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1          Introduction

Inter-Carrier handover was proposed in [1] to improve the reliability of the DC-HSUPA radio link.  This T-doc further discusses this topic and proposes appropriate measurement events for this feature.

2          Inter-Carrier Handover
In DC-HSUPA, the UE maintains an independent E-DCH Active Set for both carriers and since it transmits and receives on both carriers simultaneously, it is constantly in sync with the secondary carrier.  Given this, the UE should be able to perform a handover to its secondary carrier and operates in a Single Cell mode in the form of an inter-carrier handover.  That is, the inter-carrier handover should be performed like an intra-frequency serving cell change with an additional reconfiguration from Dual Cell (DC) to Single Cell (SC) mode.  Comparing to a conventional inter-frequency hard handover, an inter-carrier handover considers only DC frequency carriers and cells within the Active Sets (of both carriers).  Inter-carrier handover, thus offers less interruption time and can benefits from Soft Handover gains during handover.

It was agreed in previous RAN2#67 meeting that Radio Link Failure (RLF) is only evaluated and declared for the primary carrier.  Given this, if there is a RLF in the primary carrier, the UE will move away from CELL_DCH even if there is a perfectly good link on the secondary carrier.  An example of this is where a UE moves from a DC NB to a SC NB operating on the 2nd carrier.  This premature RLF can be avoided if the UE is able to perform an inter-carrier handover to the secondary carrier prior to the link failure on the primary carrier as proposed in [1].  It is also possible for the UE to perform hard handover to another inter-frequency carrier (apart from primary & secondary carriers) prior to RLF, if a strong inter-frequency carrier exists.  However, if given a choice between the secondary carrier and other inter-frequency carrier, it is more advantageous to handover to the secondary carrier.  That is an inter-carrier handover is preferred to an inter-frequency carrier hard handover especially to a frequency carrier other than the 2nd carrier.  This is because:

1. Less interruption time since UE already in sync with 2nd carrier

2. An existing Active Set on the 2nd carrier enables to UE to benefit from SHO gains during and immediately after handover

3. Since the 2nd carrier measurement is performed as intra-frequency measurement without the need for compress mode [2], more frequent (200 ms measurement period) and thereby higher accurate measurements are performed on the 2nd carrier compared to those for an inter-frequency carrier (480 ms measurement period) [3]

4. A DC-HSUPA UE operating in the 2nd carrier in Single Cell (SC) mode, if it moves (back) to a coverage of a DC-HSUPA capable NB, it can be easily reconfigured to operate in Dual Cell (DC) mode.  It is also likely that the other (apart from 2nd carrier) inter-frequency carrier is part of another DC carrier pair.  However, at the time of handover, the UE does not know of this configuration and it is better to move to a carrier that is known to be part of a DC carrier pair than one that is unknown.
Proposal 1: DC-HSUPA shall be able to perform inter-carrier handover.
3          Measurement Events
In order to enable inter-carrier handover, measurement events that compare measurement quantities across carriers (primary and secondary carriers) for cells in both Active Sets are required to trigger the inter-carrier handover.  The methods to generate such a measurement events are:

1. Rely on Event 2Xs.  This event compares all frequency carriers and does not bias towards the 2nd carrier.  Typically, the parameters in Event 2Xs are set to favour intra-frequency handover over inter-frequency hard handover.  It is desirable that the 2nd carrier is prioritised to be between primary carrier and other inter-frequency carriers. 

2. An Event 1D+ proposed in [4] where the existing Event 1D is expanded to include cells from both carriers.  This may cause unnecessary triggers to the 2nd carrier since it does not distinguish between carriers.

3. Setup an inter-carrier measurement event by reusing the existing Event 2Xs.  This is done by configuring two similar Event 2Xs (e.g. two Event 2Bs) where one compares all inter-frequency carriers and another compares only frequency carriers that are within the DC and considers only cells in the DC Active Sets.  The parameters (e.g. thresholds, hysteresis and time to trigger) are set differently for these two events such that the 2nd carrier is favoured over the other inter-frequency carriers.  An example of this is Event 1K (mirroring Event 2B) proposed in [1].  A different name can be given to this 2nd set of inter-carrier measurement events to distinguish it from the conventional Event 2Xs.  Alternatively, the RNC can assume that any frequency carrier being triggered that is one of the DC carriers shall be an inter-carrier handover.
4. Define a set of inter-carrier measurement events.  This set of measurement events can mirror those in Event 2Xs, specifically 2A, 2B & 2C, but only include frequency carriers that are within the DC and cells that belong to both carriers’ Active Set.  In addition to these, the inter-carrier measurement events can include parameters found in Event 1X such as the Individual Cell offset.
Option 3 and 4 are able to prioritise the 2nd carrier over the other inter-frequency carriers.  These are the preferred methods.  It is proposed to use measurement event corresponding to either Option 3 or 4.
Proposal 2: Set up an inter-carrier measurement event that considers only DC carriers and cells in the Active Set, where the parameters in this measurement event can be configured to favour 2nd DC carrier over other inter-frequency carriers.
4          Simulations
A system simulation is performed to evaluate the impact of having measurement event for inter-carrier handover.  Comparing, option 3 and 4, the simpler method, option 3 is simulated with Event 2B and Event 1K (i.e. mirror of 2B that considers only the DC carriers but renamed to distinguish it from original Event 2B).  The simulation assumptions are summarised in Table 1 of the Appendix.
The network operates on 3 frequencies, F1, F2 and F3 where F1 and F2 are the primary and secondary DC carriers.  F3 cells operate in SC mode.  Figure 1 shows the frequency plan for the network.  Here, the cells in red operate in all 3 frequencies whilst the cells in blue operate only with F2 and F3 under SC mode.  This non-uniform network will create a scenario where the UE moves from DC coverage to one that is only SC and has to select either its 2nd carrier or another inter-frequency carrier (i.e. F3) in the SC cell.  Two scenarios are simulated, one with only Event 2B and one with both Event 2B and Event 1K.
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Figure 1: Non-uniform network frequency plan
The non-used and used threshold in Event 2B and Event 1K are set to the same value and to bias towards selecting the 2nd carrier, in Event 1K, the time to trigger is set to 640 ms, which is halve that of Event 2B (i.e. 1280 ms).  Although the handover delay is likely going to be higher for any hard handover (e.g. to/from frequency F3), it is set to the same for all types of handover.
The probability of a UE in F1 (i.e. Primary Carrier in a DC NB) handing over to a cell operating in F2 (i.e. Secondary Carrier in a DC NB) and F3 are plotted in Figure 2.  The probability of selecting either F2 or F3 is roughly the same if only Event 2B is configured.  When Event 1K is configured, as expected, the probability of selecting F2 is increased to more than 90%.
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Figure 2: Probability of UE selecting F 2 (2nd carrier) or F3
The downlink throughputs for both scenarios are shown in Figure 3.  Here, whenever the UE is in primary carrier, the throughput is the summation of the throughput from the primary and secondary carriers.  There isn’t much difference in throughput between the scenarios (with Scenario 1 giving a very small gain).  Hence, favouring the 2nd carrier doesn’t affect the throughput.  However, this discounted the gain that can be obtained from SHO (in the uplink) during handover.  Also, the interruptions due to the need to perform physical synchronisation when performing hard handover are not taken into account, which will affect the throughput.
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Figure 3: UE downlink throughput
The CPICH SNIR of the UE prior to handover is plotted in Figure 4.  During handover if the SNIR drops too low, the call may be dropped before the UE has a chance to handover.  Here, it shows there is slight gain in SNIR by introducing Event 1K (i.e. favouring 2nd carrier).  
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Figure 4: UE CPICH SNIR during handover

5          Conclusion
In this T-doc, the benefits of having an inter-carrier handover are described.  Inter-carrier handover can be aided with a measurement event that favours the 2nd DC carrier over other inter-frequency carriers and considers only cells in the Active Sets of both DC carriers.  It is show that such a measurement event increases the probability of selecting the 2nd DC carrier and that the introduction of such a measurement event does not affect the UE throughput or SNIR.  Hence it is proposed:
Proposal 1: DC-HSUPA shall be able to perform inter-carrier handover.
Proposal 2: Set up an inter-carrier measurement event that considers only DC carriers and cells in the Active Set, where the parameters in this measurement event can be configured to favour 2nd DC carrier over other inter-frequency carriers.
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Appendix
System simulation assumptions are summarised in Table 1.
Table 1: DC-HSUPA Basic System Level Parameters

	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 Node B, 3 sectors per Node B

	Average number of UEs per sector
	4 (distributed close to cell border to encourage handovers) 

	Inter-site distance
	1000m

	Carrier Frequency
	2000 MHz

	Carrier Spacing
	5MHz (Adjacent Carriers)

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

	Log Normal Fading 
	Standard Deviation : 10dB

Inter-Node B Correlation: 0.5

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

	Antenna pattern
	Case 1 (3GPP ant):                                                     
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	Channel Model
	 VA 30 kmph
 (*) Fading models for adjacent carriers:

- Fading across carriers is completely uncorrelated.

	Penetration loss
	0dB

	Maximum NB EIRP
	38 dBm

	UE Noise Floor
	 –99.16 dBm

	Thermal noise density
	-174 dBm/Hz

	E-DCH Active Set Size
	4

	Measurement coefficient filter, k
	3

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

R1b (reporting range constant) = 6 dB

	Measurement Events
	1A, 1B, 1D, 2B, 1K

	Event 1A parameters
	Hysteresis = 1 dB

Time to Trigger = 200 ms

Individual Cell Offset = 0

Weighting constant = 0

	Event 1B parameters
	Hysteresis = 1 dB

Time to Trigger = 1280 ms

Individual Cell Offset = 0

Weighting constant = 0

	Event 1D parameters
	Hysteresis = 6 dB

Time to Trigger = 640 ms

Individual Cell Offset = 0

	Event 2B parameters
	Hysteresis = 1 dB

Time to Trigger = 1280 ms

Used Frequency Threshold (Ec/No) = -11 dB

Non-used Frequency Threshold (Ec/No) = -11 dB

	Event 1K parameters
	Hysteresis = 1 dB

Time to Trigger = 640 ms

Used Frequency Threshold (Ec/No) = -11 dB

Non-used Frequency Threshold (Ec/No) = -11 dB

	Active Set update delay
	300 ms

	Handover delay
	700 ms

	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. 
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