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1. Introduction

In RAN4 meeting #33 the E-DCH work to determine performance requirements for E-DCH related new channels and functionalities was started. In the E-DCH adhocs held in RAN4#33 it was agreed to progress the work by organizing teleconferences between meetings. In the teleconferences E-DCH DL signalling related issues, requirements conditions and scenarios where discussed. In this contribution we discuss further different aspects, which RAN4 should consider when determining the requirements for E-DCH DL signalling.

2. Impact of different assumptions

In third E-DCH teleconference (21.1.2005) it was discussed what should be the required error level for false ACK and in what kind of conditions this could be assumed to be achievable. As requested in the teleconference we present in this section some further discussion and analysis on the effect of different assumptions. 

Setting the false ACK target error rate in single RLS (containing the E-DCH serving cell) scenario and more generally in SHO scenario with multiple RLS has indications to the whole system performance. The false ACK error rate impacts on the power required on E-HICH for ACK signalling to achieve the desired missed ACK probability. Therefore these two aspects should be considered together. Especially in case of RLS including the serving E-DCH cell the false ACK error rate is also related to the expected E-TFCI error rate as it determines the probability of DTX occurring on E-HICH. This has significant impact on how the decided false ACK error ratio will affect the power required to achieve the desired missed ACK probability. Hence selecting too high probability of DTX when determining the requirements is likely cause unnecessary high power requirement for ACK transmission. Whereas if too low probability is considered, the actual false ACK probability will be higher than desired. Thus with appropriate condition setting for the requirements we will be able to enhance the total HSUPA system performance. Therefore it is felt that these should be considered jointly. 

The mapping of ACK and NACK signalling in case of RLS, which includes the serving E-DCH cell, is determined to be +1(ACK) and –1(NACK). Hence in normal situation the serving cell is most of the time transmitting either +1 or –1 on E-HICH as a response to E-DCH. In a situation where NodeB(s) is unable to correctly receive the E-TFCI, no ACK nor NACK is signalled, i.e. DTX occurs on E-HICH. RAN2 has assumed a target error rate of 1% for E-TFCI detection. 

In case of  RLS containing the E-DCH serving cell the false ACK error rate is composed of two different error probabilities, probability of NACK(-1) being interpreted as ACK(+1) (P(NACK(ACK)) and similarly DTX(0) being interpreted as ACK(+1) (P(DTX(ACK)). How these two error probabilities contribute to the final false ACK error rate is dependent in addition to the error probabilities itself also from the probability of each event. In order to determine the total performance from system point of view, the error probabilities need to be weighted with the assumed probabilities of NACK and DTX occurring. Thus

(1-()P(NACK(ACK) + ( P(DTX(ACK) (desired false ACK error rate,

where ( is the NodeB E-TCI  error rate. 

RAN2 has assumed an acceptable error rate for false ACK to be 0.2%. Similarly to the case of E-TFCI detection, the detection errors on E-HICH, P(NACK(ACK) and P(DTX(ACK), depends on the used transmission power on E-HICH (under control of NodeB) and from underlying radio and interference conditions (including other users). 
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Figure 1. Illustrative E-HICH signal mapping constellation in presence of noise for RLS, which includes the serving E-DCH cell

On the signal mapping constellation as illustrated in Figure 1 it can be seen  that P(DTX(ACK)( P(NACK(ACK). Basing the performace optimisation to the latter probability only, by setting P(DTX(ACK) as close as the desired false ACK error rate as possible, could lead to increased DL power requirements, resulting a loss in DL capacity. When considering the total system performance, it needs to be accounted that the selected P(DTX(ACK) has also impact on the observed performance in case ACK is transmitted on E-HICH. The selected P(DTX(ACK) will determine a threshold for the ACK detection (separating noise from a signal) and thereby determine the required ACK power to achieve the desired missed ACK probability. RAN2 has also determined acceptable error rate for extra HARQ re-transmissions i.e. probability of missed ACK, to be 2%.  Figure 2 depicts the impact of different P(DTX(ACK) assumptions to required theoretical E-HICH Ec/Ior to achieve the missed ACK probability of 2% in AWGN. We can see that lower the required P(DTX(ACK) is, higher E-HICH Ec/Ior is required to achieve the desired missed ACK probability.
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Figure 2. Theoretical E-HICH EcIor with different error targets in AWGN

Thus when selecting the desired P(DTX(ACK) target, different aspects of the system need to be accounted. This will not only impact the false ACK error rate, but also to the power required to achieve the missed ACK error rate. 

It should be noted that a situation where UE is in SHO with cells belonging to different radio link sets the effect of this is even higher, as the mapping of NACK signal in cells belonging to RLS not containing the serving E-DCH cell non-serving cells is different from serving cells. In non-serving cells the NACK is mapped to 0 (DTX), i.e. it can be considered that only ACK signals are transmitted from RLS not containing the E-DCH serving cell. Therefore the actual threshold setting in UE is different in case of SHO with multiple RLS. However from system point of view the total performance matters, and UE needs to select the thresholds for different cells so that the desired false ACK error rate can be achieved. 

In order to progress the requirement definition RAN4 would need to find common assumption on desired false ACK error ratio and conditions in which this needs to be achieved. This will impact on the required power level on the E-HICH channel to have desired missed ACK error rate.  

3. Requirements for E-DCH HARQ ACK Indicator Channel (E-HICH)

In the second E-DCH teleconference (15.12.2004) two papers discussing the possible requirement scenarios for E-HICH were presented [1]

 REF _Ref95452485 \r \h 
[2]. As the meeting concentrated on the simulation assumptions for the alignment, these proposals were not covered in detail.  In this section we represent the proposal outlined in [1]. 

The E-HICH carries the uplink E-DCH ACK/NACK commands controlling the HARQ procedure. There exist two possible error processes of E-HICH, missed ACK and false ACK, which were discussed in also previous section. In this section we discuss and propose possible requirement conditions for these.

Missed ACK

As a response to a successful UL E-DCH (re-)transmission reception NodeB shall transmit ACK for the UE on E-HICH. Hence   ACK detection performance has impact to UL throughput since missing ACKs causes unnecessary retransmissions. 

The mapping of ACK is the same for all RLS (with or without the E-DCH serving cell), hence the ACK is mapped to +1 in both. Hence the performance could be verified in principle in non-SHO or in SHO scenario. However, in practise HARQ signalling coming from different RLS could be different, therefore the UE needs separately to detect signalling from each RLS. Detecting single ACK is enough to cause UE to transmit a new packet regardless of which E-DCH active set cell the ACK was transmitted from. Thus verifying the missed ACK in the single link detection performance is important measure, and therefore the requirement can be set in single cell scenario. 

Moreover the signalling of the other cells  can interfere with the evaluation of the requirement, by providing additional error process, which could hide the errors of interest. For example testing the ACK detection performance in SHO scenario where the other cell in transmitting constantly NACKs , it can occur that UE would erroneously detect the NACK to ACK, hiding a possible missed ACK from the E-DCH serving cell.  Therefore defining the missed ACK requirements in non-SHO scenario would seem most feasible.

False ACK

Erroneously detecting NACK signals from different RLS to ACK, or misinterpreting DTX as ACK from RLS containing the serving cell too frequently could mean that the desired residual error rate in UL could be exceeded, which can of course affect the quality of service.  In contrast to ACK, the mapping of the NACK signal is different for different RLS (with and without serving cell).  RLS containing the E-DCH serving cell maps the NACK to -1 whereas the RLS not containing the serving cell map it to 0. In the scenario described below UE would need to detect the HARQ signalling accounting the different mapping and have correct behaviour in SHO. In contrary to ACK signalling discussed above,  it is required that UE detects all signalled NACKs correctly to have desired behaviour on the HARQ. Therefore it would seem most natural to set requirements for false ACK in SHO scenario.  The proposals presented in [1] and [2] for false ACK requirement conditions are similar.

Following scenario and need for it is proposed to be further analysed

· SHO with two cells belonging to different Radio Link Sets i.e. one serving NodeB and one non-serving NodeB

· Both cells would be equally strong (Îor/Ior=0dB). This is an initial assumption, and its feasibility needs to be verified.

· NodeB signalling 

· Serving NodeB will signals a NACK(-1) with a probability of [TBD]% and DTX(0) with probability of [TBD]% (to model the E-TFCI detection error in  UL). The exact probabilities of each event needs to be discussed.

· Non-serving NodeB signals NACK(0)

It should also be investigated whether interfering signature sequences are needed and which type of signalling pattern they would contain.

4. Conclusion

Based on the discussions had on E-DCH teleconferences we have presented overview of different aspects affecting the E-HICH total performance. We would like RAN4 to discuss the dependencies between different probabilities related to E-HICH requirements in order to understand the trade-offs that need to made when setting requirements for missed ACK and false ACK.  Furthermore we have presented proposal for E-HICH requirement conditions for evaluation.
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