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1.
Introduction
Following are stated for BSR trigger in 36.321: 

A Buffer Status report shall be triggered if any of the following events occur:

-
UL data arrives in the UE transmission buffer and the data belongs to a logical channel group with higher priority than those for which data already existed in the UE transmission buffer;

-
UL resources are allocated and number of padding bits is larger than the size of the [Short/Long] Buffer Status Report MAC control element;

-
a serving cell change occurs.
In this contribution, we discuss BSR in the context of persistent scheduling.
2.
Discussion
2.1 Triggering of BSR

Persistent scheduling is used for the service such as voice call whose traffic is periodically generated and is of semi-static size. The reason why persistent scheduling is used is to reduce control channel overhead. If persistent scheduling is not used, either Downlink Assignment or UL Grant has to be sent over PDCCH at every transmission of VoIP packet. Furthermore, if dynamic scheduling is used, scheduling information such as BSR has to be sent frequently to assist the scheduler. 
By using the fact that the traffic characteristic is quite stable for these services such as VoIP, overhead information such as BSR or Downlink Assignment can be skipped by using persistent scheduling. Accordingly, as long as the new VoIP packet fits into persistent resources and is periodically generated with typical size, there is no need to send BSR from the UE to eNB.
Here, two more things can be considered to better support persistent scheduling:

· Unnecessary BSR trigger should be minimized:

Each arrival of new Voice packet causes the TX buffer to be non-empty. According to the current agreement, this is considered as a change of highest-priority data and as triggering condition of BSR. When eNB configures persistent scheduling, this periodic arrival of voice packet is already considered. Accordingly, this periodic change of TX buffer from empty-to-non-empty should not trigger BSR. This situation is shown in following figure 1. In this sense, periodic BSR also should not be used in case of persistent scheduling. 
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Fig. 1 Example case 1
· Unpredicted situation should be handled fast: 

Even though the size of VoIP packet is same in most cases, there are two types of data which arrives suddenly and whose size is not typical. First type is VoIP related data such as Full header packet or RoHC feedback and the second type is non-VoIP data such as SRB message or TCP traffic. When this kind of data arrives at TX buffer, if the UE does not send BSR report immediately, the eNB can not properly allocate radio resources. This eventually leads to QoS degradation or stalling. This is shown in the following figure 2.
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Fig. 2 Example case 2
To prevent unnecessary transmission of BSR, there should be some restriction to the current triggering conditions. To handle abrupt situation, additional trigger should be adopted. 

Proposal 1:

When persistent scheduling is used, the arrival of new data to the empty buffer does not trigger BSR.

Proposal 2 
When a persistent scheduling is used, if the amount of data in the UE buffer exceeds the amount of data that can be transmitted over persistent scheduled resource, BSR is triggered.
2.2 Transmission of  BSR

Some meetings ago, it was agreed that persistent scheduling resources is not reserved for specific logical channel. Thus, the persistent resources can be used to deliver any MAC control Element or service data for any channel. If BSR is triggered at the time when persistent scheduled resources are available, the resources can be used to deliver the BSR.

Normally, when persistent resources are allocated for VoIP, UL the resources are available at every 20ms. On the other hand, PUCCH resources for SR will not always be allocated or frequency will be low. Then, the question is what if BSR is triggered a few ms before the timing of persistent scheduling. Following figure 3 is one example scenario. 
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Fig. 3 Example case 3
In the figure 3, if the BSR is triggered during time period A, it may be better for the UE to use persistent scheduling resource to transmit BSR rather than triggering SR procedure. Even if SR resource is available during period A, the earliest UL Grant will arrive near the timing of persistent scheduled resources, making almost no difference. If SR resource is available after the period A, the persistent scheduling resource has already been used for BSR message delivery. In case SR resource is not available, the time between the BSR trigger and the actual allocation of UL-SCH by SR procedure will be quite long due to long RACH procedure.

Proposal 3:

When persistent resource is available, the triggered BSR will not initiate SR procedure. The triggered BSR is transmitted at the earliest UL-SCH resources regardless of whether it is allocated by UL-GRANT or persistent scheduling. 

3.
Conclusion
It is proposed to agree on the following proposals:

Proposal 1:

When persistent scheduling is used, the arrival of new data to the empty buffer does not trigger BSR.

Proposal 2 

When a persistent scheduling is used, if the amount of data in the UE buffer exceeds the amount of data that can be transmitted over persistent scheduled resource, BSR is triggered.
Proposal 3:

When persistent resource is available, the triggered BSR will not initiate SR procedure. The triggered BSR is transmitted at the earliest UL-SCH resources regardless of whether it is allocated by UL-GRANT or persistent scheduling. 

4.
Text Proposal

Following text proposal is based on R2-080631.

****************************************************************************************************

Text Proposal to TS 36.321

****************************************************************************************************

5.4.5
Buffer Status Reporting

The Buffer Status reporting procedure is used to provide the serving eNB with information about the amount of data in the UL buffers of the UE.

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

-
when uplink grant is not configured, UL data arrives in the UE transmission buffer and the data belongs to a logical channel group with higher priority than those for which data already existed in the UE transmission buffer, in which case the BSR is referred below to as “Regular BSR”;

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

-
a serving cell change occurs, in which case the BSR is referred below to as “Regular BSR”;

-
the PERIODIC BSR TIMER expires, in which case the BSR is referred below to as “Periodic BSR”;
-
when uplink grant is configured, the amount of data in the UE transmission buffer exceed the amount of data that can be transmitted over the configured uplink grant., 
For Regular and Periodic BSR:

-
if only one LCG has buffered data: report short BSR;

-
else if more than one LCG has buffered data: report long BSR.

For padding BSR:

-
if the number of padding bits is equal to or larger than the size of the Short BSR but smaller than the size of the Long BSR, report Short BSR of the highest priority LCG;

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

If the Buffer Status reporting procedure determines that a BSR has been triggered since the last transmission of a BSR:

-
if uplink grant is configured:
-
instruct the Multiplexing and Assembly procedure to generate a BSR MAC control element for the TTI where uplink grant is configured;
-
else if the UE has UL resources allocated for this TTI:

-
instruct the Multiplexing and Assembly procedure to generate a BSR MAC control element;

-
restart the PERIODIC BSR TIMER;

-
else if a Regular BSR has been triggered since the last transmission of a BSR:

-
a Scheduling Request shall be triggered
NOTE:
Even if multiple events occur by the time a BSR can be transmitted, only one BSR will be included in the MAC PDU.

A pending Buffer Status report is cancelled in case the UL grant can accommodate all pending data but is not sufficient to accommodate the BSR MAC control element in addition.
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