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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document is intended to capture findings produced in the context of the study item “HS-PDSCH serving cell change enhancements” [1]. 
The work under this study item aims at evaluating the reliability of the existing HS-PDSCH serving cell change procedure in the context of real time service transmission over HS-PDSCH (e.g. CS over HS or VoIP). In particular performing an evaluation of the procedure success rate is in the scope of the present document. A description of an agreed evaluation methodology and performance analysis results will be captured in the present document. 

Based on results on the HS-PDSCH serving cell change procedure success rate, the need for enahncements to the porcedure is determined. In case need is identified, enhancement techniques for potential recommendation to TSG RAN will be described witin this document.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TD RP-071044: " Proposed new SI on HS-PDSCH Serving Cell change enhancements "
[2]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[3]
3GPP TS 25.848 (4.0.0): "Physical layer aspects of UTRA High Speed Downlink Packet Access".
[4]
ETSI TR 101.112 (3.2.0): "Selection procedures for the choice of radio transmission technologies of the UMTS".
[5]
V. Erceg, S. Ghassemzadeh, M. Taylor, D. Li, D. L. Schilling: "Urban/suburban out-of-sight propagation modeling", IEEE Communications Magazine, June 1992.
[6]
J. E. Berg: "A recursive method for street microcell path loss calculation ", PIMRC 1995.

3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [2] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [2].
Definition format

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [2] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [2].
Abbreviation format

<ACRONYM>
<Explanation>

4
Description of HS-PDSCH serving cell change procedure

4.1 Sequence of events when exercising HS-PDSCH serving cell cahnge procedure
Description of wha tpicallyt happens when HS-PDSCH serving cell is changes

4.2 Options

According to current RRC procedures, HS-DSCH serving cell change can be either synchronized or unsynchronized. In the former case, the network indicates the activation time at which the UE will perform the serving cell change. Since the network does not know either how long it will take the RRC reconfiguration message (such as Physical Channel Reconfiguration (PCR)/Transport Channel Reconfiguration (TCR)/Radio Bearer Reconfiguration (RBR)) to be transmitted over the source cell or how long the UE will take to reconfigure on receiving the message, it has to assume the worst-case. Thus, it typically indicates a conservative activation time, leading to potentially large interruption for voice traffic, particularly if the source cell signal strength has degraded.

Under the unsynchronized serving cell change procedure, the network indicates an activation time of “now”. Thus, the UE is allowed to start listening to the target cell the moment it receives the RRC reconfiguration message and finishes its reconfiguration. This procedure does not need to assume the worst-case reception time of the RRC reconfiguration message at the UE, and is thus more suited for voice traffic. In this report, the focus is thus on the performance of the unsynchronized serving cell change procedure. It should be noted that for the synchronized serving cell change procedure, the performance of HS-PDSCH serving cell procedure would be worse than the results produced within this report.
4.3 Examples from logged network data

Description of cases that were traced in actual networks

5
Performance evaluation

5.1 Evaluation based on measurement traces

5.1.1 Measurement traces set I

5.1.1.1 Description of Measurement traces for set I
The field trial measurements analyzed in this section were made in a real network. Layer 1 CPICH Ec/Io and CPICH RSCP values were logged for all detected cells in real terminal.

Figure 1 shows an example illustrating the definition of “Best cell” time duration and “time to RL lost”. In the figure the overall best cell is plotted (red line) and one particular cell (with cell ID 497) is marked with the blue line. Between 368.2 to 380.6 (sec) cell 497 is the best cell, then another one is best for a short time. The time from 380.6 to when cell 497 is lost at 383.1 (=2.5) (sec) is defined as the “time to RL lost” for the best cell time duration 368.2 to 380.6. Also note that at 380.5 cell 497 becomes best again until 381.6. Hence, for that best cell time duration, the “time to RL lost” is 383.1-381.6=1.5 sec.
[image: image2.emf]
Figure 1: Example of CPICH signal strength variation in 70 km/h

5.1.1.1 Results from measurement traces for set I

Figure 2 through Figure 5 show the cumulative distribution function (CDF) as a function of time (note the log scale on the x axis) as well as comments for the following scenarios:

· Indoor 3 km/h

· Suburban 50 km/h

· Bad rural 70 km/h

· Highway 110 km/h

“RL removal” (i.e. removal of a cell from the active set)  is assumed to occur when a cell’s CPICH signal strength is at least 5 dB worse than the best cell, and “RL loss” is assumed to occur when CPICH Ec/Io is worse than -16 dB.

[image: image3.emf]
Figure 2: Indoor 3 km/h. CDF for the time from “best cell” to RL removal and RL lost.
10/20/50% percentile: 0.5/1.5/9.0 sec (RL removal) and 3.5/10/30 sec (RL lost)

[image: image4.emf]
Figure 3: Suburban 50 km/h. CDF for the time from “best cell” to RL removal and RL lost.
10/20/50% percentile: 0.6/1.5/4.5 sec (RL removal) and 3.0/5.0/13 sec (RL lost)
[image: image5.emf]
Figure 4: Bad rural 70 km/h. CDF for the time from “best cell” to RL removal and RL lost.
10/20/50% percentile: <0.1/0.3/2.3 sec (RL removal) and <0.1/0.5/4.0 sec (RL lost)

[image: image6.emf]
Figure 5: Highway 110 km/h. CDF for the time from “best cell” to RL removal and RL lost.
10/20/50% percentile: 0.4/0.7/3.3 sec (RL removal) and 1.0/2.0/9.0 sec (RL lost)

5.1.1.2 Conclusions from measurement traces set I

From the measurements one can see that the “Best cell” time duration, on average, is very short. The reason is probably that a number of cells have similar signal strength and the best cell changes all the time due to shadow fading, especially in high mobility scenarios.

More important from the mobility point of view is that the 10% and sometimes also the 20% percentile for the time from “Best cell” to “RL removal” is below 1 sec in all scenarios. And in some scenarios the 10% percentile for time to “RL lost” is in the order of 1 sec.

The results are based on 200 ms Layer 1 measurements and Layer 3 parameters typically smoothens the “noisy” behaviour. Nevertheless, the measurement results shown here indicate the risk of loosing the serving cell due to fast changes in signal strength in frequency reuse 1 systems. Therefore there is a need for fast and robust cell change procedures in case of relying on a single serving cell.
The field measurement results presented formeasurement traces set I show that the CPICH signal strength may vary quickly for the serving cell and that the time from being a “Best cell” to “RL removal” or even “RL lost” can in many cases be less than 1 sec.
5.1.2 Measurement traces set II

5.1.2.1 Description of measurement traces set II

This section focuses on environments where the serving cell signal strength shows sudden degradation. Examples of such “Urban Canyon” environments [5] [6] are dense urban areas, such as downtown areas of many cities. Performance evaluation results are shown using real traces from downtown areas of two cities. The focus application is voice, which has tight requirements for service outage during cell change. For VoIP to be a successful service, it must meet the same level of quality and reliability requirements as CS voice.

The key performance metric that our evaluation focuses on is the reliability of the current SCC procedures under Urban Canyon conditions. According to both the synchronized and unsynchronized SCC procedures, the UE needs to receive a RRC message on the source cell before switching to the target cell. However, under conditions where the signal strength on the source cell is rapidly deteriorating, it may not be possible for the UE to reliably decode this RRC message from the source cell, leading to a call drop. Logs taken in multiple dense urban areas confirm that fast changing path loss conditions do indeed exist, where path loss may increase by 25 dB or more in less than a second.

It should be noted that RRC signaling can be made reliable by carrying Signaling Radio Bearers (SRBs) on Dedicated Channel (DCH), since DCH can be soft combined from multiple cells. However, due to the code space occupied by DCH, this leads to a significant loss of capacity for VoIP (simulations indicate ~40% capacity loss) as well as loss of spare capacity for Best Effort data for a given number of VoIP calls. Thus, to achieve high voice capacity, the appropriate configuration for VoIP is to carry SRBs on HS-DSCH, while configuring F-DPCH to carry power control bits, as was intended when F-DPCH was included in the standard.

Thus, if high voice or spare Best Effort capacity is desired under Urban Canyon conditions, then the robustness of the serving cell change procedure needs to be evaluated when SRBs are mapped on to HS channels. This high capacity configuration is the focus of the presented performance evaluation.
5.1.1.1 Details of performance evaluation based on measurement traces set II
Performance evalutaion was carried out by using measurement traces within a network-level simulaor. The network-level simulator used 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 Evaluation parameters for measurement traces set II.

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.

CPICH Ec/Io and CQI traces were collected while driving in downtown areas of two different cities. Receive diversity was turned on in the UEs. It should be noted that traces were collected from different areas in the downtowns of cities, so the traces are not representative of only a few city blocks. Rather, the traces represent a sampling of different areas of the downtown, so the simulation results can be seen to represent average behavior over the entire downtown area.

The above field traces were applied to one UE in the simulation. Load from other cells was modeled as interference. Different loading factors from other cells were considered.

Table 1 Evaluation parameters for measurement traces set II

	Parameter
	Value

	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

	Other Cell Power
	(40%, 80%) of maximum cell power

	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
	(320, 640) msec

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

	Maximum H-ARQ transmissions for RBR/ASU messages
	4, 8

	Network Delay (defined as the delay from the sending of Event 1D to the arrival of RBR message at the Source Node B)
	(80, 200, 280) msec


5.1.1.2 Traces from city 1
The sample space for traces from City 1 is around 150 minutes.

Figure 6 shows an example CPICH Ec/Io trace, with different events (such as Event 1D, RBR etc) marked on it. It can be seen that the slope of degradation of CPICH Ec/Io is approximately 25 dB/sec, i.e., CPICH Ec/Io goes from -8 dB to -20 dB in less than half a second. Also, the events shown on the figure for a particular setting of TTT = 320 msec and network delay = 200 msec indicate that reception of the RBR message is unsuccessful after four H-ARQ transmissions.
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Figure 6. Example1 for CPICH Ec/Io trace from city 1

Another example CPICH Ec/Io trace is shown in Figure 7, with different events marked on it. Again, slope of gradation of serving cell CPICH Ec/Io is approximately 25 dB/sec. Also, it is indicated that the RBR message is unsuccessful after four H-ARQ transmissions.
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Figure 7. Example 2 for CPICH Ec/Io trace from city 1

Simulation Settings

The following simulation settings were used (also captured in Table 1):

· Value of Event 1D Time-to-trigger (TTT) was set to 320 msec. Note that this an aggressive setting compared to the values seen in current deployments.

· For the RBR message:

· The message size was assumed to be 300 bits.

· Full remaining Node B power (after allocating power to overhead channels and HS-SCCH) was allocated to HS-PDSCH for the Urban Canyon user.

· Two values were chosen for the maximum number of H-ARQ transmissions, 4 and 8.
· Absolute priority is given by the HS-PDSCH scheduler.
· Two different values of other cell loading, 40% and 80%, were considered.

· Network Delay, defined as the delay from the sending of Event 1D to the arrival of RBR message at the Source Node B, was chosen from {80, 200, 280} msec. The Network Delay was varied randomly in a range of +-20 msec around the chosen values. Results shown are averaged over 10 different random values around the chosen Network Delay value.

It should be noted that the settings for TTT, Network Delay, Node B power allocated to RBR message, are aggressive values, when compared with what is used in the deployed Rel 5 and Rel 6 networks.
Simulation Results
The key performance metric that was focused on is the reliability of the delivery of the RBR message. Therefor,  the percentage of times the RBR message could not be delivered to the UE was tracked; these occurrences are referred to as “call drops” in the remainder of the document. Call drop percentage is calculated as:
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        (1)

Table 2 shows the call drop percentages, assuming average voice call duration of 2 minutes. For different settings of Network Delay, Load and Maximum H-ARQ transmissions, the call drop percentage varies between 4% and 10%. Even with aggressive settings of Node B power, maximum H-ARQ transmissions, Network Delay and TTT, call drop rates are seen to be quite high.
Table 2 Call Drop Percentages from City 1
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5.1.1.3 Traces from city 2
The sample space for traces from city 2 is around 84 minutes. 

Figure 8 shows an example CPICH Ec/Io trace from city 2, with different events (such as Event 1D, RBR etc) marked on it. It can be seen that the serving cell CPICH Ec/Io goes from -7 dB to -20 dB in around half a second. Also, the events shown on the figure for a particular setting of TTT = 320 msec and network delay = 200 msec indicate that reception of the RBR message is unsuccessful after four H-ARQ transmissions.
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Figure 8. Example CPICH Ec/Io trace from city 2
Simulation Settings

The above Urban Canyon field traces were applied to one UE in the simulation. Simulation settings were similar to those chosen for city 1, except that the TTT was allowed to take two different values: 320 msec and 640 msec. Note that 640 msec is the value of TTT typically configured in today’s networks. Details of simulation assumptions are captured in Table 1.

Simulation Results

Table 3 shows the call drop percentages (calculated as in Equation 1), assuming average voice call duration of 2 minutes. For different settings of Network Delay, Load and Maximum H-ARQ transmissions, the call drop percentage varies between ~3% and ~10%.
Table 3. Call drop percentages from city 2
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5.1.1.4 Conclusions from measurement traces set II

In this section  performance evaluation results were presented for the unsynchronized serving cell change procedure, using traces obtained from downtown areas of two different cities. When SRBs are mapped on HS channels to obtain high voice and spare Best Effort capacity, it was found that call drop percentages to be unacceptably high in urban canyon conditions.
5.2 Evaluation based on system level simulation
5.2.1 Simulation scenario A
5.2.1.1 Simulation assumptions for scenario A

System simulations were conducted to evaluate the call drop ratio. Table 1 lists the simulation parameters. 
Table 4: Simulation parameters for simulation scenario A
	Simulation time
	300 s

	Network layout
	7 Node B with 21 cells

	Cell radius
	500 m

	Number of HS-SCCH codes
	4

	HS-SCCH power control
	Using CQI reports

	Maximum HS-SCCH power
	30 dBm (per HS-SCCH code)

	Maximum cell power
	43 dBm

	Channel model
	3GPP Rural Area

	Antenna pattern
	3D Kathrein antenna model, with 6 degrees down tilt

	Number of users
	105 active users

	Traffic
	VoIP call with ROHC, fixed duration 30 s

	UE velocity
	{50, 90, 120} km/h

	SRB in DL
	Mapped onto DCH or HS-DSCH

	Poll timer for signaling
	100 ms

	RRC signaling
	Real

	EUL
	On

	SRB priority
	Highest priority queue in Proportional-Fair scheduler and it is absolute compared to others

	Admission and congestion control
	Off

	Event 1a Time to Trigger
	320 ms

	Event 1b Time to Trigger
	640 ms

	Event 1c Time to Trigger
	320 ms

	Event 1d Time to Trigger
	640 ms (DCH), 250 ms (HS)

	Event 1d hysteresis
	1 dB (DCH), 2 dB (HS)

	Activation time 
	500 ms (DCH), 250 ms (HS)

	Network preparation delay
	100 ms

	ACK/NACK errors
	None

	CQI errors
	None


5.1.1.1 Simulation results for scenario A

Figure 6 shows the simulation results. At high velocities, SRB on HS shows a significantly higher call drop rate compared to SRB on DCH.
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Figure 9: Call drop ratio

Figure 7 illustrates a call drop example (from a different set of simulations than above, only for illustration). It can be seen that when cell 19 becomes the strongest cell, cell 20 is already at -20 dB.

[image: image14]
Figure 10: Call drop example
5.1.1.2 Conclusion on simulation scenario A
The system simulation results for simulation scenario A indicate that there may be a significantly higher call drop rate when SRB is mapped to HS instead of DCH at high UE velocities in a network with antenna down tilt.
5.2.2 Simulation scenario B
5.2.2.1 Simulation assumptions for scenario B
5.2.2.1.1 Environment
The simulations were performed in a macro cell scenario, which consists of 7 Node B's and 21 hexagonal cells (sectors) of radius of 933 meters. Thus the site-to-site distance was 2800m. Propagation model was based on [3] and log-normally distributed slow fading with a 8 dB standard deviation and a spatial correlation distance of 50 meters were assumed. The evaluated channel profiles was modified Vehicular A. The power delay profiles were modified from the original ITU power delay profiles so that the tap delays are integer chips. Average path powers were [-3.1, -5.0, -10.4, -13.4, -13.9, -20.4] dB in Vehicular A channel. Rake receiver was assumed to be used in reception of all channels.

MAC-hs packet scheduling based on Proportional Fair scheduling algorithm was used. One spreading factor 128 code was allocated for HS-SCCH. HS-SCCH was either power controlled or had a fixed transmission power. HS-SCCH power control was done so that the HS-SCCH power followed the average power over the last TTI of the associated DCH with an offset. Realistic reception of HS-SCCH was considered. Six parallel stop-and-wait (SAW) channels were used for the Hybrid ARQ. At the maximum 4 retransmissions were allowed per transport block. Chase Combining was used for the retransmissions. 

Mobility and traffic models were based on UMTS 30.03 [4]. The total simulation time was 6 minutes. The offered traffic was high enough to have almost 100 % utilization of the HS-DSCH. Modified web browsing model, in which the users do not have a reading time during a download session i.e. they only have one packet call per session, was used to model the traffic when SRB was not active. When SRB is active for a given user a fixed MCS is used (QPSK, 1 code, TrBlock size of 325 bits). Users in handover were prioritized in packet scheduling algorithm.

The simulation parameters for the environment according to Scenario A are summarized in Table 2.

Table 5 Parameters for Simulation Environment for Scenario B
	Environment
	Macro

	Cell type
	Macro

	Cellular layout
	Hexagonal grid

	Channel model
	Vehicular A

	UE velocity
	30 km/h

	Shadowing log-normal standard deviation [dB]
	8

	Correlation distance
	50

	Site correlation
	0.5

	Sector correlation
	1.0

	Average packet call size
	2345 KB


5.1.1.1.1 Modeling of serving cell change
Simulations are run by using modeling of SRB transmitted over HSDPA. Thus performance of SRB is affected by performance of both HS-SCCH and HS-DSCH. Handover process used in simulations is shown in Figure 8. For the handover evaluation the used serving cell update threshold was 2dB and time-to-trigger was set to 100ms. Measurement period was 200ms and no L3 filtering was assumed.

HS-PDSCH serving cell change procedure begins when the event is triggered in the UE. After a predefined time period, which models the uplink signalling and network delay, the SRB used for reconfiguration signalling is created. Two values for uplink signalling and network delay are simulated, 100ms and 300ms. 100ms is assumed to be more typical whereas 300ms is meant to be more like a worst case. HS-SCCH and HS-DSCH statistics are collected after SRB creation. Statistics collection time of 100ms is used in simulations, covering the transmission of reconfiguration signalling assuming maximum number of transmissions of 5 and possible scheduling delays. Handover parameters are shown in Table 2.
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Figure 11 Handover process in SRB simulations.

Table 6 Handover parameters

	Parameter
	Value

	Serving cell update threshold
	2 dB

	Total handover delay
	200 ms, 400ms

	Uplink signaling and network delay
	100 ms, 300ms

	Statistics collection time
	100 ms

	SRB transport block size
	325 bits


5.1.1.2 Simulation results for scenario B
Simulation results for 200ms total handover delay are shown in Figure 9 and Figure 10 and corresponding results for 400ms total handover delay in Figure 11 and Figure 12. Some simulations have power control in HS-SCCH channel whereas the rest of the results are obtained using fixed transmission power for HS-SCCH. Power controlled simulation is labelled “pc” in results graphs. SRB total Ec/Ior seen in Figure 10 and Figure 12 is the Ec/Ior of sum of both HS-DSCH and HS-SCCH needed for transmission of SRB. As can be seen in the results, low SRB error rate can be achieved with typical HS-DSCH power settings. The performance of SRB is dominated by performance of HS-SCCH, but low error rates can be achieved with relatively low HS-SCCH transmission power. Increasing the uplink signalling and network delay from 100ms to 300ms has only minor impact to the performance.
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Figure 12 SRB error rate vs. HS-DSCH Ec/Ior in case of 200ms total handover delay.
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Figure 13 SRB error rate vs. SRB total Ec/Ior in case of 200ms total handover delay.
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Figure 14 SRB error rate vs. HS-DSCH Ec/Ior in case of 400ms total handover delay.
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Figure 15 SRB error rate vs. SRB total Ec/Ior in case of 400ms total handover delay.
5.1.1.3 Conclusion on simulation scenario B
In this section simulation results were presented evaluating the SRB performance when it is carried over HS-DSCH. Performance was evaluated in typical macro deployment assuming different HS-DSCH and HS-SCCH power allocations. These results show that the current HSDPA serving cell change mechanism seems to provide reliable way to do the handover for the investigated speed and power allocation.
5.2 Conclusions from performance evaluation

Make a determination on the need for HS-PDSCH serving cell change enhancements.

6 Enhancement techniques

6.1 Technique X
Describe a potential candidate to enhance the procedure.

6.2 Technique Y

More …

7 Conclusion

Give a recommendationto TSG RAN on  how to proceed on this issue.
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