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1
Introduction
In this contribution, we present results on voice interruption during serving cell change in Urban Canyon environments. We focus on the scenarios where we showed significant call drops in a previous contribution [1].
2 
Results on Voice Interruption
In this section, we present results on voice interruption during serving cell change in Urban Canyon environments. We focus on scenarios where significant call drops where shown in [1].
We show voice quality results for the unsynchronized procedure proposed in [2] as well as the synchronized procedure proposed in [3]. For the unsynchronized procedure, the RNC can switch the data path to the target cell once HS-SCCH order based signalling is complete. This allows the data path to be switched as soon as possible.
For the synchronized procedure, the UE is given an “activation time delta” in advance by the RNC. This “activation time delta” determines the time at which the target cell can start serving data to the UE, and is also the time at which the UE starts listening to the HS-PDSCH of the target cell. Since this is a synchronized procedure, the “activation time delta” has to include worst case of E1D transmission delay, backhaul delays, RNC processing delay, and UE reconfiguration delay. If the worst case is not considered, then it is possible that (a) either the target cell may start serving the UE, but the UE is not ready, or (b) the UE has switched to the target cell, but the target cell is not ready. From today’s deployments, we have seen that the activation time for today’s synchronized serving cell change procedure is of the order of hundreds of msec.
Simulation Parameters

The network-level simulator used in the simulations was a slot-level simulator. The simulator models HS-SCCH, HS-PDSCH on the downlink as well as HS-DPCCH and EUL channels on the uplink. A VoIP-optimized scheduler, which gives strict priority to SRBs messages, is used to schedule over HS channels. Events 1A, 1B for active set updates and Event 1D for serving cell switching are modeled. Details of simulation assumptions are captured in Table 1.

The maximum transmit power per cell is 43dBm. CPICH Ec/Ior is set to -10 dB, while other downlink overhead channels (such as E-AGCH, E-RGCH, E-HICH, SCH, P-CCPCH) are modeled with a fixed power overhead. The total power overhead for all overhead channels (including CPICH) is 30%. HS-SCCH power is allocated based on the CQI reported by the UE.

We collected CPICH Ec/Io and CQI traces while driving in downtown areas of various cities. The receiver at the UE was Rake with receive diversity. These field traces were applied to one UE in the simulation. Load from other cells was modeled as interference.
The voice activity in the simulations was 50%. Data packets in the simulations carried AMR encoded voice data, which allowed us to generate speech samples. No bicasting on the Iub was assumed.

Table 1: Simulation Parameters
	Parameter
	

	Maximum Cell Power
	43 dBm

	CPICH Ec/Ior
	-10 dB

	Total % Fixed Power for Overhead Channels
	30%

	Modeling of HS-SCCH Power
	Power controlled using CQI reports

	Event 1A, 1B: Weighing Factor W
	0

	Event 1A, 1B: Reporting Range
	3 dB

	Event 1A, 1B: Hysteresis
	0 dB

	Event 1A: Time to trigger TTT
	0 msec

	Event 1B: Time to trigger TTT
	320 msec

	Event 1A, 1B, 1D: Filter Coefficient K
	3 (485 msec)

	Event 1D: Hysteresis
	3 dB

	Event 1D: Time to trigger TTT
	200 msec

	RBR (Radio Bearer Reconfiguration)/ASU (Active Set Update) Message Size
	300 bits


Table 2 shows our assumptions for minimum and worst-case delay values for E1D transmission, backhaul, RNC processing and UE reconfiguration delays:
Table 2: Typical and worst-case values for various delays
	Delay Source
	Minimum Delay (msec)
	Worst-Case Delay (msec)

	E1D Transmission (10 msec TTI)
	10
	50

	Twice Backhaul Delay
	20
	40

	RNC Processing Delay
	10
	40

	UE Reconfiguration Delay
	10
	70

	Total
	50
	200


For unsynchronized SCC, the total delay for the delay sources shown in Table 2 is assumed to vary uniformly randomly from the minimum delay to the worst-case delay, while for synchronized SCC, the activation time has to cover the worst-case, so the worst-case values are assumed. Results are also shown for Synchronized SCC with an activation time of 300 msec, since in the field it has been seen that activation times are set quite conservative (of the order of ~500 msec or even more).
Voice Interruption Results
Figure 1 shows the cdf of number of voice packets dropped for unsynchronized SCC, synchronized SCC with activation time of 200 ms and 300 msec, for the dense urban traces. It can be seen that with synchronized SCC and activation time of 300 msec:
· More than 20% SCCs in tough dense urban areas have 10 or more voice frames dropped
· More than 60% SCCs in tough dense urban areas have 5 or more voice frames dropped
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Figure 1: Number of Voice Packets Dropped During SCC
Audio Samples showing Voice Quality

We also show audio samples of voice quality during serving cell change. In Figure 2, we show speech waveforms from a serving cell change occurring in one of the field traces. The speech waveform shows: clean speech (no voice frames dropped), unsynchronized SCC (4 voice frames dropped) and synchronized SCC with 300 msec activation time (10 voice frames dropped). It can be seen that a chunk of speech is missing in the synchronized SCC case: 10 voice frames being lost in this case corresponds to one word missing from the sentence. The decoded audio files are also shown in Figure 2 (clicking on the audio objects plays the sound).
From listening to the speech files, it can be seen that the synchronized SCC speech file has extremely noticeable speech artefact: an entire word is missing from the sentence, whereas the degradation in the unsynchronized SCC case is less noticeable.
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Figure 2: Decoded Speech Waveform and Audio Quality for a particular serving cell change
3
Conclusions
We presented results showing that a synchronized procedure can lead to significantly worse interruption in voice quality compared to an unsynchronized procedure. Based on these results, we recommend that the unsynchronized procedure be adopted for the Enhanced Serving Cell Change procedure.
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