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1. Introduction
In RAN2#97bis meeting, BSR procedure 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
In the last RAN2 AdHoc meeting, RAN2 confirmed that no new BSR triggers are needed.

Agreements

=>
No new BSR triggers in addition to LTE are needed 

In this paper, we discuss remaining issues and enhancements on BSR procedures in NR, including BSR triggering, cancellation and transmission.
2. Discussion
2.1. BSR triggering

RAN2 confirms that no new BSR triggers are needed in NR, in addition to LTE. Therefore, as in LTE, there are three BSR types (Regular BSR, Periodic BSR and Padding BSR) and the corresponding triggers in NR, which has been captured in the latest endorsed TS 38.321.  We think that no further dissuasions on BSR triggers are needed in RAN2, at least for Rel-15.
2.2. BSR transmission and cancellation
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 numerologies/TTIs should be handled separately and discriminatively, as we discussed in our paper on the joint processing restriction in LCP [3]. In LTE, if a BSR is triggered by a logical channel, the BSR can be transmitted in any UL grant received by the UE. However, in NR, some services require extremely low latency and ultra-high reliability, so that they can only be transmitted using grants with specific TTI lengths and numerologies. However, if reusing the LTE BSR transmission mechanism, the BSR for those services may be reported in some grants that do not meet the requirement of the services.
Observation 1: If the legacy LTE BSR transmission mechanism is reused, the BSR for some services may be reported on grants that do not meet the requirements of the services.

· Regular BSR transmission and cancellation

Obviously, one may expect that the BSR MAC control element should be transmitted on a grant with certain proper/satisfactory numerology/TTI, e.g. the numerology/TTI with which the relevant logical channel(s) are associated. The relevant logical channel(s) can be the logical channel that triggers the BSR or the logical channel(s) having data available for transmission. Therefore, the BSR should be transmitted by taking into account the numerologies/TTIs of the grants and the numerology/TTI to which the relevant logical channel(s) are mapped.

However, it is possible that none of the received uplink grants satisfies the requirements of all the relevant logical channels. In such case, two options can be considered as below for regular BSR transmission and cancellation:
Option 1: BS information of a LCG shall only be transmitted on the grant that matches the numerologies/TTIs configured for all logical channel(s) in this LCG. Once the BS information of a logical channel in a LCG is included in a BSR, only regular BSR(s) triggered by the logical channel shall be cancelled.
In this option, when a UL grant is received, the UE will generate a BSR MAC CE which only includes the BS information of LCGs in which the logical channels are configured to be mapped to the numerology/TTI of the grant. An example of association between logical channels and numerologies/TTIs is illustrated in Figure 1, where the LCH1 is mapped to both numerology/TTI 1 and numerology/TTI 2, whilst the LCH2 is mapped to numerology/TTI 2 only. 
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Figure 1 illustrative association between logical channels and numerologies/TTIs
Also, we give an example for Option 1 in Figure 2. Since LCH2 is only associated with numerology/TTI 2, the BS information of the LCH2 can only be included in the BSR MAC for transmission on numerology/TTI 2. Consequently, the BSR triggered by LCH2 can be cancelled only if the BS information of LCH2 is transmitted. 
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Figure 2 BSR transmission and cancellation for Option 1
Option 2: BS information of all LCGs with data available for transmission should be included in the BSR MAC CE. The BSR MAC CE shall be transmitted on the grant with numerology/TTI that provides highest transmission performance among the allocated UL resource (e.g. grant with shortest TTI/highest reliability), and BSR shall not be cancelled if the numerology/TTI of this grant cannot meet the requirement.
In Option 2, if some kind of numerology/TTI priority is configured for the LCP, as we proposed in [3], the highest priority UL grant should be processed first and the BSR MAC control element which is generally defined with relatively higher logical channel priority will be put into this UL grant before data from any LCGs is served. If the UL grants processing order is left to the UE implementation, restriction rule on LCP should be designed to ensure the UE behaves as expected.
In LTE, all pending BSR should be cancelled if a BSR MAC CE is assembled for transmission. However, the BSR cancellation mechanism should be enhanced that the pending BSR can be cancelled only if the assembled BSR MAC CE 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 numerology/TTI has opportunities to be retransmitted on the grants with proper numerology/TTI. Therefore, for a specific BSR, the numerologies/TTIs can be divided into two categories based on whether the numerologies/TTIs can provide the satisfactory performance. The numerologies/TTIs in Category A can provide the satisfactory performance, whilst the numerologies/TTIs in Category B cannot. For instance, all LCHs in the BSR are configured to be mapped to the numerology/TTI from Category A and at least one of the LCHs in the BSR are configured not to be mapped to the numerology/TTI from Category B. Alternatively, the numerologies/TTIs in Category A are associated with the LCH which triggers the BSR, whilst the numerologies/TTIs in Category B are not. Consequently, the pending BSR should be cancelled only if a generated BSR MAC CE will be transmitted on the numerologies/TTIs in Category A.
Proposal 2: For regular BSR, RAN2 is suggested to consider the following two mechanisms for BSR transmission and cancellation:

· Option 1: BSR with BS information of a LCG shall only be transmitted on the grant which matches the numerologies/TTIs configured for all logical channel(s) in this LCG. Once the BS information of a logical channel is included in a LCG of a BSR, the regular BSR triggered by the logical channel shall be cancelled.

· Option 2: BSR with BS information of all LCGs with data available for transmission shall be included in the BSR MAC CE. The BSR MAC CE shall be transmitted on the grant with numerology/TTI that provides highest transmission performance among the allocated UL resource (e.g. grant with shortest TTI/highest reliability), and BSR shall not be cancelled if the numerology/TTI of this grant cannot meet the requirement.
· Periodic BSR transmission and cancellation

The periodic BSR is not triggered by a specific logical channel. Therefore, it is simple and straightforward to report all LCGs with data available for transmission in the periodic BSR. Similarly, there are two options on BSR transmission and cancellation for periodical BSR as below.

Option 1: Periodic BSR shall only be transmitted on the grant that matches the numerologies/TTIs configured for all the logical channel(s) in this BSR. Triggered periodical BSR shall be cancelled if a BSR except padding BSR is included in the MAC PDU

Option 2: The Periodic BSR shall be transmitted on the grant with numerology/TTI that provides highest transmission performance among the allocated UL resource (e.g. grant with short TTI/highest reliability), and triggered periodical BSR shall be cancelled if a BSR except padding BSR is included in the MAC PDU.

Periodical BSR is triggered with predefined periodicity which is defined by network via RRC message.  Periodical BSR is used to provide the network with the updated buffer status report and therefore, no cancellation enhancement is need, for either option.
Proposal 2: all LCGs with available data should be reported in the periodic BSR.

Proposal 3: RAN2 is suggested to consider the following two options for transmission of periodic BSR:

· Option 1: Periodic BSR shall only be transmitted on the grant that matches the numerologies/TTIs configured for all logical channel(s) in a LCG of this BSR; 
· Option 2: The Periodic BSR shall be transmitted on the grant with numerology/TTI that provides highest transmission performance among the allocated UL resource (e.g. grant with short TTI/highest reliability); 

Proposal 4: The triggered periodical BSR shall be cancelled if a BSR except padding BSR is included in the MAC PDU.
· Padding BSR transmission and cancellation

For padding BSR, all BS information of the logical channel(s) having data available for transmission can be included in the BSR MAC CE, same as periodic BSR. Padding BSR should be cancelled when a BSR is included in a MAC PDU for transmission, as in LTE.
Proposal 5: The triggered padding BSR shall be cancelled if a BSR is included in the MAC PDU.
Furthermore, BSR is used to carry the information on how much data is in UE buffer to be sent out. Therefore, if the buffer of a logical channel becomes empty, the BS information of this logical channel is meaningless. At lease the BSR triggered by this logical channel should be cancelled.
Proposal 6: BSR triggered by a logical channel shall be cancelled if the received UL grant can accommodate all pending data for transmission in this logical channel.
3. Conclusion
In this contribution, we analyze BSR procedure in NR to support the introduction of multiple numerologies, and we have the following observation and proposals:

Observation 1: If the legacy LTE BSR transmission mechanism is reused, the BSR for some services may be reported on grants that do not meet the requirements of the services.
Proposal 2: For regular BSR, RAN2 is suggested to consider the following two mechanisms for BSR transmission and cancellation:

· Option 1: BSR with BS information of a LCG shall only be transmitted on the grant which matches the numerologies/TTIs configured for any logical channel(s) in this LCG. Once the BS information of a logical channel is included in a LCG of a BSR, the regular BSR triggered by the logical channel shall be cancelled.

· Option 2: BSR with BS information of all LCGs with data available for transmission shall be included in the BSR MAC CE. The BSR MAC CE shall be transmitted on the grant with numerology/TTI that provides highest transmission performance among the allocated UL resource (e.g. grant with shortest TTI/highest reliability), and BSR shall not be cancelled if the numerology/TTI of this grant cannot meet the requirement.
Proposal 2: all LCGs with available data should be reported in the periodic BSR.

Proposal 3: RAN2 is suggested to consider the following two options for transmission of periodic BSR:

· Option 1: Periodic BSR shall only be transmitted on the grant that matches the numerologies/TTIs configured for any logical channel(s) in a LCG of this BSR; 

· Option 2: The Periodic BSR shall be transmitted on the grant with numerology/TTI that provides highest transmission performance among the allocated UL resource (e.g. grant with short TTI/highest reliability); 

Proposal 4: The triggered periodical BSR shall be cancelled if a BSR except padding BSR is included in the MAC PDU.
Proposal 5: The triggered padding BSR shall be cancelled if a BSR is included in the MAC PDU.

Proposal 6: BSR triggered by a logical channel shall be cancelled if the received UL grant can accommodate all pending data for transmission in this logical channel.
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