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1 Introduction

During the MAC conference call before the RAN2#58bis meeting, there was some discussion whether it is better to use an explicit NDI field (as done for HS-DSCH) or RSN=0 (as done for E-DCH) to indicate transmission of new data for the downlink transmission in downlink in E-UTRA. In uplink RAN1 has decided ‎[1] that it is desireable to avoid transmitting an indication of the new data in the uplink. In this document we analyze the diffences between these two alternatives, and propose a possible way forward.

Recently a similar issue has been raised for UTRA Release-7 ‎[2]. 
2 Discussion
The indication of a new data in downlink
 is in general needed for two reasons.

First, the indication is needed to enable recovery from the HARQ feedback errors. In E-UTRA it is expected that the HARQ feedback is transmitted without a CRC, resulting in error rates between 10-3 and 10-4 ‎[3]
 for HARQ signaling. These feedback errors lead to a mismatch between transmitter and receiver HARQ states, and a method is needed to synchronize the protocol states. Such methods include the NDI or RSN=0, as well as other solutions such as the one proposed in ‎[4] for LTE uplink.
Second, the indication is needed to allow the transmitter to abort on-going transmission. This is especially needed in the downlink, where the receiver may not be 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 UTRA, three different solutions exist for indicating the transmission of new data. In Rel-5, an explicit new data indicator (NDI) and Redundance Version Indicator (RVI), transmitted out-band on the HS-SCCH, was specified for downlink transmission. The NDI is increased for each new PDU transmitted, i.e. for all transmissions and retransmissions of PDU0, NDI will be 0, and for all transmissions and retransmissions of PDU1, NDI will be 1.

In Rel-6, an alternative solution was specified for E-DCH in the uplink. In this solution, new data is indicated with Retranmission Sequence Number (RSN) = 0. The RSN is increased for each retransmission, i.e. the first transmission of the PDU0 and PDU1 will both have RSN=0, while the first retransmissions will always have RSN=1. The RSN is also used to indicate the used redundancy version. 
Finally in Rel-7, the RSN = 0 method was adopted for the downlink MIMO transmission. 

The HARQ protocol for HS-DSCH is very similar to the HARQ protocol used in E-UTRA, and thus both the Rel-5 (explicit NDI field) and Rel-7 (indication with RSN=0) solutions could be straightforwardly applied to E-UTRA. 

3 Analysis of the differences between NDI and RSN in downlink
In this section we compare the two alternatives, explicit indication with NDI field and indication with RSN=0.

First, the explicit NDI field requires one bit more than the indication with RSN=0 on the L1/2 control channel. This extra cost should be compared to the additional robustness provided with the explicit indication.
Second, we note that in absence of HARQ feedback errors, the usage of the RSN=0 to indicate new data makes soft combining of the first transmissions somewhat complicated. A straightforward retransmission with the RSN=0 (to indicate the same redundancy version) would lead to UE flushing the soft buffers, and not combining the two transmissions. This issue is currently being addressed in RAN1, see e.g. ‎[5].

In ‎[2] we have listed all possible error cases up to the probability 10-4 for both alternatives. In this contribution we highlight the cases where there is a difference in performance between explicit NDI and indication with RSN=0.
First such case is a single ACK->NACK error (case 1, shown in Figure 1). The error in the HARQ feedback error leaves the receiver to believe that the next transmission is a new transmission, while the transmitter actually performs a retransmission. 

[image: image1]
Figure 1: ACK to NACK error for NDI and RSN
For explicit signaling with NDI, the UE can detect the occurance of the HARQ feedback error by observing the NDI value. Once the error has been detected, special mechanisms can be specified to enable resynchronization between transmitter and receiver states. One such mechanism is to transmit an ACK regardless if the actual decoding the the transmission with incorrect NDI value succeeds. This particular method has been specified for HS-DSCH in Rel-5.
If the new data is signaled with RSN=0, theUE cannot in general detect the HARQ error from the RSN value. 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 eNode 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. 

It is also worth noticing that the error case 8 does not exist for explicit signaling with NDI, as the UE will be able to distinguish between SDUs 0 and 1 using the NDI field.


[image: image2]
Figure 2: Two similar error cases from the UE perspective for RSN. In the right it is shown that these error cases do not occur when using NDI.
One should note that case 1 (single ACK->NACK error) occurs relatively frequently (with probability up to 10-2), and the case 8 (Missed assignment + mis-detected DTX->NACK) occurs only rarely (with probability up to 10-4).
One possible scheme, resulting in a operation similar to signaling with explicit NDI, is described in ‎[2]. Basically it is sufficient to specify 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). Hence, a new potential HARQ error case, resulting in a lost PDU, is introduced, the probability of which is equal to the probability of Missed HS-SCCH + mis-detected DTX->ACK. 

Summarizing the analysis of the error cases, we have found that, indicating the new data with RSN=0 in the downlink introduces one new case of residual HARQ error, with a probability similar to the existing mechanisms for the residual HARQ errors.

4 Conclusion
We have analyzed the differences between explicit indication of the new data with explicit NDI field and the indication of new data with RSN=0, and have found three differences

1. Explicit NDI field uses one more bit on the L1/2 control channel for each DL assignment.
2. Explicit NDI field makes it easier to make retransmissions with the first redundancy version. However, it is possible to define e.g. RSN=0 to contain the same redundancy version as the first transmission.

3. The use of the RSN=0 leads to one new additional case for residual HARQ error, with probability similar to existing mechanisms for residual HARQ errors.

Of these differences, we think that the most important factor is the overhead saving on L1/2 control channel and propose that 

Proposal 1: RAN2 adopts the RSN=0 to indicate the transmission of new data in downlink for E-UTRA
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� The situation for uplink is slightly different, as for the uplink the scheduler is located at the same location as the receiver. However, the discussion on the uplink properties is beyond the scope of this document. 


� Unfortunately for this document, the RAN1 input does not contain error probabilities for DTX to NACK error or ACK to NACK error probability. We have assumed 10-2 for both of these based on UTRAN folklore. 
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