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1
Introduction

During the RAN#74-bis meeting the Link Level Simulation results for Improved Rate Adaptation [1] and System Level simulation Results for Improved Rate Adaption [2] paper were presented. Few questions were raised during the session regarding the differences coming from comparison of 2-loop and modified 2-loop schemes:

· Why in 4755/4756 the DPCCH level of 2-loop and modified 2-loop are different? 
· Why the difference in 2-loop and modified 2-loop in the system results of 4756 and 4791+3715?
· Given the high DPCCH level of 2-loop scheme, why the pilot of inactive UEs not reducing the throughput of the active user?
In this contribution we would like to address those questions and provide detailed explanation behind those differences. 
2
2-loop and modified 2-loop LLS and SLS results
In [1] the following DPCCH plots were presented:

Ped A, 3 km/h Channel Model
	[image: image1.emf]-5 0 5 10 15 20

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

DPCCH SINR

CDF

 

 

Baseline

2-loop

3-loop

Modified 2-loop


	[image: image2.emf]-5 0 5 10 15 20

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

DPCCH SINR

CDF

 

 

Baseline

2-loop

3-loop

Modified 2-loop



	(a) RX Ec/No target = 5 dB
	(b) RX Ec/No target = 10 dB
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	(c) RX Ec/No target = 15 dB
	(d) RX Ec/No target = 20 dB


Figure 1. CDFs of DPCCH SINR for different target RX Ec/No values of 5 dB (a), 10 dB (b), 15 dB (c), and 20 dB (d) and different scheduler options: power-based scheduling, 2-loop SINR-based scheduling, and 3-loop SINR-based scheduling for the Ped A 3km/h channel models
For the sake of clarity we refer only to the Ped A 3km/h channel model but the overall conclusions are valid for full set of simulation results. 

In [2] the following DPCCH plots were presented:

CDFs of DPCCH SINR
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Figure 2. CDF of DPCCH SINR for 0.0175 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 6 dB, the Ped A, 3 km/h channel
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Figure 3. CDF of DPCCH SINR for 0.0175 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 15 dB, the Ped A, 3 km/h channel
[image: image7.emf]-5 0 5 10 15 20 25 30

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

DPCCH SINR, dB

CDF

Ped A, 3 km/h channel model; RoT of 6 dB; 1 user per sector

 

 

Baseline

2-loop scheme

Mod. 2-loop scheme

3-loop scheme


Figure 4. CDF of DPCCH SINR for 1 user per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 6 dB, the Ped A, 3 km/h channel
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Figure 5. CDF of DPCCH SINR for 1 user per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 15 dB, the Ped A, 3 km/h channel
[image: image9.emf]-10 -5 0 5 10 15 20 25

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

DPCCH SINR, dB

CDF

Ped A, 3 km/h channel model; RoT of 6 dB; 10 users per sector

 

 

Baseline

2-loop scheme

Mod. 2-loop scheme

3-loop scheme


Figure 6. CDF of DPCCH SINR for 10 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 6 dB, the Ped A, 3 km/h channel
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Figure 7. CDF of DPCCH SINR for 10 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 15 dB, the Ped A, 3 km/h channel
The question was why the DPCCH level of 2-loop and modified 2-loop presented in those two papers are different? The question was referring to the fact that power control loops in both approaches are based on the Rx power level instead of post-receiver DPCCH SINR. 
The DPCCH power setting for all scheduling schemes is performed by setting such a grant (E-DPDCH to DPCCH ratio) for 20 dB RoT that results with DPCCH post-receiver SINR level of ~10 dB. For other RoT operating points the grant is adapted to reach the new operating point, e.g. for 15 dB RoT the grant is lowered by 5 dB.
As can be observed from the figures above DPCCH SIR level in case of 2-loop scheme and low Rx Ec/No is higher compared to other schemes. It is caused by the fact that in case of this scheme we do not assume a dynamic control over DPCCH power. That is why constant DPCCH level over termal noise has been selected via additional Link Level simulations. This level has been optimized for 20dB Rx Ec/No in order to ensure reliable DPCCH reception regardless interference conditions. That is why the DPCCH level for low Rx Ec/No values is too high and decreases with increasing Rx Ec/No (thus increasing the E-DPDCH gain factor). This DPCCH power overhead visible in case of 2-loop scheme and low Rx Ec/No can be optimized by the propriety solutions but it was not the part of this evaluation.
Discrepancy in the performance of 2-loop and modified 2-loop schemes described in [2] comes from the fact that in case of the 2-loop scheme the gain factors do not change during scheduling period. Instead the link adaptation is performed by marginal loop which changes the E-TFCI without changing E-DPDCH beta factors. It leads to less variation in UE Tx power and in a result more stable RoT distribution what is depicted in the Figures 8 and 9 below:
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Figure 8. CDF of RoT for 10 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 6 dB, the Ped A, 3 km/h channel
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Figure 9. CDF of RoT for 10 users per sector and for the baseline, 2-loop, modified 2-loop and 3-loop schemes, the RoT of 15 dB, the Ped A, 3 km/h channel
In case of modified 2-loop scheme power variations occurring at E-TFC change, apart from decreasing interference stability, introduce the necessity for readjustment of the power via ILPC which limits the power control and rate adaptation accuracy. 
These two aspects mentioned above have a direct implication to the results showed below on Figures 10 and 11 where we can see significant performance gain introduced by 2- and 3-loop scheme over the modified 2-loop:
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Figure 10. Average UE throughput gains for the 2-loop, modified 2-loop and 3-loop schemes over the baseline, the RoT of 6 dB, the Ped A, 3 km/h channel
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Figure 11. Average UE throughput gains for the 2-loop, modified 2-loop and 3-loop schemes over the baseline, the RoT of 15 dB, the Ped A, 3 km/h channel
The reason why higher DPCCH level of 2-loop scheme does not take away UE throughput gains is as follows:
· For low UE densities the additional DPCCH overhead is very low relative to the active UE power
· Additionally for low UE densities (below 1 UE per sector) the E-DPCCH boosting is practically always enabled and the specified T2TP is fulfilled for any DPCCH power. Taking a higher DPCCH power leads to a lower E-DPCCH power and the (DPCCH + E-DPCCH) / E-DPDCH power ratio is constant. Thus, the total overhead (of DPCCH and E-DPCCH) is independent on the DPCCH power while the boosting is enable
· For high UE densities the DPCCH level is accurate, thus there is no additional overhead

3
Conclusion
This contribution addresses the questions raised during last RAN1 #74-bis meeting in Guangzhou regarding Improved Rate Adaptation LLS and SLS. In this document performance difference of modified 2-loop and other two novel rate adaptation schemes is analyzed in details. 
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