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1. Introduction
According to the current MAC specification [1], a pending periodic BSR does not trigger a Scheduling Request, and will not be transmitted until an UL allocation is received by the UE. In RAN2#62bis, the issue of BSR robustness was discussed during the presentation of [2]. It was agreed by the group that there should be a mechanism to improve the robustness of the BSRs [3]. The main case under consideration was when a UE has data to send, but the eNB has an interpretation of empty buffers and does not schedule the UE. A periodic BSR may be triggered, but it cannot be transmitted since there are no UL allocations. A solution to include an additional timer to trigger SR once periodic BSR has been pending was proposed in [2]. In this contribution, we propose a solution using a counter instead of a timer for simplicity.
The rest of the contribution is organized as follows. Section 2 describes the proposal, and contrasts it with a timer based approach, and we conclude in section 3.
2. Triggering SR on long time since Periodic BSR pending
In order to provide a safeguard against the stalling of data available for transmission, if a periodic BSR is pending, and data is available for transmission, the UE should be allowed to use SR after the BSR and the data have been pending for some time [2]. There are multiple ways to implement this.

Timer Approach: One way to implement this is to use a timer. As soon as a periodic BSR becomes pending, and if data is available for transmission, a timer is started. If there is a timeout, and the BSR is still pending and data is available for transmission, an SR is triggered. This approach, with a configurable timeout has been proposed by [2]. In our opinion, the timer adds unnecessary additional complexity when there are already a number of timers in the UE. The timer being configurable implies that any timeout, not necessarily related to the periodic BSR period can be used. While this is quite flexible, it may be overkill as a solution to protect against an error case. A simpler approach may be to have the timeout as a multiple of the periodic BSR periodicity. This is proposed in the counter approach next.
Counter Approach: In this approach, a count is maintained of the number of periodic BSR periods that have passed since the last BSR transmission. If the count crosses a threshold, the SR is triggered. 
If a periodic BSR is triggered and pending after the PERIODIC_BSR_TIMER expires and data is available for transmission without any UL allocation for it, the PERIODIC_BSR_TIMER is restarted. The count of periodic BSR periods since BSR triggered is incremented by 1 every time the PERIODIC_BSR_TIMER expires subsequently. This counter may be referred to as BSR_periods_count. If the BSR_periods_count exceeds or reaches a threshold MAX_PENDING_BSR_PERIODS, the SR is triggered. The BSR_periods_count and the PERIODIC_BSR_TIMER are restarted (the count is reset to 0) if a BSR control element is created to be transmitted by the UE.
In the counter based approach, the configurable parameter is the MAX_PENDING_BSR_PERIODS. While the periodic BSR timer is restarted every time a BSR is transmitted, the counter BSR_periods_count is reset to 0 every such instance. It is also reset to 0 if pending BSR is cancelled. If a PERIODIC_BSR_TIMER expires, and a periodic BSR was already pending, the BSR_periods_count is incremented by 1. If no periodic BSR was pending when the PERIODIC_BSR_TIMER expired, the counter is not incremented. 
In the counter based approach, the PERIODIC_BSR_TIMER is re-used for robustness timeout to trigger the SR, and no additional timers are introduced. A new counter is introduced which is simpler and smaller in memory usage than a timer. The maximum number of BSR periods that a BSR may be pending without triggering the SR is configurable through the parameter MAX_PENDING_BSR_PERIODS, which is a non-negative integer. We propose that this counter based approach be accepted in the specification to provide BSR robustness. The proposal is summarized below:
Proposal:
========== begin CR text =================
5.4.5
Buffer Status Reporting

The Buffer Status reporting procedure is used to provide the serving eNB with information about the amount of data in the UL buffers of the UE.

A Buffer Status Report (BSR) shall be triggered if any of the following events occur:

-
UL data arrives in the UE transmission buffer and the data belongs to a logical channel with higher priority than those for which data already existed in the UE transmission buffer, in which case the BSR is referred below to as “Regular BSR”;

-
UL resources are allocated and number of padding bits is larger than the size of the Buffer Status Report MAC control element, in which case the BSR is referred below to as “Padding BSR”;

-
a serving cell change occurs, in which case the BSR is referred below to as “Regular BSR”;

-
the PERIODIC BSR TIMER expires, and no BSR is pending , in which case the BSR is referred below to as “Periodic BSR”.

For Regular and Periodic BSR:

-
if only one LCG has buffered data in the TTI where the BSR is transmitted: report short BSR;

-
else if more than one LCG has buffered data in the TTI where the BSR is transmitted: report long BSR.

For padding BSR:

-
if the number of padding bits is equal to or larger than the size of the Short BSR but smaller than the size of the Long BSR, report Short BSR of the LCG with the highest priority logical channel with buffered data;

-
else if the number of padding bits is equal to or larger than the size of the Long BSR, report Long BSR.

If the Buffer Status reporting procedure determines that a BSR has been triggered since the last transmission of a BSR:

-
if the UE has UL resources allocated for new transmission for this TTI:

-
instruct the Multiplexing and Assembly procedure to generate a BSR MAC control element;

-
restart the PERIODIC BSR TIMER.
- 
reset the BSR_periods_count to 0.
-
else if a Regular BSR has been triggered since the last transmission of a BSR:
-
a Scheduling Request shall be triggered.
If the PERIODIC_BSR_TIMER expires:

· if a periodic BSR was already pending and data is available for transmission, and no UL resources are allocated for transmission in this TTI
· increment the BSR_periods_count by 1

· if (BSR_periods_count >= MAX_PENDING_BSR_PERIODS)

· a Scheduling Request shall be triggered

· BSR_periods_count is reset to 0

· Else
· restart the PERIODIC BSR TIMER
· else if a periodic BSR was not pending

· a periodic BSR is triggered
· if data is available for transmission and no UL resources are allocated to the UE in this TTI

· restart the PERIODIC BSR TIMER
· reset the BSR_periods_count to 0 if it is not already 0
NOTE:
Even if multiple events occur by the time a BSR can be transmitted, only one BSR will be included in the MAC PDU.

A pending BSR shall be cancelled in case the UL grant can accommodate all pending data but is not sufficient to accommodate the BSR MAC control element in addition. On cancellation of a BSR, the PERIODIC_BSR_TIMER is restarted, and the BSR_periods_count is reset to 0.
========= end of CR text ===========
3. Conclusions 
In this contribution, we propose a counter based approach to provide robustness in BSR reporting. We urge RAN2 to include the proposed approach in the MAC specification [1].
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