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Introduction

The Out of Sequence Delivery function was firstly introduced on the receiving side of MCCH to receive MBMS control information. And the scenario of using this function has been extended on both receiving and transmitting side since last meeting. 

The function allows a buffer to store the received PDUs and reassemble the SDU as soon as all PDUs that contain the segments of the SDU and the “Length Indicator” have been received. 

This contribution discusses a problem in reassembly UMD PDUs when OSD function is configured and a solution is also proposed to this problem.

2
Discussion
The purpose of implementating the Out of Sequence SDU Delivery is to recover the SDUs from UMD PDUs received in different transmissions quickly and properly. The principle of this function is using a buffer to store the received PDUs until all SDUs associated with the PDU could be constructed or until they are discarded according to the buffer or timer mechanism. The particular operation is that SDUs can be transferred to upper layer as soon as all PDUs that contain the segments of the SDU and the “Length Indicator” have been received and no need to wait the PDUs in sequence.

It is described in the specification that if PDU with sequence number SN was stored, any consecutively numbered stored PDUs should be taken into account to estimate the Length Indicator to re-assemble the PDUs into SDUs and submit them to upper layer.

However, there is a situation that may cause some misunderstanding or problems of reassembly SDUs in the OSD configured reception due to the current description. It is illustrated in the following figure. Detailed description is added below.
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Figure 1 UMD PDUs with corresponding SDUs

According to the figure, the PDU 2, which contains complete SDU 2 and fragments of SDU 1 and SDU 3, has been received other than PDU1 and PDU3. We found that when to reassemble this kind of PDUs is a problem. According to the current specification description, SDU2 could not be forwarded to upper layer until PDU1 or PDU3 is received. If they are not received before PDU2 moving out from receiving window or Timer_OSD expiring, PDU2 should be discarded, and the useful information SDU2 will be lost. On the other hand, if SDU2 is delivered to upper layer immediately after receiving PDU2, it could not be discarded due to not receiving complete SDU1 and SDU2. Whereas if PDU1 or PDU3 is received during the period PDU2 is stored, SDU2 will be reassembled twice.  

This situation of one PDU containing more than one SDU often happened when the MCCH control information is relatively small. In order to enhance the reception performance, this dilemmatic situation should be avoided and a more clear method to handle this kind of PDUs should be provided.

A potential solution is proposed here to solve this problem. Before independently received PDUs are removed out from the storage due to the receiving window moving or timer expiring, they should be taken into account if there are any complete SDUs in the PDUs. If so, these SDUs should be delivered to upper layer and the PDUs should be discarded accordingly. This proposed solution either avoids possible duplication in case of immediately delivering SDU2 or avoids possible data loss in case of not delivering SDU2 until receiving PDU1 or PDU3.
3
Conclusion

This contribution discussed a problem occurred on reassembly of SDUs when Out of Sequence Delivery is configured on the reception. In order to enhance the reception performance, a potential solution of forwarding complete SDUs within a single received PDU has also been proposed.
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11.2.3.2
Out of sequence SDU delivery
To enable the recovery of SDUs from UMD PDUs that are received in different transmissions the receiving function shall store PDUs until all SDUs that are associated with the PDU can be reconstructed or until they are discarded in accordance with the procedures described below. SDUs are transferred to the upper layers as soon as all PDUs that contain the segments of the SDU and the "Length Indicator" indicating the end of the SDU  have been received.

Upon delivery of a set of UMD PDUs from the lower layer, the Receiver shall for each PDU (in the following SN denotes the sequence number of each PDU):

-
If the PDU is the first PDU received (after the receiving entity is established or re-established):

-
VR(UOH) shall be assigned the value SN-1.

-
if VR(UOH) > SN > VR(UOH) – OSD_Window_Size then:

-
if a PDU with sequence number SN is already stored:

-
discard the PDU;

-
else:

-
store the PDU in sequence number order.

-
else:

-
VR(UOH) shall be assigned the value SN, thereby advancing the storage window;

-
store the PDU in sequence number order;

-
remove from storage any PDUs whose sequence numbers, SN, are outside of the storage window VR(UOH) > SN > VR(UOH) – OSD_Window_Size;
-
if Timer_OSD is active then Timer_OSD shall be stopped;

-
Timer_OSD shall be started.

-
if PDU with sequence number SN was stored:
-
as soon as all PDUs that contain the segments of a SDU and the "Length Indicator" indicating the end of the SDU have been received:

-
re-assemble the SDU;

-
submit the SDU to upper layers through the UM-SAP;

-
remove from storage any PDUs for which all associated SDUs have been re-assembled. PDUs containing the special length indicators “0000 000”,  “0000 0000 0000 000” or "1111 1111 1111 011"should not be deleted unless SDUs associated with this length indicator have been recovered or will be capable of recovery. 

NOTE 0:
If PDUs are removed from storage after SDU recovery then retransmitted PDUs may result in the duplicate transfer of SDUs to the higher layers.

-
if Timer_OSD expires:

-
remove from storage all stored PDUs.

NOTE 1:
When configured for out of sequence SDU delivery, the transmitter should consider the possibility that a loss of a number of 128 ( OSD_Window_Size consecutively numbered PDUs may result in an undetected protocol error in the receiver, if the transmit state variable VT(US), at the end of a time interval equal to the duration of Timer_OSD, is greater than 128 + SN ( OSD_Window_Size + 1, where SN is the lowest sequence number of any PDU transmitted or retransmitted within that time interval.
NOTE 2:
The transmitter should not concatenate within a single PDU, SDUs or fractions of SDUs that contain MBMS Access Information messages with SDUs or fractions of SDUs that contain other MCCH message types.
NOTE 3:
SDUs are contained within consecutively numbered PDUs. To enable SDUs containing MBMS Access Information messages to be transmitted at their designated times, the transmitter may transmit PDUs out of sequence order.
NOTE 4:
The transmitter should not transmit within a single PDU, SDUs or fractions of SDUs that contain MBMS Access Information messages with the special length indicator "0000 000","0000 0000 0000 000", and "1111 1111 1111 011".
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