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1. Introduction

At the RAN2 #42 Meeting in Montreal it was noted that SHO should be supported with HARQ for E-DCH. This contribution looks at the requirements for ACK/NACK reliability in SHO, when multiple Node Bs may transmit ACK/NAKs to the UE in response to E-DCH packets. 

As noted in [1] the error requirements for HSDPA were chosen as:
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2. ACK/NACK in Downlink in SHO
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Figure 1 ACK/NACKs in SHO with 3 Node Bs in the active set

ACK/NACK in downlink is used by the Node B to indicate PDU errors. A single ACK/NACK per uplink TTI is assumed. As an initial assumption we will take the figures for HSDPA ACK/NACK reliability and apply them to the EUL.

As the UE is receiving multiple ACK/NACKs from the Node Bs in the active set, then the UE need not re-transmit unless it receives no ACKs from the active set Node Bs. 

2.1 Consideration of NACK error rate

When the UE wrongly assumes that a packet has been correctly received (NACK->ACK misinterpretation) then a packet is lost, which cannot be recovered at the PHY/MAC layers. A higher-layer retransmission is normally required, which generates more signalling overhead and increases delay. 

In the EUL SHO situation, the probability of packets being lost in this way is increased in line with the number of Node Bs in SHO. For example as shown in figure 1, Node B C has an unreliable downlink and is therefore more likely to be responsible for NACK->ACK errors being received by the UE. 

On the other hand, the probability that the packet is not received correctly at the SRNC decreases in line with the number of Node Bs.  We now evaluate these probabilities:

In a well designed system it would be desirable for the probability of a NACK being transmitted in response to any packet to be no greater than approximately 0.2, i.e.:
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In SHO for the EUL the probability that one of the NACKs would be misinterpreted is:
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Therefore the total probability that a given packet will experience a NACK->ACK error is given by: 
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Assuming the service requirements are the same as for HSDPA this total probability should be equal to 10-4. This gives x=1.25x10-3 for n=2, and x=4.167x10-3 for n=3. 

Therefore an NACK error rate of 10-3 would be a reasonable requirement for each link in SHO, as this would give an error rate of 10-4 for each UL packet after combining in the SRNC. 

However it is worth noting that one Node B with a worse error rate on its NACKs would override other Node Bs which may be more reliable. Consequently it is important to consider how the UE should behave in cases where it receives unreliable ACKs. This is discussed in more detail in [2].

2.2 Consideration of ACK error rate

In a well designed system it would be desirable for the probability of an ACK being transmitted in response to any packet to be at least approximately 0.8, i.e.:
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In SHO for the EUL, an unnecessary retransmission will only occur if all the ACKs are misinterpreted.  The probability that all the ACKs are misinterpreted is therefore dominated by the cases when only one ACK is transmitted, e.g.:

	NodeB A
	NodeB B
	NodeB C

	ACK
	NACK
	NACK

	NACK
	ACK
	NACK

	NACK
	NACK
	ACK


Therefore the total probability that a given packet will experience a ACK->NACK error is given by 
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Assuming the service requirements are the same as for HSDPA, P(ACK->NACK) per packet should be equal to 10-2. 

This gives x=3.2x10-2 for n=2, and x=0.10 for n=3. As the most likely number of Node Bs in SHO may typically be 2, it therefore seems that an ACK error rate of 10-2 is still required for each link in SHO in order to give an error rate of 10-2 for each UL packet. 

3. Conclusions

Reliability requirements for the ACK/NACKs for EUL in SHO have been discussed for each radio link in the light of the overall performance required from the system. 

Assuming the same service requirements as for HSDPA, an NACK error rate of 10-3 and an ACK error rate of 10-2 for each radio link is required.

The UE behaviour in the event of receiving unreliable NACKs should also be considered [2].

It may also be worth bearing in mind that the use of a 2 ms TTI may mean that the time diversity for ACK/NACKs is reduced, which could increase the likelihood of NACK->ACK errors occurring. 
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