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1.0 Introduction

In this contribution, signaling issues related to HS-DSCH associated uplink dedicated control channel (DPCCH-HS) are addressed.  

2.0 H-ARQ Acknowledgement

A 1-bit Ack/Nack indication is used for a H-ARQ acknowledgement.  The acknowledgement bit is repetition coded to 10 bits and transmitted in one slot.  The H-ARQ acknowledgement field is DTX’ed when there is no ACK/NACK information sent.  The Ack/Nack indication is sent as per the following rules:

· If an UE decodes the HS-DSCH correctly an Ack indication is sent to the Node-B.

· If an UE decodes the HS-DSCH incorrectly a Nack indication is sent to the Node-B.

· If an UE does not detect the HI bit on the downlink, the acknowledgement bit is DTX’ed or if it decodes the HS-SCCH incorrectly a Nack indication is sent to the Node-B.

Based on the above requirements, the error events for H-ARQ acknowledgement field can be classified into three categories:

· Ack decoded as a Nack [P(Ack->Nack)]:  In this case, the Node-B will re-transmit the same packet but the UE discards the packet since it can identify a duplicate packet. This kind of error results in a throughput reduction by (1+ P(Ack->Nack) ). The P(Ack->Nack) error rate <1e-02.

· Nack decoded as an Ack [P(Nack->Ack)]: In this case, the Node-B will transmit a new packet without knowing that the original packet has not been decoded.  This results in premature termination of an ARQ frame and results in a lower throughput and higher delay. This kind of error should be avoided and as such the P(Nack->Ack) error rate <1e-04.

· In case of HI detection failure (P(HI missed)) on the downlink, the HI will point to one of the 4 HS-SCCH resulting in incorrect decoding of the HS-SCCH.  In that case either the Ack/Nack field will be DTX’ed or a Nack indication will be sent on the uplink.  Transmitting a Nack in case the UE does not detect an HI avoids the need for the Node B to detect DTX in the Ack/Nack field of the HS-DPCCH.

· DTX decoded as an Ack [P(DTX->Ack)]:  In this case the Ack/Nack field is DTx’ed and an Ack is detected at the Node-B.  The [P(DTX->Ack)] should be less than 1e-02.

2.1.1 Ack/Nack Detection
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Figure 1.  Ack/Nack Signaling Points

Figure 1 shows the signaling points of Ack/Nack at the Node-B receiver.  Binary signaling with repetition coding is used for the transmission of Ack and Nack at the UE.  At the Node-B, if the received signal is above a threshold “T” and “Ack” is declared and if it is below the threshold a “Nack” is declared.  The choice of “T” is critical so as to maintain the required  [P(Ack->Nack)],  [P(Nack->Ack)] and [P(DTX->Ack)].  Further, to ensure the [P(Nack->Ack)] < 1e-04 and [P(Ack->Nack)] < 1e-02, the Nack should be transmitted at a higher power than Ack messages.

2.1.2  Soft-Handoff

During soft-handoff the UE receives TPC commands from the Node-B’s in the active set.  Several cases are considered on how the DPCCH-HS needs to be power controlled:

Case 1: Normal voting:  The DPDCH, DPCCH and DPCCH-HS are power controlled based on power control bits from Node-B’s in the active set as per the Table 1.  In this scenario, the HS-DPCCH is controlled from all the Node-B’s in the active set.  This scheme suffers from the drawback, that when the serving Node B does not have the best uplink, the HS-DPCCH will be received with low reliability at the serving Node B.  To overcome this problem, the Ack/Nack messages should be transmitted at a much higher power (e.g. 6dB) compared to the no soft-handoff case.     

Table 1
	Node-B1 PC bit
	Node-B2 PC bit
	PC applied on uplink DPDCH, DPCCH and DPCCH-HS

	0
	0
	0

	0
	1
	0

	1
	0
	0

	1
	1
	1


Case 2: Dual-stream power control: In this scheme the HS-DPCCH is only power controlled from the serving Node-B while the DPDCH and the DPCCH is power controlled from the Node-B’s in the active set.  This scheme requires two independent power control streams.  This requires two additional power control bits to maintain 1500Hz power control rate.  Alternatively, if the current 3GPP slot structure is to be the power control rate can be reduced to 750 Hz during soft-handoff.

Case 3: Power boost on HS-DPCCH:  The DPDCH, DPCCH and DPCCH-HS are power controlled based on power control bits from Node-B’s in the active set as per the Table 1.  Also in this scheme, the serving node B measures the link quality from the DPCCH and/or HS-DPCCH.  If the link quality goes below certain threshold, Node-B issues a 1-bit command.  Based on this command, the UE boost’s the power of the HS-DPCCH by a fixed amount (Pboost).

Case 4: Rev command and Timer:  This was suggested by Philips in [1] and [2]. It was shown that the use of “REV” command to correct a misinterpreted Nack, and a timer to avoid using DTX in the Ack/Nack field during packet clusters, can reduce the transmit power required for uplink HS-DPCCH significantly for both the non soft-handoff and soft-handoff cases.  The UE transmits the “REV” command if it receives the transmission of a new packet when it was expecting a retransmission of the previous packet after transmitting a Nack.   To avoid DTX in the Ack/Nack field, the UE starts a timer (duration to be set by Node-B) during which UE does not use DTX in the Ack/Nack field.

3.0 Conclusions

1. We think having different power level for Ack and Nack will meet the error requirements for the reverse link Ack/Nack channel.

2. Additional requirements on error probability have to be introduced if REVERT command is used.  Further it will affect the N-channel stop-and-wait protocol.  This requires further study.

3. The use of a timer to avoid DTX in Ack/Nack field may be feasible.

4. To avoid loss of Nack/Ack during soft-handoff a fixed power boost on HS-DPCCH can be used.
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