Page 1



3GPP TSG-RAN WG2 ad-hoc on LTE 
Tdoc R2-062012
Cannes, FRANCE, 27th~30th June, 2006
Souce:




ITRI

Title:




Identification of residual HARQ errors in HSUPA

Agenda Item:

14

Document for:

Discussion & Decision
1 Introduction

As has been agreed in the latest version of TR25.813 [5], HARQ-ARQ interaction shall be employed in E-UTRAN to speed up ARQ retransmissions [1] and to reduce the amount of ARQ status messages [2]. Up to now, some open issues regarding this interaction are still remained [5]. One proposed ARQ retransmissions shall be based on RLC status reports [1]. The other proposed ARQ retransmission can be operated in error event driven manner if perfect reliability is not required [2]. All of them rely heavily on the residual error detection capability of the underlying HARQ scheme.
 Several types of error may occur in a HARQ procedure, but only some of them result in packet losses that need to be recovered via ARQ retransmissions. Toward this end, HARQ is expected to be able to detect and identify all types of error unambiguously. In this contribution, all possible error types are enumerated and the associated impacts are discussed based on the HARQ mechanism described in legacy HSUPA. Then, two decision flows are proposed to identify those residual HARQ errors that need to trigger ARQ retransmission.

2 Discussion

In legacy HSUPA [3], five physical channels are used to complete a HARQ procedure:

· an uplink dedicated channel (E-DPDCH) used to carry data payload,

· an uplink dedicated control channel (E-DPCCH) used to transmit control information associated with the E-DCH,

· a downlink common channel (E-AGCH) and a downlink dedicated channel (E-RGCH) used to carry the uplink E-DCH resource grant and

· a downlink dedicated channel (E-HICH) used to carry HARQ feedback.

In this section, we use HSUPA as an example to enumerate all possible types of error embedded in E-DPDCH, E-DPCCH, E-AGCH, E-RGCH and E-HICH, respectively. The associated impacts due to these errors to HARQ procedure are then discussed. 

2.1 Error types in HARQ scheme
<E-DPDCH> 

· Type-1:
Undetected error in CRC check
As each TB is protected by CRC at ‘HARQ Rx’ site, this kind of error occurs whenever a corrupted TB cannot be detected by this CRC check. The lost packet(s) due to this type of error can be recovered only via retransmission done at ARQ. In this contribution, we assume the resulting probability of packet loss due to this type of error can be safely ignored by properly choosing the CRC check bits.

· Type-2:
Error due to maximum number of retransmission is reached
‘HARQ Tx’ gives up process on TB when the maximum number of retransmissions for HARQ is reached but no ACK is received. Packet retransmission is necessary via ARQ to recover the lost packet due to this type of error.

<E-AGCH and E-RGCH>  

· Type-3:
DTX→ACK error
Whenever the channel for resource grant is corrupted but ‘HARQ Tx’ does not detect the error via CRC check, ‘HARQ Tx’ might send packet on the other unintended resource. As a result, ‘HARQ Rx’ will not receive data on the planned resource and will not send out response to ‘HARQ Tx’ (DTX). Under such circumstances, DTX→ACK error might occur if DTX is misinterpreted as an ACK. Packet retransmission is necessary via ARQ to recover the lost packet due to this type of error.

<E-DPCCH>  

· Type-4:
Retransmission sequence number (RSN) misinterpretation
A two-bit retransmission sequence number (RSN) is signalled from the UE to the Node B to indicate the redundancy version (RV) of each HARQ transmission and to assist in soft buffer management by indicating new packet comes or not. If RSN misinterpretation occurs at ‘HARQ Rx’ site, some previously received RVs stored in the soft buffer will be flushed and got lost. Performance is thus degraded since fewer available RVs are taken into decoding process.

· Type-5:
Other parameter misinterpretation in HARQ
Packet loss might be due to misinterpretation of parameters other than RSN. Further impacts due to this type of error shall be identified but are left FFS in this contribution. Here, we assume the remaining impacts are due mainly to misinterpretation of ‘RV number’ and/or ‘process ID’ and the resulting error can be detected successfully by CRC check at ‘HARQ Rx’ site. A retransmission if needed is then triggered at HARQ level rather than at ARQ level.
<E-HICH> 

· Type-6:
NACK→ACK error
In this case, NACK is misinterpreted as an ACK at ‘HARQ Tx’ site. As a result, ‘HARQ Tx’ will flush the transmission buffer and deliver a new packet, resulting packet loss. Packet retransmission is necessary via ARQ to recover the lost packet due to this type of error.

· Type-7:
ACK→NACK error
If ACK is misinterpreted as NACK, ‘HARQ Tx’ retransmits and ‘HARQ Rx’ receives the same packet again resulting in redundant retransmission and duplicate packet reception. In this case, packet loss does not occur. 
In summary, all types of error encountered in HARQ stage can be classified as two categories depending on whether packet loss occurs or not:

-

Residual HARQ error:
Error corresponding to Type-1, Type-2, Type-3 and Type-6 described above that result in packet loss. ARQ retransmissions under these cases are necessary and shall be triggered to recover lost packet.
-

Non-residual HARQ error:
Error corresponding to Type-4, Type-5 and Type-7 described above that does not cause packet loss, though some of them might deteriorate the performance of HARQ scheme. ARQ retransmissions under these cases become unnecessary and shall not be triggered.
3 Residual HARQ error detection
3.1
Problem formulation

In order to support the HARQ assisted ARQ operation, it is expected that the HARQ scheme shall be able to identify and distinguish residual HARQ errors from non-residual HARQ errors that are not treated completely in previous contributions. In this section, we extend the discussion already provided in [4] and propose a detection scheme to identify all possible HARQ residual error based mainly on HARQ mechanism in legacy HSUPA system.

In this contribution, we assume the probability of event including two or more errors is negligible.  Based on this assumption, it is apparent that ‘HARQ Rx’ will encounter a possible ambiguity as stated below. When ‘HARQ Rx’ receives a TB indicated as new data instead of an expected retransmission, ‘HARQ Rx’ cannot distinguish errors due to Type-2, Type-3, Type-4 or Type-6, as illustrated in Figure 1. In this case, Type-4 shall be identified to avoid unnecessary ARQ retransmission. The problem is if it’s possible to identify all main possible residual errors under these ambiguities so that the remaining packet loss rate can be kept low only via HARQ-ARQ interaction without other helps like RLC status report.
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Figure 1: An ambiguous situation observed at ‘HARQ Rx’ site when ‘HARQ Rx’ receives a TB indicated as new data instead of an expected retransmission:
(a) Type-6: NACK→ACK error, (b) Type-4: RSN misinterpretation,
(C)Type-3: DTX→ACK error, and
(d) Type-2: Error due to maximum number of retransmission is reached.
In addition to the ambiguous situation stated in Figure 1, there is a problem pertinent to legacy HARQ mechanism of HSUPA. As shown in Figure 2(a), ‘HARQ Rx’ cannot identify the unexpected arrived data ‘DATA n+1’ due to Type-3 DTX→ACK error though an ACK has been replied associated with ‘DATA n-1’, because the value of RSN of a new data is always equal to zero.
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Figure 2: Situations corresponding to Type-3 DTX→ACK error when

(a) RSN as in HSUPA and  (b) NDI as in HSDPA are employed respectively

to signal the necessity of a new data transmission.
3.2
Proposals
An error indication sent by ‘HARQ Rx’ to ‘HARQ Tx’ is employed to identify unambiguously all residual HARQ errors shown in Figure 1. Two possible proposals are described below.
3.2.1
Proposal-1
Whenever an unexpected TB is received at ‘HARQ Rx’ site. The error indication includes RSN of the last received TB. After the error indication is received at the ‘HARQ Tx’ site, Type-4 RSN misinterpretation can be figured out easily by identifying RSN mismatch between that of the last transmitted TB and that appeared in the received error indication. This can be summarized as shown in the following decision flow:
At ‘HARQ Rx’ site:

1>
If ‘HARQ Rx’ receives an unexpected TB,

2>
‘HARQ Rx’ sends a HARQ error indication to ‘HARQ Tx’.
3>
The error indication includes RSN of the last received TB.
At ‘HARQ Tx’ site:

1>
When ‘HARQ Tx’ receives a HARQ error indication,

2>

If RSN of the transmitted TB is different to the value of RSN in the HARQ error indication,

3>
A non-residual error (Type-4) occurs.

2>

Otherwise,

3>
A residual error (Type-2, Type-3, or Type-6) occurs.

Here summaries our first proposal:

· When HARQ mechanism with RSN as that in HSUPA is employed in e-UTRAN, the above decision flow shall be employed to identify the main HARQ residual errors appeared in Figure 1. As a result, ARQ retransmissions can be triggered in error event driven manner (i.e. triggered only when residual HARQ error occurs).
· In this case, Type-3 error cannot be identified as shown in Figure 2. Consequently, ARQ retransmission might need to rely on RLC status reports to recover the remaining packet loss if the resulting packet loss probability is still high.
3.2.2
Proposal-2
Instead of using RSN, a new data indicator (NDI) is proposed to be employed in order to identify a new packet as in legacy HSDPA system. With the aid of NDI as shown in Figure 2(b), the problem stated in Figure 2(a) can be copped with easily. This will then fall into HSDPA cases stated in [7] and the associated decision flow described therein shall be employed to identify the main residual error.

Here summaries our second proposal:

· When HARQ mechanism with NDI as that in HSDPA is employed in e-UTRAN, the decision flow shown in [7] can be employed to identify HARQ residual errors. ARQ retransmissions can then be triggered in error event driven manner (i.e. triggered only when residual HARQ error occurs).
· In this case, ARQ retransmission does not need to rely on RLC status reports as the main HARQ residual errors have been identified and packet loss probability is kept low
Due to these benefits, we suggest that Proposal-2 shall be employed to settle down open issues regarding HARQ-ARQ interaction stated in TR25.813.
4 Conclusions
An efficient HARQ-ARQ interaction relies heavily on the error detection capability of the underlying HARQ scheme. Though several types of error may occur in a HARQ procedure, only some of them need to be recovered via ARQ retransmissions after identification.
In this contribution, all possible error types encountered in HARQ of HSUPA are enumerated and the associated impacts are discussed. Also, two decision flows are proposed to identify unambiguously the main residual HARQ errors that are used to trigger ARQ retransmissions. We suggest that Proposal-2 shall be employed to settle down open issues regarding HARQ-ARQ interaction stated in TR25.813. It is proposed to discuss the error cases mentioned in Section 2.1, agree with concepts described in Section 3, capture and put proposal-2 (the same proposal concluded in [7]) described in Section 3.2.2 into Section 6.3 of TR25.813.
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