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1 Introduction

In RAN1 #88bis meeting, some companies discussed soft buffer in their contributions [1]-[7] and an online discussion was triggered too [8]. UE soft buffer size is considered as one of important UE capability which define UE categories.In this contribution, we give our views on UE soft buffer on following issues:

· What factors will impact on UE soft buffer size and how much?
· What should be considered in the standard and what should be considered as UE internal implementation?
· Should we standardize how UE partition its soft buffer in different use cases? 
2 Discussion 
2.1 UE soft buffer size 
There are two definitions related to UE soft buffer size [9]. The total number of soft channel bits available for HARQ processing is used for channel coding and is indicated as
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in RAN1 specification [10]. The total layer 2 buffer size is defined as the sum of the number of bytes that the UE is capable of storing in the RLC transmission windows and RLC reception and reordering windows for all radio bearers. UE soft buffer size is referred to the total number of soft channel bits
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 in RAN1.
For single carrier LTE UE, the total number of soft channel bits
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 is defined as one of UE capability parameter which is related to the maximum number of DL-SCH transport block bits 
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received within a TTI. Their relationship can be simplified as following,
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 is based on UE category. We can simply assume
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for UE categories 1 and 2, and 
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 for some other UE categories, where 
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In NR, the channel coding scheme is different than LTE. However, we can assume this kind of relationship applies to NR. That means the total number of soft channel bits is roughly proportional to the maximum number of DL-SCH transport block bits 
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The maximum number of DL-SCH transport block bits 
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where, 
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is UE peak data rate
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is UE peak spectrum efficiency. Its value depends on the MCS and MIMO schemes UE supports.
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 is UE channel bandwidth.
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is the TTI length used for transmitting the TB with the maximum size. Note here we use TTI length as the parameter rather than SCS, slot or mini-slot because the slot length and mini-slot length vary with SCS and the frame structure, that is, the number of OFDM symbols per slot or mini-slot. 
From equation (1) and (2), we can get the following approximate relationship:
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UE capability is mainly categorized based on its DL/UL peak data rate. So when we consider how the UE soft buffer size effects UE cost, we should consider at least UE peak data rate, TTI length and the maximum number of HARQ process. The combination of TTI length and the maximum number of HARQ process together impact the UE soft buffer size. For UE with specific peak data rate capability, the maximum number of HARQ process can be increased without increasing the UE soft buffer size if TTI length is reduced correspondingly.

Observation 1: UE soft buffer size should be defined considering at least the peak data rate (or the peak spectrum efficiency, the maximum channel bandwidth, the maximum number of layer etc.), the TTI length and the maximum number of HARQ process.
From UE capability point of view, the UE soft buffer size, the peak spectrum efficiency, the maximum channel bandwidth, the maximum number of layers and the UE processing time (K0, K1 and K2) etc. are key physical parameters influence on UE complexity.  

Proposal 1: The total number of soft channel bits of a NR UE should be reported to the gNB as one of UE capability parameters.

For buffer limited UE with peak spectrum efficiency, we can reduce the maximum number of HARQ process while keep the total number of TB bits in a TTI as in the peak data rate. In this case, UE can’t support the continuous reception. The average data rate in the HARQ RTT is less than the peak data rate. For example, in the following figure, 
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. Only 2 TTIs can be granted to UE1 during the HARQ RTT, which leads to the average peak data rate of UE1 duration 8 TTIs only a quarter of the average peak data rate of UE2. Although the peak data rate during the first 2 TTIs are same for UE1 and UE2.
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Figure 1. Scheduling example for UEs with different number of HARQ process
On the other hand, for the same buffer size limited UE, if the TB size per TTI is reduced correspondingly, for example, in the following figure, 
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. In this case, the peak data rate of UE1 is only a quarter of the peak data rate of UE2.
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Figure 2. Scheduling example for UEs with different TB size
Observation 2: The maximum number of HARQ processes UE supports can vary without obviously impacting on UE soft buffer size.
2.2 Soft buffer partitioning
HARQ buffer is used for combining multiple received transmissions to improve decoding performance of a TB. So how the soft buffer is partitioned depends on the maximum TB size per PDSCH. For LTE UE up to now, the time domain scheduling granularity is fixed to 1ms. In NR, the time domain granularity can be at least a mini-slot or a slot. The length of mini-slot and slot may have multiple values. That means we can define multiple maximum TB sizes to adapt to different use cases. Actually, to leave more implementation flexibility, it is not necessary to define how UE partition its soft buffer. UE can flexibly adjust the soft buffer to adapt to different TB sizes, only if the total number of soft channel bits used for decoding is not exceed the UE buffer size. Since gNB know the UE buffer size from UE category or other capability reporting parameter, and gNB is responsible for the DL assignment, gNB can enssure the total scheduled data doesn’t overflow UE soft buffer. It is not necessary to report the UE soft buffer status to gNB. 
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Figure 3 An example of UE soft buffer partition

Observation 3: The maximum TB size per UE category in NR may include a set of values depending on the TTI length.
Observation 4: It is not necessary to report UE soft buffer status in physical layer to gNB. 

Proposal 2: How UE partitions its soft buffer in physical layer is left for UE internal implementation. 

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 for RAN1 further work:

Observation 1: UE soft buffer size should be defined considering at least the peak data rate (or the peak spectrum efficiency, the maximum channel bandwidth, the maximum number of layer etc.), the TTI length and the maximum number of HARQ process.
Observation 2: The maximum number of HARQ processes UE supports can vary without obviously impacting on the UE soft buffer size.
Observation 3: The maximum TB size per UE category in NR may include a set of values depending on the TTI length.
Observation 4: It is not necessary to report UE soft buffer status in physical layer to gNB. 

Proposal 1: The total number of soft channel bits of a NR UE should be reported to the gNB as one of UE capability parameters.

Proposal 2: How UE partitions its soft buffer in physical layer is left for UE internal implementation. 
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