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Introduction
In the RAN1 NR AH#3 meeting, the following conclusion was made:
Conclusion:
· RAN1 aims to finalize details of transmit buffer rate-matching (for PDSCH/PUSCH) in RAN1#90bis
· FFS UE soft buffer dimensioning especially in relation to UE capability/category
· FFS NR soft buffer management
· FFS LTE-NR soft buffer dimensioning and management, especially in relation of UE capability/category
In this contribution, we share our point of view on soft buffer dimensioning and management.
Soft buffer size for NR UE
[bookmark: OLE_LINK5]For NR UE soft buffer dimensioning, several factors need to be taken in to account, for example, the peak data rate, the number of HARQ processes and the rate matching scheme (FBRM or LBRM). However, from our perspective, UE soft buffer dimensioning does not need to support simultaneously peak data rate, the maximum number of HARQ processes and full IR. The reasoning behind it is listed below:
· [bookmark: OLE_LINK3]The peak data rate for a NR UE will be much higher than that of a LTE UE, and the maximum number of HARQ processes might be up to 8 or 16. If accompanied with full IR, the soft buffer would require a dramatic amount of storage capacity, which would increase the UE complexity and cost.
· With a working point of 10% BLER and the soft buffer size being defined for the maximum number of HARQ processes, it is not likely that all processes are failing in the reception and need to be stored.
· When a new TB arrives, the soft buffer in a UE is used to store the soft bits of the failed code blocks to perform combining of (re)transmissions and to improve the decoding performance. The code blocks which are successfully decoded do not to be stored in the soft buffer.  
[bookmark: OLE_LINK6]Proposal 1:  UE soft buffer dimensioning does not need to simultaneously support peak data rate, maximum number of HARQ processes and full IR.
[bookmark: OLE_LINK8]The soft buffer dimensioning can be designed based on the peak data rate and a reference number of HARQ processes. The reference number is smaller than the maximum number of HARQ processes; it could have a value between 4 and 7. If the reference number is too small, for example less than 4, there might not be enough soft buffer capacity available for large TB’s IR combination unless the HARQ RTT is reduced. However, too much reduced HARQ RTT may not only put forward high requirement for both the system and UE vendors, but also set restrictions on cell coverage. If the reference number is too large, for example, more than 7, the soft buffer size will be significantly increased and might be inefficient used as aforementioned.
Given the soft buffer is sized for peak data rate, when a UE is operating with non-peak data rate, an actual number of HARQ processes beyond the reference number may be achieved. In case the RTT is too large so that the soft buffer is not sufficient, the network can operate with ARQ for which HARQ processing might not be needed. This might lead to some loss of IR gain.
[bookmark: OLE_LINK7]Proposal 2:  A reference number of HARQ processes between 4 and 7 is proposed to be taken into account for soft buffer dimensioning.
By using a limited buffer rate matching scheme, the soft buffer complexity can be further reduced. In LTE 50% buffer size can be saved due to LBRM. Therefore, LBRM should be also applied for the NR HARQ process such that at least the largest TB at peak spectral efficiency supports an effective code rate larger than the mother code rate of LDPC. However, since the QC-LDPC code in NR is decoded by using base parity check matrices, the number of input soft bits to the LDPC decoder is always a multiple of lift sizes. Therefore, to avoid unnecessary waste of buffer memory, the size of the limited buffer should be a multiple of the maximum lift size, which is 384, as well.
[bookmark: OLE_LINK10][bookmark: OLE_LINK4]Proposal 3: Limited buffer rate matching is used in NR. The size of the limited buffer should be a multiple of the maximum lift size used in LDPC decoding.
Soft buffer management for NR UE
[bookmark: OLE_LINK9]In LTE, each carrier has the same amount of soft buffer allocated for its HARQ processes, and the soft buffer partition is also based on the number of HARQ processes per carrier. This equal partitioning is reasonable for LTE because in LTE each carrier is limited to 20MHz/100PRBs and having a fixed number of PDSCH symbols per TTI. The TB sizes for typical cases are accommodated. However, this is not the situation for NR. In NR, the carrier bandwidths, subcarrier spacing, and TTI size can be varied a lot. This leads to a large variation of the TB sizes between HARQ processes even if each of them is scheduled with the peak data rate. Therefore, it is not efficient to adopt equal soft buffer partitions for the NR UE.
Pooling the soft buffer among different carriers and their HARQ processes can be an efficient way for better buffer utilization. Dynamic sharing would allow the network to cope with varying loads of component carriers and would allow for a flexible utilization of resources. 
[bookmark: OLE_LINK12]Proposal 4: Soft buffer partitioning for NR UE is up to UE implementation.
LTE-NR DC soft buffer management 
[bookmark: OLE_LINK11]We have considered three soft buffer management methods for a LTE-NR DC UE. The first one is dynamic sharing between LTE and NR. That is to say the soft buffer can be shared between two different RATs. However, it may not be practical if we consider that LTE eNB and NR gNB may come from different vendors. Both LTE eNB and NR gNB have no way to know the whole UE buffer loading status, therefore they cannot intelligently determine scheduling decisions, e.g. transmission timing, HARQ-ACK timing, redundancy version, etc. This would not be an issue for non-DC UE as we have proposed soft buffer pooling for NR UE in section 3, because the gNB can make suitable scheduling decision to avoid overflowing UE soft buffer based on the previous scheduling and HARQ feedback. A buffer status report from UE to LTE and NR node may solve the problem for DC soft buffer dynamic sharing, but it requires extra channel resources along with more standard effort.
The second approach is semi-statically partitioned soft buffer size to LTE and NR carrier groups. However, semi-static partitioning may introduce unnecessary limitations especially when factors determining the soft buffer requirements on the MCG and the SCG can change at a faster rate. For example, this can be the case when the number of configured carriers in two RATs is somewhat dynamically changing. 
The third one is hard splitting between LTE and NR. The hard splitting means the UE defines the soft buffer region for LTE and NR respectively without any overlapping of these two regions. This approach may be not efficient for buffer utilization, but it is simple and requires minimal standard effort. Since the soft buffers are not shared, the handling is straight forward. The UE processing capability that depends on the HARQ buffer size on the LTE side and on the NR side is indifferent to whether or not the UE is configured to operate in LTE-NR dual connectivity mode.
[bookmark: OLE_LINK13]Proposal 5: Hard splitting the soft buffer between LTE and NR is proposed for LTE-NR DC UE. 

Conclusion
[bookmark: _GoBack]In this contribution, we discuss soft buffer dimensioning and management issues, and the following summarizes our proposals:
Proposal 1:  UE soft buffer dimensioning does not need to simultaneously support peak data rate, maximum number of HARQ processes and full IR.
Proposal 2:  A reference number of HARQ processes between 4 and 7 is proposed to be taken into account for soft buffer dimensioning.
Proposal 3: Limited buffer rate matching is used in NR. The size of the limited buffer should be a multiple of maximum lift size used in LDPC decoding.
Proposal 4: Soft buffer partitioning for NR UE is up to UE implementation.
Proposal 5: Hard splitting the soft buffer between LTE and NR is proposed for LTE-NR DC UE. 
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