3GPP TSG-RAN WG2 #67




 

R2-094453
24th August – 28th August, 2009

Shenzhen, P.R.China
Agenda item:
10.2.3
Source: 
Qualcomm Europe

Title: 
Performance Comparison of E-TFC Selection in DC-HSUPA
Document for:
Discussion, decision
1 Introduction
This contribution discusses the E-TFC selection algorithm for Dual-Cell HSUPA. 
We will summarize the main algorithms under study and present our system simulation result. 

Based on the performance comparison, we propose to adopt the greedy-filling algorithm. 
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Comparison of E-TFC Selection Algorithms 
Based on previous agreement, we only need to focus on the occasions when two new transmissions are started in the same TTI on both carriers.  

Here is a list of the notations used in this contribution:

· T2Pm :T2P of the E-TFC selected on Carrier m where T2P=(ed/c)2. 
· SGm : serving grant on carrier m, 

· Pmax : maximum allowed UE transmit power. The adjustment for compressed mode applies.

· PDPCCH,target,m : transmit pilot power on carrier m. It is based on the 3-slot filtered DPCCH power and compressed mode status. Note that the ‘target’ here is not the SIR target at the receiver.
2.1 


Greedy-filling algorithm 
The following greedy-filling procedure is shown to be close to optimal [3] with all combinations of UE power and grants on both carriers:
Step 0: Sort the carriers such that PDPCCH, target,1 ≤ PDPCCH, target,2.
Step 1: Make T2P1 as high as possible. T2P1 is limited by either SG1 or Pmax. 

Step 2: Find the remaining power after T2P1 is chosen on Carrier 1. Find the maximum T2P2 allowed by the remaining power and SG2.  
2.2 



Parallel Approach

A few parallel approaches were proposed in [2]. One of them is to search for T2P1 and T2P2 simultaneously such that T2P1 /SG1=T2P2 /SG2 and the total transmit power is no higher than Pmax. 

2.3



Algorithm comparison

 UEs with high path gain always have ample power to fill the serving grants on both carriers. Then any E-TFC selection algorthms will choose the same packet formats on both carriers. Since these users dominate the sector throughput, different E-TFC selection algorithms will deliver very similar sector throughput. Henceforth, the data rate for the power-limited UEs is a more important performance metric. A UE is consider as power-limited if it does not always have enough power to fill both serving grants. 
As seen clearly in the next section, our simulation result shows significant gain in user data rate for power-limited UEs. There has been some discussion on the impact from carrier imbalance that might result from an E-TFC selection algorithm. We examine this in our simualtions and infer that the impact from carrier imbalance is insignificant. 
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Simulation results
In simulations, we study the following two schemes in detail: greedy-filling algorithm and  parallel approach proposed in [2], where the grants on both carriers are filled to the same proportion. 

3.1 


Simulation setup
The simualtion setup follows the assumptions in [1]. The table below shows the subset of parameters chosen for our simualtions in this contribution. 

Table 1: DC-HSUPA Basic System Level Parameters

	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 Node B, 3 sectors per Node B with wrap-around

	Inter-site distance
	1732 m

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Channel Model
	 PA3, fading across carriers is independent

	Penetration loss
	10 dB

	Maximum UE EIRP
	24 dBm

	Uplink system noise
	 –102.9 dBm

	Soft Handover Parameters
	R1a (reporting range constant) = 4 dB, 

R1b (reporting range constant) = 4 dB

	Thermal noise density
	-174 dBm/Hz

	Serving cell
	The serving cells on both carriers belong to the same sector

	Traffic model
	Full buffer 

	Traffic distribution 
	Uniform over the area

	Number of UEs 
	Varies

	NodeB Receiver
	Rake (2 antennas per cell)

	Channel Estimation
	Realistic

	Uplink HARQ
	2ms TTI, Max # of transmission =1 with 1% residual BLER

	Noise Rise target
	5 dB on each carrier


The users with path gain larger than -135 dB are allocated with two carriers.  

In this study, we have used the equal-rate scheduler proposed in [4] which grants the UEs with equal rate regardless of the UE headroom. 
We concentrate on the case with one user per sector. With multiple full-buffer users in the sector, the users should be separated by the carriers, as pointed out in [5]

 REF _Ref236813514 \r \h 
[6]. Thus it is less interesting to compare the E-TFC selection algorithms with more than one full-buffer users in the sector. 
With one user per sector, the scheduler issues grants on each carrier such that the total noise rise (RoT) from the scheduled transmission and outside load is no more than the Noise Rise (RoT) target of 5 dB. The grant does not take into consideration UPH information reported in SI from the UE. 
For UEs who are not power limited, the two E-TFC selection algorithms provide identical performance. The users at the ‘vitural cell edge’, who are power limited but their path gain is still higher than -135 dB, the two grants can not be fully filled all the time. Therefore, the two E-TFC selection algorithms will select differnet payloads and thus will show different performance. For these power limited UEs, greedy-filling fully utilizes the frequency diversity in maximizing the UE throughput. 
Table 2 summarizes the basic performance comparison. The greedy-filling algorithm provides a sector throughput gain of 1.7% at the same noise rise as the parallel approach. More importantly, greedy-filling offers a substantial throughput gain for the cell edge users: 39% for the bottom 5percentile users. Here the 5th percentile user throughput gain is the gain in the average throughput of users at the bottom 5%. 
Table 2 Performance comparison with equal-rate scheduler.
	
	Greedy-filling 
	Parallel approach
	Gain    

	Sector throughput (Mbps)
	2.52
	2.48
	1.7%

	Mean Noise Rise (dB)
	4.3
	4.3
	N/A

	5% user throughput (kbps)
	135.8
	97.6
	39%


Figure 1 shows the user throughput as a function of the path gain. The throughput of all the users in each 1-dB path gain bin is averaged out.  
Figure 2
 shows the throughput gain versus the path gain. To show the number of users in each path gain bin, Figure 3 plots the throughput gain versus the path gain percentile. We see large gain for the cell edge users, leading to a fairness improvement. 
The CCDF of RoT is plotted in Figure 3. As seen there, the mean RoT and RoT tail are the same for the two algorithms. 

The concern of carrier imbalance, defined as the difference of the transmit power of the two carriers, has been raised in [4]

 REF _Ref236817768 \r \h 
[7] , due to the possible impact from EVM. Figure 5 shows the average carrier imbalance of UEs at different path gains. As seen there, there is no difference between the two algorithms for UEs with high path gain. For UEs with low path gain, greedy-filling shows higher carrier imbalance. Figure 6 shows the CDF for carreir imbalance for the power limited UEs. Similar phenomenon is also observed in [6].

However, EVM impact is significant only for high rate data transmissions on the carrier with lower total transmit power (weaker carrier). Therefore, a large imbalance will cause little throughput degradation if the data rate on the weaker carrier is low. 
The nature of the greedy-filling is such that that there are only pilot and overhead channels and  low rate transmission on the weaker carrier when large imbalnce happens. To see this more clearly, we have studied the payload distribution conditioned on  carrier imbalance obtained from the system simulations. For all the power limited UEs inluded in Figure 5, the PDF of the payload on  carrier with lower total power at different carrier imbalance is shown in Figure 7. All payloads are binned into increments of 500 bits.When the carrier imblance is high, say higher than 10 dB, most often there is no data transmission on the weaker carrier. Even when data transmission happens, the payloads are very low (less than 500 bits). The same trend can be seen in Figure 8 where the payload PDF at each carrier imbalance is plotted for the user with the largest mean carrier imbalance, namely, the UE at -129dB path gain, as seen in Figure 5. Here, when the carrier imbalance is larger than 10 dB, there is hardly any data transmission on the weaker carrier. 

Therefore, the EVM impact under greedy-filling should be very small and will not change the performance comparison between the two E-TFC selection algorithms. 
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Figure 1 (left) UE throughput vs path gain with equal-rate scheduler. 
Figure 2 (right) UE throughput gain vs path gain with equal-rate scheduler. 
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Figure 3 (left) UE throughput gain vs UE path gain percentile with equal-rate scheduler. 

Figure 4 (right) RoT CCDF with equal-rate scheduler. 
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Figure 5 (left) Mean transmit power differential vs path gain with equal-rate scheduler. 
Figure 6 (right) Transmit power differential CDF for headroom limited UEs with equal-rate scheduler.  
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Figure 7 Payload on weaker carrier vs transmit power differential for all the headroom limited UEs with greedy-filling E-TFC and equal-rate scheduler. 
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Figure 8 Payload on weaker carrier vs transmit power differential for the UE at -129dB path gain with greedy-filling E-TFC and equal-rate scheduler. 
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Conclusion
Our simulation clearly demonstrates the gain in throughput for power-limited UEs for the greedy filling E-TFC selection algorithm. Therefore, we have the following proposal: 
Proposal: In DC HSUPA, the UE uses the greedy filling algorithm for the E-TFC selection when there are two new transmisisons on both carriers. Specifically, the UE chooses the maximum T2P on the carrier with lower transmit pilot power, up to the limit of the serving grant and the total transmit power; the remaining power goes to the next carrier to choose another E-TFC. 
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