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1.
Introduction

The complexity of the BSR cancellation has been discussed last RAN2 meeting, which has not been well addressed. This contribution discuss it again with more concrete example on what is the implication to the implementation complexity posed by the cancellation.

According to the current MAC specification, the triggered BSR is cancelled if all buffers can be empty by doing that.

A pending Buffer Status report is cancelled in case the UL grant can accommodate all pending data but is not sufficient to accommodate the [Short/Long] Buffer Status Report MAC control element in addition.

With this enhancement, the last data (inserted instead of BSR) is delivered faster and the unnecessry segmentation is avoided. This benefit is important especially when VoIP packets are concerned. Any new VoIP packet is likely to trigger a BSR. Without this enhancement, VoIP packet could be segmented just to include the triggered BSR, which will increase the delay as well as the SDU error ratio.  

When implementing it, some complexity has been found, which will be addressed in the next section. It is proposed to specify the cancelling condition more specifically to keep the benefit as much as possible with the reduced implementation effort. 
2.
Discussion
To decide whether to cancel the pending BSR or not, UE should do the following steps.

· Step 1: UE first does the logical channel prioritization with the size of the triggered BSR taken into account.

· Step 2: Then UE checks whether the remaining data could be accommodated in the MAC PDU if the BSR is cancelled.

The first step is usual but the second step is not as easy as it seems because quite a number of factors need to be considered. For example, if the remaining data is to be multiplexed as a separate RLC PDU, UE should calculate the size of RLC PDU with the consideration of the RLC header size, which is different depending on 

· Whether it is RLC UM or RLC AM

· Whether it is segmented retransmitted one or not 

· How many LIs are included in that?

One example psuedo coding is given below.

If BSR is triggered, UE shall;

· perform logical channel prioritization with the triggered BSR taken into account to make a MAC PDU

· If the size of the reaming data after LCP is more than the size of the triggered BSR 

· submit the MAC PDU to the lower layer.

· else if the size of the reaming data after LCP is equal to the size of the triggered BSR

· if the remaining data is part of a RLC SDU from the logical channel which has been multiplexed in the MAC PDU 

· if the remaining data is not the part of a re-segmented RLC PDU

· remove the MAC PDU

· cancel the triggered BSR and make a MAC PDU without BSR. 

· submit the MAC PDU to the lower layer

· else if the remaining data is the part of a re-segmented RLC PDU

· if the last byte of a RLC SDU does not present in the remaining data

· remove the MAC PDU

· cancel the triggered BSR and make a MAC PDU without BSR. 

· submit the MAC PDU to the lower layer

· else if the last byte of a RLC SDU present in the remaining data but the last byte of the remaining data

· remove the MAC PDU

· cancel the triggered BSR and make a MAC PDU without BSR. 

· submit the MAC PDU to the lower layer
· else, submit the MAC PDU to the lower layer as it is
· else, submit the MAC PDU to the lower layer as it is

· else, submit the MAC PDU to the lower layer as it is

· else if the size of the reaming data after LCP is less by one byte that the size of the triggered BSR

· if the remaining data is part of a RLC SDU from the logical channel which has been multiplexed in the MAC PDU 

· if the remaining data is not the part of a re-segmented RLC PDU

· remove the MAC PDU

· cancel the triggered BSR and make a MAC PDU without BSR. 

· submit the MAC PDU to the lower layer

· else if the remaining data is the part of a re-segmented RLC PDU

· if the last byte of a RLC SDU does not present in the remaining data

· remove the MAC PDU

· cancel the triggered BSR and make a MAC PDU without BSR. 

· submit the MAC PDU to the lower layer

· else, submit the MAC PDU to the lower layer as it is

· else if the last byte of a RLC SDU present in the remaining data but the last byte of the remaining data

· remove the MAC PDU

· cancel the triggered BSR and make a MAC PDU without BSR. 

· submit the MAC PDU to the lower layer

· else, submit the MAC PDU to the lower layer as it is

· else if the remaining data is a single SDU from the logical channel which has been multiplexed in the MAC PDU 
· if the number of LIs in the relevant RLC PDU is odd
· remove the MAC PDU

· cancel the triggered BSR and make a MAC PDU without BSR. 

· submit the MAC PDU to the lower layer
· else, submit the MAC PDU to the lower layer as it is

· else, submit the MAC PDU to the lower layer as it is

· else if the size of the reaming data after LCP is less by two byte that the size of the triggered BSR

· if the remaining data is part of a RLC SDU from the logical channel which has been multiplexed in the MAC PDU 

· if the remaining data is not the part of a re-segmented RLC PDU

· remove the MAC PDU

· cancel the triggered BSR and make a MAC PDU without BSR. 

· submit the MAC PDU to the lower layer

· else if the remaining data is the part of a re-segmented RLC PDU

· if the last byte of a RLC SDU does not present in the remaining data

· remove the MAC PDU

· cancel the triggered BSR and make a MAC PDU without BSR. 

· submit the MAC PDU to the lower layer

· else, submit the MAC PDU to the lower layer as it is

· else if the last byte of a RLC SDU present in the remaining data but the last byte of the remaining data

· remove the MAC PDU

· cancel the triggered BSR and make a MAC PDU without BSR. 

· submit the MAC PDU to the lower layer

· else, submit the MAC PDU to the lower layer as it is

· else if the remaining data is a single SDU from the logical channel which has been multiplexed in the MAC PDU 
· remove the MAC PDU

· cancel the triggered BSR and make a MAC PDU without BSR. 

· submit the MAC PDU to the lower layer
· else if the remaining data is a single RLC SDU from the logical channel which has not been multiplexed in the MAC PDU

· if the MAC PDU does not contain a RLC PDU

· if the corresponding RLC entity is UM

· remove the MAC PDU

· cancel the triggered BSR and make a MAC PDU without BSR. 

· submit the MAC PDU to the lower layer 

· else, submit the MAC PDU to the lower layer as it is

· else, submit the MAC PDU to the lower layer as it is

· else if the size of the reaming data after LCP is less by three byte than the size of the triggered BSR

· if the remaining data is part of a RLC SDU from the logical channel which has been multiplexed in the MAC PDU 

· if the remaining data is not the part of a re-segmented RLC PDU

· remove the MAC PDU

· cancel the triggered BSR and make a MAC PDU without BSR. 

· submit the MAC PDU to the lower layer

· else if the remaining data is the part of a re-segmented RLC PDU

· if the last byte of a RLC SDU does not present in the remaining data

· remove the MAC PDU

· cancel the triggered BSR and make a MAC PDU without BSR. 

· submit the MAC PDU to the lower layer

· else if the last byte of a RLC SDU present in the remaining data but is not the last byte of the remaining data

· remove the MAC PDU

· cancel the triggered BSR and make a MAC PDU without BSR. 

· submit the MAC PDU to the lower layer

· else, submit the MAC PDU to the lower layer as it is

· else, submit the MAC PDU to the lower layer as it is

· if the remaining data is a single SDU from the logical channel which has been multiplexed in the MAC PDU 
· remove the MAC PDU

· cancel the triggered BSR and make a MAC PDU without BSR. 

· submit the MAC PDU to the lower layer
· if the remaining data is a single RLC SDU from the logical channel which has not been multiplexed in the MAC PDU

· if the MAC PDU does not contain a RLC PDU

· if the RLC entity corresponding to the remaining data is AM

· remove the MAC PDU

· cancel the triggered BSR and make a MAC PDU without BSR. 

· submit the MAC PDU to the lower layer 

· else, submit the MAC PDU to the lower layer as it is

· else if the MAC PDU contain at least a RLC PDU

· if the RLC entity corresponding to the remaining data is UM

· remove the MAC PDU

· cancel the triggered BSR and make a MAC PDU without BSR. 

· submit the MAC PDU to the lower layer 

· else, submit the MAC PDU to the lower layer as it is

· else, submit the MAC PDU to the lower layer as it is

· else, submit the MAC PDU to the lower layer as it is

· else, submit the MAC PDU to the lower layer as it is

If one strictly follow the BSR cancellation principle, the person might need to update the implementation whenever new scenario not identified above is found.  
One can avoid the complexity by running the scheduling loop twice like below. 

· At the first loop, logical channel prioritization is done with the BSR size not into account

· If there is no data remaining in the buffer, BSR is automatically cancelled.

· If there is some data ramining, UE runs the new loop of the logical channel prioritization with the BSR size taken into account, and the MAC PDU from the second loop is sent.

Running the scheduling loop twice could cause problem to the UE performance, especially in the high data rate environment.

3.
Solution
To avoide the step 2, the canceling condition should be designed such that the decision on cancellation is made before the logical channel prioritization. One simple way is to use the total buffer size instead of the result of the logical channel prioritization. In short, a pending BSR is cancelled when following condition is met.
total buffer size + pending BSR size + ᅀ> signaled TB size > total buffer size + ᅀ
ᅀ is corresponding to the L2 header sizes and different case by case. For simplicity we propose to use a static value for ᅀ. Considering that the cancellation is most useful for VoIP or RRC, ᅀ could be set to the value suitable to the single MAC SDU case, e.g. 2 or 3 byte.  
With the simplification, the cancellation could be done wrongly in two different ways.
· If the actual L2 header size is bigger than ᅀ, the BSR could be cancelled wrongly. As a consequence, BSR is cancelled but data still remains after transmission.
· If the actual L2 header size is smaller than ᅀ, the BSR could be wrongly included. As a consequence, BSR is sent and some data, which could have been sent if BSR is not included, remains after transmission.

The consequence of the wrong cancellation is not significant in both cases. In the first case, ENB will not assume the UE buffer is empty, and will schedule the UE in the future anyway. In the second case, there might be some additional delay due to unnecessary segmentation. However it should be noted that if ᅀ is sufficiently small, the second case does not happen at all. 
It is proposed to discuss the solution. A text proposal is attached.
	Text Proposal


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:

-
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”.

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 both Regular or Periodic BSR and Padding BSR have been triggered since the last transmission of a BSR, the larger of the BSRs will be used.

If the Buffer Status reporting procedure determines that a BSR is pending:

-
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 following condition is met. 
total amount of data available across all logical channels + pending BSR size + BSR_cancel> UL grant ≥

 total amount of data available across all logical channels + BSR_cancel
7
Variables and constants

Editor’s note:
This subclause defines the variables and constants used by MAC.

BSR_cancel: This constant defines the condition when the triggered BSR is cancelled (see sub clause 5.4.5).








































































