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1   Introduction
This contribution summarizes BSR related progresses and provides the TPs for MAC, PDCP and RLC.
2   BSR related progress
Agreements in RAN2 that have impacts on BSR are as follows:

In RAN2#83bis meeting:

=>
For eNB-specific bearer, UE sends BSR information related to specific bearer towards the eNB for which corresponding bearer belongs to.
In RAN2#84 meeting:

=> UE side MAC entity is configured per Cell Group, i.e. one MAC for MCG and the other MAC for SCG.
In RAN2#85 meeting:
=>
BSR configuration is independent per MAC entity.

=>
When BSR triggering condition is met for a cell group, only corresponding MAC entity triggers BSR. FFS for PDCP data arrival in 3C case.

=>
LCG is defined per MAC entity.

=>
BS information is reported only to the corresponding eNB.

=>
Double scheduling of same PDCP data should be avoided.

In RAN2#85bis meeting:

=>
We do not support UL bearer split in Rel-12 assuming that it causes less complexity and helps the progress of the WI. 

=>
For split bearers, the network configures via RRC over which link the UE transmits UL PDCP data. 

=>
The UE does not report PDCP data as available to the other eNB
In RAN2#86 meeting:

=>
The PDCP layer reports UL data available for transmission only to one MAC entity. It is controlled by RRC signaling to which MAC entity the PDCP should report.
=>
At UL direction change, no new BSR trigger condition is needed to the old and new eNBs. 

For stage 3 specification implementing of the BSR, The following sentence extracted from [1] – the CR for MAC specification section“4.2.1
MAC Entities” is used as MAC modeling for this TP.

“Each MAC entity is associated with one CG. The functions of different MAC entities in the UE operate independently if not otherwise specified. Radio bearers are mapped to MCG and/or SCG with RRC signalling. The logical channel identities are allocated independently per CG.  LCGs are defined per MAC entity.”
The following TPs are drafted based on the principle that BSR procedure should be operated per MAC entity.
3   TP for MAC TS 36.321 V12.2.1
5.4.5
Buffer Status Reporting

The Buffer Status reporting procedure is used by a MAC entity to provide the corresponding eNB with information about the amount of data  available for transmission in the UL buffers of the MAC entity. RRC controls BSR reporting by configuring the two timers  periodicBSR-Timer and retxBSR-Timer and by, for each logical channel, optionally signalling logicalChannelGroup which allocates the logical channel to an LCG of a MAC entity [8].
For the Buffer Status reporting procedure, the UE shall consider only logical channels and LCGs of the corresponding MAC entity. The UE shall consider all radio bearers which are not suspended and may consider radio bearers which are suspended.

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

-
UL data, for a logical channel which belongs to a LCG, becomes available for transmission in the RLC entity or in the PDCP entity (the definition of what data shall be considered as available for transmission is specified in [3] and [4] respectively) and either the data belongs to a logical channel with higher priority than the priorities of the logical channels which belong to any LCG and for which data is already available for transmission, or there is no data available for transmission for any of the logical channels which belong to a LCG, in which case the BSR is referred below to as "Regular BSR";

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

-
retxBSR-Timer expires and the UE has data available for transmission for any of the logical channels which belong to a LCG, in which case the BSR is referred below to as "Regular BSR";

-
periodicBSR-Timer expires, in which case the BSR is referred below to as "Periodic BSR".

For Regular and Periodic BSR:

-
if more than one LCG has data available for transmission in the TTI where the BSR is transmitted: report Long BSR;

-
else report Short BSR.

For Padding BSR:

-
if the number of padding bits is equal to or larger than the size of the Short BSR plus its subheader but smaller than the size of the Long BSR plus its subheader:

-
if more than one LCG has data available for transmission in the TTI where the BSR is transmitted: report Truncated BSR of the LCG with the highest priority logical channel with data available for transmission;

-
else report Short BSR.

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

If the Buffer Status reporting procedure determines that at least one BSR has been triggered and not cancelled:

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

-
instruct the Multiplexing and Assembly procedure to generate the BSR MAC control element(s);

-
start or restart periodicBSR-Timer except when all the generated BSRs are Truncated BSRs;

-
start or restart retxBSR-Timer.

-
else if a Regular BSR has been triggered:

-
if an uplink grant is not configured for the MAC entity or the Regular BSR was not triggered due to data becoming available for transmission for a logical channel for which logical channel SR masking (logicalChannelSR-Mask) is setup by upper layers:

-
a Scheduling Request shall be triggered.

A MAC PDU shall contain at most one MAC BSR control element, even when multiple events trigger a BSR by the time a BSR can be transmitted in which case the Regular BSR and the Periodic BSR shall have precedence over the padding BSR.

The UE shall restart retxBSR-Timer upon indication of a grant for transmission of new data on any UL-SCH of the corresponding CG.

All triggered BSRs shall be cancelled in case the UL grant(s) for the MAC entity in this subframe can accommodate all pending data available for transmission but is not sufficient to additionally accommodate the BSR MAC control element plus its subheader. All triggered BSRs shall be cancelled when a BSR is included in a MAC PDU for transmission.

The UE shall transmit at most one Regular/Periodic BSR in a TTI for a MAC entity. If the UE is requested to transmit multiple MAC PDUs in a TTI, it may include a padding BSR in any of the MAC PDUs which do not contain a Regular/Periodic BSR.

All BSRs transmitted in a TTI always reflect the buffer status after all MAC PDUs on this MAC entity have been built for this TTI. Each LCG shall report at the most one buffer status value per TTI and this value shall be reported in all BSRs reporting buffer status for this LCG.

NOTE:
A Padding BSR is not allowed to cancel a triggered Regular/Periodic BSR. A Padding BSR is triggered for a specific MAC PDU only and the trigger is cancelled when this MAC PDU has been built.
=====================The next modified section ===================
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 and Truncated BSR format: one LCG ID field and one corresponding Buffer Size field (figure 6.1.3.1-1); or

-
Long BSR format: four Buffer Size fields, corresponding to LCG IDs #0 through #3 (figure 6.1.3.1-2).

The BSR formats are identified by MAC PDU subheaders with LCIDs as specified in table 6.2.1-2.

The fields LCG ID and Buffer Size are defined as follow:

-
LCG ID: The Logical Channel Group ID field identifies the group of logical channel(s) of a MAC entity which buffer status is being reported. The length of the field is 2 bits. A logical channel group only belongs to one MAC entity;

-
Buffer Size: The Buffer Size field identifies the total amount of data available across all logical channels of a logical channel group after all MAC PDUs on the MAC entity for the TTI have 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; the definition of what data shall be considered as available for transmission is specified in [3] and [4] respectively. The size of the RLC and MAC headers are not considered in the buffer size computation. The length of this field is 6 bits. If extendedBSR-Sizes is not configured, the values taken by the Buffer Size field are shown in Table 6.1.3.1-1. If extendedBSR-Sizes is configured, the values taken by the Buffer Size field are shown in Table 6.1.3.1-2.
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Figure 6.1.3.1-1: Short BSR and Truncated BSR MAC control element


[image: image2.emf]Buffer Size #0

Buffer 

Size #1

Buffer Size #1 Buffer Size #2

Buffer 

Size #2

Buffer Size #3

Oct 1

Oct 2

Oct 3


Figure 6.1.3.1-2: Long BSR MAC control element

4   TP for PDCP TS 36.323 V12.0.0
4.5
Data available for transmission
PDCP entity of a MCG bearer is mapped to the MAC entity corresponding to MCG. PDCP entity of a SCG bearer is mapped to the MAC entity corresponding to SCG. For a split bearer the RRC configures the MAC entity towards which the PDCP data is transmitted. For the purpose of MAC buffer status reporting of a MAC entity, the UE shall consider PDCP Control PDUs, as well as the following as data available for transmission in the PDCP layer for the corresponding MAC entity:

For SDUs for which no PDU has been submitted to lower layers:

· the SDU itself, if the SDU has not yet been processed by PDCP, or

· the PDU if the SDU has been processed by PDCP.

In addition, for radio bearers that are mapped on RLC AM, if the PDCP entity has previously performed the re-establishment procedure, the UE shall also consider the following as data available for transmission in the PDCP layer:

For SDUs for which a corresponding PDU has only been submitted to lower layers prior to the PDCP re-establishment, starting from the first SDU for which the delivery of the corresponding PDUs has not been confirmed by the lower layer, except the SDUs which are indicated as successfully delivered by the PDCP status report, if received:
· the SDU, if it has not yet been processed by PDCP, or

· the PDU once it has been processed by PDCP.
5   TP for RLC TS 36.322 V12.0.0

4.5
Data available for transmission

For the purpose of MAC buffer status reporting of a MAC entity, the UE shall consider the following as data available for transmission in the RLC layer for the corresponding MAC entity:
For a MCG bearer, a SCG bearer, and for a split bearer the RLC layer mapped to the configured MAC entity towards which the PDCP data is transmitted:
-
RLC SDUs, or segments thereof, that have not yet been included in an RLC data PDU;

-
RLC data PDUs, or portions thereof, that are pending for retransmission (RLC AM).

In addition, if a STATUS PDU has been triggered and t-StatusProhibit is not running or has expired, the UE shall estimate the size of the STATUS PDU that will be transmitted in the next transmission opportunity, and consider this as data available for transmission in the RLC layer.
For the other RLC layer of the split bearer:
-
If a STATUS PDU has been triggered and t-StatusProhibit is not running or has expired, the UE shall estimate the size of the STATUS PDU that will be transmitted in the next transmission opportunity, and consider this as data available for transmission in the RLC layer.
6   Reference
[1] R2-142456, “Introduction of dual connectivity in MAC”, Ericsson
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