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1 Introduction
In RAN1#61 meeting, the issue of HS-SCCH order reliability is raised. The reliability of HS-SCCH order is believed very important for activation/deactivation of various functions. Robustness of HARQ-ACK feedback for the order has direct impact on the reliability of HS-SCCH order. Especially, for the case of MC-HSDPA, HARQ-ACK messages for more than one carrier are jointly encoded to one codeword. There is a higher probability that the joint coding codeword is mistakenly decoded at the Node B, compared to independently encoded HARQ-ACK in Rel-5. This contribution discusses error events of different HS-SCCH orders and provides solutions to reduce error probability of HARQ-ACK feedback for HS-SCCH order.
2 HS-SCCH order reliability
When a Node B sends an HS-SCCH order to a UE, it will expect the UE’s HARQ-ACK feedback. Errors may occur due to mis-detection or false alarm of the HARQ-ACK codeword reception at the Node B. 
For the case of Rel-5 single carrier, HARQ-ACK of only one carrier is transmitted on HS-DPCCH. Mis-detection will happen when UE’s ‘ACK’ response is missed or mistakenly decoded to ‘NACK’ at Node B, as shown in Figure 1. False alarm will happen when the UE does not send anything but the Node B could still detect ‘ACK’ mistakenly, as shown in Figure 2. The probability of mis-detection and false alarm is very low. 
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Figure 1. Mis-detection of HS-DPCCH in response to HS-SCCH order in Rel-5
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Figure 2. False alarm of HS-DPCCH in response to HS-SCCH order in Rel-5
However, for the case of MC-HSDPA, when at least one secondary HS-DSCH serving cell is activated, the HARQ-ACK feedback for the order is jointly encoded with those for other carriers to form a codeword transmitted on the HS-DPCCH. The received HARQ-ACK feedback needs to be decoded within the codeword space in the codebook, which has quite smaller code distance than that in Rel-5. The error probability of codeword decoding may become relatively higher. The HARQ-ACK codewords in the codebook can indicate ‘DTX’ for the feedback of a carrier, which means ‘no transmission’. When UE’s ‘ACK’ response is mistakenly decoded to ‘DTX’ at Node B, mis-detection will happen. When UE’s ‘DTX’ response for the order is mistakenly decoded to ‘ACK’, false alarm will happen. For example, assuming that 4 carriers are activated, and HS-SCCH order is transmitted in the primary downlink carrier, if the UE receives the order and respond codeword ‘A/D/N/D’, which is mistakenly decoded to ‘D/D/N/D’ by Node B, mis-detection of HS-DPCCH in response to HS-SCCH order will happen, as shown in Figure 3. If the UE misses the order and respond codeword ‘D/D/N/D’, which is mistakenly decoded to ‘A/D/N/D’ by Node B, false alarm of HS-DPCCH in response to HS-SCCH order will happen, as shown in Figure 4.
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Figure 3. Mis-detection of HS-DPCCH in response to HS-SCCH order for 4C-HSDPA
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Figure 4. False alarm of HS-DPCCH in response to HS-SCCH order for 4C-HSDPA
Therefore, decoding error of the joint encoded codeword can also result in mis-detection and false alarm for the case of MC-HSDPA, besides the reasons for mis-detection and false alarm in Rel-5. The probability of mis-detection and false alarm becomes relatively higher compared to Rel-5, due to higher codeword error decoding probability. 
The following analyzes the results caused by mis-detection and false alarm for the case of MC-HSDPA. 
· Mis-detection
When the order is received by a UE, the UE will respond ‘ACK’ for the order and take effect the corresponding function. If the ‘ACK’ response is missed, or mistakenly decoded to ‘DTX’ due to decoding error of the joint coding codeword, the Node B will think the order is not received and function does not take effect. The Node B and UE are, in consequence, out of sync regarding the state of function activation/deactivation, until the Node B sends the order again and receives ‘ACK’ response from the UE properly. 
· False alarm

When the order is lost and UE’s ‘DTX’ response for the order is mistakenly decoded to ‘ACK’  due to decoding error of the joint coding codeword, the Node B and UE are out of sync regarding the state of function activation/deactivation. The error events can not be recovered by themselves. 
When the state of function activation/deactivation between a Node B and a UE is out of sync, the error results are list in the following cases. 
· HS-SCCH orders for DTX activation/deactivation
· DTX is activated at Node B and deactivated at UE
The UE will not restrict the start of E-DCH transmissions to the MAC_DTX_cycle pattern, if there has been no E-DCH transmission for a configurable number of TTIs (MAC Inactivity Threshold). Therefore, if uplink DRX is applied by a Node B, some data transmissions will be lost.
· DTX is deactivated at Node B and activated at UE
           The UE will transmit DPCCH discontinuously. Uplink synchronisation status reporting will be impacted, since the Node B thinks the UE transmit DPCCH continuously. Unnecessary Out-of-sync will be reported due to uplink DPCCH transmission gap. 
· HS-SCCH orders for DRX activation/deactivation 
· DRX is activated at Node B and deactivated at UE
Node B restricts its transmissions to the DRX cycle pattern, while the UE decodes all sub-frames. There is a loss of UE battery, but not of data. 
· DRX is deactivated at Node B and activated at UE
Node B can transmit data on all sub-frames, while the UE restricts the downlink reception times to the DRX cycle pattern. Any data transmitted outside the DRX cycle pattern will be lost.
· HS-SCCH orders for HS-SCCH-less operation
· HS-SCCH-less operation is activated at Node B and deactivated at UE
The first transmission of an HS-DSCH transport block using CRC attachment method 2 shall be sent without an associated HS-SCCH. The UE may not decode HS-PDSCH without detecting consistent control information intended for this UE on one HS-SCCH. The second and the third transmissions shall be sent associated with a HS-SCCH of type 2. The UE shall not decode HS-SCCH of type 2. Any data transmitted using HS-SCCH-less mode is lost. 
· HS-SCCH-less operation is deactivated at Node B and activated at UE
Node B will transmit an HS-DSCH transport block using CRC attachment method 1 and associated with HS-SCCH of type 1. The UE attempts to receive HS-DSCH with legacy mode and HS-SCCH-less mode simultaneously. There is a loss of UE battery, but not of data.
· HS-SCCH orders for secondary carrier activation and deactivation

· Secondary carrier is activated at Node B and deactivated at UE
For secondary downlink carrier, the Node B will schedule data on that carrier, but the UE will not receive the data on that carrier.  Any data scheduled on that carrier will be lost. And the Node B may not decode HS-DPCCH properly, if remapping is needed for HS-DPCCH after the secondary downlink carrier is activated. 
For secondary uplink carrier, the UE will not transmit data and DPCCH on that carrier. Node B will consider uplink out-of-sync during synchronisation procedure A, since no DPCCH is received.   
· Secondary carrier is deactivated at Node B and activated at UE
For secondary downlink carrier, Node B will not schedule data on that carrier, but the UE will still monitor that carrier and report CQI feedback. There is a loss of UE battery, but not of data. However, the Node B may not decode HS-DPCCH properly, if remapping is needed for HS-DPCCH after the secondary downlink carrier is deactivated. 
For secondary uplink carrier, the UE will still transmit data and DPCCH on that carrier, which are lost by the Node B. And the UE will consider downlink out-of-sync, since no F-DPCH is received. 
As discussed above, mis-detection and false alarm can cause inconsistent state between the Node B and UE. Particularly, errors caused by false alarm can not be recovered autonomously. The serious results will happen, including data loss and HS-DPCCH decoding confusion. It is crucial to lower the error probability of HARQ-ACK feedback for the order, especially for the case of MC-HSDPA. 
3 HS-DPCCH design for HARQ-ACK robustness 
In order to ensure the robustness of HARQ-ACK for HS-SCCH order, the following solutions could be considered. 
· The power offset of HS-DPCCH HARQ-ACK slot is boosted by an additional amount when an ‘ACK’ in response to a HS-SCCH order is sent in this slot. 
When an ‘ACK’ in response to a HS-SCCH order is sent with the HARQ-ACK in response to other carriers, the power offset of HS-DPCCH HARQ-ACK slot is boosted by an additional amount. So the probability of the mis-detection due to HARQ-ACK codeword decoding error is reduced.
· A specific codeword is used for HARQ-ACK feedback for HS-SCCH order. Node B shall not schedule data transmission in the same subframe where HS-SCCH order is transmitted. 

If an HS-SCCH order is transmitted, data shall not be transmitted in the same subframe on all the downlink carriers. Thus, only ‘ACK’ message in response to the HS-SCCH order shall be mapped on the corresponding HS-DPCCH slot. The HARQ-ACK for HS-SCCH order shall not use joint coding codewords for MC-HSDPA, but a specific codeword instead, such as ‘1111111111’. Therefore, when the knowledge of HS-DPCCH mapping is different between the Node B and the UE due to inconsistent state of secondary carriers’ activation/deactivation, the Node B can still decode ‘ACK’ message in response to HS-SCCH order properly. The power offset of HS-DPCCH HARQ-ACK slot can be boosted by an additional amount. So the probability of the mis-detection and false alarm due to HARQ-ACK codeword decoding error is reduced. There is only a little scheduling delay introduced for the UE, but no system performance loss. 
4 Conclusion 

In this document, we discuss the reliability of HS-SCCH order. Mis-detection and false alarm can cause inconsistent state between Node B and UE, which brings serious results. For the case of MC-HSDPA, the probability of mis-detection and false alarm becomes relatively higher compared to Rel-5 due to codeword decoding error. Some solutions are considered to lower the error probability of HARQ-ACK feedback for HS-SCCH order. 
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