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1
Introduction
The Work Item [1] was proposed to study the performance of the current HS-DSCH serving cell change (SCC) procedure. In [2], two proposals were present for improving the reliability of the HS-DSCH serving cell change procedure. In this contribution, we study the link level performance of the two proposals.
Section 2 reviews the proposed HS-DSCH serving cell change procedure. Section 3 presents detector design for two proposals. Section 4 and 5 discuss the simulation assumptions and the observations from the simulation results, respectively. 
2
Proposals for Enhancing HS-DSCH Serving Cell Change Procedure
The key idea to enhance the SCC procedure is to allow the UE to be signalled of the change in serving cell by the target cell, while still maintaining control of the overall procedure at the RNC. To enable this, the two proposals in [2] both allow the UE to receive the serving cell related information (carried today in PCR/RBR/TCR message) in an Active Set Update message. 
The general call flow for the proposed enhanced HS-DSCH serving cell change procedure is:
· On sending Event 1A, UE is pre-loaded with serving cell related information through Active Set Update message. Cells in the active set are also pre-loaded with serving cell configuration and transport bearers are set up.
· On sending Event 1D, UE starts listening to a particular channel on the target cell for indication of serving cell change, while still decoding data from the source cell.
· On receiving Event 1D, RNC starts to bicast data to source as well as target cells. This minimizes data interruption for real-time services such as voice. RNC also instructs the target cell to indicate change of serving cell to the UE.
· Target cell indicates change of serving cell to the UE on a particular channel. On receiving indication of serving cell change from the target cell, UE sends indication on the uplink acknowledging this change, which is received at least by the target cell. The target cell starts serving the UE.
· The target cell informs the RNC of the successful change in serving cell. On receiving this, RNC stops bicasting.
The indication from the target cell to the UE is one critical step during the serving cell change procedure. If the UE falsely detects the indication, it would start sending information to the target NodeB prematurely and the call would drop. If the UE misses the indication, then it quits the cell change procedure and stay in the source cell with poor quality.  Thus the indication information must be carried on a very reliable channel to guarantee that both NodeB and UE perform correct timing. Two proposals in [2] are described as follows:

· Proposal 1: An HS-SCCH order from the target cell is used for indicating serving cell change to the UE. 
· A known HS-SCCH order is sent to UE on a pre-assigned channelization code.

· For a short period of time, the UE has to monitor the HS-SCCH code from the target cell while still decoding data from the source cell. 

· Proposal 2: a new channel carried in the same way as E-RGCH or E-HICH from the target cell is used. 
· The new channel is proposed to be carried in the same channelization code as E-RGCH and E-HICH (E-RGCH and E-HICH use the same channelization code), but with a different signature sequence (out of the 40 allowed per channelization code). 
· +1 and -1 can be signalled on SCCCH bits, and this way two UEs can be assigned the same signature sequence.

3
Detection Scheme for HS-SCCH Order and E-RGCH Cell Change Indication 

The detector design is critical for the detection performance of the proposed scheme. For HS-SCCH order indication, since the channelization code is known to UE, UE only need to perform detection on the specific code to reduce the hypothesis space due to multiple codes. However, NodeB may still use this HS-SCCH code to send information to other UEs. In this case, the CRC masked by UE’s H-RNTI can be used to identify the UE. The decision rule is:

· UE performs decoding on the second part of the specific HS-SCCH code and unmasking the CRC by its H-RNTI

· If the CRC is correct and the decoded information of HS-SCCH part II is the known HS-SCCH order, then declare the cell change indication; otherwise, DTX is declared. 

The following detection errors could happen for HS-SCCH order:

· False alarm

· FA1: DTX => HS-SCCH order for target UE

· FA2: HS-SCCH intended for other UE => HS-SCCH order for the target UE

· Miss detection

· MD1: HS-SCCH order for target UE => DTX. This is mainly due to failed CRC in the presence of decoding error.

For indication carried on E-RGCH, the detector design is straightforward. Correlation of the received signal with the known E-RGCH signature sequence is sufficient for making decisions. The correlation result is compared with a threshold, which is designed using Neyman-Pearson criterion to meet a target false alarm rate. The detection is performed as follows:

· UE performs correlation over the period of E-RGCH signature sequence.

· If the magnitude of the correlation is greater than the threshold: 
· +1 is assigned if the sign of correlation is positive; 
·  -1 is assigned if the sign is negative.

· If the magnitude of the correlation is less than the threshold, DTX is declared.
The following detection errors could happen for E-RGCH indication:

· False alarm

· FA1: DTX => E-RGCH cell change indication

· FA2: Normal E-RGCH/E-HICH => E-RGCH cell change indication. Since E-RGCH signature sequences are mutually orthogonal, FA2 is equivalent to FA1.

· Miss detection

· MD1: E-RGCH cell change indication => DTX

· MD2: Sign flipping error after detecting the E-RGCH cell change indication. This is a rare event.

3
Simulation Assumptions

The simulation assumptions are summarized in Table 1. The HS-SCCH TTI length is 2ms. Depending upon the status of target cell, the E-RGCH TTI length is varied. In order to make a fair compare with HS-SCCH, the TTI length is unified to 2ms. The false alarm and miss detection events listed in Section 2 are simulated using the proposed detector design.

Table 1 Simulation Assumptions for HS-SCCH and E-RGCH
	Parameter
	Value
	Comments

	Active channels
	P_CPICH = -10dB

P_CCPCH =-12dB

SCH = -12dB

PICH = -15dB

HS-PDSCH = -6dB
	

	Geometry
	{-3, 0}dB
	

	Ec/Ior for HS-SCCH
	-30~-6dB
	

	Ec/Ior for E-RGCH
	-30~-6dB
	

	Channel type
	AWGN, PA3, PB3, VA30
	

	Receiver Type
	1Rx and 2RX, RAKE, MRC
	

	TTI
	2ms
	

	Target False Alarm Rate for E-RGCH
	{1%, 0.1%, 0.01%, 0.001%}
	


4
Observations

The simulation results for HS-SCCH order detection are plotted in Annex 1. The simulation results for E-RGCH indication detection are plotted in Annex 2.  We made the following observations:
· For HS-SCCH order detection

· The false alarm rate is zero in the range we simulated. When DTX or HS-SCCH are intended for other UEs, the CRC will always fail after UE unmasking. 
· The miss detection probability is higher compared with the E-RGCH with the same Ec/Ior. The reason for the high miss detection probability is because of high code rate. In the same amount of time, the E-RGCH only conveys 1bit information. In contrast, 13bits of HS-SCCH order are sent on HS-SCCH part II.  

· For E-RGCH order detection
· The false alarm rate can be targeted for different requirements that were analyzed. In the range of false alarm rate we considered, the E-RGCH is better then HS-SCCH order in terms of lower transmit Ec/Ior.
· Targeting to lower false alarm rates, requires higher Ec/Ior to achieve the same miss detection performance. 
· In general, miss detection performances on different channels are ordered as AWGN>PB3>VA30>PA3. And adding a second receive antenna significantly improves the performance on a PA3 channel, as shown below in Table 2.
The transmit Ec/Ior’s to achieve a 1% miss detection probability at a fixed target false alarm rate are given in Table 2.
Table 2 Required Ec/Ior for 1% Miss Detection Probability

	Schemes
	RX diversity
	Geometry (dB)
	AWGN (dB)
	PA3 (dB)
	PB3 (dB)
	VA30 (dB)

	HS-SCCH

False Alarm = 0
	1RX
	-3
	-17
	X
	-12
	-10

	
	
	0
	-20
	X
	-15
	-13

	
	2RX
	-3
	-20
	-11
	-16.8
	-15.5

	
	
	0
	-23
	-14
	-19
	-18

	E-RGCH
False Alarm = 1%
	1RX
	-3
	-25
	-10
	-21
	-19

	
	
	0
	-28.5
	-13
	-24
	-21.5

	
	2RX
	-3
	-28.4
	-21.1
	-25.8
	-24.3

	
	
	0
	-31.5
	-24.1
	-28.1
	-26.7

	E-RGCH
False Alarm = 0.1%
	1RX
	-3
	-24
	-8.2
	-19.7
	-17.0

	
	
	0
	-27
	-10.8
	-22.2
	-19.4

	
	2RX
	-3
	-27.0
	-19.1
	-24.2
	-22.6

	
	
	0
	-30
	-22.2
	-26.6
	-25.1

	E-RGCH
False Alarm = 0.01%
	1RX
	-3
	-23
	-7.7
	-18.41
	-15.4

	
	
	0
	-26.1
	-9.4
	-21.1
	-18.4

	
	2RX
	-3
	-26.1
	-17.7
	-23.2
	-20.8

	
	
	0
	-29.0
	-20.9
	-25.6
	-23.2

	E-RGCH
False Alarm = 0.001%
	1RX
	-3
	-22.2
	-7.2
	-17.6
	-14.6

	
	
	0
	-25.3
	-7.9
	-20.2
	-17.3

	
	2RX
	-3
	-25.1
	-16.6
	-22.4
	TBD

	
	
	0
	-28.2
	-20.0
	-24.6
	TBD


5
Conclusions
We have presented the detection scheme for the two proposals for enhancing the HS-DSCH serving cell change procedure. The detection performance is studied via link simulations. The first proposal, HS-SCCH order, has very good false alarm performance but the miss detection is sacrificed. The second proposal, E-RGCH, shows a large advantage on the miss detection performance in the range of false alarm rate considered.  Even though there is a significant link gain advantage of E-RGCH based method over the HS-SCCH based method (for example, 4.3dB at G=0dB, VA30, 2Rx diversity, Target FAR = 0.001%), it should  be noted that the link gain should be weighed by the expected number of serving cell changes per call duration.
6
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Annex 1 HS-SCCH Detection Performance
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Figure 1: HS-SCCH Part2 Detection Performance: 1Rx, Geometry=0dB
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Figure 2: HS-SCCH Part2 Detection Performance: 1Rx, Geometry=-3dB
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Figure 3: HS-SCCH Part2 Detection Performance: 2Rx, Geometry=0dB
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Figure 4: HS-SCCH Part2 Detection Performance: 2Rx, Geometry=-3dB
Annex 2 E-RGCH Detection Performance
1 Target False Alarm Rate = 1%
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Figure 5: E-RGCH Detection Performance: 1Rx, Geometry=0dB, target FA=1%
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Figure 6: E-RGCH Detection Performance: 1Rx, Geometry=-3dB, target FA=1% 
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Figure 7: E-RGCH Detection Performance: 2Rx, Geometry=0dB, target FA=1%
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Figure 8: E-RGCH Detection Performance: 2Rx, Geometry=-3dB, target FA=1%
2 Target False Alarm Rate = 0.1%
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Figure 9: E-RGCH Detection Performance: 1Rx, Geometry=0dB, target FA=0.1%
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Figure 10: E-RGCH Detection Performance: 1Rx, Geometry=-3dB, target FA=0.1%
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Figure 11: E-RGCH Detection Performance: 2Rx, Geometry=0dB, target FA=0.1%
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Figure 12: E-RGCH Detection Performance: 2Rx, Geometry=-3dB, target FA=0.1%
3 Target False Alarm Rate = 0.01%
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Figure 13: E-RGCH Detection Performance: 1Rx, Geometry=0dB, target FA=0.01%
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Figure 14: E-RGCH Detection Performance: 1Rx, Geometry=-3dB, target FA=0.01%
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Figure 15: E-RGCH Detection Performance: 2Rx, Geometry=0dB, target FA=0.01%
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Figure 16: E-RGCH Detection Performance: 2Rx, Geometry=-3dB, target FA=0.01%

4 Target False Alarm Rate = 0.001%
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Figure 17: E-RGCH Detection Performance: 1Rx, Geometry=0dB, target FA=0.001%
[image: image18.emf]-40 -35 -30 -25 -20 -15 -10

10

-4

10

-3

10

-2

10

-1

10

0

E-RGCH Performance: 1RX, G=-3dB

Ec/Ior

Probability

 

 

Pr(Err|NonDTX): AWGN

Pr(Miss Det): AWGN

Pr(Err|NonDTX): PA3

Pr(Miss Det): PA3

Pr(Err|NonDTX): PB3

Pr(Miss Det): PB3

Pr(Err|NonDTX): VA30

Pr(Miss Det): VA30


Figure 18: E-RGCH Detection Performance: 1Rx, Geometry=-3dB, target FA=0.001%
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Figure 19: E-RGCH Detection Performance: 2Rx, Geometry=0dB, target FA=0.001%
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Figure 20: E-RGCH Detection Performance: 2Rx, Geometry=-3dB, target FA=0.001%
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