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1 Introduction
To fulfill higher layer QoS requirement, HARQ level packet loss detecting and recovery capability is critical for HARQ assisted ARQ object. Possible packet loss events were indicated in [1][3] due to several kinds of acknowledgement transmission error, such as DTX/ACK, DTX/NACK, and NACK/ACK errors. To sustain in aforementioned cases, handling procedures [1][2] and possibility analysis [3] were discussed respectively. However, according to current MAC specification [5], errors (i.e. DTX/ACK or combination errors) which might cause possibly unmentioned or unhandled events, such as neglect of subsequent new packets [3], are still remained to be overcomed. Based on analysis of awared events, it’s considered that some complicated consquences result from the usage of the parameters, for example TFRI and NDI in downlink or E-TFCI and RSN in the uplink.   

While determination of HARQ operations for LTE [6][7] (i.e. asychronous adaptive, synchronous non-adaptive, incremental redundancy etc) in all circumstances are FFS for both uplink and downlink transmissions, the necessity of TFRI-like (or E-TFCI in uplink to indicate TB size unless using timing) transmission attributes (possible with its special case 111111 due to the change of combinations) is assumed (additional transmission attributes are FFS). To reduce the packet loss, transmission delay (due to, e.g. outer ARQ), and complexity of recovery procedure as well as to enhance the radio resource efficiency, a bit correlation method is proposed to recognize whether a received packet is new or retransmitted.   

This paper presents a bit correlation scheme, which can eliminate the need to include the indicator of a transmission status such as NDI or RSN in the HARQ signaling channel and further maintain some QoS requirements. A brief analysis for applicability of packet data type as well as corresponding short discussions about possible handling are included.

2 Motivation of adoption of Bit Correlation

2.1 DTX/ACK event loss

From the discussion in [3], once DTX/ACK error happens, according to current MAC specification [5], the subsequent new packet with identical transmission status indicator value (such as NDI) will be neglected if the previous packet in the buffer was successfully decoded even though the new packet is successfully received. 

Here is an example in downlink with transmiision status indicator NDI in Figure 1.
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Figure 1
The packet with TSN=8 and NDI=0 is received and decoded successfully. After receiving an ACK for TSN=8, the transmitter transmits TSN=12 with NDI=1 and in the meantime a DTX to ACK happens. It means that the receiver does not receive TSN=12 while the transmitter receives an ACK for TSN=12 due to radio transmission error. As a result, the transmitter would transmit TSN=18 with NDI=0. From the perspective of the receiver in the prior art, because the NDI of TSN=18 is identical to its previously received data with TSN=8, the receiver of the prior art would deliver TSN=8 in the buffer to the upper layer again and generate ACK in this HARQ process. The transmitter would consider that the received ACK is for TSN=18 and then it would transmits TSN=24. As a result, TSN=18 is neglected by the receiver and is therefore missing.

2.2 Resource overhead 

Along with each transmission of a data packet, at least one bit for transmission status indicator (1-bit NDI or 2-bit RSN) needs to be transmitted in a control channel. The overhead of this kind of out-band signaling is quite high.
2.3 Retransmission unnecessity

Control messages, such as Scheduling Information used in HSUPA, of different contents may be sent frequently. Due to the retransmission property of HARQ processes, an SI transmitted earlier may be received later when compared with another SI. In other words, an SI containing content of older version may arrive later than a most updated SI. The decision of resource allocation may be made with improper SI content accordingly.

3 Bit Correlation Scheme
3.1 Basic principle of the Bit Correlation scheme

The principle of the scheme is based on the observation on which contents of different data packets will be relatively quite different to each other. For a ciphered channel, ciphered contents of different data packets are rather or almost completely uncorrelated to each other. In other word, their bit distributions are statistically random to each other so that the bit correlation between two different data packets, which is defined to be the percentage of corresponding bits that are same between the two data packets, will be closed to 50%.  On the other hand, for the worst radio condition that can sustain a radio connection, the block error rate is assumed to be in the range of 10-1. If a packet consists of 100 bits with bit error rate x, we have (1-x)100 = 1- 10-1. Thus, x is around 10-3. Therefore, the bit correlation of two transmissions of the same packet will be as high as 0.999. Therefore, bit correlation can be used to reliably determine whether two transmissions belong to the same data packet or not. 

3.2 Brief summary for bit correlation scheme

To detect a new packet, a threshold value, say 80% or 90%, is set beforehand. When the bit correlation between the received data and the data in the soft buffer is greater than or equal to the threshold value, the received data is determined to be a retransmission of old data and can be combined with the data in the soft buffer. Else if the bit correlation is less than the threshold value, the received data is considered as a new data and the data currently in the soft buffer is replaced by the received data. To illustrate the idea, here is an example with threshold set as 80% in the Figure 2.
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Figure 2.


3.3 Advantages of the propose Bit Correlation scheme

The advantages of the propose Bit Correlation scheme can be listed as below:

· It can detect the aforementioned DTX/ACK error and prevent the new received data packet from been discarded;

· It can detect NACK/ACK errors and send error report (Local NACK) to HARQ transmitter without adding overhead of HARQ outband-signaling such as Cause value proposed by [2]. 

· Furthermore, it can detect cascading NACK/ACK and DTX/ACK errors and prevent the new data packet from mistakenly combining with the old data stored in the soft buffer. These cascading error are considered to be a cause of the scenario that data packet cannot be decoded successfully after combining maximum number of retransmissions.

In summay, besides the advantage of reducing outband signaling cost, the new/old data detection capability of the proposed BC scheme is higher than current scheme using NDI or RSN.

4 Discussions

In this section, we discuss some foreseen minor problems that might come with the proposed BC scheme. Simple staightforward solutions to fix them are discussed. 

4.1 Signalling or Control messages  

Bit correlation detection method can work for data packets that have uncorrelated contents in certain level. For some Layer 2 control signalling messages, the content may be quite similar to each other. If the threshold value for bit correlation is not set properly, different control signalling messages may be mistakenly considered as the same message. As an example, the Scheduling Information (SI), which is 18 bits long in HSUPA, contains information of traffic volume and mobile’s power headroom. It is possible that there is only slight difference between two SI packets. If two different SI are transmitted on the same HARQ process contiguously, the second SI may be considered as a retransmission of the first received SI by the proposed Bit Correlation Detection scheme. There will be two possiblilities. Firstly, if the first SI was received successfully, the second SI will be discarded while an ACK is reported back for the second SI. Secondly, if the first SI was not received successfully and its NACK was mis-interpreted as an ACK, the second SI, if not decoded successfully by itself, will be combined with the data of the first SI in the soft buffer.

Although we assume that such scenario in which two SI messages are sent contiguously on the same HARQ process is rare, it can be fixed in several simple ways.
One straightforward way is to prohibit this scenarion in the transmitter. The second SI can be sent on another HARQ process or sent on the same HARQ process after the same HARQ process has sent at least one data packet or some packet with length different from that of SI.

Another potential means is to configure maximum number of transmissions for a signaling or control message to be one. Note that the receiving HARQ process is able to determine whether a received packet is a data packet or a control message simply by the packet length. If a packet is determined to be a control message and if the packet is not successfully received, the packet is just discarded and a NACK is sent. For the transmitting HARQ process, a signaling or control message is not retransmitted whether a NACK, DTX or ACK is received. If retransmission of the signalling or control message is needed, the transmitter can send an updated version of it. Of course, if a NACK is received for a data packet, the data packet is retransmitted until the configured maximum number of transmission for data packets is reached.  

4.2 Higher layer control messages

An RLC status report is another example of control signalling messages (even though it is considered as a data packet at HARQ level). Since RLC status reports are not ciphered [4] and possibly are apart within short duration, bit correlation between two RLC status reports might quite high. Consequently, similar to the case of SIs described above, a second RLC status report might be discarded if it is sent right after the first RLC status report on the same HARQ process. 

Because of the need of retransmission for RLC status report, in a HARQ process of a transmitter, maximum number of transmissions for a data packet or a status report should be greater than one. Therefore, to prevent from being mistaken, the status report could be scheduled to transmit on a HARQ process if the HARQ process has not transmitted any data, if the length of the previous transmitted data on the HARQ process is different from the length of the status report, or if the HARQ process has not transmitted any data for a certain period of time. In addition, padding field of a PDU that contains a status report could be filled with random number instead of fixed patterns (such as all 0’s in current Rel-6 specification) to decrease bit correlation between two PDUs that contains different status reports.
5  Conclusion

From the above analysis, recognition and handling with bit correlation (BC) scheme has shown functional feasibilities at HARQ level.  It can reliably reduce packet loss, transmission delay, outband signaling overhead, and complexity of error recovery procedure. In addition, the BC scheme supports the detection of not only data packet but also control signaling from higher layers so that resource allocation can be made with the most updated control message content. 
It is proposed to discuss the above analysis and cover the agreed part in the RAN2 TR [6] and/or RAN1 TR [7].
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