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1 Introduction
As part of the Rel-11 WI on multiflow HSPA transmissions, the topic of reducing the HS-DPCCH ACK/NACK delay of one or more of the serving HS-DSCH cells is currently being discussed in the context of asynchronous operation between the serving HS-DSCH cells. The requirement to reduce the ACK/NACK delay for at least one of the cells stems from the fact that the HARQ ACK/NACK information is jointly encoded on a single HS-DPCCH. While the focus there has been on analyzing the impact to both UE and NodeB implementation due to this reduction, as a technical enhancement to single carrier HSDPA,, we consider here the impact of a reduced HS-DPCCH ACK/NACK delay on the margin used for downlink (DL) HSDPA scheduling. In HSDPA, based on the CQI report from the UE, the Node B schedules the appropriate TBS to the UE. The CQI being received at the Node B may not fully represent the actual signal to noise ratio (SNR) that the UE could achieve at the time of TBS decoding due to various factors, such as channel time varying fading, CQI estimation inaccuracy and interference structure variation, etc. It is important then that the Node B adaptively apply an adjustment (margin) to the received CQI before scheduling a TBS in order to guarantee the desired performance, such as 10% BLER after one transmission.

To adapt the margin at the Node B per UE, the Node B needs to rely on the HARQ ACK/NACK feedback from the UE on the HS-DPCCH channel similar to the target SIR adjustment for outer-loop power control. The delay in the HARQ ACK/NACK may negatively impact the margin used for the CQI adjustment.
In this document, we first describe how the margin is used for CQI adjustment as well as how the margin is adapted based on the HARQ ACK/NACK. Then we discuss the impact of the HARQ ACK/NACK delay on the margin. Simulation results are shown to illustrate the impact. 

2 Margin for the HSDPA scheduling

For HSDPA scheduling, based on the CQI being received, Node B could predict the SNR for the HS-PDSCH as a function of the HS-PDSCH power that will be used for the UE. Then, the Node B could select the largest TBS that has the decoding SNR requirement less than the predicted SNR from CQI. When the margin is used, the Node B will subtract the margin from the predicted SNR before selecting the TBS. The idea is that, if the Node B observes high retransmissions for the scheduled TBS, the Node B knows that the CQI being used is too optimistic. The Node B applies a larger margin to select a more conservative TBS. On the other hand, if the Node B observes very low retransmissions for the scheduled TBS, the Node B could apply a lower margin to selected TBS more aggressively.

Different algorithms could be used to adapt the margin at the Node B for each UE. We consider an algorithm that adapts the margin in response to every received HARQ ACK/NACK. If we want to target the residual BLER of  
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 transmissions, the algorithm is as follows.  Every time the Node B receives an ACK/NACK from the UE
1. If ACK/NACK is not for the 
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a. Margin is not changed

2. If ACK/NACK is for the 
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a. If the feedback is NACK, the margin is increased by a step of margin_up

b. If the feedback is ACK, the margin is decreased by a step of margin_down

c. margin_up/margin_down=
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Given the above margin adaptation algorithm, HARQ ACK/NACK delay could potentially cause an overshoot of the margin adaptation. To better explain the problem, suppose in the past the margin is too high, the Node B schedules smaller TBS such that many ACKs are received at the Node B. The Node B starts to adjust the margin down to schedule a larger TBS. When the margin becomes lower than the desired margin, the UE starts to decode the TBS in error and feeds back a NACK to the Node B. Ideally, the Node B should increase the margin immediately for the most efficient operation. However, a feedback delay of the NACK only allows the Node B to react after certain amount of TTIs (x). In the intermediate x TTIs, the UE will keep sending NACK since the Node B has not promptly adjusted the margin. After x TTIs, the Node B will have adjusted the margin for x consecutive NACKs which causes the margin to overshoot.
3 Simulation results

In this section, a simulation is used to illustrate the impact of the HARQ ACK/NACK delay on the margin. The following simulation assumptions are used:
1. For the margin adaptation, we try to maintain the 10% BLER after 1st transmission as per CQI definition in [1] (
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). We choose the margin_up = 0.5dB, margin_down = 0.056dB.
2. The channel is assumed to be AWGN
3. The ACK/NACK feedback delay is assumed to be 6 TTI (12ms). The delay is defined as the interval between when the UE finishes the TBS decoding till the time the corresponding ACKNACK feedback is received at the Node B.
4. The traffic source is considered to be full buffer.
5. We assume perfect ACK/NACK decoding at the Node B. 

6. We use proportional fair scheduler.

7. We consider two sets of loading
a. 2 UEs per cell. In this case, each UE is scheduled very often. Within the ACK/NACK feedback delay, multiple packets may be scheduled to the UE so that a margin overshoot problem is more evident.

b. 30 UEs per cell. In this case, each UE is scheduled less frequently. Within the ACK/NACK feedback delay, it is unlikely that multiple packets are scheduled to the same UE. As the result, a margin overshoot problem is less evident.

In Figure 1and Figure 2, we show the Node B margin trace for one particular UE in the case of 2 UEs per cell and 30 UEs per cell, respectively. It is clear, when a UE is scheduled very often, there are high chances that multiple packets are scheduled within ACK/NACK feedback delay. This makes the margin overshoot problem more severe. Comparing Figure 1with Figure 2, when a UE is scheduled more often, the margin has a high variation indicating that the Node B schedules the TBS less effectively.

For the particular UE we pick to show in the figures, the average margin increases about 1.35dB. In the simulation, if we look at the whole UE population, the average margin for all UEs increased about 0.55dB. The larger margin means less efficiently selection of the TBS at the Node B.
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Figure 1 UE margin trace (2 UEs per cell)
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Figure 2 UE margin trace (30 UEs per cell)
4 Conclusion
In this document, we showed the impact of the HARQ ACK/NACK delay on HS-PDSCH scheduling margin. The analysis is based on the margin adaptation algorithm descried in Section 2. To mitigate the margin overshoot problem, the following technical enhancement to HSDPA could be considered further:
· Shorten the HARQ ACK/NACK timeline. The amount to shorten can be based on the analysis performed as part of the multiflow HSDPA work item. This reduces the margin overshoot. It also reduces the requirement for the number of HARQ processes that the UE has to maintain.
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