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1. Introduction
This contribution discusses how the UE calculates the amount of data that is available for transmission in the Buffer Status Report (BSR). 
In this paper, we discuss possible sources of inaccuracy, and the difficulty in estimating the exact size of the available data, including when header compression is configured.
Consequently, we suggest that, for the logical channel(s) for which the BSR is sent, the UE:

· includes the RLC PDUs that have been negatively acknowledged;

· includes the PDCP retransmission buffer (RLC AM)

· includes the RLC and PDCP control data;
· reports, if header compression is configured for a RB, the total amount of buffered data independently of whether it is buffered in PDCP (uncompressed) or in RLC (compressed);

· reports, if header compression is not configured for a RB, the total amount of buffered data independently of whether it is buffered in PDCP or in RLC.

In the following sections, we list a number of possible sources of systematic error in this calculation, and provide more details on the reasoning that lead to a number of proposals in this contribution.

2. Reporting Data in the BSR
2.1. Background

The BSR MAC CE reports the amount of data in the buffers for one (short format) or four (long format) groups of logical channels ‎[2], i.e. for one Radio Bearer Group (RBG).

When the BSR is not accurate, the eNB might select a transport block that is larger than the size of data and control information that is available for transmission, in which case padding might have to be sent instead of useful data.

The Short BSR MAC CE format includes a 2-bit Logical Group ID (LGID) field that corresponds to the RBG for which the status of the buffer is reported. It also includes one 6-bit Buffer Size field that indicates the total amount of data available for all logical channels of the RBG, after the MAC PDU has been built. The Long BSR MAC CE formats include four Buffer Size fields ‎[3]:

-
Buffer Size: The Buffer Size field identifies the total amount of data available across all logical channels of a logical channel group after the MAC PDU has been built. The amount of data is indicated in number of bytes. The length of this field is 6 bits. The values taken by the Buffer Size field are shown in [Table 6.1.2.1-1].

The BSR reports the total amount of data available across all logical channels (RBs) of a logical channel group (RBG) after the MAC PDU has been built, and thus excluding data that is already ongoing transmission ‎[3]. When calculating the amount of data available for transmission,  the MAC overhead is estimated by the eNB and is not included.
Semi-persistent resources are allocated per UE, and not per RBs. The BSR calculation considers these resources in the same manner as it considers the dynamic resources, i.e. up to the current TTI. 

2.2. Impacts of UE Implementation and Buffering

UE implementations are expected to buffer data across PDCP and RLC. In PDCP, unciphered and uncompressed PDCP SDUs are buffered; a PDCP SDU can also be retransmitted (RLC AM) after handover. In RLC, ciphered and header compressed (if configured) PDCP PDUs are queued for transmission; a PDCP PDU can also be retransmitted by the RLC ARQ mechanism (RLC AM).
It is mostly a matter of UE implementation to determine when the UE processes a PDCP SDU and when to hand it over to RLC for transmission. Therefore, for the very same service and configuration, different UEs may report different amount of available data in the BSR, depending on how many SDUs are in the RLC and how many are in the PDCP when the BSR is constructed.

As explained in section 3 below, there are also a number of systematic sources of inaccuracy in the BSR calculation by the UE, independently of what of RLC or PDCP data is buffered in.

3. Errors in BSR Calculation of Data Available for Transmission

3.1. Impacts of BSR Granularity

The size of the Buffer Size field in the BSR MAC Control Element (CE) is 6 bits ‎[1]. This means that 26=64 different codepoints are possible; assuming that a logarithmic approach is taken for the coding of the buffer size, the BSR reporting will have 12.7% step size. The definition of the codepoints for the Buffer Size field of the BSR MAC CE element formats is still FFS ‎[3].
· The granularity of the Buffer Size Field in the BSR MAC CE introduces a systematic error in the amount of data reported, of up to 12.7%.

Therefore, BSR calculation should be strive to limit the impact of sources of inaccuracy that are in the order of the granularity of the Buffer Size Field, but not impacts reaching somewhat below this value. 
3.2. Impacts of PDCP on BSR Calculation
PDCP Header

The PDCP header has a fixed size per RB. The impact of the PDCP header on the BSR can always be determined by the UE when calculating the amount of data available in the BSR.
· The BSR calculation should include the size of PDCP header

PDCP Control Data

The PDCP control information is not expected to generate a significant amount of data, and not including its size would not significantly impact the BSR calculation. However, some of this data may have high priority e.g. PDCP Status Report (SR) after handover, or even interspersed ROHC feedback in case of asymmetric service;it may thus be useful to ensure that this data is treated as new data in the UE transmission buffer for the purpose of triggering the BSR, and also when calculating the BSR.
· The BSR calculation should include the size of PDCP Control information. 
PDCP Retransmissions (RLC AM only)
The UE sends a BSR immediately after handover, regardless of the amount of data in the its buffers. The exact amount of data due to PDCP retransmissions can be determined by the UE for the BSR calculation, unless PDCP SR is configured.

In this case, the discrepancy corresponds to the amount of data successfully received before handover but not acknowledged by RLC (as reported in the PDCP SR for duplicate avoidance).
It is expected that the amount of data that will be retransmitted is larger that the amount of duplicates that will be dropped from the PDCP retransmission buffer.

· The impact of the PDCP retransmissions is less on the BSR calculation if the UE includes the size of the PDCP retransmission buffer.

Header Compression

The error introduced by header compression is due to:

1. variations in compressed header size;

The size of the compressed headers may range from 3 octets (RTP profile) or from 8 octets (TCP profile) to up to roughly 50 octets (IPv4) or up to 70 octets (IPv6).
The size of a compressed header cannot be predicted or estimated; it depends on the change patterns of the flow, on the implementation itself and on its robustness/repair algorithms.
· typically, more than 99% of the headers are of the smallest size for one flow.
· typically, few will deviate by more than 10-12 octets from the smallest size.
2. piggybacked feedback;

The size of the piggyback feedback is small, e.g. typically as little as 3 octets for a VoIP service, and occurs rarely because the probability that one or more consecutive SDUs will fail for the same IP flow is very low.

· the amount of piggyback feedback data is infrequent and small for one RB.

The maximum variation corresponds to the size of the ROHC IR (uncompressed) header less the size of the smallest possible header for the profile. More specifically:

· for RLC AM: for a TCP data packet, it will be at most 44 octets for TCP/IPv4 or 64 octets for TCP/IPv6. With an MTU of roughly 1500 octets, this is less than 3% and less than 4,3% respectively, for one SDU. This typically occurs for less than 0,5% of the compressed headers, and when so for 2-3 consecutive packets, the impact of this error is very limited.
However, for a logical channel carrying mostly TCP ACKs, this error might be more significant.

· For RLC UM, for a VoIP packet, it will be at most 47 octets (IPv4) or 67 octets (IPv6). For an AMR-NB 4,75 kbps service with an RTP payload of 18 octets, this corresponds to as much as 2,2 times (IPv4) and 3,2 times (IPv6) the size of the most frequent packet type (21 octets), and when so for 2-3 consecutive packets. This impact might not be insignificant.
We thus conclude that the impacts of header compression on the accuracy of the BSR calculation are:

· are not significant with respect to frequency and the size of the TCP payload, for RLC AM mainly carrying TCP packets.

· may be significant for asymmetric traffic that consists in TCP ACKs, for RLC AM.

· may be significant for traffic with small payload such as VoIP, for RLC UM.

The size of a compressed header cannot be predicted of the compression process itself. This is because header compression algorithms are not deterministic; the resulting header size depends on the change pattern of the IP headers that are compressed, on the state of the context which may not entirely coherent with the other endpoint at any given time, on the implementation itself and on its robustness / repair algorithms.

The eNB or the UE cannot either estimate the variation in compressed header size due to ROHC. The BSR informs the eNB about the total amount of data available for one RBG, but the eNB cannot know the number of SDUs included in the BSR calculation, or how many SDUs are processed by a specific profile, or how many SDUs are reported compressed and uncompressed.
Assuming that the eNB could apply a coefficient averaging over all SDUs, this would imply that for most BSR the estimated amount of data would be erroneous; the challenge is in fact not to identify an average overhead from header compression, as this average introduces a systematic error on 99% of the SDUs (i.e. when the smallest compressed header is in fact used).
· for RBs configured with header compression, the UE should report in the BSR the total amount of buffered data, independently of whether it is buffered in the PDCP (uncompressed) or in the RLC (compressed).

· for RBs configured without header compression, the UE should report in the BSR the total amount of uncompressed data for the RB, regardless of whether it is buffered in RLC or in PDCP.
3.3. Impacts of RLC on BSR Calculation
RLC Header

The size of the RLC header can vary, when extensions are present. Extensions are used when multiple data fields are present in the RLC PDU ‎[4], in which case the size of the header grows with the number of data fields.
It is not trivial for the UE to estimate the size of the RLC headers, because the number of RLC PDUs that will be created from the SDUs in the buffer depends on grants not yet received from the eNB. 
· The BSR calculation should exclude the size of RLC headers
RLC Control Data
Currently, only the status PDU is defined in ‎[4], and its size is variable. The RLC control information is not expected to generate a significant amount of data, and not including its size would not significantly impact the BSR calculation; however, it may still be useful to ensure that this data is treated as new data in the UE transmission buffer to trigger and to calculate the BSR.
· The BSR calculation should include the size of RLC Control information. 

RLC Retransmissions (RLC AM only)
RLC ARQ retransmissions occur due to HARQ NACK to ACK error with a probability of 10e-3, or when the maximum number of HARQ retransmissions is reached. The UE cannot determine whether or not an RLC PDU will need a retransmission using ARQ, until it  receives an RLC status report.
The cost of the retransmission is the entire RLC PDU. The RLC retransmission may be also delayed due to other data with higher priority, or when the prioritized bitrate of the bearer is already satisfied.

· RLC PDUs that have been negatively acknowledged should be treated has new data in the BSR calculation.

RLC Re-segmentation (RLC AM only)
The number of re-segmentation for the transmitting entity is not limited. Re-segmentation occurs when the radio condition changes and the eNB assigns a different resources block size to the UE for a retransmission.
· The impact of the re-segmentation header is not taken into consideration, since RLC headers should be excluded from the BSR calculation.
4. Proposals and Conclusions
It is proposed that RAN2 discusses the following proposals, based on the reasoning above:

Proposal 1: 
Control Data: for every RB for the RBG, for the BSR calculation the UE shall:

· include the size of PDCP Control Data as new data, and

· include the size of RLC Control Data as new data.

Proposal 2: 
Retransmissions: for every buffered SDU for the RBG, for the BSR calculation the UE shall:

· if the PDU will be retransmitted by PDCP, include the size of the not yet transmitted PDU (either buffered in PDCP or RLC) when constructing the BSR;

· if the PDU has been negatively acknowledged and will be retransmitted by RLC, include the size of the not yet transmitted data when constructing the BSR;

Proposal 3: 
Header Compression: for RBs that are configured with header compression in the RBG, for the BSR calculation the UE shall:

· report the total amount of buffered data, independently of whether it is buffered in the PDCP (uncompressed) or in the RLC (compressed);

Proposal 4: 
Header Compression: for RBs that are configured without header compression in the RBG, for the BSR calculation the UE shall:

· report the total amount of uncompressed data for the RB, regardless of whether it is buffered in RLC or in PDCP.

Note: For a VoIP service configured with RLC UM and header compression, UE implementations should hand PDCP SDUs to RLC as early as possible.

Note: For a TCP service configured with RLC AM and header compression, UE implementations should hand PDCP SDUs (at least those that contain TCP ACKs) to RLC as early as possible.
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