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1. Introduction
In this paper, we discuss some enhancements for the BSR with multiple numerologies in NR.
2. Discussion
2.1. Introduction

In RAN2#97bis meeting, BSR related agreements are highlighted as below [1]:

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
RAN2 also reached the following agreements in RAN2#98 meeting:

 Agreements
1.
For LCP and to know which restrictions to use the MAC needs to be aware of more information than just TTI length (e.g. numerology). An abstraction based on index or profiles can be supported.   Exact parameters are FFS.  

2.2. BSR enhancements

2.2.1. How to indicate grant information
In addition to numerology/TTI, the UL grant might also be associated with other PHY parameters which have impacts on the uplink data transmission performance. Therefore, we propose to use the term “grant information” to be an abstraction of multiple PHY parameters of the UL grant and configure a “grant information index” for each type of grant information [3]. Since there is only one type of grant information in LTE, there is no need to include the grant information in BSR. However, in NR, a single grant information can be associated with multiple logical channels and a single logical channel can be associated with multiple grant information. Even though we already agreed to introduce multiple SR configurations to request the need of transmission on UL grants with different grant information, there may be some cases that upon BSR is triggered, there is UL resource to transmit this BSR without triggering a SR. In this case, only BSR can be relied on to indicate the grant information of the UL grants the UE wants. Therefore, it could be better to carry some information related to the grant information of the UL grants the UE wants in BSR. Two options can be considered as below. 
Option 1: grant information is included in BSR 
In LTE, logical channels with similar QoS value are expected to be grouped into the same LCG, and different LCGs can be with different priority. Instead of reporting the buffer information for each logical channel, the amount of data available for each LCG is reported. We think such grouping mechanism should be reused in NR, since the LCG should imply the set of QoS parameters of the LCHs within it. Thus, by grouping logical channels with similar attributes into groups, the network could schedule the UE based on the priority and QoS characteristic of the available data. Note that the priority could be defined as ''The priority to get sufficient radio resources to fulfil QoS requirements''. 

In order for better and more efficient scheduling, the transmitted BSR should include the grant information. One method to achieve this is by indicating the grant which the UE mostly prefers for data transmission, e.g. the BSR indicates the index of the grant information associated with the logical channels for which the buffer information is within the BSR and is with the most stringent transmission requirements. Thus, the network could allocate the UL grant accordingly.  
Option 2: LCG is grouped based on grant information
Another solution is to group LCG based on grant information for UL resource request. LCHs mapped on the same grant information are allocated in the same LCG. Then network/gNB can map the BSR with proper grant information. Grant information based LCG is a simpler way to report BSR because multiple logic channels can be mapped to one LCG according to their relationship with grant information. No additional information is needed to be provided to the network on the required grant and BSR overhead may be further reduced. 
Proposal 1: RAN2 chooses one option to indicate the grant information, i.e. BSR includes the grant information index or group LCG based on grant information. 
2.2.2. BSR transmission
In LTE, UL grants on different carriers have the same priority and similar performance, if the channel condition is the same. However, in NR, UL grants with different grant information should be handled separately and discriminatively, as we discussed in our paper on multiple grants handling [2]. Therefore, some kind of priority configuration for the grant/grant information might be provided by the network or to be hardcoded in the specification, to aid the processing of UL grants with different grant information. Grants with shorter latency and/or higher reliability performance should be configured with higher priority.
Observation 1: some kind of priority configuration for the grant/grant information is desired.

Obviously, one may expect that the BSR should be transmitted on a grant with certain proper/satisfactory grant information, e.g. any of the grant information with higher priority than the highest priority that corresponding logical channels in the BSR mapped to. If none of proper/satisfactory uplink grants is received, the UE should at least send the BSR on the grant with grant information of the highest priority among the allocated UL resource. 
Proposal 2: BSR should be transmitted on the grant with grant information of the highest priority among the allocated UL resource.
2.2.3. BSR cancellation
In the above section, it is discussed that the BSR can be transmitted on the grants which cannot satisfy the requirements of some or all of the logical channels in the BSR. In LTE, all pending BSR should be cancelled if a BSR is assembled for transmission. However, the BSR cancelling mechanism should be enhanced that the pending BSR can be cancelled only if the assembled BSR is transmitted on the grants which provide satisfactory performance. Otherwise, the pending BSR cannot be cancelled and should be assembled and transmitted if qualified UL grants are received later. In this way, buffer information transmitted on grants with improper grant information has opportunities to be retransmitted on the grants with proper grant information.
The proposed enhancement can still work together with other legacy BSR cancellation policies, e.g. the UE shall cancel the pending BSR(s) in case the UL grant(s) can accommodate all pending high priority data available for transmission or the BSR is included in a MAC PDU for transmission on the proper grants. 
Proposal 3: Triggered BSR should not be cancelled until transmitted on the grant with higher priority than the highest priority that corresponding logical channel in the BSR mapped to, if the data of high priority is still pending for transmission.
Since there will be pending BSR until BSR MAC CE for transmission on qualified UL grant is assembled, the UE might instruct the multiplexing and assembling procedure to generate the BSR MAC CE every time the UE receives an UL grant. To reduce the unnecessary signalling overhead due to duplicated BSR report, BSR prohibit timer which is started or restarted upon the UE assembles a BSR to be transmitted on the improper/lower priority grants should be configured. If the timer is running and the UE only receives UL grants with lower priority grants, the UE should not generate the corresponding BSR MAC CE. 
An example is illustrated in Figure 1, where three UL grants is allocated after a BSR is triggered. The LCH1 is mapped to all grant information, whilst LCH2 is only mapped to the  grant information of the third grant, which implies that only the  third grant meet the QoS requirements of LCH2. When the BSR is assembled and transmitted on the first UL grant, the BSR should not be cancelled, if the buffer of LCH2 is not empty. However, a GrantInformation-Prohibittimer is started, within which the UE should not generate the BSR again to be transmitted on the second UL grant, since the second UL grant is also a unqualified grant. Apparently, a BSR MAC CE should be assembled and transmitted on the third grant, even the prohibit timer is still running. The BSR should be cancelled upon the UE includes the BSR MAC CE in the MAC PDU for transmission on the third grant.
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Figure 1
Proposal 4: BSR prohibit timer should be configured to prohibit BSR transmission on grants with improper/lower priority grant information in NR.
3. Conclusion
In this contribution, we analyze BSR enhancement to support the introduction of multiple numerologies, and we have the following observation and proposals:
Observation 1: some kind of priority configuration for the grant/grant information is desired.
Proposal 1: RAN2 chooses one option to indicate the grant information, i.e. BSR includes the grant information index or group LCG based on grant information. 

Proposal 2: BSR should be transmitted on the grant with grant information of the highest priority among the allocated UL resource.

Proposal 3: Triggered BSR should not be cancelled until transmitted on the grant with higher priority than the highest priority the corresponding logical channel in the BSR mapped to, if the data of high priority is still pending for transmission.
Proposal 4: BSR prohibit timer should be configured to prohibit BSR transmission on grants with improper/lower priority grant information in NR.
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