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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: OLE_LINK8]In the RAN1 #89 meeting, the issues of number of HARQ process, as well as the soft buffer size and partitioning were discussed. The following agreements were achieved during the meeting [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) 
In RAN1 #90 meeting, further soft buffer management discussed and the following achieved [2].
Agreements:
· NR specification should decouple the transmit (or RV) buffer from soft buffer size of the UE receiver.
· Note: transmit (or RV) buffer refers to the PDSCH rate-matching buffer
In this contribution, we shared our views on soft buffer management for NR. Firstly, we discuss whether limited buffer rate matching should be applied in transmit buffer rate matching. Secondly, we consider some reference parameters can be used for soft buffer dimensioning. Finally, we analyze the impact brought by soft buffer management in NR. 
2. Discussion
2.1. Transmit buffer rate-matching 
In the RAN1 #90 meeting, it was agreed to decouple the transmit buffer from soft buffer size of the UE receiver. As a result, the transmit buffer and the UE receiver buffer can be treated separately. In the worst case where the gNB continuously transmits packets at peak data rate, the UE soft buffer may not be sufficient to store all the soft bits at LDPC mother code rate. One proposed solution is that gNB adopt a reference rate (higher than LDPC mother code rate) to do limited buffer rate matching (LBRM) like LTE. The encoded bits will be filled in the virtual circular buffer with part of the parity bits being punctured to achieve the reference code rate under the limited soft buffer size. By this way, the effectiveness of the HARQ incremental redundancy transmission is degraded due to the loss of part parity bits. On the other hand, if no LBRM is applied for transmit buffer, all the parity bits are preserved and can be transmitted during HARQ (re)transmission to achieve higher IR link performance. On the other side, the receiver shall be able to receive all the systematic bits and parity bits for decoding, however, it is still allowed to store only parts of the decoding soft bits in the soft buffer. Obviously, in this scenario, using LBRM in transmit buffer may degrade the decoding performance, as larger BLER and higher probability of retransmission are expected comparing with the case no LBRM mechanism applied.
[bookmark: _Ref494447725]Proposal 1: Limited buffer rate matching is not supported for transmit buffer rate-matching in NR.
2.2. UE soft buffer dimensioning 
Obviously, the larger the maximum number of HARQ processes or the larger the peak data rate supported by a UE, the larger size of soft channel bits is required for the UE. The maximum number of HARQ processes can be derived from HARQ RTT, and is fixed in LTE. In NR, UE of different categories may support different HARQ RTTs, implying that the HARQ processes would be variable per UE. The maximum number of HARQ processes defined in NR is 8 or 16. If the UE is required to support the possible peak data rate with the maximum number of HARQ processes, the complexity and cost of UE will be too high. Therefore, in our views, it is not necessary to simultaneously support the peak data rate, the maximum number of HARQ processes and full IR HARQ in NR. 
In LTE, the number of total soft channel bits is derived from the maximum number of HARQ processes and the peak data rate. In NR, as mentioned above, UE of different categories have different HARQ RTTs. If the number of soft channel bits were derived from the maximum number of HARQ processes predefined by specification, it would result in underutilization of soft buffer memory, for example in the case when the number of HARQ processes supported by the UE is smaller than the defined maximum number of HARQ processes. Such resource wastage should be avoided, without significantly degradation in the decoding performance. A good trade-off between them would be that, instead of the maximum number of HARQ process, a reference HARQ process number is applied for soft buffer dimensioning. The reference HARQ process number could take a typical UE decoding latency and NW decoding latency into account. The detailed number can be further studied.
The soft buffer dimensioning can be represented by the following formula (LDPC coding based on base graph1):

· N represents the reference HARQ process number
· The first value of 24 is the TB CRC;
·  represents the code block numbers for one TB,  represents the Code blocks CRC;
·  represents the systematic bits, can be derived from TBS;
· R represents the LDPC code rate, here adopt the LDPC mother code rate 1/3;
· M represents the modulation orders;
· Bits of LLR represents the soft decoding bits. 
Among other parameters for soft buffer dimensioning, we prefer the decoding latency and soft buffer size as UE capabilities to be indicated to NW. 
The UE decoding latency combined with the NW decoding latency can be used to calculate the HARQ RTT. The gNB can derive the number of HARQ processes in combination with the numerology supported by the UE. Moreover, if the gNB gets the size of UE soft buffer, it can further optimize the scheduling taking into account the buffer usage of the scheduled UE. For instance, in the case that gNB always sends packets less than the maximal TB size supported by the UE, it can schedule a larger number of parallel HARQ processes than the case under peak data rate. As a result, the system throughput can be further optimized, while the complexity of UE soft buffer management can be decreased. Therefore, in order to assist the NW to optimize the scheduling, it is proposed to report the decoding latency and the soft buffer size supported by the UE.
[bookmark: _Ref494633516][bookmark: _Ref494447745]Proposal 2: UE decoding latency and soft buffer size should be reported to NW in NR.
2.3. NR soft buffer management
In LTE FDD, the soft buffer is equally partitioned based on the number of carriers and the maximum number of HARQ processes. Such partitioning is acceptable in the case of the maximum bandwidth for a carrier is fixed to 20MHz and the maximum number of HARQ processes is fixed. In NR, the number of HARQ processes supported is variable, and the maximum carrier bandwidth for a UE can up to 400MHz. Furthermore, the numerology is flexible per NR carrier. These features lead to vary large variation in TB sizes. Consequently, the fixed splitting soft buffer management may be inefficiency in NR. In the case of dynamic buffer management, UEs can share the buffer to achieve a larger number of HARQ processes when the data rate is lower than the possible peak data rate. This provides more flexibility for UE to realize soft buffer management.
On the other hand, the complexity of UE is increased due to dynamic buffer sharing. If a new HARQ process arrives when the soft buffer of UE is not sufficient, the UE should flush up parts of the soft buffer of some victim HARQ processes based on dynamic sharing management. It will result in UE memory fragmentation and requires advantaged memory management technology. Such implementation complexity is not favorable for some low-end UEs. Semi-static partitioning of the soft buffer can balance the cost and the performance. On the other hand, the semi-static partitioning management needs a larger buffer to achieve the same performance compared with dynamic sharing management. Nevertheless, semi-static partitioning management can be considered for those UEs whose traffic load is small and relatively fixed (e.g. MTC), thus the buffer size is anyway limited within a certain range while the burden of dynamic sharing can be eliminated. Therefore, in some scenarios, semi-static partitioning soft buffer management is still beneficial.
Dynamic sharing and semi-static partitioning for soft buffer management among multiple HARQ processes may benefit in different cases. It is necessary to further consider the trade-off between complexity and performance.
LTE-NR soft buffer management
If the baseband processing of the UE is highly decoupled between LTE and NR operations, the interoperability is limited; in this case a semi-statically division of the soft buffer is required. On the other hand, if a highly integrated baseband processing is employed for LTE and NR operations, it could support dynamic sharing between LTE and NR. The latter one could provide more flexibility for UE soft buffer management.
In LTE-NR DC, the dynamic sharing method provides better performance than the semi-static buffer splitting. However, dynamic sharing need frequent negotiating between different operations, thus the overhead may be larger. On the other hand, the fixed buffer splitting may need a larger buffer to achieve the same performance compared to dynamic sharing. The trade-off between the overhead and the performance gain need further study.
[bookmark: _Ref494633521][bookmark: _Ref494447780]Observation 1: Dynamic sharing and semi-static partitioning for soft buffer management should be further investigated in term of performance, signaling overhead and UE complexity.
3. Conclusion
[bookmark: OLE_LINK5]In this contribution, we discuss soft-buffer management for NR with the following proposals and observation:
Proposal 1: Limited buffer rate matching is not supported in PDSCH rate-matching buffer in NR.
Proposal 2: UE decoding latency and soft buffer size should be reported to NW in NR.
[bookmark: _GoBack]Observation 1: Dynamic sharing and semi-static partitioning for soft buffer management should be further investigated in term of performance, signaling overhead and UE complexity.
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