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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: OLE_LINK8]In RAN1 #90bis meeting, further soft buffer management discussed and the following achieved [1].
Agreements:
· For DL, limited buffer rate matching (LBRM) is supported and is applied per HARQ process.
· NR limits transmit buffer corresponding to a largest TBS coded at rate RLBRM.
· RLBRM =½  is supported. 
· Largest TBS for LBRM for DL should at least take into account UE capability
· Details FFS (e.g., based on UE signalling, gNB configuration w.r.t. highest mod order, etc.)
· Note: this does not prevent the possibility of defining a single largest TBS used for LBRM in Rel-15
Agreements:
· Dynamic sharing of soft buffer is possible for DL reception by UE implementation
· No spec impact

In this contribution, we shared our views on soft buffer management for NR and LTE-NR DC. Firstly, we analyze some question about limited buffer rate matching. Secondly, we consider soft buffer partitioning method for LTE-NR DC. Finally, we discuss the soft buffer management for NR and LTE-NR DC. 
2. Discussion
2.1. Transmit buffer rate-matching 
In the RAN1 #90bis, it was agreed that limited buffer rate matching (LBRM) is supported and is applied per HARQ process for DL. Besides, during this meeting there were some discussion on whether LBRM would be applied for UL transmission. The main purpose to apply LBRM for UL is to reduce the decoding latency at the network side, so that the decoding latency on both sides could match. However, if LBRM is applied to the transmit buffer, the effectiveness of the HARQ incremental redundancy transmission is degraded due to the loss of part parity bits. It should carefully consider the tradeoff between the decoding latency and decoding performance in different cases. For example, in the case of URLLC, it may prioritize the delay requirement over the decoding performance, since decoding latency is an important QoS while link performance can be compensated by other means. In the case of macro deployment, the network may prefer to obtain better performance because higher throughput is more desirable. Therefore, the LBRM would be applied on the UL for some kinds of UEs in some scenarios, while disabled otherwise. The LBRM for UL can be a UE-specific configuration.  
[bookmark: _Ref498701458][bookmark: _Ref494447725]Proposal 1:  UE-specific configuration should be applied to UL LBRM configuration.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
In the downlink limited buffer rate matching, the gNB need to obtain the limitation information on the buffer as part of the LBRM procedure. It could be derived from the supported largest transport block size that calculated by the minimum coding rate (the LRBM rate) and the highest modulation order or be some other parameters.
If the limitation is based on the largest TBS schedulable for a UE, The largest TBS can be obtained by the following formula: 

 represents the maximum number of OFDM symbols could be used in DL data transmission.
[bookmark: _Ref498701465]Proposal 2: Largest TBS supported by the UE should be signaled to gNB for DL LBRM.
2.2. Soft buffer dimensioning and partitioning for LTE-NR DC
For a UE that supports LTE-NR DC mode, the UE soft buffer size may need to be defined. It depends on the interworking capability of LTE system and NR system of the UE. 
For different kinds of UE interworking capabilities, different partitioning methods can be defined as follows:
· If the interworking capability between two systems for a UE were limited, separate soft buffer would be dedicated for each system. 
· If the interworking capability between two systems is tight, the soft buffer size can be dynamically shared between LTE system and NR system to saving the cost of hardware. 
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Figure 1 soft buffer partitioning for LTE-NR DC
Considering minimize the impact on the LTE protocol, the size of soft buffer available for storing LTE data refers to a value of a soft buffer size defined in the LTE system. The soft buffer allocated to LTE system is based on “the total number of soft channel bits” in LTE category. The soft buffer allocated to NR system could base on the requirement in NR (e.g. peak data rate, number of component carriers and number of layers) or just based on the total soft buffer minus the soft buffer allocated to LTE system. 
[bookmark: _Ref498701471]Proposal 3: The soft buffer size defined in LTE system should be a reference to specify a buffer size capability or category for soft buffer partitioning in LTE-NR DC mode.
2.3. Soft buffer management
Soft buffer management in NR
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 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 in NR. Therefore, dynamic sharing of soft buffer should be supported in NR.
[bookmark: _Ref498701482]Proposal 4: Dynamic sharing of soft buffer should be supported in NR.

LTE-NR DC 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 mode, if the semi-statically division of soft buffer is performed, the UE can only store the data of the LTE system in the dedicated soft buffer allocated to LTE system, while data of the NR system in the dedicated soft buffer allocated to NR system. In this case, the capability that depends on the LTE side and on the NR side is indifferent to whether or not the UE is configured to operate in LTE-NR DC mode. The UE should reports respectively soft buffer size to each system for scheduling data transmission. 
If the dynamic sharing soft buffer is applied to LTE system and NR system, it should indicate where the soft buffer is not shared, and where the soft buffer is shared. Soft buffer which the LTE and NR are not shared is handled as the semi-statically division case. The management of soft buffer shared by LTE and NR system should follow some rules. In order to guarantee the performance of LTE system, LTE system schedules according to the total resource allocated (the dedicated resource and the sharing resource) to LTE. NR system only occupies the dedicated resource allocated to NR. As showed in Figure (2a). In this case, in shared buffer UE would preferentially store the LTE system data. However, when the occupancy rate of LTE system were small, it would underutilize soft buffer is low. In order to maximize the soft buffer utilization, it should allow NR to occupy the idle resource in the sharing soft buffer. As shown in Figure (2b). The gNB require some information about the buffer status (e.g. the spare resource in sharing soft buffer) from the UE. According to the buffer status information, gNB could determine the transport block size to schedule and the redundancy version to select. For example, if the soft buffer occupancy is high, the gNB could schedule small TB and determine to transmit the same redundancy version to perform chase combining. On the other hand, if the soft buffer occupancy is low, the gNB could schedule large TB and perform the incremental redundancy HARQ to improve the decoding performance. Therefore, the UE needs to report the soft buffer status information to gNB, so that the gNB can better optimize the soft buffer occupation.
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Figure 2 UE stores soft buffer
[bookmark: _Ref494633521][bookmark: _Ref498701489][bookmark: _Ref494447780]Proposal 5: Soft buffer dynamic sharing between LTE system and NR system is supported.
[bookmark: _Ref498701494]Proposal 6: Soft buffer status should be reported to the network.
3. Conclusion
[bookmark: OLE_LINK5]In this contribution, we discuss soft-buffer management for NR with the following proposals and observation:
Proposal 1:  UE-specific configuration should be applied to UL LBRM configuration.
Proposal 2: Largest TBS supported by the UE should be signaled to gNB for DL LBRM.
Proposal 3: The soft buffer size defined in LTE system should be a reference to specify a buffer size capability or category for soft buffer partitioning in LTE-NR DC mode.
Proposal 4: Dynamic sharing of soft buffer should be supported in NR.
Proposal 5: Soft buffer dynamic sharing between LTE system and NR system is supported.
Proposal 6: Soft buffer status should be reported to the network.
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