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1 Introduction
EPC mechanism was intended to increase the efficiency of sending updated status report. Because of its non-deterministic behavior, it was removed from the RLC specification. In RAN2 meeting #42, a Status Monitoring mechanism for handling lost STATUS PDU was proposed [1] to cover the functionality left by deletion of EPC mechanism. The analysis of [1] shows that this functionality can enhance L2 transmission efficiency if the STATUS PDU contains negatvie acknowledgements (NACKs) and is triggered by the receiver itself.  This discussion paper elaborates the functionality with an example to show that it is deterministic. An analysis of the interaction between Timer Poll and Status Monitoring is also included.

2 Proposal for handling lost STATUS PDU
Utilizing the fact that retransmission of NACKs has higher priority over transmission of new AMD PDUs, we propose the following “Status monitoring” functionality for handling lost STATUS PDU:

(1) Timer configuration:

A timer called Timer_Status is configured with a value equal to or longer than the round-trip time, i.e., the time between the transmission of a status report and the reception of the first retransmitted AMD PDU. 

(2) Procedure initialization:

· When a status report with NACKs is sent out, Timer_Status is started and the Status Monitoring procedure starts. 

· When an updated status report with NACKs is sent out, the procedure is re-initiated and Timer_Status is re-started.

(3) Status report retransmission:

After Timer_Status expires, if the receiver receives an AMD PDU, which was not NACKed in the status report, before all the NACKed AMD PDUs are received, an update status report is triggered to send.
(4) Procedure termination:

· When all the NACKs in the status report are received correctly, the Status Monitoring procedure ends and Timer_Status is stopped if still running.

· When the NACKs in the status report are not needed to be reported any more, such as receiving a MRW SUFI to discard all the NACKs, detecting an RLC reset or an RLC re-establishment, the Status Monitoring procedure ends and Timer_Status is stopped if still running.

3 Discussion
Fig. 1 illustrates an MSC chart between a Sender and a Receiver.  A Timer_STATUS is configured to be longer than the round-trip time. The first status report with NACK 1 and 2 is triggered by “detection of missing PDUs” so that a procedure for Status Monitoring is triggered.

The second status report with NACK 1 and 2 and the third status report with NACK 2 are triggered because a PDU not NACKed in a previous status report is received before all the NACKs are received. 

When the second and third status reports are sent out, a new Status Monitoring procedure is triggered. The procedure ends when the second retransmission of SN = 2 is received.

To make the functionality complete, the second rule for procedure termination is added to handle abnormal cases, which are not shown in Fig. 1. 
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Fig. 1


Analysis of Timer Poll and Status Monitoring interaction

Status Monitoring was proposed in [1] and [2] to exclude the interaction with Timer Poll. In other words, if a status report is triggered by a Poll, the status monitoring procedure is not initiated. It was commented to release this limitation during off-line discussions. This subsection shows the interaction between Timer Poll and Status Monitoring functionality.

When a status report triggered by a poll is sent out, there are two possibilities: (1) the STATUS PDU is missing during the transimission and is not received by the Sender, or (2) the STATUS PDU is received by the Sender.

Case (1) the STATUS PDU is missing

In this case, after Timer_poll expires Timer Poll mechanism will transmit a poll carried by a suitable AMD PDU and the Timer Poll procedure is re-initiated. The poll may arrive the Receiver or it may be missing. 

Case (1A): If the poll arrived the Receiver, a updated STATUS PDU will be sent by the Receiver. In this case, there is no difference whether or not Status Monitoring is initiated by a status report triggered by Poll. Here, we assume that Timer_Poll and Timer_Status are of the same length, which is suitably longer than the round trip time (RTT).

Case (1B): If the poll does not arrive the Receiver, the Receiver will not send an updated STATUS PDU until Timer_Poll in the Sender expires and another Poll is sent out and arrive the Receiver in case that Status Monitoring is not initiated by a status report triggered by Poll. On the other hand, in case that Status Monitoring is initiated whether or not a status report is triggered by Poll, the Receiver will send an updated STATUS PDU after Timer_Status expires, one RTT earlier than the other case. 

Case (2) the STATUS PDU is received by the Sender

The NACKed PDU/PDUs will be retransmitted. The Timer Poll procedure ends. A poll will be carried on the last retransmitted PDU triggered by the Last PDU in Retransmission Buffer. The Timer Poll procedure is re-initiated. The poll may or may not arrived the Receiver. 

Case (2A): If the poll arrived, the receiver will respond in the same way whether or not Status Monitoring is initiated by a status report triggered by Poll. This is similar to Case (1A).

Case (2B): If the poll is missing, the Receiver will not send an updated STATUS PDU until Timer_Poll in the Sender expires and another Poll is sent out and arrive the Receiver in case that Status Monitoring is not initiated by a status report triggered by Poll. On the other hand, in case that Status Monitoring is initiated whether or not a status report is triggered by Poll, the Receiver will send an updated STATUS PDU after Timer_Status expires, one RTT earlier than the other case. This is similar to Case (1B).

In summary, for both Case (1) and Case (2), the above analysis shows that Status Monitoring has better performance if it is allowed to be initiated whether or not a status report is triggered by Poll.

4 Conclusion

A Status Monitoring mechanism is proposed. This function is proposed to cover the functionality left by deletion of EPC mechanism.  Missing STATUS PDU and missing retransmission can both be detected so that an updated STATUS PDU can be sent out timely. The transmission efficiency can be increased accordingly.

 A draft CR on RLC specification is attached based on the proposal. If the proposal is agreed, a formal CR on RLC and an accompanying CR on RRC to cover the configuration of the added timer will be provided. 

5 Reference

[1] R2-040903, “Functionality for handling lost STATUS PDU”, RAN2 #42, Montreal, Canada, May 2004.

[2] R2-050009, “STATUS PDU monitoring”, RAN2 #45bis, Sophia-Antiplolis, France, January 2005.

3GPP TSG-RAN2 Meeting #45bis
Tdoc (
R2-050285

Sophia-Antipolis, France, 10-14 January 2005
	CR-Form-v7.1

	CHANGE REQUEST

	

	(

	25.322
	CR
	xxx
	(

rev
	-
	(

Current version:
	6.2.0
	(


	

	For HELP on using this form, see bottom of this page or look at the pop-up text over the (
 symbols.

	


	Proposed change affects:
(

	UICC apps(

	
	ME
	X
	Radio Access Network
	X
	Core Network
	


	

	Title:
(

	Handling lost STATUS PDU

	
	

	Source:
(

	ASUSTeK

	
	

	Work item code:
(

	
	
	Date: (

	10/08/2004

	
	
	
	
	

	Category:
(

	B
	
	Release: (

	Rel-6

	
	Use one of the following categories:
F  (correction)
A  (corresponds to a correction in an earlier release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)

Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
	Use one of the following releases:
Ph2
(GSM Phase 2)
R96
(Release 1996)
R97
(Release 1997)
R98
(Release 1998)
R99
(Release 1999)
Rel-4
(Release 4)
Rel-5
(Release 5)
Rel-6
(Release 6)

     Rel-7
(Release 7)



	
	

	Reason for change:
(

	Funtionality for handling lost STATUS PDU is missing from current specification.



	
	

	Summary of change:
(

	Status Monitoring function is added.

	
	

	Consequences if 
(

not approved:
	When a STATUS PDU gets lost, RLC transmission efficiency deteriorates.

	
	

	Clauses affected:
(

	9.5, 9.7.2, 11.5.2.3, 11.5.4.2

	
	

	
	Y
	N
	
	

	Other specs
(

	x
	
	 Other core specifications
(

	25.331

	affected:
	
	x
	 Test specifications
	

	
	
	x
	 O&M Specifications
	

	
	

	Other comments:
(

	


How to create CRs using this form:

Comprehensive information and tips about how to create CRs can be found at http://www.3gpp.org/specs/CR.htm.  Below is a brief summary:

1)
Fill out the above form. The symbols above marked (
 contain pop-up help information about the field that they are closest to.

2)
Obtain the latest version for the release of the specification to which the change is proposed. Use the MS Word "revision marks"  feature (also known as "track changes") when making the changes. All 3GPP specifications can be downloaded from the 3GPP server under ftp://ftp.3gpp.org/specs/ For the latest version, look for the directory name with the latest date e.g. 2001-03 contains the specifications resulting from the March 2001 TSG meetings.

3)
With "track changes" disabled, paste the entire CR form (use CTRL-A to select it) into the specification just in front of the clause containing the first piece of changed text.  Delete those parts of the specification which are not relevant to the change request.

9.5
Timers

The timers defined in this subclause are normative. The timers shall be considered active from the time they are started until the time they either expire or are stopped.

[ … ]

k)
Timer_DAR

This timer is used with the UM duplicate avoidance and reordering function. It is used to trigger the transfer of PDUs to the next in sequence UM RLC receiver function. 

The timer is started and stopped according to subclause 9.7.10.

l)
Timer_Status.


This timer shall only be used when "Status monitoring" is configured by upper layers. It is meant to be equal to or longer than the roundtrip delay, i.e., the time between the transmission of a status report and the reception of the first retransmitted AMD PDU. The value of the timer is signalled by upper layers.


In the UE, this timer shall be started when the successful or unsuccessful transmission of the last STATUS PDU of a status report, which contains at least one negative acknowledgement, is indicated by lower layer. In UTRAN it should be started when the last STATUS PDU of a status report, which contains at least one negative acknowledgement, is submitted to lower layer. 

This timer shall be stopped according to subclause 9.7.2. 
9.7.2
  STATUS transmission for acknowledged mode

The Receiver transmits status reports to the Sender in order to inform the Sender about which AMD PDUs have been received and not received. Each status report consists of one or several STATUS PDUs. The Receiver shall trigger the transmission of a status report when receiving a poll request. Additionally, the following triggers for transmission of status reports are configurable by upper layers:

1)
Detection of missing PDU(s).


If the Receiver detects one or several missing AMD PDUs it shall trigger the transmission of a status report to the Sender.

2)
Timer based status report transfer.


The Receiver triggers the transmission of a status report to the Sender periodically. The timer Timer_Status_Periodic controls the time period according to subclause 9.5 g). When "Periodical Status blocking" is configured by upper layers, the trigger shall not be active.

3)
Void
4)  Status monitoring.


When this trigger is configured by upper layers, the receiver shall:

-
start the timer Timer_Status according to subclause 9.5 l); 

-
if the timer Timer_Status is started:

-
if all the retransmitted AMD PDUs negatively acknowledged in the status report that leads to the start of the timer Timer_Status are received successfully or discarded by a received MRW SUFI; or
-
if the receiver initiates a RLC reset procedure or receives a RESET PDU so as to reset the RLC entity; or
-
if the RLC entity is re-established by upper layers; or
-
if the Receiver triggers the transmission of another status report:
-
stop the timer Timer_Status if it has not expired;

-
if the timer Timer_Status has expired; and

-
if the Receiver receives an AMD PDU, which is not negatively acknowledged in the status report; and

-
if at least one of the AMD PDUs that are negatively acknowledged in the status report has not been received successfully:
-
trigger the transmission of an updated status report to the Sender.
There are two functions that can prohibit the Receiver from sending a status report containing any of the SUFIs LIST, BITMAP, RLIST or ACK. Status reports containing other SUFIs are not prohibited. Upper layers control which functions should be used for each RLC entity. If any of the following functions is used the transmission of the status report shall be delayed, even if any of the triggering conditions above are fulfilled, except for the generation of a status report triggered by MAC-hs reset:

1)
STATUS prohibit.


The timer Timer_Status_Prohibit is started according to subclause 9.5 f). The Receiver is not allowed to transmit a status report while acknowledgement is prohibited (see subclause 9.5 f)). If a status report was triggered during this time, the status report is transmitted after the timer Timer_Status_Prohibit has expired, as described below.

2)
Void
When a status report is triggered the Receiver shall:

-
if transmission of status reports is not prohibited by any of the functions "STATUS prohibit":

-
assemble and transmit the status report to the Sender, as specified in subclauses 11.5.2.2 and 11.5.2.3.

-
otherwise (if the status report is prohibited by at least one of the functions "STATUS prohibit"):

-
if MRW, MRW_ACK or WINDOW SUFIs are required in the status report:

-
send a status report immediately excluding ACK, LIST, BITMAP, and RLIST SUFIs;

-
if ACK, LIST, BITMAP, or RLIST SUFIs are required in the status report:

-
delay sending these SUFIs until the prohibit function terminates.

Upon expiry of the timer Timer_Status_Prohibit, the Receiver shall:

-
if at least one status report was triggered during the time the transmission of a status reports was prohibited that could not be transmitted due to prohibition; and

-
if transmission of a status reports is no longer prohibited by any of the functions "STATUS prohibit":

-
transmit one status report to the Sender, using the procedure described in subclause 11.5.2.3.

11.5
STATUS report transfer procedure
[…]

11.5.2
Initiation

The Receiver shall:

-
if one of the following triggers is detected:

1)
The "Polling bit" in a received AMD PDU is set to "1";

2)
"Missing PDU Indicator" is configured and a missing AMD PDU is detected;

3)
The "Timer based STATUS transfer" is configured and the timer Timer_Status_Periodic has expired:
-
act on the trigger as specified in subclause 9.7.2.
4)
An indicator received from MAC requesting generation of a status report following MAC-hs reset:

· generate a status report,even if the STATUS prohibit or the EPC mechanism is configured to prohibit the Receiver from sending a status report containing any of the SUFIs LIST, BITMAP, RLIST or ACK as specified in subclause 9.7.2.
11.5.2.1
Piggybacked STATUS PDU

The Receiver may:

-
if STATUS PDU(s) to be sent fit into padding octets in AMD PDU(s) to be sent:

-
piggyback a STATUS PDU on the AMD PDU to be sent.

Submission of a piggybacked STATUS PDU in an AMD PDU to the lower layer follows the same rules as an ordinary STATUS PDU.

11.5.2.2
STATUS PDU contents to set

On triggering of a status report, the Receiver shall:

-
if the "STATUS prohibit" is not active:

-
include negative acknowledgements for all AMD PDUs detected as missing;

-
include an ACK SUFI positively acknowledging all AMD PDUs received up to at least VR(R);

-
if an MRW SUFI assembled as specified in subclause 11.6.2.2 had not been sent:

-
optionally include the MRW SUFI;

-
if an MRW_ACK SUFI assembled as specified in subclause 11.6.2.2 is awaiting transmission:

-
optionally include the MRW_ACK SUFI;

-
if the Sender's transmission window is to be updated:

-
optionally include the WINDOW SUFI;

-
if all SUFIs can be accommodated in one STATUS PDU:

-
construct the status report using one STATUS PDU, using one of the allowed PDU sizes;

-
if the SUFIs included do not fill the entire STATUS PDU:

-
if the STATUS PDU is not terminated with an ACK SUFI:

-
terminate the STATUS PDU with a NO_MORE SUFI.

-
use padding in the remainder of the STATUS PDU (padding size may be zero);

-
otherwise (the status report is segmented):

-
construct STATUS PDUs including only complete SUFIs using one of the allowed PDU sizes. The set of STATUS PDUs shall accommodate all the SUFIs to form the complete status report. Indication of the same AMD PDU shall not be given in more than one STATUS PDU of a status report, but the ACK SUFI can be present in more than one STATUS PDU of a status report;

-
if any STATUS PDU constructed is not entirely filled with SUFIs:

-
if the STATUS PDU is not terminated with an ACK SUFI:

-
terminate that STATUS PDU with a NO_MORE SUFI.

-
use padding in the remainder of that STATUS PDU (padding size may be zero).

Which SUFI fields to use is implementation dependent. Bitmap SUFI is used to indicate both received and/or missing AMD PDUs. List SUFI and/or Relative List SUFI are used to indicate missing AMD PDUs only. Acknowledgement SUFI is used to indicate the received AMD PDUs. (For SUFI details see 9.2.2.11.)

11.5.2.3
Submission of STATUS PDUs to the lower layer

The Receiver shall:

-
inform the lower layer of the STATUS PDUs scheduled for transmission;

-
submit to the lower layer, the requested number of PDUs (STATUS PDUs, piggybacked AMD/STATUS PDUs and optionally AMD PDUs, see also subclause 11.3.2.2);

-
if "Timer based STATUS transfer" is configured and the timer Timer_Status_Periodic has expired:

-
restart the timer Timer_Status_Periodic according to subclause 9.5 f);

-
if the STATUS PDU includes the MRW SUFI:

-
start the timer Timer_MRW according to subclause 9.5 i);

-
if "Status monitoring" is configured:

-
start the timer Timer_Status according to subclause 9.5 l) .

[…]

11.5.4
Abnormal cases

11.5.4.1
Void

11.5.4.2
Lost status report detected
If "Status monitoring" is configured and the transmission of an updated status report is triggered according to subclause 9.7.2, the Receiver shall:

-
perform the actions specified in subclauses 11.5.2.2 and 11.5.2.3.
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