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1. Introduction
In this contribution, we discuss soft-buffer management in terms of the following two aspects:
· Soft-buffer management for a NR carrier
· Whether the soft-buffer size should be determined so that all soft bits for all HARQ processes for a carrier are able to be stored. 
· Soft-buffer management across NR and LTE carriers
· How the soft-buffer size is defined for LTE-NR dual connectivity

2. Soft-buffer management for a NR carrier
LTE adopts multiple stop-and-wait HARQ processes operating in parallel to make sure that one UE can achieve peak data rate of the given carrier with allowing reasonable processing time at BS and UE. The number of the parallel DL/UL HARQ processes is determined by the DL/UL HARQ RTT which equals to the sum of four parts: DL/UL data transmission time interval (TTI), processing time at UE/BS side, TTI of HARQ acknowledgement in the uplink/downlink and processing time at BS/UE side. 
At the last RAN1 meeting, it was agreed that the maximum number of HARQ processes for a carrier is 8 or 16. Considering the necessary processing time at either or both of BS and UE and various operational scenarios, we consider the value should be 16 [2]. However, there was a concern raised at the last RAN1 meeting: maximum HARQ processes of 16 requires too large soft-buffer for a NR carrier.
In general, the soft-buffer stores the soft bits of a code block upon decoding failure, so that the soft bits can be utilized for HARQ combining when the code block is re-transmitted. Note that there must be an instantaneous buffer for decoding, separately from the soft-buffer storing the soft bits upon decoding failure. Hence, decoding process itself can be carried out even without soft-buffer. As the soft-buffer size becomes larger, the HARQ combining gain improves. On the other hand, limited soft-buffer size can still offer HARQ combining gain especially when Chase combining is performed. It is not clear yet how much performance degradation is observed if only limited part of a code block is able to be stored in the soft-buffer. As long as performance degradation is negligible, soft-buffer size can be smaller compared to full size; for example, it may be feasible to define soft-buffer size for 8 HARQ processes, while the actual maximum number of HARQ processes could be 16.
Proposal 1:
· Investigate and evaluate the impact of limiting/smaller soft-buffer size. 
· Especially for focusing on the case where the soft-buffer size is defined for up to 8 HARQ processes, while the actual number of HARQ processes of the carrier is 16.

3. Soft-buffer management across NR and LTE carriers
For LTE, the UE category is defined for the RAT only. Introduction of carrier aggregation or dual connectivity does not change the structure of UE categorization framework. For CA, just adding new UE categories to support the newly identified peak data rate(s). For DC, existing UE categories are used, while eNBs exchange the information of the UE category for the given UE, and split the total number of DL/UL-SCH transport block bits transmitted/received within a TTI over the two cell-groups, so that the UE capability is not exceeded.
For NR initial phase, LTE-NR dual connectivity will be supported. For this case, it is not clear whether a UE category will be defined across two RATs, or a UE category will be defined per RAT. Same as RAN1 did at LTE DC specification work in Rel.12, RAN1 should give some feedback on this issue to RAN2, especially in terms of “total number of soft channel bits”. The total number of soft channel bits is defined by the necessary soft buffer size derived from the maximum number of HARQ processes, TB size, and the coding rate. Following two options are found:
Option 1: Soft-buffer sizes are defined for LTE operation and NR operation, respectively.
Option 2: Soft-buffer size is defined as the sum of LTE and NR, and the soft-buffer is shared by LTE and NR in semi-static or dynamic manner.

Note that during study item phase, RAN1 shared preliminary thoughts with RAN2 in the LS reply [] as following. It is time to identify details of soft-buffer sharing/split.
	Q2: Is dynamic sharing of HARQ soft buffer feasible between LTE and NR or will the total number of soft-channel bits be semi-statically split between LTE and NR?
A2: Semi-static sharing of the HARQ soft buffer (As opposed to fixed allocation of soft memory between LTE and NR) may be feasible in some UE architectures. RAN1 has not investigated the feasibility of fully dynamic HARQ soft buffer sharing.



Proposal 2:
· Identify soft-buffer definition for the LTE-NR dual connectivity, and inform RAN1’s understanding to RAN2.
· Option 1: Soft-buffer sizes are defined for LTE operation and NR operation, respectively.
· Option 2: Soft-buffer size is defined as the sum of LTE and NR, and the soft-buffer is shared by LTE and NR in semi-static or dynamic manner.


4. Conclusion
In this contribution, we discussed soft-buffer aspects and made following proposals:
Proposal 1:
· Investigate and evaluate the impact of limiting/smaller soft-buffer size. 
· Especially for the case where soft-buffer size is defined for up to 8 HARQ processes, while the actual number of HARQ processes of the carrier is 16.
Proposal 2:
· Identify soft-buffer definition for the LTE-NR dual connectivity, and inform RAN1’s understanding to RAN2.
· Option 1: Soft-buffer sizes are defined for LTE operation and NR operation, respectively.
· Option 2: Soft-buffer size is defined as the sum of LTE and NR, and the soft-buffer is shared by LTE and NR in semi-static or dynamic manner.
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