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1. Introduction
In last RAN1 meeting, 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) 
In this contribution, we discuss aspects related to defining soft buffer requirements in NR. 
2. Discussion on defining soft buffer requirements in NR 
In LTE, a single numerology, slot duration, fixed processing time-budgets (or round-trip) and fixed UL-DL configurations (in case of TDD) were assumed to determine the number of HARQ processes, which yielded a single value for FDD (8) , and a fixed value for each of the TDD configurations (ranging from 4 to 15). The soft buffer for LTE was dimensioned based on factors such as fixed number of HARQ processes (i.e. 8), peak data rate (or max TBS bits per TTI), and soft buffer reduction techniques (i.e. LBRM). Then, the same soft buffer requirement was applied to cases where the actual number of HARQ processes is less than 8 (e.g. 4 for config-0) or for the case where the number of HARQ processes is larger (e.g. 10 for config-2, 15 for config-5). For latter cases, studies at the time showed that soft buffer overbooking techniques could be utilized to support same peak rate for larger number of HARQ processes while minimizing blocking. 
We think some of the same principles for defining soft buffer requirements from LTE can be re-applied, though in NR, there is a lot of configurability (e.g. numerology, processing time-budgets, UL and DL transmissions) compared to LTE, which needs to be properly accounted for. Our view is that the total soft buffer for a UE will impact the UE categorization and capability considerations; for example, a UE belonging to a particular category may offer only a certain amount of soft buffer irrespective of the configuration applicable (e.g. SCS, etc). In our view, therefore, the soft buffer should not be defined based on the maximum number of HARQ processes, rather it should be based on a suitable reference configuration(s) for the corresponding UE category, wherein such configurations can include assumptions on numerology, slot duration (assuming slot-based scheduling), achievable peak data rates for the assumed numerology, HARQ RTT, etc.
For example, a processing time of two slots (at UE) with SCS 30kHz, with 100 MHz, 4-layers, and slot duration of 0.5ms, and a 50% LBRM, yields four HARQ processes supporting a peak data rate of ~2 Gbps, and a soft buffer of ~6,593364 locations, as shown in Figure 1. Now, if for the same SCS, due to gNB scheduling, if the UE has to support a maximum number of HARQ processes (e.g. 5 or 6) larger than the reference scenario (4 processes), then techniques such as overbooking should be allowed. Note this is an example to illustrate the concept of using a reference configuration for determining the soft buffer – the actual reference configurations (to be used for NR) may need further discussion in RAN1 and perhaps in overall UE category definition discussions. 
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Figure 1. Figure showing approximate LTE numbers and an example NR reference configuration, and soft buffer computation based on the reference configuration, assuming n/n+2 processing time at the UE side. Note : Simplified overhead numbers, actual numbers could be adjusted later
It is also noted that for some scenarios, there may be benefits in not utilizing the entire soft buffer at the UE, e.g. if UE is configured with smaller number of HARQ processes than the reference scenario, since the same rate-matching (e.g. for LDPC codeword) as reference scenario could potentially be used for other scenarios as well. 
HARQ buffers are only needed when the UE needs to perform combining of the multiple received transmissions to improve decoding performance. When the system is operating with appropriate target BLER and link adaptation techniques, the HARQ buffer may not be fully occupied at the UE. For efficient use of HARQ buffers at the UE, pooling the HARQ buffers (e.g. among all component carriers in carrier aggregation) may simplify UE implementation. This would also allow the network to cope with varying loads of component carrier and allow flexible utilization of resources by shifting HARQ resources of one UE from one component carrier to another dynamically. Providing flexibility on the UE side to manage its HARQ buffer efficiently can lead to simplified and scalable design rather than specifying hard buffer splits that can complicate UE implementations. As such, overbooking techniques should be allowed on the UE side. 
The soft buffer size for different UE categories should be independent of the number of HARQ processes and at least shall not dimensioned based on the maximum number of HARQ processes. If the gNodeB scheduler chooses to operate with more HARQ processes, the UE shall not expected to buffer all the soft bits in case of a negative acknowledgement(s).
As soft buffer memory management should be left to UE implementation, the network may require some information from the UE that would allow the network to intelligently determine scheduling decisions, e.g. transmission timing, HARQ-ACK timing, redundancy version, etc. For this purpose, we should investigate further into UE reporting of HARQ buffer loading status or similar information. 
Proposal:
· Soft buffer requirements should be guided primarily by UE categories and capabilities based on suitable selection of reference configuration (SCS, slot duration (assuming slot-based scheduling), achievable peak data rates, HARQ RTT, etc.) that is determined independent of the maximum number of addressable HARQ processes.
· NR should support dynamic pooling of HARQ buffer across component carriers in carrier aggregation of NR carriers. 
· Soft buffer management for NR should left up to UE implementation to allow some flexibility 
· NR supports HARQ buffer loading status reporting from the UE

3. Discussion on LTE-NR UE Category and soft buffer handling
UE category specifies peak data rate supported by the UE, and a few other UE parameters such as offered soft buffer. It could also indirectly indicate some of UE’s processing capabilities such as those required to achieve the maximum peak data rate. Most of the UE’s processing capabilities are indicated via UE capability signaling (such as RF and baseband capability e.g. band, band combinations, CA, MIMO layers, etc). For LTE, the UE category defines a maximum data rate, maximum bits of a transport block per TTI for a particular capability (e.g. 195816 for 4-layers, 256-QAM), soft buffer or total number of soft channel bits and a maximum number of supported layers (which was later incorporated into capability signaling). For NR, the detailed discussion on parameters to be defined as part of UE category is under discussion in WGs including RAN1 and RAN2. 
From our perspective, UE categories should be defined for NR standalone, similar to the LTE UE categories, i.e. it should indicate the peak data rate and soft buffer. In addition, in RAN#76, it was concluded that it is necessary to also enable operators to provide a certain peak data rate for LTE-NR DC [2]. However, the details of such provisioning are left for WG. Thus, we think that the LTE-NR DC UE category has to also be supported, and it is necessary to understand how such a joint category works for a given UE that also has a standalone LTE UE category and/or standalone NR UE category.
There are multiple ways of defining a joint UE category for NR-LTE DC. We list the approaches below.
· Option 1: Total peak data rate without a per-RAT peak data rate limit in LTE-NR DC operation
· In this case the total peak data rate needs to be split between LTE and NR, and the potential issue is that since it does not specify the extent of asymmetry of the split, it may require the UE to provision hardware to support the peak data rate of the standalone mode of each RAT in LTE-NR. While there is potential for resource sharing on the UE side (e.g. soft buffer, and other receiver components) across LTE and NR, it will not be trivial to switch the support of an aggregate peak data rate from one LTE to NR and vice-versa.
· Option 2: Total peak data rate and a per-RAT peak data rate limit in LTE-NR DC operation
· With this option, a UE can flexibly indicate the total peak rate for LTE_NR DC operation, while also indicating the peak rate for LTE and NR operation separately. This allows potential sharing of processing power/buffer considering joint LTE and NR operation, while still allowing separation from the standalone LTE and standalone NR category definition. 
In our view, for LTE-NR UE category, it is preferable to follow Option 2 as it provides sufficient flexibility while also ensuring there is some linkage to the standalone UE categories. In the simplest case, a UE indicating 1 Gbps LTE UE category and a 2 Gbps NR UE category could indicate a joint LTE-NR UE category of 3 Gbps with 1 Gbps max for LTE, and 2 Gbps for NR. With respect to soft buffer handling, 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 specify detailed UE soft buffer splitting and storage as was done in LTE CA operation. 
4. Summary
This document presented our views on defining soft buffer requirements in NR and also on joint LTE-NR UE category definition. The following is a summary of our proposals in this contribution.
Proposals:
· Soft buffer requirements should be guided primarily by UE categories and capabilities based on suitable selection of reference configuration (SCS, slot duration (assuming slot-based scheduling), achievable peak data rates, HARQ RTT, etc.) that is determined independent of the maximum number of addressable HARQ processes. An example is shown below:
· 30 kHz SCS, 0.5 ms TTI, 2 Gbps at 2 ms HARQ RTT, and 50% LBRM 
· NR should support dynamic pooling of HARQ buffer across component carriers in carrier aggregation of NR carriers. 
· Soft buffer management for NR should left up to UE implementation to allow some flexibility 
· NR supports HARQ buffer loading status reporting from the UE
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LTE NR

subcarrier spacing 15 30kHz

bandwidth 20 100MHz

BW utilization 90% 95%

cyclic prefix Normal CP 5 2.5µs

symbols per slot 14 14 14symbols

PDCCH symbols  1 1 1symbols

slot duration 1.00 0.50ms

PRBs 100 263

number of subcarriers 1200 3156

modulation 256 256QAM

code rate 0.93 0.93 0.93

bits/RE 7.44 7.44

RS/SS/BCH overhead perslot 10% 10%

max Transport Block size (single layer) 104458 274723

data rate (single layer) 104 548Mb/s

component carriers 5 1

spatial layers 2 4

data rate 1.04 2.19Gb/s

HARQ RTT 8 2ms

HARQ soft buffer 12534912 6593364


