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1 Introduction

In RAN #70 a new Study Item entitled “Multi carrier enhancements for UMTS” was approved [1]. During RAN1#84, scenarios and methodology for evaluation were discussed [2,3].  In this paper, we provide an analysis and simulation results for a set of UE locations for each of the scenarios listed in [2,3]. This paper is the first of two on the evaluation of multicarrier enhancements. DC-HSUPA is treated here and DB-DC HSUPA in [6]. 
2 Multicarrier Scenario analysis
In this section the theoretical definition for SNR in the different scenarios is given, as well as details on path loss modelling and the relationship between the two carrier powers in DC-HSUPA and DB-DC-HSUPA.
2.1 Path Loss
The path loss model in the methodology is mentioned in [4] and described in [5]. This model is applicable for the test scenarios in urban and suburban areas outside the high rise core where the buildings are of nearly uniform height. The path loss formula is defined in dB as
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where:
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is the base station – UE separation in kilometers;
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is the carrier frequency, which is 2000 MHz or 900MHz, depending on the band allocation.
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 is the base station antenna height, in meters, measured from the average rooftop level. In [4] the base station antenna height is fixed at 15 meters above the average rooftop (
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= 15 m).  
Considering a carrier frequency of 900 MHz and a base station antenna height of 15 meters, the formula becomes 
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Considering a carrier frequency of 2000 MHz and a base station antenna height of 15 meters, the formula becomes 

[image: image7.wmf] 

10

6

37

1

128

2000

(R)

 Log

.

 + 

.

L

=

.










 (3)
2.2 Available SNR as a function of the base station – UE separation

The available SNR at the UE is expressed as
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Where 
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 is the transmitting antenna gain, 
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is the receiving antenna gain, 
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is the transmitted power at the antenna port, 
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 is the path loss and 
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is the noise figure.  Figure 1a plots the available power for each band. 
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Figure 1: Available Rx Power
It should be noted that in figure 1 and 2, there is only one UE in the cell and therefore only self interference is present. Assuming maximum transmit power of 23dBm, one could analytically compute the available throughput for a given distance. This would, however, be impractical. Therefore, a link simulation is used to relate the cell throughput to a given location in the cell via the SNR definition. 
2.3 Power settings

For a given maximum transmitted power the power settings are related by
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 (6)
Equation 6 is plotted in figure 2a. The maximum available SNR (without power control) as a function of the distance is shown in figure 2b. 
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Figure 2: a) available transmitted power pairs and b) SNR
3 Evaluation  
3.1 Scenarios for DC-HSUPA and DB-DC HSUPA
For DC HSPA, previous agreement has been to study 10ms+10ms TTI combination [2]. Additionally, a baseline of legacy DC-HSUPA (2ms+2ms TTI) is assumed. The assumptions are summarized in table 1. The simulation plan aims to answer the following questions: 

· What is the highest achievable rate for the given assumption, using 2 or 10ms TTI and given the distance from the transmitter?

· Given a certain target rate, what is the required transmitted power /SNR for each band?
Table 1 
Simulation assumptions for Multi-Carrier Enhancements
	Parameter
	Assumption

	Data rate (kbps)
	To be provided with evaluation results (EUL)

	Node B Rx receiver type
	RAKE

	Number of UE antennas
	1 antenna

	Number of Node B antennas
	2 antennas (uncorrelated)

	Total transmission power
	23 dBm at antenna connector

	Node B receiver noise figure
	5 dB

	Thermal noise density (dBm/Hz)
	-174

	Interference margin (dB)
	0

	Soft/softer handover
	No soft/softer handover

	Uplink rise-over-thermal (RoT) operation point
	10 dB

	Channel model
	PA3

	Carrier frequency
	900MHz, 2 GHz

	BLER target
	10% BLER for the initial transmission

	Power control
	ILPC: OFF
OLPC: OFF


3.2 Simulation results

3.2.1 Throughput performance of DC-HSUPA

Figure 3a, b, c and d show the throughput for each of the scenario depending on the transmitted power in each carrier and the distance between the UE and the NodeB. The plot only mentions the serving carrier power as the second carrier power can be deduced using equation 6. Note that the total transmitted power is always the maximum, i.e. 23dBm. 
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c) 10ms 2ms
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Figure 3: Scenario evaluation for DC-HSUPA
3.2.2 Maximum available throughput 

Figure 4 shows the maximum achievable throughput for each evaluated scenario. This is obtained by looking for the maximum throughput at a given UE-nodeB distance in figure 3, over all possible transmitted power pairs. Thus figure 4 is the derivative of figure 3 with respect of the transmitted power pair.
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Figure 4: Highest Achievable throughputs for each evaluated DC-HSUPA scenarios. 
3.2.3 Trend analysis

Figure 3 shows the benefit of optimizing the transmitted power between the two carriers as the UE approaches the cell boundary. One can notice that the plots are symmetrical for cases where both carriers have the same TTI length. When the UE becomes power limited at the cell edge, coverage always improves by favouring one carrier only.  This is true for all proposed cases as well as the baseline. 
In order to assess where in the UE distance and transmit power dimension are the new proposal positioned, one has to look at the maximum throughput available for each case for all possible combinations of power and distance. This is shown in figure 4.  It can clearly be seen that as long as the UE is not power limited, legacy 2ms DC HSUPA dominates. When power becomes an issue, 10ms TTI single carrier HSUPA dominates the performance. Mixed TTI cases do not provide valuable gains versus legacy.  
It should also be noted that the merging of single and dual carrier performance occur in the discussed scenario because the simulation assumptions are rather idealistic. Moreover, it is assumed that the network is able to tune the power between the carriers in order to achieve the best overall throughput. With more realistic settings such as inner loop power control on and realistic detection of optimal power settings, dual carrier would actually be below the single carrier throughput where it is now merged with single carrier. 
It is thus possible to identify two possible deployments depending on where the UE is located within the nodeB coverage area. First 2ms +2ms legacy DC-HSUPA, then, when dual carrier legacy becomes power limited, single carrier 10ms EUL. 

Observation 1: For DC-HSUPA, power limited UEs can maintain performance by using 10ms EUL (SC-HSUPA). 
4 Conclusions

This contribution presented an evaluation of the scenarios proposed for multicarrier enhancements. The following observations were made:

Observation 1:  For DC-HSUPA, power limited UEs can maintain performance by using 10ms EUL (SC-HSUPA). 
From the performed evaluation, it can be concluded that a fall back to single carrier is sufficient at the cell edge, as no new TTI cases provide improvements compared to legacy. It is thus proposed to keep a legacy strategy at the cell edge. 
5 References

[1] RP-152227, Study on Multi-Carrier enhancements for UMTS, Huawei, HiSilicon, China Unicom, RAN#70, Sitges, Spain, 2015.
[2] R1-16xxxx Draft Report of 3GPP TSG RAN WG1 #84 v0.2.0 RAN#84b, Busan, South Korea, 2016.
[3] R1-161185 LS on RAN1 multi-carrier enhancements for UMTS agreements, 3GPP TSG-RAN1 Meeting #84, St Julian, Malta, 2016.

[4] R1-160953 Evaluation methodology and results for Multi-Carrier enhancements, Huawei, HiSilicon, China Unicom, RAN#84, St Julian, Malta, 2016.
[5] 3GPP TR 25 942 V13.0.0, Radio Frequency (RF) system scenarios (Release 13)
[6] R1-163193, Evaluation of Multicarrier Enhancements for DB-DC HSUPA. RAN#84b, Busan, South Korea, 2016.   

6/6


_1518504564.unknown

_1519128769.unknown

_1519128810.unknown

_1519128831.unknown

_1519128797.unknown

_1518504652.unknown

_1518504704.unknown

_1518504720.unknown

_1518504663.unknown

_1518504616.unknown

_1517665843.unknown

_1518000845.unknown

_1517727953.unknown

_1517663087.unknown

_1517665830.unknown

