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Introduction
Based on the agreements from RAN1 #90bis [1] below, we provide remaining details on the LBRM for specification of transmit rate matching. Additional discussion is given on guidance for soft-buffer provisioning in UE implementation.
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 
· [bookmark: _GoBack]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 

Details on Limited Buffer Rate Matching

The remaining detail on  is still open in the specification [2]:






For the -th code block, let  if  and  otherwise, where  and  . 
The proposal below allows for application of RLBRM at the maximum TBS, followed by a gradual scaling to full buffer rate matching as the TBS decreases.
Proposal 1: Limited buffer rate matching should be supported according to the procedure below
· Determine the TBSmax maximum TBS based on the UE capability
· This is at least based on the maximum supportable number of subcarriers (across all configurable BWPs), modulation order, and number of MIMO layers
· In some cases the UE capability may depend on the maximum across different supportable combinations of such parameters (e.g., see [3] and [4])
· If LDPC base graph 1 is selected
· 
Let 
· Let 
· Otherwise if LDPC base graph 2 is selected
· 
Let  
· Let 

It is important to note that the above proposal keeps the LBRM rule constant regardless of the active bandwidth part, rather than having the maximum TBS scale with the active BWP bandwidth. In RAN2 #99bis, it was agreed that “Do not flush HARQ buffers when doing BWP switching.” As a result, it is expected that HARQ retransmission can occur across BWP switch. From physical layer perspective, to fulfill this requirement the maximum TBS used in RLBRM calculation cannot scale with the configured BWP, but must be based on some maximum supportable BWP for the UE. This allows the rate matching buffer to be consistent across BWP switches, enabling soft-combining for IR HARQ gain.

Further Discussion on Soft Buffer Dimensioning
The following recommendation was made in a previous contribution [5]. Recall from RAN1 #89 that the following agreement was made [6].
Agreement
· 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) 

It should be emphasized that the reason for targeting lower HARQ RTT when considering very high throughputs, is that typical applications (e.g., those on TCP) will not be able to use the high physical layer throughputs otherwise. A detailed analysis was presented in [7], and example is shown below from this reference. Here we see that even though the offered physical layer rate is 10Gbps, the effect of TCP slow start means that the transaction utilizes less than 1Gbps, and this dramatically decreases as the RTT increases. Therefore, it can be beneficial not to burden the implementation with large soft buffer dimensioning requirements.

[image: ]
[bookmark: _Ref485396426]Figure 4. Measured TCP Throughput sensitivity to latency and PER when PHY=10Gbps from [7] 

Proposal 2: A set of reference parameters should be considered for soft buffer dimensioning which targets a downlink HARQ RTT of 1.5ms for a data rate of 5Gbps.
Conclusions
Proposal 1: Limited buffer rate matching should be supported according to the procedure below
· Determine the TBSmax maximum TBS based on the UE capability
· This is at least based on the maximum supportable number of subcarriers (across all configurable BWPs), modulation order, and number of MIMO layers
· In some cases the UE capability may depend on the maximum across different supportable combinations of such parameters (e.g., see [3] and [4])
· If LDPC base graph 1 is selected
· 
Let 
· Let 
· Otherwise if LDPC base graph 2 is selected
· 
Let  
· Let 

Proposal 2: A set of reference parameters should be considered for soft buffer dimensioning which targets a downlink HARQ RTT of 1.5ms for a data rate of 5Gbps.
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