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1. Recap on the Recovery Procedure

In [1], an error recovery procedure was discussed, which aims at recovering from the situation that a NACK is misinterpreted as an ACK. As shown in [2, 4] in soft handover scenarios, the power required to limit the probability of a NACK>ACK-misinterpretation to 10e-04 as defined on the HSDPA adhoc meeting in Sophia Antipolis, in Nov. 2001, is significantly high: Compared with the power used on the Rel99 DPCCH, the power for NACK transmissions would at least be 10 dB higher, in soft handover scenarios assuming ideal channel estimation. 

Taking realistic channel estimation (based on the pilot bits of the Rel99 DPCCH to estimate the required power for ACK transmissions on the HS-DPCCH) into account [4, 5], given the 1e-02 target error rate for ACK transmissions and the 1e-04 target error rate for NACK transmissions, it turned out:

When not in SHO (Soft Handover):

· The required ACK error rate can be achieved by means of a power offset of up to +16dB for the HS-DPCCH. 

· The required NACK error rate can only be achieved if the UE is virtually stationary. 

When in SHO: 

· The required ACK (and NACK) error rates cannot be achieved with channel estimation based on 6 DPCCH pilot bits.

Hence, RAN1 saw a need to work on approaches for improvement for the ACK/NACK signalling. Several proposals were discussed, e.g. repeating the ACK/NACK transmission via several slots of the TTI, adding further pilot information to the HS-DPCCH, as well as the recovery procedure. It still turned out that both repetition of ACK/NACK transmissions as well as additional pilot bits on the HS-DPCCH would reduce the identified high power values, however not in all situations. Again the Soft Handover case causes problems: While in SHO ACK/NACK repetitions can help to achieve the target value for ACK transmissions at low speeds when applying a power offset of 15 dB, with additional pilot bits on the HS-DPCCH the ACK reliability target value can be achieved only with a power offset of 13 dB, and the NACK reliability target value only with a power offset of at least 18 dB.

The minutes of the recent RAN1 meeting #25 state with respect to the discussion of the recovery procedure: 

“Finally [RAN1-]chairman asked to the floor whether there is any specific issue on REV scheme from layer 1 point of view. There was no opinion raised. [RAN1-]Chairman stated that of course we need to take into account RAN WG2 view but if there is no issue with REV scheme from layer 1 point of view, the certain advantage of this scheme is worth considering. […] There was also a comment saying that we need to revisit the requirement P(NACK->ACK)<10-4 itself. (It was decided in Sophia Antipolis without any solid discussions.)”
R2-020916 analyses the error performance with the relaxed NACK>ACK misinterpretation probability of 10e-03 and comes to the conclusion that receive diversity (two uncorrelated antennas) at the NodeB would be essential for reasonable performance. Currently, receive diversity is not a mandatory feature.

For the time being, the only way for a significant reduction of the transmission power for ACK/NACK signalling, is the recovery procedure as described in [1]: In case the UE detects a NACK>ACK misinterpretation (i.e. it receives an NDI indicating a new transmission, although the UE had sent a NACK in the previous TTI), the UE would reply with a REV command, which orders the NB to retransmit the last but one packet.

On the other hand, if the probability for NACK>ACK misinterpretation is relaxed to 10e-03, the recovery procedure guarantees, at moderate transmission powers, a MAC-hs PDU loss probability of 10e-04 and lower, hence combating the “evil” of too high delay at its roots. 

Other schemes to improve the delay performance have been proposed (see the overview in R2-02209), which all aim at reducing the delay by detecting TSN gaps in the reordering buffer, which were caused by NACK>ACK misinterpretations or abortions. However, all the described techniques can only imperfectly achieve this goal, and they all need changes to the original version of the HARQ protocol. 

While the ASUStek proposal (R2-021974, R2-021593, R2-020240) needs a rule at NodeB, which results in the restriction that transmission of a MAC-hs PDU cannot be resumed after having been aborted because of switching to a higher priority class, the Lucent (R2-020105) proposal requires a change in the MAC-hs PDU format, and the Qualcomm proposal (R2-021590), which goes farthest as to the required changes, relies on moving the 3-bit priority indication (currently contained in the MAC-hs PDU header) into the HS-SCCH, as well as adding bit for flushing indication, and introducing new timers on the UE side.

For the error recovery procedure, as already described in R2-020946, abortion indication and the 1-bit Stop-and-Wait sequence number should be decoupled, in order to avoid erroneously combining a new transmission with data of a previous transmission in some special cases. In addition, the additional error cases, which have to be considered due to the additional REV command, i.e. NACK>REV-, ACK>REV-, REV>ACK-, REV>NACK-misinterpretation, can then easily be tackled. This is discussed in the following, thus providing a full picture of how the error recovery procedure would look like.
2. Two-bit NDI (New Data Indicator) on the HS-SCCH

Currently, the HS-SCCH carries one bit to express the NDI. Without the recovery procedure, the NDI is also used as an abortion indication, i.e. if the UE receives an unexpected NDI after sending a NACK, the UE interprets this as a command to flush the soft buffer, and assumes that the data block, which was sent with this unexpected NDI, is an initial transmission. 

Having the error recovery procedure in place, the NDI can no longer be used as such an abortion indication. This abortion functionality is, however, crucial in order to “restart” the receiving HARQ process and synchronise it with the sending side, after an unrecoverable error has happened. It is also required to indicate to the UE that NB does not want to continue retransmitting a data block (“MaxReTx-abortion”), where the maximum number of retransmissions need not be the same for each data block.

Hence, it is required to add one bit on the HS-SCCH to at least provide the abortion functionality. For abortion indication only one additional “symbol” is required, while an additional bit allows representing additional two meanings. The fourth meaning can be used to improve the handling of errors for the recovery procedure. These two bits are called here DLTxCtl (Downlink Transmission Control).

The coding of the two bits could be as follows:

	
	Bit combination of  DLTxCtl

DLTxCtl[2], DLTxCtl[1]
	Meaning

	“0”
	00
	Stop&Wait Sequence Number: (SNs&w) 0

	“1”
	01
	Stop&Wait Sequence Number (SNs&w) 1

	“RR” (REV received)
	10
	Transmitter received a Revert command for the previous transmission

	“Ab”
	11
	Abortion indication: Flush the soft-buffer for this HARQ process, and set the Stop&Wait Sequence Number to 0. The data block carried with this value of DLTxCtl implicitly carries Stop&Wait Sequence Number 0, i.e. for a retransmission in the following TTI, DLTxCtl would be 00, and for a new transmission it would become 01.


Due to the additional information (of whether NB received a REV command or not) provided to the UE, the handling of errors (REV>ACK-, REV>NACK-, ACK>REV-, NACK>REV-misinterpretation) can be improved, e.g. combining a received data block with redundancy of another data block, for which the received data block is no retransmission, can be avoided. 

Furthermore, abortion is decoupled from the recovery procedure, and also the recovery procedure can be aborted by simply sending the “Ab” on the HS-SCCH.

The following figures show, how the four possible error situations can be coped with. 

From the UE point-of-view, a recovery procedure starts, as soon as it sends a REV. From the NB point-of-view the recovery procedure starts, as soon as the NB has received a REV. To continue the recovery procedure, NB would retransmit the requested packet accompanied by the “RR”-bit-combination on the HS-SCCH. To abort the recovery procedure, NB would transmit a new packet with the “Ab” –bit-combination on the HS-SCCH. If during a recovery procedure, the UE asks for a retransmission, this is indicated again by a REV, where this REV refers to the retransmission of the same packet, for which the recovery procedure was started. I.e. NB would not go further back than the very packet, for which the recovery procedure was started. The UE terminates the recovery procedure by sending an ACK. Hence, mis-interpreting a REV as an ACK will finally lead to the loss of a packet – the required power to make this loss happen with a probability lower than 10e-04 being much lower than without the recovery procedure.

Detection of a NACK > ACK mis-interpretation requires that the UE keeps a record of the Stop&Wait sequence number. In the following figures, apart from the exchanged data and bit-combination on the HS-SCCH, also the value of the Stop&Wait sequence number is shown (SNs&w); this value is shown before and after the reception of a downlink transmission.

2.1 Error handling using DLTxCtl

2.1.1 REV > ACK misinterpretation
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2.1.2 REV > NACK misinterpretation
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2.1.3 ACK > REV misinterpretation
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2.1.4 NACK > REV misinterpretation
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2.2 An Abortion example
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2.3 Handling of DTX

There are three cases, why NodeB receives an unexpected DTX:

1. The UE misses the HS-SCCH, therefore does not decode the HS-DSCH, and hence sends neither ACK nor NACK.

2. The UE sends an ACK, but this is corrupted by the channel such that it appears as a DTX at NodeB.

3. The UE sends a NACK, but this is corrupted by the channel such that it appears as a DTX at NodeB.

In all three cases, Node B would usually simply react to the DTX, as if it were a NACK, in order to be on the safe side (This also applies to the HARQ protocol in its current version, although it is not stated explicitly in 25.321). However, if NodeB has started an abortion, and in this particular case the UE misses the HS-SCCH, and therefore generates a DTX, NodeB should react to this not as if it had received a NACK, but should send the same packet as the previous one with an abortion indication. Then the following error case is excluded:

	Node B
	UE

	1. NewTX: 
	SN10, NDI
=1, 
	Softbuffer: SN10 undecoded, UL: NACK

	2. NewTX&Abort:
	SN11, NDI=Ab,
	Softbuffer: SN10 undecoded, UL: DTX, since the HS-SCCH is missed

	3. ReTX: 

	SN11, NDI=Ab
	Softbuffer: SN11 decoded, UL: ACK


If instead of the Ab in step 3, SN11 were retransmitted using the standard NDI after sending an Abortion (i.e. NDI=0), the UE would initiate a recovery procedure, which is not desired. If SN10 had been sent with NDI=0, in the same scenario, a retransmission of SN11 in the 3rd step with the standard NDI=0 after abortion would result in combining the initial transmission of SN10 with the initial transmission of SN11. The abortion indication in step 3 makes sure that the softbuffer is empty, after Node B receives a DTX in response to an abortion indication.

Likewise, the error case as raised in R2-021931would not happen:

	Node B
	UE

	1. NewTX:
	SN10, NDI=0, 
	Softbuffer: SN10 decoded, UL: ACK

	2. NewTX:
	SN11, NDI=1, 
	Softbuffer: empty, UL: DTX, since the HS-SCCH is missed

	3. NewTX & Abort: 
	SN34, NDI=Ab
	Softbuffer: SN34 undecoded, UL: NACK


i.e. it is avoided that the packet received in step 3 is interpreted as an unsolicited retransmission of SN10 as in the current HARQ protocol. 
3. Remaining risk of packet loss

[6] elaborates on the power offsets required for NACK-ACK signalling with and without the REV command at different UE speeds taking imperfect channel estimation into account. The reader is referred to this document, which was discussed on RAN1#26.

4. Conclusion

This paper describes in detail, how to handle the additional error cases, which have to be faced due to the  REV command in addition to ACK and NACK. The most serious error case is the mis-interpretation of a REV as an ACK, which leads to a packet loss. By setting the transmission powers for ACK, NACK and REV appropriately, the probability of packet loss can be kept below 1e-04, while at the same time using significantly lower NACK power than would be required, if only the ACK and NACK command were used.

In all other additional error cases, no packets are lost, but in some cases an unnecessary DL transmission occurs. Such unnecessary DL transmissions also have to be faced due to A>N misinterpretation, for which the target error rate is 1e-02 according to the decisions on the workshop on HSDPA in Sophia Antipolis in Nov. 2001.

To decouple the abortion indication from the recovery procedure, the NDI (New Data Indicator) should be extended to 2 bits. This is not seen as a big issue in view of the fact that there have been several RAN1 proposals to increase the number of bits available on the HS-SCCH for other purposes, e.g. R1-02-0794 (Qualcomm), which proposes to send the Priority Class identifier on the HS-SCCH. They state : “It is seen that increasing the payload from 29 to 32 bits comes at a cost of less than 0.15 dB per bit (around 0.5 dB per access) in the worst-case scenario (single path 120 km/h).”

Since the error recovery procedure combats the problem of additional delay resulting from TSN gaps at its roots, it is much better suited to solve this problem than all the other proposals discussed so far (R2-021974, R2-021590, R2-020105), especially with the relaxed error probability of 10e-03 for NACK>ACK misinterpretation (as decided on RAN2#30, R2-021736) in the most critical cases of Soft Handover. It provides as an additional benefit a reduction of the required signaling power. Using the coding technique for the REV command (i.e. using also the CQI-bits) proposed by InterDigital in R1-021063, it is expected that the error cases described in this document would be very rare.
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� meaning this 2-bi-NDI


� Since a modified NDI is proposed here, it would be better to rename it, as DLTxCtl, as done in the beginning of this document. However, for simplicity it is used here in the sense of 2-bit-NDI, while the current HARQ protocol description uses a 1-bit-NDI.
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