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Discussion
1
Introduction
As part of the Rel-12 Study Item on HSPA Hetnet ([1]), RAN2 is responsible to study mobility issues and potential enhancements.

The legacy SCC (see [2]) may work well in a pure macro environment when UE moves at low to moderate speed (e.g., less than 60 kmph). With the introduction of picos, however, initial performance evaluations show that high speed UEs in HSPA Hetnet suffer high call drop rate with serving cell change (SCC).. 

This paper provide some simulated performance results including some parameters sensitivity analysis (as done in [2]). 
2
Issues Observed with SCC
The serving cell signal quality is captured in CPICH Ec/Io as measured by the UE. Due to mobility and measurement error, the actual CPICH Ec/Io which is dominated by pathloss and shadowing in the long run, is further smeared by fading and measurement noise in the short term. The UE needs to filter the measurements on layer-3 to suppress the measurement variance. In a simplistic model, a threshold on CPICH Ec/Io can be set to determine if an ASU or RBR is successfully received.
For Legacy SCC to succeed, both Active Set Update (ASU) and Radio Bearer Reconfiguration (RBR) message have to be received successfully from the serving cell. In other words, the actual CPICH Ec/Io upon reception of ASU and RBR must be higher than the threshold to guarantee the success of handover. As an enhancement to SCC, eSCC has been adopted by 3GPP. eSCC essentially replaces event 1d and associated radio bearer configuration (RBR) with event 1a and associated active set update (ASU), which can happen much earlier. The time saving is intended to prevent the RBR arriving when the downlink from the source cell has dropped to an unusable level. The success of eSCC roughly depends on the successful reception of ASU, which contains information pertaining to pre-configuration of neighbour non-serving cells (e.g., HS-SCCH channelization code index of HS-SCCH order). If serving cell CPICH Ec/Io is less than the threshold when ASU is sent by network, ASU decoding is assumed to fail, hence eSCC assumed to fail. 
In a Hetnet setting picos tend to operate with much lower Tx power, creating much smaller coverage. The following simulation demonstrates the performance of SCC in a Hetnet.

In a typical 57 macro cell layout, we drop 4 picos per macro site and randomly drop a single UE. We let the UE move in a random direction for 500 meters at a certain speed and collect handover data. This procedure is repeated 100 times to obtain the average statistics. For this simulation a simplified handover failure model for SCC was used with the following assumptions:

· Event 1a and corresponding ASU (Active Set Update) reception is assumed to be always successful;

· Only event 1d (RBR reception) failure is logged and counted as handover failure.

The results obtained this way serve as a lower bound. Table 2.1 summarizes the key parameters for simulation. The call drop threshold is set to CPICH Ec/Ioth=-20dB. 

Table 2.1 Radio and mobility configuration assumptions

	Parameter
	Value

	ISD [m]
	500

	UE speed [kmph]
	10, 30, 60, 90, 120

	Macro power
	43dBm

	Pico power
	30dBm

	Pico density – per sector
	4

	Event 1D Time-to-Trigger [ms]
	320, 640, 1280

	Event 1D Hysteresis [dB]
	3

	Event 1D Network Delay [ms]
	200

	Tmeasurement period intra [ms] see [3]
	20

	Layer3 Filter Parameter K
(corresponding to 458ms filter time constant with Tmeasurement period intra =20 ms)
	9

	Measurement error modelling [dB] (see [1])
	Normal distribution with deviation = 1.216

	Ping-pong threshold (time-of-stay) [s] (see [1])
	1


Figure 2.1.1 shows the handover failure rate, defined as the ratio of failed handover count and total handover count, as a function of UE speed and E1D Time-to-Trigger (TTT). We make the following observations:

· As UE speed increases the handover performance worsens quickly. SCC becomes unusable when UE speed exceeds 30kmph.

· Larger TTT yields worse handover performance.

However, larger TTT is preferable to suppress ping-pong. Ping-pong is defined as a handover pattern in the form “cell A(cell B(cell A” with the time-of-stay in cell B being less than 1 second. The time-of-stay is measured from UE sending an RRC Complete message upon switching to B to UE sending another RRC Complete message upon switching back to A. Figure 2.1.2 shows the ping-pong rate, defined as the ratio of total ping-pong count and the total handover count, as a function of UE speed and TTT. We make the following observations:

· Smaller TTT values (e.g., 320ms) suffer higher ping-pong rates.
· A large TTT (e.g., 1280ms) completely eliminates ping-pong.

Some conclusions can be made from our initial simulation:

· Existing SCC does not provide reliable handover when UE speed exceeds 30kmph.

· To suppress ping-pong, a large TTT value is preferred.
· Large TTT values yield even poorer handover reliability compared to small TTT values.

· A trade-off has to be made between low handover failure rate and low ping-pong rate.
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Figure 2.1.1 Handover failure rate of SCC in a Hetnet.
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Figure 2.1.2 Ping-pong rate of SCC in a Hetnet.

4
Conclusions
This paper has shown that legacy SCC suffers high handover failure rates in Hetnet for UE speeds beyond 30kmph, thus need to be optimized.
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