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1 Introduction

In the RAN2 #97bis meeting, the following agreement on BSR was made:

Agreements on SR/BRS
-
The SR should at least distinguish the “numerology/TTI type” of the logical channel that triggered the SR (how this is done is FFS).   

-
The existing LTE BSR framework is used as baseline for NR BSR framework.  Further enhancements at least related to numerologies and granularity and can be further discussed
In this contribution, we propose enhancements to BSR format for more efficient scheduling with multiple numerologies.
2 Discussion
2.1 BSR format

Motivation
In the LTE baseline, a BSR reports buffer size of logical channel groups (LCG) instead of logical channels (LCH). There is a total of four LCGs.  One of them typically is dedicated to control channels, leaving all other LCHs with varying priorities grouped into remaining three LCG's.  This implies that one of these three LCGs may contain LCHs with quite different priorities.  A new issue in NR is that a LCH can be mapped to multiple numerologies. If there are only fours LCG available, very likely LCHs with mappings to different numerologies may be multiplexed into the same LCG.  These issues can make it difficult for gNB to get an accurate estimate on the buffer size of different priority classes and decide how to allocate resources between different numerologies.  
Solution

We think there are three possible options to avoid the issues described above:

· Option A.  Report buffer status on a per LCH basis.  This approach provides network the most accurate information on the buffer status of each LCH and hence avoids the ambiguity with the baseline design. However, reporting on a per LCH basis has its own limitations:

· If all LCHs are reported, that can significantly increase the size of a BSR, because there are up to 32 LCHs and each LCH requires 6 bits.  That results in a BSR control element of 24 bytes, instead of 4 bytes in the baseline format.  For small-size MAC PDUs, this increase may not be a negligible overhead. 
· If only non-empty LCHs are reported, that may reduce the overhead but the size of BSR becomes variable instead of being fixed.  Variable-size BSRs can increase the complexity of building a MAC PDU and hence increase the processing time.  This is because the set of non-empty LCHs cannot be known for sure until a MAC PDU is built.  But on the other hand, to build a MAC PDU, the UE has to know the size of sub-headers and control elements, in order to know the amount of resources available for data.  In some cases a UE has to go through several iterations to finalize building a MAC PDU. This can be a major challenge for a UE with multiple transport blocks to process, especially in short TTIs.  
· If the network configures UEs to report only a fixed number of LCHs, then that could lose the advantage of reporting on a per-LCH basis. And in the case where there are continuous arrivals of data in high-priority LCHs, data in those unreported lower-priority LCHs may risk not being served. 
Observation 1.  Reporting buffer status on per-LCH basis is unnecessary and inefficient.

Observation 2.  Variable-sized BSR can significantly increase processing time and hence is not desirable.

· Option B.  Report on per-priority basis, i.e. for each priority class, UE reports the total buffer size of all LCHs of that priority. This is better than Option A because 
· For the purpose of scheduling, it is sufficient for gNB to know the total buffer size of a priority class. 
· The resulting BSR will have a fixed size, so it would not create a challenge when building MAC PDUs. And its size is 7 bytes (assuming 6 bit for each priority level), which is much smaller than the 24-byte BSR in Option A.

· Option C.  This is an additional enhancement to Option B by configuring number of LCGs on per-UE basis.  The motivation for this enhancement is that in NR there will be different types of UEs supporting different services (e.g. smartphone vs IoT devices).  This implies that different types of UEs likely have different mixes of LCHs.  For example, UEs such as smartphone may have a wide range of LCHs and hence it is useful for them to report buffer status of every priority level, as in Option B.  On the other hand, LCHs on UEs with specialized use such as IoT devices may have only a limited number of priority levels.  So there is little benefit for them to report buffer status of all priority levels.  In addition, these types of UEs typically have small payloads and sensitive to transmission time (i.e. directly related to power consumption). It is therefore important for them to keep overhead low, by using small BSRs.  
Observation 3.  Reporting buffer status on per-priority level is a good solution but may not be efficient for certain types of UEs.
We therefore propose that network should configure the number of LCGs for BSRs on a per-UE basis, with additional requirements as follows:
· Network should configure how LCH with different priorities map to different LCGs;

· LCHs mapped to the same LCG should have the same mapping to numerologies.  We expect that LCHs with the same priority are very likely mapped to the same set of numerologies.  Therefore, requiring LCHs in the same LCG having the same mapping to numerologies would not significantly increase the need for more LCGs. On the other hand, this requirement ensures that network still has enough information to decide how to schedule LCGs across different numerologies.
· During initial access, if a UE needs to report BSR before it completes the RRC Configuration procedure, it can send a truncated BSR using a default LCG ID to bootstrap the process.  To manage variable number of LCGs among different UEs, the LCG ID should have a fixed size.
Based on the above discussion, we make the following proposals:
Proposal 1.  Each type of BSRs should have its own fixed size. 

Proposal 2.  Network should configure, on a per-UE basis, the number of logical channel groups for BSR and how logical channels map into logical channel groups, with the constraint that logical channels in the same logical channel group should map to the same set of numerologies. 

Proposal 3.  During initial access, if a UE needs to send a BSR before it completes the RRC Configuration procedure, it can send a truncated BSR using a default LCG ID to bootstrap the process.  
2.2 Short, truncated and padding BSRs

The conditions for including short or truncated BSRs are not affected by the above proposals.  So their basic format should be the same as those in the LTE baseline. To help keep processing simple, the LCG ID field in these two types of BSRs should have a fixed size and be independent from the number of LCGs configured for a UE.
Proposal 4.  The basic format for short and truncated BSRs should be the same as those in the LTE baseline. 
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 5:  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:
Observation 1.  Reporting buffer status on per-LCH basis is unnecessary and inefficient.

Observation 2.  Network should configure the number of logical channel groups for BSR on a per-UE basis.

Observation 3.  Reporting buffer status on per-priority level is a good solution but may not be efficient for certain types of UEs.
Proposal 1.  Each type of BSRs should have its own fixed size. 

Proposal 2.  Network should configure, on a per-UE basis, the number of logical channel groups for BSR and how logical channels map into logical channel groups, with the constraint that Logical channels in the same logical channel group should map to the same set of numerologies. 

Proposal 3.  During initial access, if a UE needs to report BSR before it completes the RRC Configuration procedure, it can send a truncated BSR using a default LCG ID to bootstrap the process. 

Proposal 4.  The basic format for short and truncated BSRs should be the same as those in the LTE baseline. 
Proposal 5:  Padding BSRs can be sent over any numerologies that UE is configured to use.  
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