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1.
Introduction
At the RAN2#60 meeting, an issue regarding “duplication detection in HARQ” was discussed [1], but no conclusion was reached. The main issue was whether UE treats a retransmitted data that was already successfully decoded as a new data or a duplicated data. This document tries to resolve the same issue after some offline activities.
2.
Current status
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. The standard needs to clearly instruct UE to do something in this case.
3.
HARQ operation for retransmitted data
As already explained in [1], the above problematic case may happen with following two reasons;

· Case1: ACK-to-NACK error in eNB

· Case2: (Miss detection of next data in UE) and (DTX-to-ACK error in eNB)

In each case, the desired UE behaviour for the retransmitted data is as follows.

· Case1: Treat it as duplicated data. UE should discard it, and send ACK to eNB to prevent useless retransmission.
· Case2: Treat it as new data. UE should replace the data in the HARQ buffer with the received data.
In [1], we assumed that the above two cases have comparable probabilities, so it was thought to be difficult for UE to differentiate between the two cases. 

But after closer check of the probabilities, we found that Case1 is 10 or 100 times frequent than Case2. The calculation is based on the Annex H of [2].
Annex H (informative):
L1/L2 Control Signalling Performance

The target quality on L1/L2 control channels of E-UTRAN is summarized in the two tables below: 
Table H-1: DL control signalling
	Event
	Target quality

	DL scheduling information miss detection
	(10-2)

	UL scheduling grant miss detection
	(10-2)

	NACK to ACK error (for UL-SCH)
	(10-4 – 10-3)

	ACK to NACK error (for UL-SCH)
	(10-4 – 10-3)


Table H-2: UL control signalling

	Event
	Target quality

	ACK miss detection (for DL-SCH)
	(10-2)

	DTX to ACK error (for DL-SCH)
	(10-2 – 10-1)

	NACK to ACK error (for DL-SCH)
	(10-4 – 10-3)

	CQI block error rate
	FFS (10-2 – 10-1)


The calculated probabilities are;
· Case1: P[ACK-to-NACK error in eNB] = 10-2
· Case2: P[Miss detection of next data in UE] x P[DTX-to-ACK error in eNB] = 10-2 x (10-2 ~ 10-1) = 10-4 ~ 10-3
Thus, it would be more probable that the retransmission is coming from ACK-to-NACK error, and the desired UE behaviour would be to assume the retransmitted data as duplication and discard the retransmitted data. 
But if we mandate UE to discard the retransmitted data, there is a possibility that we lose some data. Note that Case2 occurs with 10-4 ~ 10-3 probability, and once it occurs, two subsequent data are lost unless AM RLC is utilized. Therefore, even with lower probability, it might be better to treat the retransmitted data as new data. However, if UE treats the retransmitted data as new data, then useless retransmission might occur until the maximum number of retransmission if the retransmission is coming from ACK-to-NACK error. 
To cope with both cases, one possible method would be having different UE behaviour depending on the TB size. That is, if the TB size is same as previous one, then UE can assume that it comes from ACK-to-NACK error, and if the TB size is different, then UE can assume that it comes from the combination of miss detection and DTX-to-ACK error. But since this option is a small optimization of a rare case, the need for this option should be justified.

In summary, there are three options for HARQ to handle retransmitted data when the data has already been successfully decoded.
Option1) Discard the received data

Option2) Replace the data in HARQ buffer with the received data

Option3) If TB size is same, go for Option1. Otherwise, go for Option2.

4.
Proposal
In this document, we analyze the case when the retransmission is indicated and the data has already been successfully decoded. To make UE behaviour clear enough, we propose UE should act as one of the three options in this case.
Option1) Discard the received data

Option2) Replace the data in HARQ buffer with the received data

Option3) If TB size is same, go for Option1. Otherwise, go for Option2.

Among three options, we have a preference on Option1 or Option2 over Option3, because Option3 has more complexity than other options while the gain is not that much. Thus, we propose that Option1 or Option2 be adopted in the MAC specification. The text proposal is provided based on the Option1. In the text proposal, some editorial changes are also made on the “not successfully decoded” case.
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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.

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

-
discard 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.
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