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1 Introduction

In RAN2 it was agreed that the UE does not report the UL and DL L2 buffer size separately and the reporting is done per UE, not per RB.

While the eNB must make every effort to avoid L2 memory overflow, this contribution shows that based on those assumptions it is not always possible for the network to estimate the buffer occupancy in the UE and a buffer overflow may still occur.
2 Discussion
2.1 L2 buffer overflow

The Total layer 2 buffer size is defined in [2] as: “the sum of the number of bytes that the UE is capable of storing in the RLC transmission windows and RLC reception and reordering windows for all radio bearers.” The specific values captured in [2] were decided in RAN2#62 based on the analysis in [1]. 
The memory is dynamically shared between transmitter and receiver buffers and this should improve the memory management. However the analysis in [1] only considers 75 ms RLC RTT and the scenario of a single radio bearer.
From [1]:

“Minimum RLC Buffer Size = MaxDLDataRate  * RoundTripTime  + MaxULDataRate  * RoundTripTime 

A reasonable value for the RLC RTT depends on the number of HARQ retransmissions targeted, the configuration of the reordering timer and RLC polling triggers. Assuming e.g. that maximum 5 HARQ retransmissions are supported and that the RLC polls for every 32nd TTI, the maximum RLC RTT can be estimated to be 5*8 ms + 32 ms = 72 ms. (…) we have calculated the required RLC TX and RX buffer sizes assuming 75 ms RLC RTT.”
The value of 75ms for RLC RTT may be appropriate for most cases, but in some rare cases to dimension the buffer for an RLC RTT of 75ms cannot be considered a safe value taking into account that the transmitter window is 512 PDUs. When UL grants are received in a peak rate scenario, in case of loss or delay of the Status Report due to bad radio conditions, a buffer overflow may occur (unless a limit of RLC PDU size is introduced).
Furthermore since the L2 buffer is common for all radio bearers (i.e. the memory is shared across all UM receiver entities and all AM receiver/transmitter entities), it introduces additional risks. In case of multiple radio bearers where the L2 buffer already contains PDUs for retransmissions from lower priority logical channels and when new data from higher priority logical channel must be served, a buffer overflow may occur.
Currently in the specification the UE behaviour in case of L2 buffer overflow is not captured and it seems that the implicit assumption is that the network will be able to estimate the buffer size and allocate resources in accordance. As discussed above this is not always true.

2.2 UE behaviour in case of buffer overflow
The specific UE behaviour may be either left up to the implementation or specified in detail; however the UE should be able to gracefully handle this case without crashing or freezing in an uncontrolled state. 

Possible UE behaviour may be either to discard packets or to inform upper layer to trigger a re-establishment. 
For example in case of L2 buffer overflow, the UE could either discard new DL PDUs, if any, or could discard any data in its receiver buffer and possibly deliver SDUs in the buffer to the upper layers to free memory.  It may also discard PDUs from the Tx buffer. Note that in some cases the discarding itself may lead to loss of synchronisation between RLC entities and then trigger a re-establishment.

We do not think it is necessary to specify in detail the UE behaviour, but it should at least be clear that the eNB cannot guarantee that the buffer overflow will never occur and that it is up to the UE to handle the case of buffer overflow in a graceful way without leading to unexpected effects such as crashing or moving to an uncontrolled state.
3 Conclusions
We conclude that a L2 buffer overflow may occur regardless of the effort spent by the eNB for the buffer estimation. Therefore we propose to capture in the relevant Stage3 specification [3] that the eNB cannot guarantee that a L2 buffer overflow will never occur. 
In Rel.9 a new functionality of managing buffer overflow by discarding PDUs or the introduction of a new trigger for re-establishment could be discussed. However for Rel.8 we propose to only introduce a note. The corresponding CR for TS 36.322 has been submitted in [4].
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