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1 Introduction
Now HARQ and outer ARQ entity are both located in e-NB. Therefore it is feasible to make HARQ and outer ARQ interact. Some solutions to HARQ assisted ARQ operation have been presented in Athen RAN1 and RAN2 joint meeting. Some views on the impact of ACK/NACK misinterpretation to QoS requirement has been presented in [1]. This contribution presents the solution to mitigate the ACK/NACK misinterpretation with the consideration of QoS requirement and our proposal.
2 Motivations
The following aspect has been agreed:
1) Local NACK from the HARQ level to the ARQ level scheme will be applied to speed up outer ARQ retransmissions for packet recovery and to reduce the latency in the radio air-interface.
2) HARQ entity will have residual error detection and packet recovery mechanisms. When HARQ receiver detects a TB indicated as new data rather than an expected retransmission, it will transmit an indication that a NACK is misinterpreted as an ACK, and then HARQ transmitter will retransmit the old TB.
We agree with the view in [2] that outer ARQ is in principles a L2 peer-to-peer protocol used to recover the residual errors left by the HARQ, and it should not be closely dependent on the indication from HARQ level. Therefore, it is necessary to enhance HARQ’s capability to mitigation the NACK/ACK misinterpretation. It has been shown in [1] that the ACK/NACK misinterpretation will have little impact to user experience of VoIP and Ftp service, and will decrease the spectrum efficiency. However the ACK/NACK misinterpretation will degrade the user experience of game service. From the above analysis, the following views can be obtained:
1) The ACK/NACK misinterpretation has different impact to different QoS requirement. 
2) It is not necessary to perform the residual error detection and packet recovery for the non-reliable sensitive service, such as VoIP. 
3) Certainly the residual error detection and packet recovery operation in HARQ level should be performed for the reliable sensitive service.
4) For the delay and reliable sensitive service, the delay resulting from the residual error detection and packet recovery operation should be taken into consideration.
5) In L1, the physical receiver should not make hard decision of the ACK/NACK signalling. Packet scheduler should have freedom to make decision with the consideration of QoS requirement.
3 Proposals
In order to mitigate the misinterpretation of the ACK/NACK, the ACK/NACK signalling at the receiver is divided into the reliable and non-reliable range. The red and blue parts in Figure-1a, Figure-2a and Figure-3a represent the reliable and non-reliable range, respectively. In the reliable range, the packet scheduler makes hard decision and does the same processing as the conventional HARQ entity. When the ACK/NACK signalling is in the non-reliable range, packet scheduler can work with the consideration of QoS requirement. In Figure-1b, Figure-2b and Figure-3b, (x, y) means that acknowledgement x is transmitted and x is decoded as y in the conventional HARQ entity.
3.1 HARQ operation for the reliable and delay sensitive service
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Figure-1a: The division of the reliable and non-reliable range for the reliable and delay sensitive service and the corresponding decision of at the HARQ receiver
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Figure-1b: Interaction between HARQ receiver and HARQ transmitter for the reliable and delay sensitive service
Figure-1a presents the division of the reliable and non-reliable range for the reliable and delay sensitive service and the corresponding decision of at the HARQ receiver. Figure-1b shows two cases on how the HARQ receiver and HARQ transmitter work. The details are as following:
1) If the HARQ receiver sends an ACK and the soft information is bigger than (ACK) 50% and less than DACK, the conventional will interpret it as ACK. In the proposed, the ACK will be misinterpreted as the NACK and the packet will be retransmitted in the shared data channel and the indication of the old packet will be transmitted in the control channel. Whatever the packet is correctly received, the HARQ transmitter will at the corresponding time send ACK and inform that this packet has been correctly received. Please notice that game is the low date service. Therefore the waste transmission bandwidth is neglectable if the proposed is applied. 

2) If the HARQ receiver sends an ACK and the soft information is bigger than (NACK)50% and less than DNACK, the proposed and the conventional will perform the same process. The HARQ receiver will ignore the duplicate of this packet and send another ACK for this packet.
3) If the HARQ receiver sends a NACK and the soft information is bigger than (NACK)50% and less than DNACK, the proposed and the conventional will also perform the same process.
4) If the receiver sends a NACK and the soft information is bigger than (ACK)50% and less than DACK, the proposed will retransmit the packet to meet with the delay and reliable sensitive requirement. However the conventional will misinterpret it as the correction reception. This kind of packet loss in the conventional only can be recovered by outer ARQ. This misinterpretation will increase the latency in the radio interface and greatly degrade the user experience.
The above descriptions show that the proposed HARQ entity can satisfy the delay and reliable sensitive service requirement with the neglectable transmission bandwidth cost. Moreover it avoids triggering higher level to utilize ARQ to recover the packet loss in some degree.
3.2 HARQ operation for the delay sensitive service
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Figure-2a: The division of the reliable and non-reliable range for the delay sensitive service and the corresponding decision at the HARQ receiver
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Figure-2b: Interaction between HARQ receiver and HARQ transmitter for the delay sensitive service

Figure-2a presents the division of the reliable and non-reliable range for the delay sensitive service and the corresponding decision of at the HARQ receiver. Figure-2b shows two cases on how the HARQ receiver and HARQ transmitter work. The details are as following:

1) If the HARQ receiver sends an ACK and the soft information is bigger than (ACK) 50% and less than DACK, the proposed and the conventional will perform the same process.

2) If the HARQ receiver sends an ACK, and the soft information is bigger than (NACK) 50% and less than DNACK, the proposed will not retransmit the packet and interpret it as correct reception. However the conventional will retransmit the packet. Therefore the conventional will waste some radio resource.

3) If the HARQ receiver sends a NACK and the soft information is bigger than (NACK)50% and less than DNACK, the conventional will retransmit the packet. And the proposed will not retransmit the packet and interpret it as correct reception. And the indication of the new packet will be transmitted in the control channel. If the receiver is informed that the packet is new, the error packet will be skipped and forwarded to high layer and the timers related to this error packet will be cancelled. Because VoIP has not stringent packet loss requirement, the effect of this misinterpretation on the QoS requirement can be tolerated by the user. 

4) If the HARQ receiver sends a NACK and the soft information is bigger than (ACK)50% and less than DACK, the conventional and proposed will perform the same process.

The above descriptions show that the proposed HARQ entity try to satisfy the delay sensitive and packet loss tolerant service requirement with the some information loss. 

3.3 HARQ operation for the reliable sensitive service
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Figure-3a: The division of the reliable and non-reliable range for the reliable sensitive service and the corresponding decision at the HARQ receiver
Figure-3a presents the division of the reliable and non-reliable range for the reliable sensitive service and the corresponding decision of at the HARQ receiver. Figure-3b shows two cases on how the HARQ receiver and HARQ transmitter work. The details are as following:
1) If the HARQ receiver sends an ACK and the soft information is bigger than (ACK) 50% and less than DACK , the conventional will interpret it as ACK. In the proposed, the decoder will not make decision, the packet state will be retained and the packet will not be retransmitted. The HARQ transmitter will utilize the control channel include HARQ ID and old packet indication to inform the HARQ receiver, and then the HARQ receiver will send another ACK for this packet. Because ftp has no strict delay requirement, this action will not degrade the user experience and result in some signaling overhead.

2) If the HARQ receiver sends an ACK and the soft information is bigger than (NACK)50% and less than DNACK, the conventional will retransmit the packet. In this case the conventional may waste a lot of transmission bandwidth. In the proposed, the HARQ transmitter will not make decision and the packet state will be retained, and the packet will not be retransmitted. The HARQ transmitter will utilize the control channel include HARQ ID and old packet indication to inform the HARQ receiver, and then the HARQ receiver will send another ACK for this packet. Therefore, compared to the conventional, the new can save transmission bandwidth.

3) If the HARQ receiver sends a NACK and the soft information is bigger than (NACK)50% and less than DNACK, the conventional will retransmit the packet. In the proposed, the HARQ transmitter will not make decision and the packet state will be retained, and the packet will not be retransmitted. The HARQ transmitter will utilize the control channel include HARQ ID and old packet indication to inform the HARQ receiver, and then the HARQ receiver will send another NACK for this packet. The signaling overhead is very small compared to the overhead when the ACK is misinterpreted as NACK.

4) If the receiver sends a NACK and the soft information is bigger than (ACK)50% and less than DACK, the conventional will misinterpret the NACK as the ACK. This error only can be recovered by outer ARQ. In the proposed, the HARQ transmitter will not make decision and the packet state will be retained, and the packet will not be retransmitted.  The control channel includes HARQ ID and old packet indication will be used to inform HARQ receiver, and then the receiver will send another NACK for this packet. The HARQ transmitter can use soft combining method to further improve the reliability of the NACK.

The above descriptions show that the proposed HARQ entity can satisfy the reliable sensitive service requirement and avoid triggering higher level to utilize ARQ to recover the packet loss in some degree.
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Figure-3b: Interaction between HARQ receiver and HARQ transmitter for the reliable sensitive service

4 Conclusions
In this contribution the soft information is used to measure the reliability of ACK and NACK.  The HARQ entity with the consideration of QoS requirement is proposed to mitigate the ACK/NACK misinterpretation and to increase system throughput. In L1, the physical receiver should not make hard decision of the ACK/NACK signaling. Packet scheduler should have freedom to make decision with the consideration of QoS requirement.
Reference
[1] R1-060963  Impacts of ACK/NACK misinterpretation, SHRCWC, RITT.
[2] R2-060826  HARQ-ARQ interaction, Nokia 
































































































_1207586510.vsd
NACK reliability 100%


ACK reliability 100%


ACK/NACK reliability 50%


Decode it as NACK


Decode it as ACK


Decode it as NACK


Threshold: DACK 


Threshold: DNACK 



_1207590679.vsd
HARQ


Retransmit L2 PDU (N+1)


HARQ


0.5<P{ACK}<DACK   
(ACK,ACK)


HARQ Transmitter


HARQ Receiver


L2 PDU N


0.5<P{ACK}<DACK   
(NACK,ACK)


Retransmit L2 PDU N


DACK<P{ACK}<=100%
(ACK,ACK)


L2 PDU (N+1)


Duplication happens, DACK<P{ACK}<=100%
(ACK,ACK)



_1207592068.vsd
HARQ


L2 PDU (N+2)


HARQ


0.5<P{NACK}<DNACK   
(ACK,NACK)


…


HARQ Transmitter


HARQ Receiver


L2 PDU N


0.5<P{ACK}<DACK   
(NACK,ACK)


L2 PDU (N+1)



_1207592793.vsd
HARQ


Control signalling include HARQ ID and old packet indication


HARQ


0.5<P{ACK}<DACK   
(NACK,ACK)


HARQ Transmitter


HARQ Receiver


L2 PDU N


0.5<P{ACK}<DACK   
(ACK,ACK)


Control signalling include HARQ ID and old packet indication


DACK<P{ACK}<=100%
(ACK,ACK)


L2 PDU (N+1)


DNACK<P{NACK}<=100%   
(NACK,NACK)


Retransmit L2 PDU (N+1)


DACK<P{ACK}<=100%   
(ACK,ACK)


L2 PDU (N+2)


…



_1207586695.vsd
NACK reliability 100%


ACK reliability 100%


ACK/NACK reliability 50%


Make no hard decision
Retain the packet state 


Decode it as ACK


Decode it as NACK


Threshold: DACK 


Threshold: DNACK 



_1207586300.vsd
NACK reliability 100%


ACK reliability 100%


ACK/NACK reliability 50%


Decode it as ACK


Decode it as ACK


Decode it as NACK


Threshold: DACK 


Threshold:DNACK 



