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1 Introduction
In Rel-8 for DC-HSDPA, with the intention of simplicity and minimal standard impact, a primary carrier based mobility scheme is adopted. However, in Rel-9, with the introduction of DC-HSUPA, two active sets will be maintained by the UE individually per carrier, thus it is valuable to re-evaluate the mobility scheme for the UE in DC-HSUPA operation. In this contribution, we will illustrate the joint measurement scheme which is based on both primary carrier and secondary carrier, and compare the performance of it with legacy Rel-8 scheme.
2 
Joint measurement scheme on both carriers
For the primary carrier based mobility scheme in Rel-8, it comes from the assumption that the channel quality of secondary carrier can be implied by that of primary carrier since secondary carrier is adjacent to the primary carrier. Unfortunately, this may not always necessarily be the fact, because:
1. The cell on the primary carrier and the cell on the secondary carrier may have different load, which would cause different channel quality (i.e. CPICH Ec/N0);
2. The interference from adjacent cells may be different on the two carriers. Considering the hot-spot scenario, the cell on secondary carrier has a better channel quality than that of the cell on primary carrier, because that the adjacent cells only works on primary carrier but not on secondary carrier.
For the reasons above, the measurement report on primary carrier can not imply that the secondary carrier has the same situation. Therefore, it is more reasonable that the secondary carrier should also be taken into consideration as while as the primary carrier when performs the measurement, which could be so called “joint measurement scheme”. 
3 Event 1D+
Event 1D is a key event to detect a better coverage from source cell to target cell, which could be used by network to trigger the HS-DSCH serving cell change and E-DCH serving cell change. For the UE operating in DC-HSUPA mode, both the primary carrier and secondary carrier will contribute to the downlink and uplink throughput. Thus from the UE throughput point of view, both the primary carrier and secondary carrier should be taken into account for the UE when evaluating Event 1D. For the convenience of presentation, we use the terminology “Event 1D+” for the joint evaluation of Event 1D
For DC-HSDPA in R8, the equation for Event 1D could be described as (1).


10Log (Qf1-target) – 10Log (Qf1-source) > H1d/2               (1)
Where, Qf1-target is the measurement result of target cell on the primary carrier, Qf1-source is the measurement result of source cell on the primary carrier, and H1d is the hysteresis, for simplicity, the cell individual offsets for all cells are equal to 0. The measurement quantity can be CPICH RSCP or CPICH Ec/N0. 
For the Event 1D+, it is important for the expandability, that is to say, the equation should be used no matter how many carriers that has been aggregated and no matter whether the carries are belonging to the same band. The gain is very obviously, that is, it could avoid the situation to specify different UE and network behaviors on different scenarios (i.e. the scenario of DC-HSUPA, the scenario of DB-HSDPA and some other scenarios appears in the future along with the evolution), which could reduce the complexity of implementation and minimize the effort on tuning of the network. The equation for Event 1D+ could be described as (2):
10Log(Qtarget) – 10Log(Qsource) > H1d/2
                    (2)

Where, Qtarget and Qsource are the joint channel quality of target cell and source cell respectively. 
Here, we present one simple scheme for the metric of the joint channel quality, where for the target sector, the joint channel quality is the maximum value of the channel quality across all the carriers, while for the source sector, the joint channel quality is just the channel quality of the primary carrier, which is described as (3). Of course, this is not the only possible metric, some other metrics which maybe more reasonable could be evaluated if the intention of Event 1D+ could be agreed by the group.
Qtarget = Max(Qprimary carrier - target, Qsecondary carrier - target, …)          (3)

Qsource = Qprimary carrier - source
4 Simulation assumptions
For general purpose, there are 10 dual-carrier NodeBs and 9 single-carrier NodeBs, which enables all kinds of handover, such as handover between two single carrier sectors, handover between two dual-carrier sectors, and handover between a single-carrier sector and a dual-carrier sector.

Furthermore, there is a random DCH load on each sector, and these DCH load is uniformly distributed with a mean of 30% of maximum cell power.
Table1. System simulation assumptions
	Parameter
	Value

	Cell Layout
	Hexagonal grid, 19 NodeB, 3 Sector per NodeB with wrap-around. 10 Dual-carrier NodeB, 9 Single-carrier NodeB.

	ISD
	1000m

	Carrier Frequency
	2000MHz

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

	Maximum Cell Power
	43 dBm

	Log Normal Fading
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m

	Max BS Antenna Gain
	14 dBi 

	Antenna pattern
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                               = 70 degrees,

Am = 20 Db

	Channel Model
	PA

Fading across carriers is completely correlated

	Penetration loss
	10 dB

	CPICH Ec/Ior
	-10 dB

	Total % Fixed Power for Overhead Channels
	30%

	DCH Fixed Power
	uniform( 0, 0.5 ) Max Cell Power

	HS-DSCH 
	Up to 15 SF 16 codes per carrier for HS-PDSCH

Total available power for  HS-PDSCH and HS-SCCH is remain power of Node B Tx power, with HS-SCCH transmit power being driven by 1% HS-SCCH BLER

	HS-DPCCH 
	9 slot CQI delay

CQI bias is 0 and CQI estimation noise is Gaussian with 1 dB std

(*) CQI quantization may or may not be modeled

Error-free CQI and ACK decoding

CQI feedback cycle  = 1, 2 TTI

(*) CQI feedback cycle  = 4 TTI

	UE Antenna Gain
	0 dBi

	UE noise figure
	9 dB

	Thermal noise density
	-174 dBm/Hz

	UE capabilities
	15 SF 16 codes capable per carrier

	UE Receiver Type
	Type 3 for both single carrier and DC-HSDPA

	Maximum Sector Transmit Power
	43 dBm per carrier

	Other Sector Transmit Power
	full power only when they have data. 

	Timing
	The two carriers have the same time reference and their downlinks are synchronized. 

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

	Traffic model
	Full buffer

	Queuing and Scheduling
	Joint-queue and Proportional Fair

	Number of UEs per sector
	10

	UE distribution 
	Uniform over the area

	UE speed
	120km/h

	With L3 Filter
	yes

	With Hysteresis
	yes

	Time to trigger TTT
	320ms

	Handover delay
	400ms


5 Simulation results and Analysis
The simulation result shows the CDF of average UE downlink throughput, as in Figure 1 below:
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Figure 1: CDF of average UE downlink throughput
It could be seen that for the Event 1D+ scheme, it achieves about 15% gains regarding average UE downlink throughput for the bottom 10-percentile UEs comparing with the legacy Event 1D scheme, that is to say, the HS-DSCH serving cell change and E-DCH serving cell change become more “efficient” with the Event 1D+ scheme, which increase the experiences of cell edge users quite a lot.
5
Conclusion
It is kindly asked RAN2 to discuss and agree on the intention of Event 1D+, as well as to evaluate the possible metrics of joint channel quality (CPICH RSCP or CPICH Ec/N0) across all the carries that have been aggregated.
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