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1. General

This text proposal is for the TR on HSDPA Enhancements, 25.899 v 0.2.2. It complements the simulations for enhanced CQI reporting by showing the performance of the combined NACK based and CQI on demand scheme for the Pedestrian A and Vehicular A channel model with different speeds (3 km/h, 30 km/h) (from [1]).

We show results for different feedback cycles and assume for NACK & ODM, that the cyclic feedback scheme is enabled. Due to NACK based and on demand reporting the performance of the enhanced scheme is better or similar to Rel. 5 even when the feedback cycle of Rel. 5 is shorter.

Simulation results for CQI averaging in the Pedestrian A channel are already included in TR25.899v0.2.2. Further simulation results from [2] are provided here covering the Vehicular A channel over the full range of speeds from 3km/h to 120km/h in both SHO and non-SHO.

Summarizing, also for multi-path channel conditions like Pedestrian A and Vehicular A we can gain from enhanced CQI reporting. The performance improvement compared to the improvement we have shown for the 1 path Rayleigh channel model is smaller. Nevertheless the improvement is still significant and allows us to use the physical resources in a more efficient way. CQI averaging gives a significant benefit in a Vehicular A channel, as well as in Pedestrian A. 

2. References

[1] R1-031279, “Performance of Enhanced CQI Reporting Scheme”, Siemens, Philips

[2] R1-031309, “Evaluation of CQI enhancement techniques in multipath channels”, Philips, Siemens

3. Text Proposal

--- Start of text proposal for TR 25.899 v0.2.2 - to be inserted in section 6.1.1.2 after Figure 8 ---

The simulation assumptions for the results shown in Figure 9-16 are the same as stated in Table 2. However the used channel model is Pedestrian A (3 km/h) or Vehicular A (30 km/h).
Figure 9,10,11 and 12 show the results for the Pedestrian A channel model. We compare the NACK & ODM scheme using cyclic CQI reports with interval k=40. The resulting throughput performance versus SIR is given in Fig. 9. It can be seen that the NACK & ODM scheme improves the average packet call throughput over a large range of SIR values with respect to Rel. 5, k = 40. The enhanced scheme using k=40 achieves a similar throughput performance to Rel. 5 using k=20.
Fig. 10 depicts the cumulative distribution function of packet delay for SIR = 6 dB. The NACK & ODM scheme with k = 40 outperforms Rel. 5, k = 40 (e.g., it reduces the 90%-ile from 574 ms to 372 ms) and has approximately the same performance as Rel. 5, k = 20 (90%-ile of 330 ms).
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Figure 9: Average packet call throughput comparison (Pedestrian A, 3km/h)
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Figure 10: Cumulative distribution function of packet delay (Pedestrian A, 3 km/h)

Fig. 11 and 12 address the efficiency of the schemes for Pedestrian A (3 km/h). Figure 11 shows the relative throughput increase in the downlink. The black curves use Rel. 5, k = 40 as reference, the blue curves Rel. 5, k = 20. The HS-DSCH and HS-SCCH curves deviate due to the use of CQI on demand, which causes additional HS-SCCH usage without transmitting data. The enhanced CQI scheme provides about 14% throughput gain per HS-DSCH usage and about 8% throughput gain per HS-SCCH usage compared to Rel. 5, k = 40. Thus for a given amount of data per user less downlink resources are required and aggregate cell throughput is increased. Even compared to Rel. 5, k = 20, we see notable throughput gain per HS-DSCH usage, ranging up to 7% while approximately the same HS-SCCH resources are required (throughput difference less than ± 4%).

Fig. 12 considers the frequency of the uplink CQI message. Due to the additional on-demand and NACK-based CQI messages the throughput per channel usage of the enhanced scheme is reduced for equal values of k. If we compare the enhanced CQI scheme to Rel. 5, k = 20, we see that for SIR ( 5 dB additionally less CQI reports are required. Furthermore, for -3 dB ( SIR ( 18 dB less ACK/NACK transmissions are required (since HS-DSCH throughput is increased). Thus in total the uplink interference is reduced.
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Figure 11: Throughput increase per DL channel usage for NACK & ODM with k=40 (Pedestrian A, 3 km/h)
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Figure 12: Throughput increase per UL channel usage for NACK & ODM with k=40 (Pedestrian A, 3 km/h)
Figure 13,14,15 and 16 show the performance for the Vehicular A channel (30 km/h). We compare the NACK & ODM scheme using cyclic CQI reports with interval k = 20 to the Rel. 5 CQI reporting using a k = 10 and k = 5.
As depicted in Fig. 13 all schemes provide approximately the same throughput. In the lower SIR range, however the NACK & ODM scheme and Rel. 5, k=5 perform better in terms of average packet call throughput than Rel. 5, k=10. 
Fig. 14 depicts the cumulative distribution function of packet delay for SIR = 6 dB. It can be seen that the 90%-ile of packet delay can be reduced from 300 ms to 209 ms when compared to Rel. 5, k=10 and performs similar to Rel. 5, k=5.
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Figure 13: Average packet call throughput comparison (Vehicular A, 30 km/h)
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Figure 14: Cumulative distribution function of packet delay (Vehicular A, 30 km/h)
Fig. 15 and 16 address the efficiency of the schemes. Figure 15 shows that NACK & ODM increases the throughput per HS-DSCH usage for all SIR values. A gain of up to 12% is achieved when compared to Rel. 5, k = 10. The corresponding throughput increase per HS-SCCH is also constantly positive and has a maximum of 8%. When compared to Rel. 5, k = 5 the gains are smaller and range up to 4% for HS-DSCH.
Fig. 16 shows that the increase of k reduces the uplink interfer​ence and UE power consumption due to CQI transmission. Compared to Rel. 5, k = 5, the throughput increase is up to 295%, i.e., for a given amount of data the number of CQI transmissions remains approximately the same for very low SIR and is reduced to only 25% for high SIR. Additionally, the reduced number of ACK/NACK transmissions due to the throughput increase per HS-DSCH usage further reduces the uplink HS-DPCCH usage.

[image: image7.wmf]0

5

10

15

20

-2

0

2

4

6

8

10

12

SIR in dB

throughput increase per channel usage in %

HS-DSCH wrt Rel. 5, k=10

HS-DSCH wrt. Rel. 5, k=5

HS-SCCH wrt. Rel. 5, k=10

HS-SCCH wrt. Rel. 5, k=5


Figure 15: Throughput increase per DL channel usage for NACK & ODM with k=20 (Vehicular A, 30 km/h)
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Figure 16: Throughput increase per UL channel usage for NACK & ODM with k=20 (Vehicular A, 30 km/h)
--- End of first part of text proposal ---

--- Start of second part of text proposal for TR 25.899 v0.2.2 - to be inserted in section 6.1.1.2 after Figure 16 ---

The results presented above show that, when the UE is not in soft handover, increasing the averaging period for CQI reports can increase HSDPA throughput and reduce packet delay, without the Node B having any knowledge of the speed of individual UEs.

Further simulation results showing the performance of reporting averaged CQI values are given in Figures X and Y for the Vehicular A channel. Other simulation assumptions are as above. The RMS error between the channel quality value used for selecting an MCS and the actual channel quality during HS-DSCH packet transmission should be as small as possible. 
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Figure X:  RMS error between SIR used for MCS selection and actual SIR during HS-DSCH transmission – non-SHO, Vehicular A channel model
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Figure Y: RMS error between SIR used for MCS selection and actual SIR during HS-DSCH transmission – Soft handover (2 cells), Vehicular A channel model
Another case worth examining is that when the Node B’s DPCH transmit power reaches its maximum allowed limit at times, and therefore does not always follow accurately the changes in downlink channel quality. 

--- End of text proposal ---
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