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Introduction
This paper aims to clarify empty BSR and DRX Inactivity Timer handing when transmitting an empty BSR. 
Empty BSR format
There are a few way to form an empty BSR. One way is to use long BSR format and indicate 0 octets for all the logical channel groups. The other way is to use short BSR format. Due to the introduction of Truncated BSR, in an empty BSR 0 octets can be indicated in any logical channel group. Moreover, when to transmit an empty BSR is not clear in the section 5.4.5 of the current MAC specification.
Proposal 1: Clarify when an empty BSR (a short BSR MAC Control Element indicating 0 octets for any logical channel group) is transmitted.
DRX Inactivity Timer handling for Empty BSR transmission
An empty BSR is a BSR for reporting an empty buffer. When the UE is given an uplink grant but has no data for transmission, it shall send an empty BSR. The empty BSR is a new transmission therefore the DRX Inactivity Timer is started or restarted as described in the section 5.7 of the current MAC specification. Once the inactivity timer is activated, the UE must monitor (blind decode) the physical downlink control channel (PDCCH) continuously until the inactivity timer expires or is stopped. If this happens often and/or a long DRX Inactivity Timer value is configured, the UE battery is consumed unnecessarily, which will result in a shorter battery life. 

Typically the cause for eNB providing an uplink grant to the UE without any data for transmission is due to DTX-to-SR (scheduling request) false detection. Assuming that the false detection rate is similar to DTX-to-ACK false detection <= 1% [1], the frequency of sending an empty BSR could occur once every several seconds. In order to avoid unnecessary battery consumption, the UE should not start or restart the DRX Inactivity Timer when transmitting an empty BSR. However, if the Inactivity Timer is not started or restarted, the UE may not be able to receive HARQ feedback related to the initial transmission of the empty BSR. 

If the eNB receives the empty BSR correctly, the eNB will transmit ACK. Therefore we propose to stop the DRX Inactivity Timer when ACK is received for the empty BSR transmission. While waiting for ACK, the DRX Inactivity Timer may be restarted for other reasons, e.g. DL new data indication. In this case the timer should not be stopped on receiving the ACK for the empty BSR.
Proposal 2: The UE should stop the DRX Inactivity Timer when ACK is received for an empty BSR transmission if the timer has not been restarted since the empty BSR transmission.
Conclusion

We propose RAN2 to agree on the two points shown below. A draft CR is attached to this document.
Proposal 1: Clarify when an empty BSR (a short BSR MAC Control Element indicating 0 octets for any logical channel group) is transmitted.

Proposal 2: The UE should stop the DRX Inactivity Timer when ACK is received for an empty BSR transmission if the timer has not been restarted since the empty BSR transmission.
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-------------------------------------------------------------- FIRST CHANGE -------------------------------------------------------
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 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 the data belongs to a logical channel 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 equal to or 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 data available for transmission in the TTI where the BSR is transmitted: report Short BSR;

-
else if more than one LCG has data available for transmission in the TTI where the BSR is transmitted: report Long BSR
-
else if no LCG has data available for transmission in the TTI where the BSR is transmitted: report Short BSR indicate 0 octets for any logical channel group (empty BSR)
For Padding BSR:

-
if no LCG has data available for transmission in the TTI where the BSR is transmitted: report Short BSR indicate 0 octets for any logical channel group (empty BSR)
-
else 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 buffered data 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 a BSR has been triggered since the last transmission of a BSR or this is the first time that a BSR is triggered:

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

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

-
start/restart the PERIODIC BSR TIMER.

-
else if a Regular BSR has been triggered:

-
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 BSR shall be cancelled in case the UL grant can accommodate all pending data available for transmission but is not sufficient to additionally accommodate the BSR MAC control element.

------------------------------------------------------ Unmodified Sections Omitted -----------------------------------------------------
-------------------------------------------------------------- SECOND CHANGE -------------------------------------------------------
5.7
Discontinuous Reception (DRX)

The UE may be configured by RRC with a DRX functionality that allows it to monitor the PDCCH discontinuously. DRX operation is based on a Long DRX cycle, a DRX Inactivity Timer, a HARQ RTT Timer, a DRX Retransmission Timer and optionally a Short DRX Cycle and a DRX Short Cycle Timer, all defined in subclause 3.1.
When a DRX cycle is configured, the Active Time includes the time while: 

-
the On Duration Timer or the DRX Inactivity Timer or a DRX Retransmission Timer or the Contention Resolution Timer (as described in subclause 5.1.5) is running; or

-
a Scheduling Request is pending (as described in subclause 5.4.4); or

-
an uplink grant for a pending HARQ retransmission can occur; or

-
a PDCCH indicating a new transmission addressed to the C-RNTI or Temporary C-RNTI of the UE has not been received after successful reception of a Random Access Response (as described in subclause 5.1.4).

When DRX is configured, the UE shall for each subframe:

-
If the Short DRX Cycle is used and [(SFN * 10) + subframe number] modulo (Short DRX Cycle) = DRX Start Offset; or
-
if the Long DRX Cycle is used and [(SFN * 10) + subframe number] modulo (Long DRX Cycle) = DRX Start Offset:

-
start the On Duration Timer.

-
if a HARQ RTT Timer expires in this subframe and the data in the soft buffer of the corresponding HARQ process was not successfully decoded:

-
start the DRX Retransmission Timer for the corresponding HARQ process.

-
if a DRX Command MAC control element is received:

-
stop the On Duration Timer;

-
stop the DRX Inactivity Timer.

-
if the DRX Inactivity Timer expires or a DRX Command MAC control element is received in this subframe:

-
if the short DRX cycle is configured:
-
start or restart the DRX Short Cycle Timer;

-
use the Short DRX Cycle.

-
else:

-
use the Long DRX cycle.

-
if the DRX Short Cycle Timer expires in this subframe:

-
use the long DRX cycle.

-
during the Active Time, for a PDCCH-subframe except if the subframe is required for uplink transmission for half-duplex FDD UE operation and except if the subframe is part of a configured measurement gap:

-
monitor the PDCCH;

-
if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this subframe:

-
start the HARQ RTT Timer for the corresponding HARQ process;

-
stop the DRX Retransmission Timer for the corresponding HARQ process.

-
if the PDCCH indicates a new transmission (DL or UL):

-
start or restart the DRX Inactivity Timer;
-
stop the DRX Inactivity Timer when ACK is received for an empty BSR if the DRX Inactivity Timer has not been restarted since the empty BSR transmission.
-
when not in active time, CQI/SRS/PMI/RI shall not be reported.

Regardless of whether the UE is monitoring PDCCH or not the UE receives and transmits HARQ feedback when such is expected.

-------------------------------------------------------------- END OF CHANGE -------------------------------------------------------
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