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1 Introduction

In the RAN2 #98 meeting [1], it was agreed that the number of LCGs used in BSR will be increased up to 8.  
Agreements

1. The number of LCGs will be increased up to 8.  

2. The concept of periodicBSR-timer and retx-BSRtimers are reused and are configured per MAC entity 

3. As a baseline, the concept of logicalChannelSR-ProhibitTimer is reused in NR. It is allowed to configured infinite value for this timer.

4. The logicalChannelSR-Mask is supported 
And the following agreements on the MAC subheader format were made:

Agreements

1.
The E field is not present in NR MAC sub-header.

2.
F2 fields are not present in NR MAC sub-header.

3. 
Variable L fields size with two values will be supported.  The F field is included.  Size is FFS 
4.
The size of LCID field is 6 bits

5.
The L field is not present for the fixed-size MAC CE

6.
The L field is present for variable-size MAC CE

7. 
The L field is present for every MAC SDU. FFS if no L field is present for padding 
In this contribution, we propose new BSR formats based on the above agreements.
2 Discussion
2.1 Long BSR format
Under the new agreement made in RAN2 #98, the number of LCGs in a long BSR has been increased up to 8. In previous meetings, there were contributions proposing variable-size long BSRs, i.e. LCGs with empty buffer size are omitted in BSRs. We think this type of proposals have marginal benefits but can significantly increase the processing time in building a MAC PDU, for the following reasons.  

First, the number of LCGs can be configured on a per-UE basis. Network can configure a right number of LCGs so that in typical scenarios, there are not many consistently empty LCGs. And to support variable size, a long BSR needs to include a one-byte bitmap, to indicate which set of LCGs are included. In the worst case, i.e. if there are 8 LCGs configured and only two of them are not empty, then the resulting BSR is three-bytes long, i.e. two bytes for the two LCGs and padding, and one byte for the bitmap. Compared to a full-size BSR, which is six bytes long, variable-size BSR saves three bytes, which is not signficant for NR.    

On the other hand, variable-size long BSRs (in fact, any MAC CEs) can significantly increase the processing time by UE to build a MAC PDU.  This is because if the size of a BSR is not known before a MAC PDU is built, UE can’t determine how much data to include in the PDU. Since UE cannot determine the amount of data to include beforehand, it cannot know if any LCGs may become empty after the PDU is built. Therefore, the size of the long BSR cannot be determined either.  To solve this deadlock, the UE may have to iterate the LCP procedure a few times before it can finalize the answer. These iterations can increase the processing time of building a PDU multiple times and pose a challenge to UE implementation, especially for numerologies with short TTIs.  
For the above reasons, we propose that long BSRs should have a fixed size for a UE.  Its format should be an extension of that in the LTE baseline, as illustrated in Figure 2‑1.
Proposal 1.  A long BSR should have a fixed size for a UE.  Its format is an extension of that in the LTE baseline.
Figure 2‑1.  Format of a long BSR
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2.2 Short, Truncated and Padding BSRs

Since the number of LCGs now have increased to 8, the LCG ID field needs to increase to 3 bits accordingly. If we use the same 6-bit long Buffer Size field in short and truncated BSRs, their length would have to become two bytes long, with 7 bits in the second byte filled by padding.  
The advantage of short and truncated BSRs is to allow UEs to include buffer status information even in small UL MAC PDUs. This is especially useful when UE has small but high-priority data to send.  Increasing them to two bytes will reduce the chances that short and truncated BSRs are sent.  
Proposal 2.  Short and truncated BSRs are one byte long, as in the LTE baseline.
We think there are at least two possible ways to keep the size of short and truncated BSRs at one byte.  They are described in the following:

Option 1:  As shown in the Figure 2‑2, the Buffer Size field is still 6 bits long. The first bit of LCG ID for this BSR is placed in the MAC subheader for the short/truncated BSR (as shown in the 1st octet), while the other two bits of LCG ID are in the BSR (as shown in the 2nd octet). It is noted that there is no F field in the MAC subheader because this MAC CE (short/truncated BSR) has a fixed size. 

Figure 2‑2.  Format of short and truncated BSRs (Option 1)
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Option 2: As shown in the figure 2-3, the Buffer Size field is reduced to 5 bits. Then the LCG ID field is placed in the MAC CE (as shown in the 2nd octet) together with the Buffer Size field.  To support the shorter Buffer Size field, a new mapping between the value in the Buffer Size field and buffer size levels needs to be defined. 
Figure 2‑3.  Format of short and truncated BSRs (Option 2)
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Between the two options described above, we think Option 2 is a better choice. It has the advantage of having a consistent MAC subheader for all MAC CEs (i.e. the least impact on implementation), and save the Reserved bits in the subheader for more important uses in the future.  

There can be simple ways to define the new mapping between the 5-bit Buffer Size levels and actual buffer sizes, by leveraging the existing buffer size level tables (i.e. Table 6.1.3.1-1 and Table 6.1.3.1-2 in [2]). For example, we may keep the maximum buffer size used in those tables but increase the granularity of each step.  Or we may keep the same granularity of the steps in those tables but use only one half of the maximum buffer size. This is feasible because when short and truncated BSRs are used, most likely the network can provide only small UL grants.  In those scenarios, steps with fine granularity is more important than having a large maximum buffer size.  
Proposal 3.   The Buffer Size field in short and truncated BSRs is five bits long. The mapping between Buffer Size levels and buffer size is FFS.  
Padding BSR is an efficient way for UEs to use spare UL resources to report its buffer status. Therefore, if spare UL resources are available to include a BSR on any numerology that the UE is configured to use, the UE should be allowed to use the opportunity and include a padding BSR.  

Proposal 4.   Padding BSRs can be sent over any numerologies that UE is configured to use.
3 Summary
Based on the above discussions, we recommend RAN2 discusses the following proposals:
Proposal 1. A long BSR should have a fixed size for a UE.  Its format is an extension of that in the LTE baseline.
Proposal 2. Short and truncated BSRs are one byte long, as in the LTE baseline.  
Proposal 3. The Buffer Size field in short and truncated BSRs is five bits long. The mapping between Buffer Size levels and buffer size is FFS.
Proposal 4. Padding BSRs can be sent over any numerologies that UE is configured to use.  
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