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1. Introduction
This contribution addresses further details of the Buffer Status Report (BSR) calculation, with respect to PDCP headers and PDCP retransmissions.

At the RAN2#60bis meeting in Seville, how to determine the value of the Buffer Size field of the MAC BSR CE was discussed, and agreements ‎[1] are reflected in the latest MAC specifications ‎[5]:

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. It shall include all data that is available for transmission in the RLC layer and in the PDCP layer. RLC control PDUs to be transmitted, RLC PDUs that have been transmitted and negatively acknowledged by the peer entity and PDCP control PDUs shall also be included in the buffer size computation. The RLC and MAC header sizes are not considered in the buffer size computation.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].
A text proposal to TS 36.321 ‎[3] is also included.
2. BSR Calculation
The following is currently not reflected in the latest MAC CR ‎[5] or are still FFS:

· it was agreed ‎[1] to include the PDCP retransmissions in the BSR calculation;
· how to calculate the PDCP retransmissions (FFS);

· whether or not the PDCP headers are included in the BSR calculation.

PDCP Header
The PDCP header has a fixed size per radio bearer. 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.

Proposal 1: The UE shall include the size of the PDCP header in the BSR calculation

Our understanding is that this was already agreed based on discussions at RAN2#60bis on R2-080298 ‎[2]. This should be reflected in the MAC specifications.
PDCP Retransmissions (RLC AM only)

A BSR is triggered when the UE changes serving cell, regardless of the amount of data in its buffers. 
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. However, as explained in R2-080298, because of its granularity and other factors, there is an inherent source of error in the buffer status reporting.

For PDCP retransmissions for RLC AM bearers, the UE can determine the exact amount of data for the BSR calculation when the PDCP Status Report (SR) is not configured; in this case, it simply reports the total size of all the PDUs that need to be retransmitted.
When the PDCP SR is configured, if the UE receives the PDCP SR from the eNB and discards duplicate before it generates the BSR, the UE still reports the total size of all the PDUs that need to be retransmitted.

Otherwise, if the UE generates the BSR before it has received a PDCP SR, there are two alternatives:

· The UE only includes the amount of PDCP data to be retransmitted in the BSR when it receives a PDCP SR, when a BSR is triggered.

In case where no additional BSR is triggered before the eNB stops sending grants to the UE, the UE will have to rely on new data coming for a bearer with higher priority or on the periodic BSR to be triggered, and this BSR will trigger a Scheduling Request. This might lead to additional delay for some of the data on the RLC AM bearer, and therefore this is not the preferred alternative.
· The UE reports in the BSR the total size of all the PDCP PDUs that need to be retransmitted.

The processing of the PDCP SR may later indicate that there are duplicates SDUs in the PDCP retransmission buffer and for which transmission has not yet started. In this case, the total amount of data reported in the BSR will be larger than the amount of data the UE has to transmit; this might result the UE sending padding instead of useful data.
One possible way to mitigate this could be to define one additional BSR trigger: a regular BSR would be triggered when the UE receives a PDCP SR only if the processing of the PDCP SR leads to a change in the amount of data to report for PDCP retransmission, i.e. if duplicates SDUs are removed from the PDCP retransmission buffer. However, it is unclear whether this BSR could be received by the eNB before it has already granted resources to the UE based on the previously reported buffer state, and therefore this trigger is not proposed.
Proposal 2: 
For PDCP retransmissions (RLC AM only): If  the UE calculates the BSR before it has received and completed the processing of the PDCP SR, the UE shall include in the BSR calculation the size of the all the PDCP PDUs that have been transmitted and negatively acknowledged by the peer entity;

3. Proposals
It is proposed that RAN2 discusses and agree on the following proposals:

Proposal 1: 
The UE shall include the size of the PDCP header in the BSR calculation

Proposal 2: 
For PDCP retransmissions (RLC AM only): If  the UE calculates the BSR before it has received and completed the processing of the PDCP SR, the UE shall include in the BSR calculation the size of the all the PDCP PDUs that have been transmitted and negatively acknowledged by the peer entity;
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6.1.3
MAC Control Elements

6.1.3.1
Buffer Status Report MAC Control Elements

Buffer Status Report (BSR) MAC control elements consist of either:
-
Short BSR format: one LCG ID field and one corresponding BS field (figure 6.1.3.1-1); or

-
Long BSR format: four Buffer Size fields, corresponding to LCG IDs #1 through #4 (figure 6.1.3.1-2).

The BSR formats are identified by MAC PDU subheaders with LCIDs as specified in table 6.2.1.-1.

The fields LCG ID and BS are defined as follow:

-
LCG ID: The Logical Channel Group ID field identifies the group of logical channel(s) which buffer status is being reported. The length of the field is 2 bits.

-
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. It shall include all data that is available for transmission in the RLC layer and in the PDCP layer, including the PDCP header sizes. At handover and for bearers configured with RLC AM, PDCP SDUs that have been transmitted and negatively acknowledged by the peer entity shall be included in the calculation of the Buffer Size field, with the exception of any SDU acknowledged in a PDCP SR if received when this value is computed. RLC control PDUs to be transmitted, RLC PDUs that have been transmitted and negatively acknowledged by the peer entity and PDCP control PDUs shall also be included in the buffer size computation. The RLC and MAC header sizes are not considered in the buffer size computation. 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].
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Figure 6.1.3.1-1: Short Buffer Status MAC control element
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Figure 6.1.3.1-2: Long Buffer Status MAC control element
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