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1. Introduction
The HS-SCCH-less operation; a component of the continuous packet connectivity feature; essentially consists of a framework allowing HSDPA transmissions without the use of the control channel. A particularity of HS-SCCH-less transmissions is the HARQ feedback on HS-DPCCH operates in an OOK mode and can only positively acknowledge the transmission.
In case a retransmission is required or if a larger payload needs to be transmitted to the UE, the node-B uses the legacy HS-SCCH operation where the HARQ feedback consists of ternary keying (ACK, NACK or DTX). 

In this contribution, we evaluate the performance impact that using OOK instead of a ternary keying has on the reliability of the HARQ feedback and propose different options to solve the issue.
2. Discussion

When the UE is configured in HS-SCCH-less mode of operation, the Node-B can transmit a preconfigured set of transport block sizes without using the HS-SCCH.

In this case, one or two preconfigured HS-PDSCHs are used and the UE can only positively acknowledge the transmission on the HS-DPCCH.

If none of the CRCs corresponding to the transport blocks that can be transmitted on the HS-PDSCHs pass, the UE does not feedback anything on the HS-DPCCH. Indeed, since the HS-SCCH was not transmitted, ternary keying cannot be exploited because both DTX or NACKs are essentially NACKs. It was therefore decided that the HARQ feedback for HS-SCCH-less transmissions would be ACK or DTX (i.e. OOK).
In the cases when a retransmission is required, or when the Node-B needs to transmit a larger payload to the UE, an HS-SCCH is used and the corresponding HARQ feedback is similar to the legacy feedback (i.e. ternary keying).

In HSDPA, it was recognized that Ack-to-Nack and Nack-to-Ack misdetections have different system impacts and thus the power offset for the Ack and Nack are independently configured by RRC.
In HS-SCCH-less mode of operation however, if HS-SCCH-less transmissions are performed using the same configured power offsets, the corresponding Ack-to-Nack misdetections will occur with a higher probability.
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Figure 1: HARQ feedback misdetections
The impact of using OOK instead of ternary keying on the Ack is evaluated using the following assumptions

· Rel-6: Pr[higher layer re-transmission] = Pr[miss HS-SCCH] * Pr[DTX(ACK]
· Assuming Pr[miss HS-SCCH] = 0.01 and Pr[DTX(ACK] = 0.01, then
· Pr[higher layer re-transmission] = 0.0001
· HS-SCCH-less: Pr[higher layer re-transmission] = Pr[DTX(ACK]
· Since there is no control, to keep the same probability of higher layer retransmission as for Rel-6, we need  Pr[DTX(ACK] = 0.0001
· We investigate the performance with Pr[DTX(ACK] = 0.0001 and Pr[DTX(ACK] = 0.001
· Further, we assume the same probability for unnecessary L1/L2 re-transmissions to 1%, therefore
Pr [ACK miss | Ternary Keying] = Pr [ACK miss | On-Off Keying] = 0.01
· Channel model: AWGN (Q functions) 
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Figure 2: P[DTX->ACK / On-Off Keying] = 0.0001
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Figure 3: P[DTX->ACK / On-Off Keying] = 0.001
3. Proposal

In the previous section we described a reliability issue that occurs for HS-SCCH-less transmissions. In this section we propose a few solutions.
3.1. Don’t do anything

A possibility is to leave the Ack and Nack power offsets as they are defined currently and accept that a larger portion of HS-SCCH-less transmissions will fail due to HARQ feedback errors. 

This solution is not realistic for several reasons:

· The HARQ feedback errors should be designed equally for all types of HSDPA transmissions otherwise cell edge performance and thus effective coverage will be different for different types of service (i.e. a VoIP call using HS-SCCH-less will have a smaller coverage than regular VoIP calls)

· A typical design choice for DL HARQ is to target a high first transmission success rate (in the order of 90%). It is particularly important to maintain or improve this first transmission performance for HS-SCCH-less transmissions because subsequent retransmissions require the use of the HS-SCCH thereby reducing the capacity benefit of using HS-SCCH-less in the first place.

3.2. Do something

Fixing this problem essentially requires using a sufficiently large power offset for the HARQ Ack when HS-SCCH-less transmission is used. 
This can be performed in two different ways:

· A separate power offset for Ackhs-scch-less is signalled by RRC

· The power offset signalled for the Ack is defined taking into account that it must satisfy the HS-SCCH-less case as well. This solution saves the RRC signalling overhead but impacts the UL capacity because the larger power offset will always be used, even for regular HS-SCCH transmissions.
4. Conclusion

In this contribution, an issue related to the reliability of HARQ feedback has been presented. It has been argued that not fixing this issue would result in a performance degradation that jeopardizes service quality as well as the benefits provided by the HS-SCCH-less operation. A simple solution requiring the signalling of an additional parameter has been presented and is proposed to be adopted.
The simple solution has been shown here to apply to HS-SCCH-less transmissions. Although the scenario is slightly different for HS-SCCH orders (HS-SCCH only is sent, not HS-DSCH), the same solution can apply to improve the reliability of HS-SCCH orders which have been defined for the DTX-DRX feature of CPC.
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