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1. Introduction
Following agreements were made in RAN1#90bis meeting and subsequent email discussions.
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 =1/2  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
Update after email approval:
Agreements:
· For DL LBRM, RLBRM is changed from 1/2 to 2/3.
· For uplink, 
· Full buffer rate-matching is supported 
· Limited buffer rate-matching is also supported via RRC configuration and, when configured, is applied to all HARQ processes 
§  NR limits UL transmit buffer corresponding to a largest UL TBS coded at rate RLBRM,UL 
§  RLBRM, UL  = 2/3. 
§  Details FFS 


In this contribution, we discuss the following. 
· LBRM details 
· UE soft buffer dimensioning 
· NR-LTE soft buffer handling 
2. LBRM details
For applying LBRM, the largest TBS should be determined appropriately. Given a UE may have different capabilities based on its baseband processing capabilities and band/band combination signaling and furthermore the gNB may be appropriately configuring the UE with suitable configurations (e.g. higher order modulation or maximum spatial layers), it is required to take such aspects into account in determining the reference TBS for applying LBRM (denoted by TBSLBRM). In principle, for small packet lengths such as those used for broadcast messages (RMSI, Paging PDSCH, etc), LBRM need not be applied. 
The reference TBS for LBRM can be determined based on a formula (similar to the one used for “intermediate number of information bits” used in the TBS determination) 


where the reference value for each variable is obtained from gNB configuration in conjunction with UE capability signaling. For example, for a CC, if UE is configured with 256QAM, and a maximum supported coding rate of 0.93, multiple BWPs with maximum BWP corresponding to 100 RBs and 2 OFDM symbol overhead for control/DMRS , and maximum 4-layers, would yield Qm-max = 8, Rmax = 0.93, NRE-max = 100 * 144, vmax = 4, TBSLRBM of ~ 428544. 
Proposal 1: Reference TBS (TBSLBRM) for applying LBRM is determined based on gNB configuration and UE capability for the serving cell, and is based on at least the following: Maximum configured BWP, maximum modulation order, maximum number of layers, and reference overhead estimate. 
To avoid having to support too many values of TBSLBRM for a given serving cell configuration, it is desirable to support only a limit set of values for maximum configured BWP – for example, setting the maximum configured BWP (BWPconfig-max) to the CC BW would be a straightforward way. Another option is to consider quantitation based on maximum configured BWP - for example, supporting TBSLBRM based on a limited set of values {25, 50,100, 150, 200, 275} RBs, and if BWPconfig-max lies between 201 and 275 -> 275 is used for determining TBSLBRM and so on. Furthermore, we don’t yet see a strong need or benefits for dynamically changing TBSLBRM and think that semi-static value of would TBSLBRM would allow HARQ retransmissions to continue across BWPs. 
Proposal 2: Consider supporting TBSLBRM based on a limited set of values for resource allocation e.g. {25, 50,100,150, 200,275}. 
[bookmark: _GoBack]In current spec draft (38.212), the LBRM is captured as follows: “Ncb = min (N,Nref)  otherwise, where Nref = [] and RLBRM = 2/3. ”
Then, the value of Nref can be defined as following. Nref = floor( 3*TBSLBRM / 2*C), taking into account the RLBRM = 2/3, where C is the number of code blocks for a given transport block. Further adjustments can be made to align the Nref value to be an integer multiple of the lift size Z. 
Proposal 3: Define Nref  =  floor( (2*TBSLBRM) / (3*C)), where C is the number of code blocks for a given transport block.
Uplink LBRM
Our view is that LBRM should configured via UE-specific RRC signaling taking into account both UE signaled capability and gNB configuration. Once LBRM is configured, the same principle as downlink can be applied for determining the TBS for uplink LBRM.
Proposal 4: Uplink LBRM is configured via UE-specific RRC signaling. 
The alternative where gNB explicitly indicate the reference TBS size (TBSLBRM) is also feasible, but may require additional RRC signaling. In our view, once configured, the same principle as downlink LBRM can be used for also applying uplink LBRM. 
 
3. Discussion on defining soft buffer requirements in NR 
In our understanding, it is important to note that the soft buffer should be dimensioned so as to not require simultaneous support of peak rate, full IR support, and the maximum number of HARQ processes. In this regard, we think the soft buffer can be dimensioned based on the principle agreed in (RAN1#89 meeting, see Annex A). 
One option could be to use Mlimit * (TBSLBRM / RLBRM) as the number of soft buffer bits stored for a given CC. If the maximum number of HARQ processes supported for NR is 8 or 16, then Mlimit can be a smaller value  than 8 or 16 (e.g. 4, may depend on N1 value) to reflect the UE storage is not dimensioned for the simultaneous support of peak rate/full IR and max HARQ processes. In any case, we think the soft buffer should be dimensioned and captured in the spec (e.g. in a RAN2 spec, based on a formula similar to peak data rate). An example formula basing it on the principle agreed in (RAN1#89 meeting, see Annex A) is proposed below, noting that the data rate may include any scaling factor in data rate calculation (see companion paper in R1-1720108). 
Proposal 5: Soft buffer dimensioning is derived from (2*DataRate/3) * (HARQ_RTT), e.g. HARQ_RTT=2 ms.
4. LTE-NR DC soft buffer handling 
For LTE-NR DC soft buffer handling, we think the agreement from previous meeting about dynamic soft buffer sharing for DL reception would allow soft buffer sharing between between LTE and NR is supported. The details of soft buffer dimensioning may require further discussion in regards to LTE-NR peak data rate calculation and capability discussions. 
In our view, it is desirable to reduce the overall soft buffer requirements for the LTE-NR operation and dynamic sharing would provide an opportunity for UE to reduce its memory requirements. The UE may indicate the total soft buffer for LTE-NR as the sum of LTE and NR soft buffer, or the UE may indicate a smaller soft buffer indicating that the buffer may be shared. In our view such potential sharing can be allowed to the extent possible, but it is desirable to not over-specify detailed UE soft buffer splitting and storage as was done in LTE CA operation though such operation should be considered if it allows significant reduction in soft buffer requirements for the dual connectivity use case. Thus, we think that LTE-NR DC soft buffer handling should left to UE implementation, while soft buffer dimensioning could be derived similar to the proposal in Section 3.
5. Summary
The following is a summary of our proposals for soft buffer dimensioning and handling.
Proposal 1: Reference TBS (TBSLBRM) for applying LBRM is determined based on gNB configuration and UE capability for the serving cell, and is based on at least the following: Maximum configured BWP, maximum modulation order, maximum number of layers, and reference overhead estimate. 
Proposal 2: Consider supporting TBSLBRM based on a limited set of values for resource allocation e.g. {25, 50,100,150, 200,275}. 
Proposal 3: Define Nref  =  floor( (2*TBSLBRM) / (3*C)), where C is the number of code blocks for a given transport block.
Proposal 4: Uplink LBRM is configured via UE-specific RRC signaling. 
Proposal 5: Soft buffer dimensioning is derived from (2*DataRate/3)  * (HARQ_RTT) e.g. HARQ_RTT = 2ms.
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Annex A
In previous RAN1 meeting (in May), following was agreed with respect to the soft buffer dimensioning.
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)
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