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1. Introduction
BSR (Buffer Status Reporting) has been introduced in Rel-8, which is an important procedure for UL data scheduling. There are many proposals for BSR enhancements in the last meeting [1]. This contribution looks at potential issue on “BSR accuracy” and discusses the necessity of enhancement of BSR in NR.
2. Problem Statement
Firstly, the detail of the “BSR accuracy” issue is described. Fig.1 shows the first example case of an UL scheduling to explain the “BSR accuracy” issue.
* NOTE 1: For simplicity, the header size of MAC PDU is not considered.
(1) UE: New Data of 6000 bytes arrives. BSR (based on extended BS table) is triggered.
(2) gNB: Estimated BS (Buffer Size) is calculated (4940 – 6074). The UL grant (5000 byte) is allocated.
(3) UE: UL data (5000 byte) is transmitted. The remaining data (1000 byte) is still stored.
(4) gNB: Estimated BS is updated (0 – 1074).
(5) UE: Additional Data (+5000 byte) is arrived from the Application.
   * NOTE 2: In the current procedure, BSR cannot be triggered (since new data is for same LCH)
(6) UE: UL data (1074 byte) is transmitted. The remaining data (4926 byte) is still stored.
(7) gNB: Estimated BS is updated (0). The UL scheduling is stopped due to underestimation of UL data.
The above is an example case but the problem in this procedure is (7). Without loss of generality, it can be said that the gNB stopped the UL scheduling because of the wrong estimation of the UL data. The gNB needs to wait for the next BSR (e.g. periodic BSR) to continue the UL scheduling.
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Fig.1: “BSR accuracy” issue (underestimation)
Observation 1: Underestimation of Buffer Size at gNB may occur in the current BSR procedure.

Fig.2 shows the second example case of an UL scheduling to explain the “BSR accuracy” issue. Compared to Fig.1, the difference is from procedure (5).

* NOTE 1: For simplicity, the header size of MAC PDU is not considered.
(1-4) Omitted 
(5) UE: Stored UL data is intentionally discarded (-500 byte). 
   * NOTE 2: The discard is due to e.g. PDCP SDU discard or AQM (Active Queue Management: This is currently up to UE implementation but already used mainly for TCP-base applications).
(6) UE: UL data (1074 byte) is transmitted. The buffer size becomes 0.
(7) gNB: Estimated BS is updated (0). The scheduling is stopped due to overestimation.
The above is an example case but the problem in this procedure is (7). Compared to Fig.1 the gNB can stop the UL scheduling but it causes the excessive allocation of the UL grant i.e. the size of UL grant is 1074 byte while the amount of stored data in the UE buffer is 500 byte. The excessive allocation of the UL grant not desirable from the viewpoint of efficiency of radio resources.
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Fig.2: “BSR accuracy” issue (overestimation)
Observation 2: Overestimation of Buffer Size at gNB may occur in the current BSR procedure.
3. Proposals
The underestimation and overestimation of the UL data give negative impact on the latency and radio resource efficiency of the UL data transmission, respectively. The cause of these problems is “BSR accuracy” i.e. inaccuracy of the UL data estimation at the gNB. Therefore, improvement of the accuracy of the UL data estimation is essential and the new BSR trigger should be introduced.
Proposal 1: BS estimation accuracy needs to be improved in order not to cause underestimation and overestimation of UL data stored in UE.
It is proposed that BSR should be triggered when the amount of UL data available for the transmission is changed for a same logical channel. The change is due to new UL data arrival and UL data discard (e.g. PDCP SDU discard and AQM). Examples are depicted in Fig.3 for new UL data arrival based on Fig.1, and in Fig.4 for UL data discard based on Fig.2, respectively.

(1-4) Omitted.
(5) UE: Additional Data (+5000 byte) is arrived from the Application. The new BSR will be triggered.
   * NOTE 2: In the current procedure, BSR cannot be triggered (since new data is for same LCH)
(6) UE: UL data (1071 byte) is transmitted. In addition, the new BSR will be transmitted.
(7) gNB: Estimated BS is updated (4017 – 4940). The UL scheduling can be continued.
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Fig.3: New BSR due to new data arrival mitigating underestimation

(1-4) Omitted.
(5) UE: Stored UL data is intentionally discarded (-500 byte). The new BSR will be triggered.
   * NOTE 2: The discard is due to e.g. PDCP SDU discard or AQM (Active Queue Management: This is currently up to UE implementation but already used mainly for TCP-base applications).
(6) gNB: Estimated BS (Buffer Size) is calculated (414 – 509). The UL grant (509 byte) is allocated.
(7) UE: UL data (500 byte) is transmitted. The buffer size becomes 0.
(8) gNB: Estimated BS is updated (0). The scheduling is stopped without overestimation.
[image: image4.png]-

(1) New Data (BSR=10r 3 byte) (2) Estimation
B=6000 [32: 4940 - 60741 > 4940 - 6074

UL grant
(5000)
UL data
(3) Stored Data uL (3) Update
(Data=5000brc)
-500 byte _Sl(lpmu)m_>
(5) Updated Data New BSR] (6) Update
< 500 le—f20:413 5001 . |EPRET
L grant

(Data=509 byte)

UL data + Pad. BSR + Pad. S—
Sl o s (®) update

Accurate Estimation
‘Stop Scheduling





Fig.4: New BSR due to intentional data discard mitigating overestimation

Proposal 2: BSR should be triggered when the amount of UL data available for the transmission is changed (e.g. new data arrival or discard) for a same logical channel.
4. Conclusion
Based on the above discussions, our observations are described in the following.
Observation 1: Underestimation of Buffer Size at gNB may occur in the current BSR procedure.

Observation 2: Overestimation of Buffer Size at gNB may occur in the current BSR procedure.
Based on the above observations, our proposals are described in the following.
Proposal 1: BS estimation accuracy needs to be improved in order not to cause underestimation and overestimation of UL data stored in the UE.
Proposal 2: BSR should be triggered when the amount of UL data available for the transmission is changed (e.g. new data arrival or discard) for a same logical channel.
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