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1 Introduction

When designing the HS-SCCH format M, used for MIMO transmission, RAN1 has decided ‎[1] to abandon the explicit New Data Indicator (NDI) and adopt a solution similar to E-DCH. Based on RAN1 decision the Retransmission Sequence Number (RSN) = 0 is used to also signal the presence of new data. Even though one might consider this a relatively small change, the verification of the error cases is different between uplink and downlink due to downlink HARQ protocol being  asynchronized and uplink protocol being synchronized.

It is our understanding that the error analysis of this decision has not been performed either in RAN1 or RAN2. In this contribution we provide an analysis of the error cases, which indicates that the approach taken in RAN1 is feasible, but that some clarification on the UE behavior is needed. We also provide a proposal on a possible UE behavior, which results in performance very close to operation with explicit NDI. 
2 Discussion
The indication of a new data is in general needed to 

1. enable recovery from the HARQ feedback errors. In both HS-DSCH and E-DCH the HARQ feedback (i.e. ACK/NACK) is transmitted with a reliability of 10-3 to 10-4 without a CRC. The errors in the ACK/NACK signaling are rather frequent and lead to a mismatch between transmitter and receiver HARQ states, and a method is needed to synchronize the protocol states.

2. allow transmitter to abort on-going transmission. This is especially needed in the downlink, where the receiver is not aware of the maximum number of HARQ retransmissions. A special mechanism is then needed to indicate that the receiver should flush the soft buffer. For uplink, where both the transmitter and receiver know the maximum number of retransmissions, the need for such a mechanism is less obvious. However, also for uplink the presence of an indication to flush the soft buffer enables a faster recovery from error cases.

For HS-DSCH, the new data indication is done with an explicit new data indicator (NDI), transmitted out-band on the HS-SCCH. As the HS-SCCH is protected with CRC, NDI provides a reliable method for both synchronizing the protocol states and for flushing the soft buffer. Furthermore, the current coding of the NDI for HS-DSCH (0 for all transmissions of the first MAC PDU, 1 for all transmissions of the second MAC PDU and so on) has been tailored to enable recovery from as many feedback error cases as possible.
For E-DCH, the new data indication is done with a Retransmission Sequence Number (RSN). By defining that whenever RSN=0 is received, the receiver must flush the soft buffers, it is possible to use RSN=0 as an indication of new data. This has two implications
1. It is not possible to soft combine the initial transmission with a retransmission using RSN=0. However, alternative solutions, such as defining the a subsequent RSN value to correspond to the original redundancy allow workarounds around this problem
.
2. As the RSN for E-DCH is not protected by the CRC, there is a chance of synchronization failing between transmitter and receiver is the RSN is erroneously decoded. However, for E-DCH the erroneous decoding of the RSN also implies (with very high probability) erroneous decoding of the E-TFCI, which can be used to detect this error case. 
In addition the synchronous nature of the E-DCH HARQ protocol makes it possible to detect if a transmission has been missed.
Using RSN=0 method to indicate new data for HS-DSCH has two differences to E-DCH. 

First, the RSN on the HS-SCCH is protected with CRC, so the problem with erroneous value of the RSN does not exist. 
Second, the HARQ protocol for HS-SCCH is asynchronous, so the synchronous nature of the transmissions cannot be used to detect missed transmissions. 

3 Analysis of the error cases
We have listed the possible error cases (up to the probability 10-4 in Appendix A). In this section we analyze those error cases, where there is a significant difference between signaling new data with explicit NDI or with RSN=0. 

First such case is case 1, a single ACK->NACK error, in which the HARQ feedback error leaves the receiver to believe that the next transmission is a new transmission, while the transmitter actually performs a retransmission. This case is also shown in Figure 1.

[image: image1]
Figure 1: ACK->NACK error case for NDI and RSN.
For explicit signaling with NDI, this error case is well known, and results in unnecessary retransmission. The UE can detect the occurance of the HARQ feedback error by observing the NDI value, and a special rule (i.e. the transmission of the ACK after UE detects this issue) has been specified in 25.321 to enable resynchronization between transmitter and receiver states.

If the new data is signaled with RSN=0, theUE cannot in general detect the HARQ error from the RSN value. However, for E-DCH, the receiver (Node B) can distinguish between retransmission and a new transmission based on the synchronous property: the retransmission, which needs to have RSN not equal to 0, can only occur at a known time instant. Thus if the Node B receives a RSN=1 after transmitting an ACK, it knows that an ACK->NACK error has occurred. Furthermore, the Node B behavior in this case has not been specified but has been left open for implementation. 
For HS-DSCH transmission with RSN=0 this is not true. Due to asynchronous HARQ protocol, there are two error cases (case 1 and case 8), which may look identical from the UE point of view.  These two error cases are shown in Figure 2. In the first case the UE receives an unnecessary retransmission of an old SDU. This retransmission should be rejected and an ACK should be sent to the Node B to resyncronize the transmitter and receiver states. In the second case the UE has missed completely the first transmission, and receives the first transmission of a new SDU without receiving RSN=0 first. In this case the UE should try to decode the received transmission, and if not successful request a retransmission.
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Figure 2: Two error cases, which look identical from the UE point of view
Given that the case 1 (single ACK->NACK error) occurs relatively frequently (with probability up to 10-2), and the case 8 (Missed HS-SCCH + mis-detected DTX->NACK) occurs only rarely (with probability up to 10-4), we propose that the UE behaviour is specified to minimize the impact of the case 1 the for the HS-SCCH Type M. 

One possible behaviour, resulting in a operation similar to signaling with explicit NDI, it to specify that that all new transmissions have to start with RSN=0. If the UE receives RSN different from zero after acknowledging the previous transmission, it sends an ACK and discards the received data, similarly as done with NDI when receiving the same NDI after sending an ACK. This results in a one new possible HARQ error mechanism, occurring at the same probability as Missed HS-SCCH + mis-detected DTX->ACK. This behavior is shown in Figure 3.
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Figure 3: A possible UE behaviour for the two error cases
An alternative solution would be to try to eliminate the residual HARQ error in case 8. This could be achieved by the UE tring to decode the received transmission even without receiving RSN=0 before it. If the decoding is successful (as might be for example when Chase combining is used), this leads to a duplicate being delivered to higher layers in case 1. In most cases, this duplicate should be eliminated by MAC-ehs reordering mechanism. However, if duplicates enter higher layers, they may lead to loss of synchronization state for RLC UM entities. Also if the decoding is not successful even after several retransmissions (as might be when incremental redundancy is used), up to maximum number of unnecessary HARQ retransmissions will occur in Case 1. 
Given the different probabilities between error cases 1 and 8 we favor solution in which UE discards but acknowledges transmissions received without the first transmission. However, regardless of which approach to address this issue is chosen, the UE operation needs to be specified in detail. 
4 Conclusion
We have analyzed the error cases resulting from the RAN1 decision to use RSN=0 to indicate new data for HS-DSCH instead of explicit NDI. Based on this analysis there are slight differences to the operation with explicit NDI. First, a simple ACK->NACK feedback error leads to a situation where the asynchronous protocol and lack of explicit NDI require additional UE operation to be specified in order to re-synchronize the protocol state between transmitter and receiver. Second, we have shown that it is easy to design a simple UE behavior, which results that the difference between using RSN=0 to indicate new data and using explicit NDI is one additional error case leading to a residual HARQ error with probability of 10-4.
Based on this, we think that the RAN1 decision to save 1 bit on the HS-SCCH tupe M is a good trade-off between signaling capacity and additional error cases, and propose that 

Proposal 1: RAN2 adopts the RAN1 decision to signal the transmission of new data with RSN=0 instead of explicit NDI.

Proposal 2: The UE behaviour for HARQ feedback error cases is specified in detail (unlike for E-DCH, where this issue is left for Node B implementation).

In addition we would like to propose that RAN2 discusses the proposed rule for UE operation, and if found agreeable way forward, Ericsson volunteers to provide CRs based on the rule for the next RAN2 meeting.

5 References

[1] See e.g. section 4.6B in 25.212
6 Appendix A: Complete list of error cases up to P=10-4
In Figure 1 to Figure 4 we present a complete list of error cases which occur at most with error probability of 10-4 for operation with explicit NDI or with RSN=0. All such error cases are either single or double errors. 
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Figure 4: Single errors with NDI. For ACK->NACK error case, the specified recovery mechanism (transmission of ACK in the last step) is also shown.
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Figure 5: Single errors with RSN=0. Note that the behavior for ACK->NACK error is unspecified, and several alternatives exist, leading to difference consequences.
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Figure 6: Double errors up to the probability of 10-4 with NDI
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Figure 7: Double errors up to the probability of 10-4 with RSN=0
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� Please note that also other solutions are possible, and have been and are currently discussed in RAN1 for E-DCH and LTE.
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