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1
Introduction

HARQ assisted ARQ operation for E-UTRAN has been addressed in the recent RAN2 LTE contributions [1] [2]. However, some residual problems of the current HARQ-ARQ Interaction schemes have been put forward in the latest RAN2 LTE contributions [3] [4]. This contribution presents our views and proposals on HARQ-ARQ interaction for E-UTRAN, including an efficient and robust HARQ-ARQ interaction scheme to deal with the open problems.
2
Motivation
In the meetings of 3GPP RAN2#53, [2] proposed a brief and efficient HARQ-assisted ARQ scheme, which can detect NACK-to-ACK and DTX-to-ACK errors for both on-going flow and last/isolated PDU in HARQ entity through NDI, RV and polling.
The proposal of [2] is based on the assumption that Rx HARQ is aware of the maximum HARQ retransmission number of the PDU and Rx HARQ can detect the event that the maximum number of HARQ retransmission is reached, e.g. identified by RV. However, [2] stated that this assumption has a hidden trouble when NACK-to-ACK error happens in the last HARQ retransmission:“If Rx HARQ is certain that this event occurred, it should not react with an Outer ARQ feedback message, because the HARQ sender is aware that this event occurred, will not perform a HARQ retransmission, and will trigger an ARQ retransmission. If a NACK-to-ACK error occurs on the last NACK, this will not be detected by the Rx HARQ”. It is illustrated in Figure 1.
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Figure 1. Fail detection of NACK-to-ACK error in the last HARQ retransmission

Problem 1. Fail detection of NACK-to-ACK error in the last HARQ retransmission.
If this scenario happens, the lost PDU could be only recovered by higher-layer retransmission e.g. ARQ. It implies large delay of error detection and recovery. Furthermore, if Tx ARQ does not receive status report of requesting retransmission by Rx ARQ before PDU transmit window forwarding timer is expired, the PDU lost will be irrecoverable in ARQ layer and cause TCP retransmission.

On the other hand, if Rx HARQ is not aware of the maximum HARQ retransmission number, [4] has pointed out that it may cause resource waste. Because the Rx HARQ can not discriminate the case that NACK is misinterpreted as ACK and the case that the maximum number of HARQ retransmission is reached, it will always send an outer-NACK to trigger ARQ retransmission on receiving a PDU with an unexpected NDI. The outer-NACK will be unwanted and just wasted for the latter case. It is illustrated in Figure 2.
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Figure 2. Wasted outer-NACK in case of ARQ retransmission due to HARQ Failure

To sum up, as the Rx HARQ can not discriminate the case that NACK is misinterpreted as ACK and the case that the maximum number of HARQ retransmission is reached, the current HARQ-ARQ interaction scheme can not handle correctly in such scenarios no matter the Rx HARQ is aware of the maximum HARQ retransmission number or not.
[3] has put forward another problem of the scheme in [2]:

Problem 2. Fail detection of DTX-to-ACK error in the first HARQ transmission.

When this scenario happens, it cannot be detected in Rx HARQ at all with a 1bit NDI, because the NDI will be toggled twice and the new transmission appears as a HARQ retransmission at Rx HARQ. It is illustrated in Figure 3 and leads similar consequence as Problem 1. 
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Figure 3. DTX-to-ACK error in the first HARQ transmission

Then, [3] proposed that a 2-bit NDI will naturally solve this problem, as illustrated in Figure 4.
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Figure 4. Solution of problem 2 in [3]

[3] also proposed a new procedure to handle the last/isolated PDU by sending dummy PDU after that Tx HARQ has received ACK feedback for the last/isolated PDU, so that NACK-to-ACK or DTX-to-ACK errors can be detected by receipt of the dummy PDU as shown in Figure 5.
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Figure 5. Handling of the last/isolated PDU in [3]

However, [3] cannot solve problem 1 and will increases signaling overhead due to sending dummy PDU while sending the last/isolated PDU.
As discussed above, the current schemes of HARQ-ARQ interaction still have some problems which may lead data loss and affect the transmission reliability. In the next section, we will present our proposal of an efficient and robust HARQ-ARQ interaction scheme to deal with the open problems.
3
Proposals
3.1
General proposal

In this contribution, we propose an efficient and robust HARQ-assisted ARQ scheme for both on-going flow and last/isolated PDU in AM (acknowledge mode) ARQ. It consists of a new designed signaling structure in Tx HARQ by introducing a 2-bit NDI without need of poll bit and the updating operation of the NDI, an efficient error detection and handling operation scheme in Rx HARQ and a corresponding new operation for the last/isolated PDU. Comparing with the proposals in [2][3], our scheme can detect more error cases, solve the problem unrecoverable by [2,3], but doesn’t increased the signaling overhead. The capability of error detection and overhead of previous schemes([2][3]) and our proposal are listed in Table 1.

Table 1. Error detection capabilities and Overhead requirements

	Errro cases
	Previous scheme[2]
	Previous scheme[3]
	Our scheme

	No HARQ error
	√
	√
	√

	NACK-to-ACK,DTX-to-ACK in normal situation
	√
	√
	√

	The last/isolated PDU
	√
	√
	√

	Problem 1: NACK-to-ACK,DTX-to-ACK in the last HARQ retransmission
	×
	×
	√

	Problem 2: DTX-to-ACK in the first HARQ transmission
	×
	√
	√

	Overhead
	1-bit NDI + 1-bit poll bit
	2-bit NDI + dummy PDU sent after last/isolated PDU
	2-bit NDI


3.2
An efficient and robust HARQ-ARQ Interaction scheme
Our proposed scheme bases on the assumptions that NDI and RV are protected by CRC of the control signaling. If CRC of control signaling detects the errors of the control signaling, Rx HARQ will not handle the received data (i.e. DTX).
As discussed above, errors occur mainly because that Rx HARQ can not distinguish a new ARQ PDU and a ARQ retransmission PDU when receiving an unexpected NDI. This inspires our idea with basic principles stated below:

a) The scheme applies a 2-bit NDI instead of a 1-bit NDI plus a 1-bit poll bit, so that it will not increase overhead.

b) Add an ‘Expected_NDI’ buffer in Rx HARQ to indicate the expected NDI of the next receiving PDU. It is updated upon each HARQ operation by Rx HARQ. This operation will not increase any overhead of radio resource.
c) Tx HARQ updates NDI in different increments according to different transmission cause cases which are informed by Tx ARQ, e.g. a new PDU, a ARQ retransmission PDU and the last/isolated PDU, so that Rx HARQ can achieve information in the transmit side through the values of ‘NDI-Expected_NDI’(The subtraction here is moduled by 4); 

d) Add a ‘Pre_fb_state’ buffer in Rx HARQ to memorize different feedback states of the previous received data PDU, e.g. ACK and NACK during previous stage. It is used to assist error detection and updated upon each HARQ operation by Rx HARQ.If DTX in the Rx HARQ, ‘Pre_fb_state’ is not updated. This operation will not increase any overhead of radio resource.
e) Add a ‘LastPDU_sign’ buffer in the Rx HARQ to sign the last/isolated PDU which is indicated by the value of ‘NDI-Expected_NDI’. When Rx HARQ first detects such event, it will set ‘LastPDU_sign’=1. Unless the last/isolated PDU is received correctly and an outer-ACK is triggered, the ‘LastPDU_sign’ will not be set to 0. Therefore, we can gruarantee the reliability of the last/isolated PDU without poll bit.This ‘LastPDU_sign’ is only memorized at Rx HARQ and doesn’t require any signaling overhead between Rx and Tx.
f) ‘NDI-Expected_NDI’, ‘Pre_fb_state’, ‘LastPDU_sign’ and RV consist of the error detection pattens in Rx HARQ, i.e. Rx HARQ uses ‘NDI-Expected_NDI’, ‘Pre_fb_state’, ‘LastPDU_sign’ and RV to detect all the error cases listed in Table 1.

Our proposed scheme is consisted of three parts in all, such as NDI increment operation in Tx HARQ, error detection scheme in Rx HARQ; NDI increment operation and state update operation of the buffers in Rx HARQ.
4
Conclusions
In contrast to the previous schemes in [2] & [3], we propose to use a 2-bit NDI in control signaling, cancel the poll bit in MAC header, and add 3 buffers in Rx HARQ(a 2-bit ‘Expected_NDI’,a 1-bit ‘LastPDU_sign’ and a 1-bit ‘Pre_fb_state’). Hence, the proposed scheme can enhance error detection capacity in HARQ level without increasing signaling overhead.
It is proposed to discuss the design principles stated above. If agreement is made in RAN2, SHRCWC is happy to provide further description of the scheme.
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