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1. Introduction
This contribution further discusses inaccuracies of the Buffer Status Reporting (BSR) introduced by header compression (if configured), with focus on VoIP services and impacts of UE implementations.

In particular, we argue that the inaccuracy introduced by header compression to the BSR calculation is significant for IP traffic with small payload.

Consequently, we suggest that for radio bearers mapped to RLC UM with header compression configured (e.g. VoIP), the UE should:

· perform header compression of incoming SDUs as soon as possible;

· be mandated to only report data already compressed in the BSR calculation;

The following sections provide more details on our reasoning, as well as a text proposal to TS 36.321.
2. BSR Calculation
At the RAN2#60bis meeting, the sources of inaccuracies to the BSR were discussed (R2-080298). It was left FFS whether specific behavior is required on where to buffer VoIP packets ‎[1]. Agreements on what should be included in the BSR calculation are reflected in the CR to TS 36.321 ‎‎[5].
In this section we review once more the impacts of header compression and UE implementation.

2.1. Details of the BSR Calculation

The BSR reports the total amount of data available across all logical channels of a logical channel group after the MAC PDU has been built, excluding data ongoing transmission ‎[3]. The BSR is used to determine how much radio resources to allocate to the UE. 
BSR inaccuracy leads to:

· padding being transmitted by the UE, if the grant is larger than the actual amount of data and control information that is available for transmission in the UE; or
· an increase in the number of grants and related signaling and/or segmentation, if the initial grant is smaller than the amount of data the UE has to transmit.
Header compression and how the UE implements buffering have the most impact on BSR accuracy, especially for data flows with relatively small packets, e.g. VoIP flows. 

2.2. Impacts of Header Compression on BSR Accuracy for VoIP Services

The maximum size 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 a VoIP packet the maximum variation 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 it typically occurs for 2-3 consecutive packets.

· The inaccuracy introduced by header compression on the BSR is significant for traffic with small payload such as VoIP, and may lead to inefficient use of radio resources.
2.3. 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. For the same service and configuration, different UEs could report different amount of data in the BSR, depending on whether or not the size of PDCP SDUs is reported before header compression in the BSR calculation.

· Different UE behavior will impact differently the performance of the system.

As explained above, small packets such as VoIP services are more sensitive to the impact of UE implementation with respect to the BSR calculation, when header compression is configured.
We expect that most of the traffic using a bearer configured with header compression and mapped to RLC UM will mainly be VoIP, or will have similar properties. Thus, we make the following proposal:

Proposal 1: 
The UE PDCP shall immediately process data, at least for header compression, for a radio bearer configured with header compression and mapped on RLC UM.

Furthermore, a UE should not be allowed to report uncompressed data for this type of radio bearer configuration; this would also provide further motivation for UEs to process data as soon as possible:
Proposal 2: 
The UE shall not report uncompressed data in the BSR, for RLC UM bearers with PDCP configured with header compression.
3. Proposals and Conclusions
It is proposed that RAN2 discusses and agree on the following proposals:

Proposal 1: 
The UE PDCP shall immediately process data, at least for header compression, for a radio bearer configured with header compression and mapped on RLC UM.

Proposal 2: 
The UE shall not report uncompressed data in the BSR, for RLC UM bearers with PDCP configured with header compression.

A text proposal to TS 36.321 that reflects this proposal is included below.
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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, except for uncompressed data in the PDCP layer for RLC UM when header compression is configured. 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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