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1 Introduction
In RAN1 #89 meeting [1], RAN1 made the following agreements on UE soft buffer dimensioning:
· 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
In RAN1 #90 meeting [2], RAN1 made the following agreements on UE soft buffer dimensioning:
· 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 RAN1 #90bis meeting [3], RAN1 made the following agreement on UE soft buffer dimensioning:
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 =2/3 is supported (agreed in email discussion [90b-NR-35]).
· 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

Agreement:

· Dynamic sharing of soft buffer is possible for DL reception by UE implementation

· No spec impact

In RAN1 email discussion after RAN1 #90bis, no company objects to update RLBRM =2/3 for DL LBRM.
In this contribution, we will discuss the following issues on soft buffer:
· Remaining issues on UL LBRM

· RV buffer size for PDSCH transmission 
· Soft buffer size and HARQ RTT

· Soft buffer size for LTE-NR DC.

2 Discussion 
2.1 Remaining issues on UL LBRM

In the email discussion [90b-NR-35] the following agreement for the introduction of the limited buffer rate matching (LBRM) in the uplink was reached [3]: 
Agreement: 

· 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 
According to the agreement, gNB can operate either with full buffer rate-matching (FBRM) or with LBRM. For the remaining few details on the UL LBRM operation, we have the following considerations. The default value is FBRM, which is not configured. For LBRM configuration, it can be either UE specific or Cell specific. In case the configuration is UE specific, gNB can better optimize cell throughput by configuring the UE with LBRM depending on the load conditions. Another example is that gNB configures the UE with LBRM to benefit the latency requirements. In addition, the UE specific configuration allows the presence in the network for UEs that do not support the UL LBRM in case such UE category exists. A Cell specific configuration is also of interest as there are cases when all UEs in the cell use the same uplink buffer configuration. Given the different scenarios, it is preferable to have the possibility to configure the uplink LBRM either UE specific or Cell specific.
From a UE perspective, UL LBRM as mandatory UE feature means that all UEs have the capability to operate with full or limited buffer. The gNB will make the decision to operate in either FBRM or LBRM mode and configure the UE accordingly; and the UE will operate in that mode. Unless there are concerns for UE implementation to support the UL LBRM, it seems reasonable to assume that the UE supports both UL FBRM and UL LBRM, and it is up to the gNB to configure the UE with UL LBRM.
Proposal 1: The following higher layer parameters will be used to support UL RM:
· Default value: UL FBRM (not configured)

· Both UE specific and Cell specific configurations are allowed

Proposal 2: It is mandatory for the UE to support UL FBRM and UL LBRM.
2.2 RV buffer partition 
RAN1 agreed that LBRM is supported. The limitation on the transmit buffer is applied such that largest TBS can be coded at a rate (RLBRM) higher than the mother code rate of the LDPC BG. RLBRM =2/3 is agreed for LBRM [3]. Following this agreement, we can determine the soft buffer size for TB and CB.
Denote the soft buffer size for the transport block by 
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where C is the number of code blocks, 
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In LTE, the whole TB will be retransmitted if one or several CBs of the TB failed, so the number of code blocks for initial transmission and retransmission will remain the same. In NR, CBG level retransmission will be supported. In this case, the number of code block for retransmission may be different from that of initial transmission. However, if the whole TB is not treated as correct, UE will save its buffer for the whole TB check. So even for CBG level retransmission, the soft buffer size for each CB should remain the same. 
Proposal 3: Denote the soft buffer size for the transport block by 
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where C is the number of code blocks in TB level, 
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2.3 UE soft buffer size in NR
RAN1 has agreed that a peak data rate could be determined by a set of L1 parameters such as modulation order, MIMO layers, and BW supported by the UE per band combination [3]. These parameters define the instance UE capability. From throughput point of view, the average data rate UE can support across the HARQ RTT is critical to the network. This is sustainable data rate UE can support. Its value depends on  the total soft buffer size and HARQ RTT. They have the following relationship.
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where,
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For PDSCH, 
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Then for a UE with certain soft buffer size, when HARQ RTT is increased, the sustainable data rate will be decreased correspondingly. A UE with larger storage can support peak data rate with larger HARQ RTT. But the storage limited UE can’t achieve the peak data rate defined by peak spectrum efficiency and total spectrum for some large HARQ RTT use cases [5]. For example, assume two UEs support the same number of MIMO layers, modulation order, and BW combinations. We can say that two UEs can support the same instance peak data rate. Suppose they have different buffer sizes 
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Either the total soft buffer size or the maximum HARQ RTT under the peak data rate should be reported as UE capability because it determines the throughput.
Proposal 4: Either the total soft buffer size or the maximum HARQ RTT under the peak data rate should be reported as UE capability.
2.4 Soft buffer handling in LTE-NR DC
From UE side, there are two types of UE according to UE implementation, namely: type 1 UE has two separate modems for LTE and NR, these two separate modems has some limited interworking capability; type 2 UE has an integrated modem which could be used for LTE and NR, this integrated modem has full interworking capability between LTE and NR. 
Proposal 5: In LTE-NR DC, there are two types of UE: type 1 UE has limited LTE-NR interworking capability, while type 2 UE has tight LTE-NR interworking capability.
For type 1 UE, at least there is some storage capability hard to share between NR and LTE due to limited interworking. For type 2 UE, at least there is some storage capability which could be shared between NR and LTE. So for LTE-NR UEs, the following buffer size should be defined in UE category: the buffer size for LTE operation, the buffer size for NR operation, and the total buffer size for LTE-NR DC operation. 
Proposal 6: In LTE-NR DC, the following UE soft buffer size should be defined in UE category:

· Buffer size for LTE operation 
· Buffer size for NR operation 
· Total buffer size for LTE-NR DC operation.
For type 1 UE, the guaranteed buffer sizes for LTE operation and NR operation are not configurable. For type 2 UE, the total buffer size can be shared between LTE operation and NR based on the network configuration. However, to guarantee the DC operations, the guaranteed buffer size for LTE operation and the guaranteed buffer size for NR operation in LTE-NR DC mode should be defined. And the guaranteed buffer size should not exceed the buffer size for LTE or NR standalone operation. Figure 1 shows their relationships.
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Figure 1. UE soft buffer size partition for LTE-NR DC operation

Proposal 7: In LTE-NR DC mode, the following UE soft buffer size should be defined:

· Guaranteed buffer size for LTE operation 
· Guaranteed buffer size for NR operation 
Proposal 8:  In LTE-NR DC, the guaranteed buffer size for LTE operation and the guaranteed buffer size NR operation are fixed for type 1 UE and configurable for type 2 UE, respectively.

The same situation applies to UE procession capability. At least in Rel-15, peak data rates for LTE operation, peak data rates NR operation, and total peak data rates in LTE-NR DC operation should be defined for LTE-NR DC UE. For type 1 UE, the sum of guaranteed buffer sizes for LTE operation and NR operation is equal to total buffer size for LTE-NR DC operation. The same relationship applies to the peak data rate. For type 1 UE, the total peak data rate for LTE-NR DC operation will be the sum of peak data rates of LTE operation and NR operation. For type 2 UE, some of the hardware resources, for example, soft buffer size, is shared between LTE operation and NR operation. So for type 2 UE, the total peak data rate for LTE-NR DC operation may be smaller than the sum of peak data rates for LTE operation and NR operation.

Proposal 9: In LTE-NR DC, the following 3 peak data rates should be defined:

· Peak data rate for LTE operation

· Peak data rate for NR operation
· Total peak data rate in LTE-NR DC operation
3 Conclusions
In this contribution, we analyze the factors impact on the UE soft buffer size and UE soft buffer partition. Based on our analysis, we make the following observations and proposals:
Proposal 1: The following higher layer parameters will be used to support UL RM:
· Default value: UL FBRM (not configured)

· Both UE specific and Cell specific configurations are allowed

Proposal 2: It is mandatory for the UE to support UL FBRM and UL LBRM.
Proposal 3: Denote the soft buffer size for the transport block by 
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where C is the number of code blocks in TB level, 
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Proposal 4: Either the total soft buffer size or the maximum HARQ RTT under the peak data rate should be reported as UE capability.
Proposal 5: In LTE-NR DC, there are two types of UE: type 1 UE has limited LTE-NR interworking capability, while type 2 UE has tight LTE-NR interworking capability.
Proposal 6: In LTE-NR DC, the following UE soft buffer size should be defined in UE category:

· Buffer size for LTE operation

· Buffer size for NR operation

· Total buffer size for LTE-NR DC operation.
Proposal 7: In LTE-NR DC mode, the following UE soft buffer size should be defined:

· Guaranteed buffer size for LTE operation 
· Guaranteed buffer size for NR operation 
Proposal 8:  In LTE-NR DC, the guaranteed buffer size for LTE operation and the guaranteed buffer size NR operation are fixed for type 1 UE and configurable for type 2 UE, respectively.
Proposal 9: In LTE-NR DC, the following 3 peak data rates should be defined:

· Peak data rate for LTE operation

· Peak data rate for NR operation

· Total peak data rate for LTE-NR DC operation.
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