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1   Introduction

In RAN2#NR AdHoc and RAN2#97bis, support of multiple PHY numerologies was discussed and following agreements were made [1][2]:
RAN2#NR AdHoc
1: a single logical channel can be mapped to one or more numerology/TTI duration. 

2: ARQ can be performed on any numerologies/TTI lengths that the LCH is mapped to. 

3: The RLC configuration is per logical channel without dependency on numerology/TTI length.

4: Logical channel to numerology/TTI length mapping can be reconfigured via RRC reconfiguration.

5:
RAN2 will leave RAN1 to decide whether HARQ retransmission can be performed across different numerologies and/or TTI durations. 

6: wait for more details from RAN1 to decide whether HARQ configuration, if any, needs to be numerology/TTI duration specific.

7: a single MAC entity can support one or more numerology/TTI durations. 

8: LCP takes into account the mapping of logical channel to one or more numerology/TTI duration. Details of LCP will be discussed in the WI phase
RAN2#97bis
-
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
2   Discussion
Buffer status reporting mechanism is used by UE to indicate to network about UL data which is available for transmission in UE buffers. UE reports data available for transmission per Logical Channel Group (LCG). Based on the indicated buffer status, network allocates appropriate UL grant for data transmission. BSR is triggered in LTE based on following criteria:

1) UL data becomes available for transmission for a logical channel which has higher priority than the priorities of the logical channels for which data is already available for transmission, or there is no data available for transmission in any of the logical channels. This is called “Regular BSR”.

2) If number of padding bits is equal to or larger than the size of the BSR MAC CSE plus its subheader, in which case the BSR is referred below to as "Padding BSR".

3) retxBSR-Timer expires and the MAC entity has data available for transmission. This is also called Regular BSR

4) periodicBSR-Timer expires, in which case the BSR is referred below to as "Periodic BSR"
LTE supports three types of BSR formats-
5) Short BSR: Report contains buffer status for a single LCG. It is primarily used when only one LCG has data available for transmission

6) Long BSR: Report contains buffer status for all LCG. It is used when more than one LCG has data available for transmission.

7) Truncated BSR: Report contains buffer status of the LCG with the highest priority logical channel with data available for transmission. It is used as padding BSR, when more than one LCG has data available for transmission but number of padding bits is not able to accommodate Long BSR. 
2.2   Multiple Numerology Support
Currently, there are 4 logical channel groups supported in LTE, which are used to indicate UL data availability in different DRBs. Logical channels with similar QoS values are expected to be grouped into the same LCG, this allows the network to allocate UL grants appropriately based on different QoS requirements. As different numerologies are indirectly associated with a set of QoS parameters, we believe that LTE framework for BSR can be reused to support multiple numerologies without significant modification. Hence, LTE BSR mechanism should be used as baseline for NR.
For multiple numerology operation, network needs to be aware of logical channels which have data available for transmission so that network can provide appropriate UL grant based on the logical channel mapping with the physical layer numerologies.  One method to achieve this is by indicating index of logical channels which have data available for transmission along with BSR or to report BSR per logical channel, but such approach may result in high BSR overhead. However, the simplest way to support multiple numerology operation is by grouping logical channels which are mapped to same set of numerologies, to a single LCG. Hence, UE can report the data available for transmission per LCG value in the BSR and the network is aware of the numerologies for which UL grant is required based on LCG indices indicated in the BSR. 
Proposal 1: UE reports data available for transmission per Logical Channel Group in BSR.

Proposal 2: All logical channels contained within a Logical Channel Group are mapped to the same set of numerologies/TTI.
Similar methodology is also applicable when multiple services are being used by the UE concurrently. For example, if UE has logical channels configured for URLLC as well as eMBB, then buffer status indication for each service can be indicated to the network by grouping the logical channels such that logical channels corresponding to URLLC and eMBB are mapped to different LCGs. This enables the network to optimize the UL grant allocation when URLLC data transfer is required.
Proposal 3: Logical channels corresponding to URLLC and eMBB are mapped to different Logical Channel Groups to report their respective uplink data availability.
LTE BSR formats (i.e. short BSR, truncated BSR and long BSR) have been able to satisfy requirements of different services and QoS requirements, for example sidelink communication, machine type communication, high data rate applications. We don’t see any reason not to adopt the same BSR formats for NR as well. Note that, this does not preclude any further discussion on support for any other BSR format or enhancements considered on how these formats are defined and their corresponding BSR contents.
Proposal 4: Following BSR formats are supported in NR: 

1) Short BSR

2) Long BSR

3) Truncated BSR

FFS: If any other BSR format is supported in NR

FFS: Selection/triggering criteria and information content of the BSR formats 
Some companies have indicated that the current number of different concurrent LCGs (4) may not be sufficient to support multiple service/numerology operation. However, we believe that increasing the number of LCGs may result high BSR overhead and increased UE complexity. Hence, extending the LCG range should only be considered after establishing proper use cases where legacy LCG value range is not sufficient. Other issues have also been in discussion, for example how to improve the BSR triggering criteria to ensure latency guarantee for URLLC traffic. Such issues can be further discussed given proper motivation is provided.
Proposal 5: If it is proved that the baseline does not meet all NR Phase-I requirements, RAN2 to identify the use cases where LTE BSR mechanism (BSR triggering rules, BSR formats) needs to be enhanced to support multiple services or multiple numerologies operation. 
3   Conclusion
This paper discusses different aspects to support multiple service verticals operation simultaneously. Following observations and proposals are made in this paper:
Proposal 1:
UE reports data available for transmission per Logical Channel Group in BSR.
Proposal 2:
All logical channels contained within a Logical Channel Group are mapped to the same set of numerologies/TTI.
Proposal 3:
Logical channels corresponding to URLLC and eMBB are mapped to different Logical Channel Groups to report their respective uplink data availability.
Proposal 4:
Following BSR formats are supported in NR: 
1) Short BSR

2)  Long BSR

3) Truncated BSR

FFS: If any other BSR format is supported in NR

FFS: Selection/triggering criteria and information content of the BSR formats
Proposal 5:
If it is proved that the baseline does not meet all NR Phase-I requirements, RAN2 to identify the use cases where LTE BSR mechanism (BSR triggering rules, BSR formats) needs to be enhanced to support multiple services or multiple numerologies operation
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