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1.
Introduction
So far, how to handle the duplicated data has not been decided. Though a duplicate detection function is used in AM RLC, there is no such a function defined in either UM RLC or MAC (HARQ). Therefore, if a radio bearer utilizes a UM RLC and a HARQ, duplicated packet might be delivered to upper layer unless the duplication is detected in one of the two entities. This paper discusses which entity is better for the duplicate detection.
2.
Handling of duplication
HARQ operation described in the latest MAC specification is as follows.
5.3.2.2
HARQ process

The UE shall:

-
if a new transmission is indicated for this HARQ process:

-
replace the data currently in the soft buffer for this HARQ process with the received data.
-
if a retransmission is indicated for this HARQ process:
-
if the data has not yet been successfully decoded:
-
combine the received data with the data currently in the soft buffer for this HARQ process.

-
if the transport block size is different from the last valid transport block size signalled for this HARQ process:
-
the UE may replace the data currently in the soft buffer for this HARQ process with the received data.
As can be seen, what is missing is the case when a retransmission is indicated and the data has already been successfully decoded. This case may happen when there is an ACK-to-NACK interpretation error in the HARQ transmitter, and when the duplicated data is received a preferred behaviour for the HARQ receiver is to discard the retransmitted data. It means that HARQ receiver has a duplicate detection function, and therefore this function is not needed in UM RLC.
However, it should be noted that ‘ACK following with a retransmission’ does not always mean duplication. That is, if the previous data was successfully decoded, and an initial transmission for a new data is lost, it is possible that the HARQ receiver receives a retransmission (for the new data) while the (previous) data has already been successfully decoded. In this case, a preferred behaviour is to replace the data in the soft buffer with the received data. In other words, duplicate detection function should be configured in UM RLC because HARQ receiver does not provide it.
The problem is that it is not possible for the HARQ receiver to identify the above two cases if no special mechanism is defined. Thus, which way we should go needs to be decided.
In our view, having duplicate detection function in UM RLC is more safe and efficient way to go. The reason is that if HARQ receiver discards a retransmitted data, it may cause loss of a packet in case of ‘loss of initial transmission’. Thus, to avoid any packet loss, it is desirable for HARQ receiver to treat the retransmitted data as a retransmission of a new data.

If we agree on ‘no duplicate detection in HARQ’, then the duplicate detection function needs to be defined in UM RLC. We think that it’s not so difficult to adopt this functionality, because HARQ reordering with a reception window is already defined in the UM RLC.
3.
Proposal
It is proposed in this paper that

· No duplicate detection function in HARQ process

· Use duplicate detection function in UM RLC

In addition, we propose to adopt the following text proposals for MAC and RLC.
Text Proposal for 36.321






















5.3.2.2
HARQ process

The HARQ process processes the New Data Indicator (name FFS) indicated from the HARQ entity for each received MAC PDU.

The UE shall:

-
if a new transmission is indicated for this HARQ process:
-
replace the data currently in the soft buffer for this HARQ process with the received data.
-
if a retransmission is indicated for this HARQ process:
-
if the data has not yet been successfully decoded:
-
if the transport block size is same as the last valid transport block size signalled for this HARQ process:
-
combine the received data with the data currently in the soft buffer for this HARQ process.

-
otherwise:
-
either combine or replace the data currently in the soft buffer for this HARQ process with the received data.
-
otherwise:

-
replace the data currently in the soft buffer for this HARQ process with the received data.
-
if the data in the soft buffer has been successfully decoded:

-
deliver the decoded MAC PDU to the disassembly and demultiplexing entity;

-
generate a positive acknowledgement (ACK) of the data in this HARQ process.

-
else:

-
generate a negative acknowledgement (NACK) of the data in this HARQ process;

-
if the HARQ process is associated with a transmission indicated with an RA-RNTI; or
-
if the HARQ process is associated with a transmission indicated with a Temorary C-RNTI and a Random Access Identity match is not indicated; or

-
if the HARQ process is equal to the broadcast process:

-
do not indicate the generated positive or negative acknowledgement to the physical layer

-
otherwise
-
indicate the generated positive or negative acknowledgement to the physical layer.

Text Proposal for 36.322






















4.2.1.2.3
Receiving UM RLC entity

When a receiving UM RLC entity receives UMD PDUs, it shall:

· Detect whether or not the UMD PDUs have been received in duplication, and discard duplicated UMD PDUs;
· Reorder the UMD PDUs if they are received out of sequence;

· Detect the loss of UMD PDUs at lower layers and avoid excessive reordering delays;

· Reassemble RLC SDUs from the UMD PDUs that are received in sequence (not accounting for RLC PDUs for which losses have been detected) and deliver them to PDCP;

· Discard received UMD PDUs that cannot be re-assembled into a RLC SDU due to loss at lower layers of an UMD PDU which belonged to the particular RLC SDU.

At the time of inter eNB handover, the receiving UM RLC entity shall:

· If possible, reassemble RLC SDUs from the UMD PDUs that are received out of sequence and deliver them to PDCP;

· Discard any remaining UMD PDUs that could not be reassembled into RLC SDUs;

· Initialize relevant state variables and stop relevant timers.


4.4
Functions

The following functions are supported by the RLC sub layer:

· Transfer of upper layer PDUs;

· Error correction through ARQ (only for AM data transfer);

· Concatenation, segmentation and reassembly of RLC SDUs (only for UM and AM data transfer);

· Re-segmentation of RLC data PDUs (only for AM data transfer);

· In sequence delivery of upper layer PDUs (only for UM and AM data transfer);

· Duplicate detection (only for UM and AM data transfer);


· RLC SDU discard;

Editor’s note: Whether RLC SDU discard needs to be supported for TM data transfer, UM data transfer and/or AM data transfer is FFS.

· Reset;

Editor’s note: Whether reset needs to be supported for TM data transfer, UM data transfer and/or AM data transfer is FFS.

Editor’s note: Currently, the term “Reset” is used to cover both what is termed as “Re-establishment” and “Reset” in Release 6 RLC. But as in Release 6 RLC, “Re-establishment” should be distinguished from “Reset” (the need for Release 6 RLC like “Reset” is FFS), and should be corrected in the future.

· Protocol error detection and recovery.

Editor’s note: Currently it is FFS whether flow control between eNB and UE will be supported as a function of RLC.

5.1.2
UM data transfer

Transmit operations
When delivering a new UMD PDU to MAC, the transmitting UM RLC entity shall:

· Set the SN of the UMD PDU to VT(US), and then increment VT(US) by one.

Receive operations
The receiving UM RLC entity shall maintain a reordering window according to state variables VR(UR) and VR(UMR) as follows:

· A SN falls within the reordering window if VR(UR) <= SN < VR(UMR);

· A SN falls outside of the reordering window otherwise.

When receiving an UMD PDU with SN = x from lower layer, the receiving UM RLC entity shall:

· If the UMD PDU has been received already:
· Discard the received UMD PDU;
· Otherwise:
· Place the received UMD PDU in the reception buffer;
· If x falls outside of the reordering window:

· Update VR(UR) to the SN of the UMD PDU which satisfies the following criteria:

· The SN of the UMD PDU >= x + 1 – UM_Window_Size

· The UMD PDU has not been received yet;

· The UMD PDU with the lowest SN that satisfies the above two criteria.

· If T_reordering is running:
· If VR(UX) falls outside of the updated reordering window;

· Stop and reset T_reordering;

· If T_reordering was not running or stopped:
· If x > updated VR(UR):

· Update VR(UX) to x;

· Start T_reordering;

· Else:

· Update VR(UX) to NULL;

· Else, if x = VR(UR):

· Update VR(UR) to the SN of the next not received UMD PDU;
· If T_reordering is running:
· If VR(UX) falls outside of the updated reordering window;

· Stop and reset T_reordering;

· If T_reordering was stopped:
· If any UMD PDUs with SN > updated VR(UR) have been received already:

· Update VR(UX) to the SN of the UMD PDU with the highest SN among them;

· Start T_reordering;

· Else:

· Update VR(UX) to NULL;

· Else (if x is not equal to VR(UR) but x falls within the reordering window):

· If T_reordering is not running:
· Start T_reordering;

· Set VR(UX) = x;

When T_reordering expires, the receiving UM RLC entity shall:

· Update VR(UR) to the SN of the UMD PDU which satisfies the following criteria:

· The SN of the UMD PDU > VR(UX);

· The UMD PDU has not been received yet;

· The UMD PDU with the lowest SN that satisfies the above two criteria;

· If any UMD PDUs with SN > updated VR(UR) have been received already:

· Update VR(UX) to the SN of the UMD PDU with the highest SN among them;
· Start T_reordering;

· Else:

· Update VR(UX) to NULL.
Whenever possible, the receiving UM RLC entity shall:

· Reassemble RLC SDUs from UMD PDUs with SN < VR(UR) that are in the reception buffer and in-sequence UMD PDUs with SN >= VR(UR), remove RLC headers when doing so and deliver the reassembled RLC SDUs to PDCP.

Editor’s note: It is intended to specify details regarding RLC PDU generation and delivery to lower layer at the transmitter and RLC PDU reordering and loss detection, RLC SDU reassembly and delivery to upper layers at the receiver in this section.
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