buffer memory across all hybrid-ARQ processes it is proposed to leave some freedom to the UE on how to handle the soft buffer memory management. In principle, there may not be any need to inform the UE about the number of hybrid-ARQ processes used in the downlink although the UE memory management may benefit from having this information. Leaving some freedom to the UE would allow operation with a larger number of processes when motivated at the cost of reduced incremental redundancy gain and benefit from full IR gain with a more aggressive retransmission timeline. One possibility could be to state the number of code blocks the UE is capable of storing.
The previous LTE scheme relies on the UE being able to store (at least part of) all code blocks in all HARQ processes assuming maxim code block size. In the vast majority of the operating conditions with a block error rate of 10-30%, the likelihood that all HARQ processes require retransmission is insignificant. Then most of the soft buffer will be unused. By switching to dynamic handling of the soft buffer, the total soft buffer size can be reduced.
Instead defining a total soft buffer size and a fixed split across HARQ process, the UE is required to have a capacity of storing in the soft buffer a specified number of maximum size code blocks. The number of code block is set so that the UE can handle typical operation points. The behavior for the UE when running out of empty code blocks can be left for UE implementation.
· The UE partitions its soft buffer into a number of memory blocks corresponding to the number of maximum sized code blocks given by the specification, . Other reasonable partitioning is also possible. A finer granularity means that smaller code blocks takes less space and the risk of overflow is further reduced, but comes at the cost of higher complexity in the buffer handling. 
· The UE maintains a record of what code blocks in the buffer that are free and occupied and in the latter case which HARQ-process and component carrier the code block belongs to. This can be implemented with two tables. One table contains the occupied or available information of the code block buffers. The available code block buffers can be used to store the soft values of new code blocks that cannot be decoded successfully yet. One table maintains the addresses or indices of the coded block buffers that are used to store the soft values of a given HARQ process.
· When a new TB arrives, the UE decodes the code blocks. If the decoding fails on at least one of the code blocks, the UE reserves memory for the code blocks that was not successfully decoded. Consequently, the code blocks that are successfully decoded are not stored in the soft buffer memory by the UE. 
· When a retransmission arrives, it soft combines the retransmission with the code blocks for that HARQ process. If the retransmission is successful, it clears the memory blocks. Potentially the UE could perform dual decoding of a code block and try to decode it without soft combining first and then try a second time to decode with soft combining if the first attempt failed. This is one way to handle data pre-emption by other transmissions.
Each UE category would have the number N for the number of code blocks it needs to store. Note that the number of code blocks are calculated based on the maximum code block size. The total number of code blocks stored could be defined for multiple carriers, it further could be defined for a dual connectivity scenario. Potentially it could also be applied jointly for both LTE and NR at the same time and the UE would decide by itself whether or not to store code blocks from LTE and/or NR, if the UE aggregates both NR and LTE cells jointly. Example with LTE where the same memory size is assumed in the follow example table:
	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 code blocks stored

	Maximum number of supported layers for spatial multiplexing in DL

	Category 1
	10296
	10296
	14
	1

	Category 2
	51024
	51024
	67
	2

	Category 3
	102048
	75376
	67
	2

	Category 4
	150752
	75376
	100
	2

	Category 5
	299552
	149776
	200
	4



From the above discussion, it is clear that dynamic sharing of soft buffer amongst multiple carriers is beneficial to the UE operation as well as to network system performance. To encourage more advanced UEs implementing dynamic sharing, the requirement could be relaxed for dynamic split:
· For UEs with no dynamic sharing between carriers, the soft buffer is of size  code blocks per carrier.
· For UEs with dynamic sharing between carriers, the soft buffer is of size  where  is the number of supported carriers.
Conclusion
Proposal:
· The soft buffer memory size does not have to be designed with simultaneous support of peak rate, full IR support, and the maximum number of HARQ processes in mind. 
· The UE should be capable of soft buffering a certain number of code blocks (the number may depend on UE capabilities).
· UE implementation is encouraged to incorporate dynamic sharing of soft buffer amongst multiple carriers.
· For UEs with no dynamic sharing between carriers, the soft buffer is of size  code blocks per carrier.
· For UEs with dynamic sharing between carriers, the soft buffer is of size  where  is the number of supported carriers.
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