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1 Introduction

The HARQ outband signalling overhead was discussed in [1]. The outband signalling is required when soft combining of the retransmissions is used. Some simulation results for the outband signalling overhead were given in [1] which showed that the overhead is significant at low data rates, more than 5% for data rates up to 64 kbit/s with 10 ms TTI. For 2 ms TTI, the overhead is significant even at higher data rates (about five times more than with 10 ms TTI). 

In this contribution the HARQ outband signalling errors are discussed and the performance requirements of outband signalling are derived. The undetected errors in the outband signalling channel are shown to be especially harmful and a rather long CRC is required to achieve low enough probability of undetected error. Thus, the simulation results presented in [1] are quite realistic and not pessimistic as claimed in the previous meeting. 

Outband signalling can be avoided if soft combining is not used. In this contribution we discuss further the physical/MAC layer ARQ without soft combining and compare it with the physical/MAC layer HARQ with soft combining. 

2 HARQ signaling errors

In this section the possible effects of outband signalling errors are discussed and the performance requirements proposed.

2.1 Detected errors in outband signalling

If the errors are detected, i.e., CRC of the outband signalling fails, then the corresponding received data block is simply discarded. This may cause some loss in the data throughput but no protocol errors. Furthermore, typically the data is of very bad quality if the outband signalling contains errors, provided that the outband signalling is better protected than the data. Based on the above we propose that the BLER for outband signalling should be about one decade better than the BLER for the data. For instance, if the target BLER for the data channel is 10-20%, then the target for the outband signalling BLER should be 1-2%.

2.2 Undetected errors in outband signalling

If there are errors in the outband signalling, but they are not detected in the receiver, i.e., the CRC does not fail, then depending on the location of the error(s) there are different consequences. We discuss in the following separately what undetected errors in each signalling field may cause.

2.2.1 HARQ process number

Undetected error in the HARQ process number implies that the received block is combined with wrong data. This corrupts the soft buffer of this wrong HARQ process. It is typically not possible to recover from this at physical layer (maximum number of retransmissions is reached) and RLC retransmission is needed.

2.2.2 Redundancy version

Undetected error in the redundancy version leads to wrong operation of rate matching which corrupts the soft buffer of the given HARQ process. This typically leads to RLC retransmission.

2.2.3 New data indicator

The effect of undetected error in new data indicator (NDI) depends on whether the correct NDI has changed (new data) or has not changed (retransmission).

If NDI is changed, i.e., new data is transmitted, but Node B does not notice it, then the new data is combined with the previous packet which implies most probably decoding error. Node B sends a NAK and when the retransmission is received with correct NDI, the Node B flushes the soft buffer and assumes this to be the first transmission. This simply means some loss in throughput.

If NDI is not changed, but Node B receives changed NDI, then Node B flushes the soft buffer and assumes the data to be new transmission. If the same data is still retransmitted (with the original not changed NDI), Node B flushes the soft buffer again. Thus this error typically leads to bigger loss in throughput.

It is noted that undetetcted errors in NDI lead to loss of throughput and typically do not require RLC level retransmission (unless maximum number of transmissions is reached).

2.2.4 Rate matching parameters

Undetected errors in the rate matching parameters (number of input bits) implies wrong operation of rate matching which corrupts the soft buffer of the given HARQ process. This typically leads to RLC retransmission.

2.2.5 CRC

Undetected error in the CRC part only does not cause any errors in the HARQ operation.

2.3 Discussion

As discussed above, undetected errors typically lead to RLC retransmission. Therefore, in order to minimise the delay and maximise the throughput, the undetected errors should be avoided. The probability of undetected error should be in the same order as the probability of NAK to ACK error, since both typically lead to RLC retransmission. In HSDPA, the NAK to ACK error probability was required to be 10-4. 

To achieve an undetected error probability of 10-4 with CRC, the CRC length should be at least 13 bits (
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). From the CRC lengths available in the 3GPP spec, 16 bit CRC should be selected. If the requirement is relaxed, then also 12 bit CRC could be considered. Notice that HSDPA uses 16 bit CRC for the outband signalling channel (HS-SCCH).

3 Physical/MAC layer ARQ with and without soft combining

Physical/MAC layer ARQ without soft combining was proposed to be introduced into the TR in [1]. The major benefit of ARQ without soft combining is that outband signalling is not needed. Here we summarize the differences and similarities of physical/MAC layer ARQ with and without soft combining. For ARQ without soft combining we assume that the retransmission can be different from the first transmission if the number of channel bits is different between transmissions. HARQ with soft combining requires that the retransmitted block (info bits) is the same as the first transmission.

Table I Comparison of physical/MAC layer ARQ with and without soft comnbining

	
	ARQ without combining
	HARQ with combining

	ARQ protocol
	N-process SAW
	N-process SAW

	ACK/NAK in downlink
	Fast ACK/NAK (2-10 ms)
	Fast ACK/NAK (2-10 ms)

	Retransmitted block (info bits + CRC)
	Can be different if number of channel bits changes
	Must be the same as first transmission

	Outband signalling in uplink
	No extra outband signalling needed, TFCI is enough
	HARQ process id (0-3 bits), 
RV (0-2 bits), 
NDI (1-3 bits), 
RM parameters (6-8 bits + TFCI), 
CRC (12-16 bits), 
total 19-32 bits

	Inband signalling in uplink
	MAC-e header for each MAC-d PDU

	MAC-e header for each TrCH and each priority


The major differences between soft combining and no soft combining are in signalling, especially outband signalling which is not needed with no soft combining. Soft combining gives more robustness to power control errors, throughputwise the schemes are very similar, especially in the typical operation area. 
4 Conclusions

The HARQ outband signalling overhead is discussed in this document. 

First, the HARQ outband signalling errors are discussed and the undetected errors are shown to be more harmful. The requirement for undetected error probability is proposed to be 10-4 and for detected error probability around one decade better than for the data. To meet the undetected error probability requirement, a long enough CRC is needed for the outband signaling, 12 or 16 bits. This alone implies quite significant overhead.

Second, physical/MAC layer ARQ with and without soft combining were compared. ARQ without soft combining can be operated without outband signalling, thus saving in the overhead. 

We propose to add the attached text proposal describing the ARQ without soft combining into the TR [2].

Furthermore, we propose that simulation results showing the required outband signalling overhead should be added to TR. We are currently working with SHO simulations and will provide more results on the overhead in the next meeting.
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………………………………….Text proposal for TR 25.896 Section 7.2.5 starts here……………………………..

7.2.5 Physical/MAC layer ARQ without soft combining

The fast physical/MAC ARQ without soft combining could be based on N-process SAW protocol in the same way as the HARQ described in the previous sections. There would still be only one ACK/NAK per TTI, i.e., the whole TTI would be acknowledged at a time and retransmitted if needed. Since there is no soft combining, the retransmitted block need not be identical with the first transmission. Therefore, the retransmission could happen in pieces, e.g., if the channel resource has changed between the transmissions. There could also be retransmissions and new transmissions within the same TTI, e.g., if the channel resource has increased between transmissions (more channel bits available for E-DCH(s) during the retransmission).

Without soft combining, there is no need to signal the HARQ process number, the redundancy version nor the new data indicator. Rate dematching in the Node B needs to know the number of input and output bits for E-DCH. The number of output bits, i.e., the number of channel bits available for E-DCH(s) is known from TFCI (at least for 10 ms TTI). If the number of input bits is tied to the number of output bits in the same way as in Rel99/4/5, then there is no need for outband signalling (other than TFCI). 

………………………………….Text proposal for TR 25.896 Section 7.2.5 ends here……………………………..
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