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1. Introduction
[bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK30]In the study item on Multi-Carrier Enhancements for UMTS, several evaluations were provided in previous meetings [1~6]. This contribution will further provide and analyze the simulation results of 2ms+10ms TTI in DB-DC-HSUPA.
2. Evaluations for 2ms+10ms TTI in DB-DC HSUPA
In dual carrier HSUPA, one way to show the performance is to find best throughput without any grant limitation. As it is well known that 900MHz band suffers much smaller path loss than 2.1GHz band, it is straightforward to find the optimum grant configuration by allocating all available power in the 900MHz band. However, this is only a special case considering actual load balance (especially DB-DC), scheduling strategy, etc. In a practical 900MHz deployment, 2.1GHz band is used to offload traffics, and 2ms+2ms DB-DC HSUPA was introduced in Rel-13 to enable the offloading. So on each band, there is grant limitation. It is important to compare the performance differences of 2ms+10ms and 2ms+2ms DB-DC HSUPA with the same grant assignments (a.k.a. power splitting as we call in the rest of the contribution). 
2.1 Evaluations of single carrier
[bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK69][bookmark: OLE_LINK70]Figure 1 shows the performance of single carrier with 2ms TTI and 10ms TTI. The performance can be analyzed considering different Ec/N0 regions. Performance of 2ms TTI is better than that of 10ms TTI when the received Ec/N0 is larger than -5dB, because the TB size for 10ms TTI becomes limited; 10ms TTI becomes slightly better than 2ms TTI when Ec/N0 is smaller than -5dB, and becomes obviously better than 2ms TTI when the received Ec/N0 is smaller than -16dB. One reason is that, in order to reach the same throughput, the DPCCH power consumption with 2ms TTI is about 1.5dB larger than that with 10ms TTI. This is also shown by lab experiments in [2]. 
[image: ]
Figure 1 the Throughput of single carrier of 2ms TTI and 10ms TTI
[bookmark: OLE_LINK80][bookmark: OLE_LINK81]Observation 1: The performance of 10ms TTI becomes better than that of 2ms TTI when the received Ec/N0 is smaller than about -5dB.
2.2 Evaluations of 2ms+10ms DB-DC HSUPA
[bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK74][bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK110][bookmark: OLE_LINK111]The path loss model is mentioned in [1] and [6]. Based on [6], the received Ec/N0 can be calculated as shown in Figure 2. The red curve in Figure 2 refers to the case when the full Tx power is utilized by the 2.1GHz band. It is observed that the Ec/N0 would be less than -5dB when the distance between UE and NodeB exceeds about 180m. Consequently, according to Observation 1, for any power splitting, the Ec/N0 would be smaller than -5dB, and 10ms TTI would perform better than 2ms TTI on the 2.1GHz band. If we assume that the Tx power utilized on 2.1GHz band is 10mW, then the received Ec/N0 would be -9dB when the distance between UE and NodeB is about 180m. So, for all power splitting, 2ms+10ms TTI outperforms 2ms+2ms TTI when the distance is beyond 180m.
[image: ]
Figure 2 the received Ec/N0 vs. the distance between UE and NodeB
[bookmark: OLE_LINK75][bookmark: OLE_LINK76][bookmark: OLE_LINK114][bookmark: OLE_LINK115][bookmark: OLE_LINK116][bookmark: OLE_LINK117]In DB-DC HSUPA, the performance of DB-DC 2ms+2ms TTI (baseline) and the performance of 2ms +10ms TTI would be provided. The gains of 2ms+10ms configuration respect to 2ms+2ms configuration are computed as follows. Table 1 and Table 2 show the gains of 2ms+10ms TTI for different distances between UE and NodeB.
DC Gain (%) = ((Total throughput for 2ms+10ms TTI) – (Total throughput for 2ms+2ms TTI)) / (Total throughput for 2ms+2ms TTI)            							                                               (1)
[bookmark: OLE_LINK77]Table 1 Gains of 2ms+10ms TTI for DB-DC HSUPA (Distance: 380m)
	Tx power on 900MHz band(mW)
	Gains

	60
	25.1%

	70
	2.5%

	80
	14.7%

	90
	11.3%

	100
	8.6%

	110
	6.7%

	120
	5.1%

	130
	3.7%

	140
	2.5%

	150
	2.5%

	160
	1.7%

	170
	0.3%



Table 2 Gains of 2ms+10ms TTI for DB-DC HSUPA (Distance: 400m)
	Tx power on 900MHz band(mW)
	Gains

	70
	17.8%

	80
	13.3%

	90
	10.1%

	100
	7.7%

	110
	5.8%

	120
	4.1%

	130
	3.0%

	140
	3.0%

	150
	2.2%

	160
	0.8%

	170
	0.2%



[bookmark: OLE_LINK78][bookmark: OLE_LINK79]In Table 1 and Table 2, the gains of 2ms +10ms TTI respect to 2ms +2ms TTI in DB-DC HSUPA are about 0.3%~25.1% and 0.2%~17.8% respectively. It is also observed that the gains are decreasing when the Tx power on 900MHz band is increasing; this is because the throughput on 900MHz band is the dominant part if most of the Tx power is applied in the 900MHz band.
Observation 2: The performance of 2ms+10ms TTI is better than that of 2ms+2ms TTI for any grant configurations on both bands when the distance between UE and the NodeB is over 180m.
Observation 3: The performance gain of 2ms+10ms TTI over 2ms+2ms TTI depends on the distance between the UE and the NodeB and the grant configurations on both bands. 
3. Conclusion
[bookmark: OLE_LINK135]In this contribution, the evaluation results for DB-DC-HSUPA are provided. It is observed that:
Observation 1: The performance of 10ms TTI becomes better than that of 2ms TTI when the received Ec/N0 is smaller than about -5dB.
Observation 2: The performance of 2ms+10ms TTI is better than that of 2ms+2ms TTI for any grant configurations on both bands when the distance between UE and the NodeB is over 180m.
Observation 3: The performance gain of 2ms+10ms TTI over 2ms+2ms TTI depends on the actual distance between the UE and the NodeB and the actual grant configurations on both bands. 
It is proposed:
Proposal 1: Agree and capture the evaluation results in this contribution in the technical report.
Proposal 2: Standardize the configuration of 2ms+10ms TTI in DB-DC HSUPA.
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