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1.  Introduction

Many contributions focused on interactions between ARQ and HARQ so far. The first type of interaction in [1], i.e. if the HARQ transmitter detects a failed delivery of a TB due to e.g. maximum retransmission limit is reached the relevant transmitting ARQ entities are notified has been agreed in RAN2 meeting. But the second type of interaction, i.e. if the HARQ receiver is able to detect a NACK to ACK error the relevant transmitting ARQ entities are notified via explicit signalling is still FFS. In our view the second type of interaction is also necessary because of:
· Reducing error recover delay. The simulation result in [2] shows the ARQ retransmission delay is reduced further while introducing the second type of interaction. This had also been analyzed in [3].
· Reducing the memory requirement. The length of transmitting/receiving window in RLC would become shorter if the error recover delay is reduced. This would lead to less memory requirement in eNB and UE.
· Decreasing protocol complexity. The combination of AMC and HARQ will increase the transmission reliability in LTE, furthermore interactions between ARQ and HARQ allow more transmission error detected out in HARQ, so only a little error need be detected in RLC comparing with R4. Thus, it is no necessary to design complex status report and window moving mechanism between peer RLC entities. Moreover the feedback of second type of interaction from receiver to transmitter can be realized simply by MAC control PDU.
But when the first and second types of interaction are adopted together, the operation incurs some problems, which decrease the system performance in reliability and efficiency. In this document these problems are analyzed and a transmitter-based error confirmation scheme for DL transmission is proposed to resolve these problems.
2.  Discussion
For the downlink transmission the discussion is based on the following assumptions:

· Asynchronous adaptive HARQ 

· L1/L2 control signalling (assignment) sent in conjunction with data includes the Redundancy Version, i.e. if an assignment is received it is known whether new data is sent.
· The UE need not acquire the maximum retransmission number, and this is reasonable in DL asynchronous HARQ.

2.1 Drawbacks of current ARQ/HARQ interactions
The concrete handling in current interaction procedure for error detection between ARQ and HARQ include:
· When the transmitter receives the NACK for the last HARQ retransmission a local NACK1 will report to RLC, i.e. the first type of interaction. The local NACK1 means that the TB is failed to be sent due to reaching its maximum retransmission limit.
· When the NACK from receiver is decoded as ACK by transmitter, the transmitter will schedule a new initial transmission. Then the receiver concludes that a signalling misunderstanding happens from the scheduling signalling corresponding to the new initial transmission and sends an error indication message to transmitter, i.e. the second type of interaction. A Local NACK2, which means a NACK to ACK signalling misunderstanding happens during the feedback, will be notified to RLC in transmitter side after receiving the error indication.

The first type of interactions in current scheme will incur redundant transmission:

· Redundant transmission case: if signalling misunderstanding from ACK to NACK happens in the last HARQ retransmission or just before pre-emption, the data that has been received successfully in receiver will be resubmitted by RLC again.

And the first and second types of interaction working together will lead to error mis-detections in two cases as follows:
· Error mis-detection case 1: while the HARQ process is pre-empted the transmitter would receive the error indication from receiver about NACK to ACK signalling misunderstanding, but the transmitter decoded the feedback correctly in fact.

· Error mis-detection case 2: while reaching the maximum transmission limit, the error indication from receiver to transmitter occurs to denote the signalling misunderstanding from NACK to ACK, but such signalling mistake does not exist at all.

2.1.1 Redundant transmission
Redundant transmission case is depicted below.
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Figure 1 Redundant transmission case in DL asynchronous HARQ

In Figure 1, the TB1 related to RLC PDU1 is retransmitted several times since the UE always decodes the TB1 incorrectly until last retransmission in step [5]. The decoding is successful after last retransmission, and therefore an ACK is returned to eNB. But unfortunately the ACK is misconceived as NACK, so a Local NACK1 is notified to eNB RLC in step [7]. If the RLC PDU1 is submitted to MAC for transmission again as in step [8], a redundant transmission for RLC PDU1 will be launched, which has been received successfully in UE. Obviously, it is adverse in resource efficiency of air interface.
2.1.2 Error mis-detection

Figure 2 presents the detail operation in which error mis-detections happen.
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Figure 2 Error mis-detection in DL asynchronous HARQ

Error mis-detection case 1 presents in the red frame, in which the RLC PDU2 with higher priority than RLC PDU1 is sent to eNB MAC (step [4]) during the transmission of TB1 related to RLC PDU 1. The scheduler terminates the retransmission of TB1 although it has not been received successfully in UE side yet (step [5]). As a result, a local NACK1 is sent to eNB RLC to denote the RLC PDU1 failed to deliver (step [6]). And the initial transmission for TB2 related to RLC PDU2 is ignited in step [7] and [8]. But UE does not know the pre-emption in eNB, and returns an error indication message to eNB in step [9] according to the handling of second type of interaction. Consequently, a local NACK2 is sent to eNB RLC again (step [10]). The local NACK1 in step [6] and local NACK2 in step [10] both related to RLC PDU1 will make ambiguity in eNB RLC.

The steps in blue frame of Figure 2 show the error mis-detection case 2. The last retransmission of TB1 related to RLC PDU1 does not complete yet (step [4’], [5’] and [6’]), so a local NACK1 is sent to eNB RLC in step [7’] according to the operation of first type of interaction. Then a new initial transmission for TB2 related to RLC PDU2 is started in step [9’] and [10’]. In term of the operation of second type of interaction, an error indication message is transmitted from UE. Sequently the eNB MAC sends a local NACK2 to RLC (step [12’]) after receiving the error indication. Same as previous case, the local NACK1 in step [7’] and local NACK2 in step [12’] will confuse eNB RLC.
Both the redundant transmission and error mis-detections influence the system performance, so a transmitter-based error confirmation scheme is proposed in next section to avoid these drawbacks.
2.2 Transmitter-based error confirmation scheme
In this scheme, all transmission scenarios are estimated in transmitter by taking account of multiple information, to resolve the problems described in section 2.1.
For increasing the reliability, a timer, we call it as
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, is suggested to start before sending the local ACK from MAC to RLC in transmitter side [4]. The start occasion of 
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 is also proposed just at the time of transmitting the scheduling signalling for next initial transmission with the same HARQ process [5]. 
A Timer, called 
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, related with NACK received by transmitter is also introduced in the transmitter-based confirmation scheme. And the ignition time of 
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 is same with 
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. With the 
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 and the error indication message coming from receiver, transmitter would have the capacity to determine the true transmission scenarios accurately. The error detection procedures are presented in three aspects.
A) While eNB receiving an ACK and without pre-emption happening.

[image: image9.emf]eNB RLC eNB MAC UE MAC UE RLC

[1] RLC PDU1

[3] TB1

[2]  Scheduling Signaling, RV=1

[4] NACK

[6] TB1

[5] Scheduling Signaling, RV=2

[8] ACK

[12] Local ACK

[7] RLC PDU1

[10] Scheduling Signaling, RV=1

T

ACK

[7'] NACK→ACK

[9'] Scheduling Signaling, RV=1

T

ACK

[11'] Error Indication

[12'] Local NACK2

[9] RLC PDU2

[11] TB2

[8'] RLC PDU2

[10'] TB2


Figure 3 eNB receiving an ACK feedback

Figure 3 shows the operation while eNB received an ACK feedback from UE, which is identical with current interaction procedure. The steps in green frame present a HARQ transmission that is successful in the first retransmission (step [5], [6], [7] and [8]). A 
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 timer is ignited in eNB when the scheduling signalling for next new TB is sent (step [10]), and the local ACK is notified to eNB RLC after the 
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 expired (step [12]). 
Detecting a signalling misunderstanding from NACK to ACK is presented in the red frame. The signalling misunderstanding happens in step [7’], and a 
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 timer is started in step [9’] in which the eNB begins to schedule a new initial transmission. After eNB received an error indication before 
[image: image13.wmf]ACK

T

 expiration (step [11’]), a local NACK2 is sent to eNB RLC (step [12’]).

B) When eNB receiving a NACK feedback and without pre-emption happening.

[image: image14.emf]eNB RLC eNB HARQ UE HARQ UE RLC

[1] RLC PDU1

[3] TB1

[2] Scheduling Signaling, RV=1

[4] NACK

[6] TB1

[5] Scheduling Signaling, RV=2

Initialize transmission

The first retransmission

[7] ACK→NACK

[9] TB1

[8] Scheduling Signaling, RV=3

The second retransmission

[10] ACK

[7'] NACK

[9'] TB1

[8'] Scheduling Signaling, RV=m

[10'] NACK

……

The last retransmission

T

NACK

[15'] Local NACK1

[12'] Scheduling Signaling, RV=1

New transmission

[14'] Error Indication

[7"] NACK

[9"] TB1

[8"] Scheduling Signaling, RV=m

[10"] ACK→NACK

……

The last retransmission

T

NACK

[14"] Local ACK

[12"] Scheduling Signaling, RV=1 New transmission

[11'] RLC PDU2

[13'] TB2

[11'] RLC PDU2

[13'] TB2


Figure 4 eNB receiving a NACK feedback

The handling is described in Figure 4 when eNB received a NACK feedback. Three scenarios are shown in green, blue and red frame respectively. 

The first scenario (green frame) is that an ACK to NACK misunderstanding happens during the transmission but except the last retransmission (step [7]). eNB will further schedule the next retransmission of the TB1 until an ACK feedback is received (step [8], [9] and [10]). There is no deference with current operation at this moment. And it is acceptable although a few resources are wasted.
The second scenario (blue frame) is the eNB receives the TB1 unsuccessfully till the end of last retransmission, and there is no signalling error occurred. A 
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 is started at the time when eNB begins the next new scheduling (step [12’]). According to the detection mechanism in UE, an error indication is sent to eNB (step [14’]) before the expiration of 
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. Then eNB concludes that a NACK is returned from UE in the last retransmission of TB1, and no signalling misunderstanding exists during the feedback. At last, a local NACK1 is sent to eNB RLC to indicate that the delivery of RLC PDU1 is failed (step [15’]).
The third scenario (red frame) is that an ACK to NACK misunderstanding happens in the last retransmission (step [10”]). Then a 
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 is ignited ([12”]). The UE will not return error indication since it has returned an ACK previously. After the 
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 expired, the eNB considers that an ACK to NACK signalling misunderstanding happened in step [10”] due to not receiving related error indication message. Then a local ACK is notified to eNB RLC though a NACK is obtained in step [10”]. The redundant transmission is eliminated finally.
C) When pre-emption happening
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Figure 5 The handling when pre-emption happening

Figure 5 shows the operation while pre-emption happening during HARQ transmission. 
The handling without signalling error is depicted in the green frame. It is similar to the steps in blue frame of Figure 4, i.e. UE still decodes the TB wrong while reaching the maximum retransmission limit. A 
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 is started when eNB scheduling a new initial transmission of TB2 (step [6]). eNB will receive an error indication message from UE (step [8]), although there is no any signalling error in step [5]. After receiving the error indication, a local NACK1 is sent to eNB RLC at once.
The steps in blue frame present the process in which an ACK is misunderstood as NACK (step [5’]) just before the pre-emption. A 
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 is started when eNB scheduling the initial transmission of a new TB (step [6’]). There is no error indication transfered to eNB since the UE return ACK in step [5’], so a local ACK is denoted to eNB RLC after the time out of 
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 (step [8’]), in spite of the NACK received in step [5’].
The process is shown in red frame when a NACK to ACK signalling error happens during the feedback from UE to eNB before pre-emption (step [5”]). It is same to the procedure without pre-emption. A 
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 is started while eNB scheduling an initial transmission of a new TB (step [6”]). eNB receives an error indication message from UE then (step [8”]). After receiving the error indication message before the expiration of 
[image: image24.wmf]NACK

T

, a local NACK2 is notified to eNB RLC at once, though a ACK is received in step [5”].
3. Summary
From the discussion of section 2.2, the transmitter-based error confirmation scheme has solved the reliability and efficiency problems in current HARQ error detection procedure. In this scheme a 
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 will ignite when eNB begins to scheduling the next new TB, if the feedback received from UE is ACK/NACK. According to the ACK/NACK feedback, 
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 state and error indication message, factual transmission scenarios will be determined exactly in transmitter side. The estimate rules and related indication to RLC are summarized in the table below.
Table 1 The estimate rules and related indication to RLC
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State

Feedback before
new scheduling and 
the related timer
	Receiving error indication before expiration
	Not receiving error indication after expiration

	
	Transmission scenario
	Indication to RLC
	Transmission scenario
	Indication to RLC

	ACK/
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	NACK is decoded as ACK
	Local NACK2
	Correct transmission
	Local ACK

	NACK/
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	maximum retransmission limit is reached or error mis-detection happens due to pre-emption
	Local NACK1
	ACK is decoded as NACK
	Local ACK


Note: the cases in which eNB receiving an error indication after expiration and not receiving an error indication before expiration is ignored.
It seems that an additional timer, i.e. 
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 is introduced in the transmitter-based error confirmation scheme compared with current procedure, but 
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 may also be implemented by the same timer process for 
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, because both two timers will not work together at one time for same HARQ process. Therefore the only complexity incurred by this scheme come from the judgement rules in Table 1, and it is acceptable completely.
4. Conclusion
With the transmitter-based error confirmation scheme proposed in this paper, the error mis-detection and redundant transmission are avoided by simple and valid rules. The same idea in this scheme can also be migrated to synchronous HARQ that is preferred in uplink for LTE. We hope the second type of interaction and this scheme are all agreed in RAN2 meeting.
5. Text Proposal

We hope the text proposal below can be captured into TS 36.21:
********************************Text Proposal Start**********************************

5.3.2
HARQ operation

Editor’s note:
This section describes the HARQ operation including handling of feedback and aspects related to DRX.
Note:
Additional optimisations (e.g. less adaptive/synchronous) are FFS.
The interaction of ARQ and HARQ includes:
-
If the HARQ transmitter detects a failed delivery of a TB due to e.g. maximum retransmission limit is reached the relevant transmitting ARQ entities are notified and potential retransmissions and re-segmentation can be initiated;

-
If the HARQ receiver is able to detect a NACK to ACK error the relevant transmitting MAC entities are notified via error indication message.

Furthermore, the transmitter MAC determines the factual transmission scenarios according to the error indication message, HARQ feedback, and associated timer state. 
********************************Text Proposal End**********************************
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