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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. Two methods were proposed for UE sending acknowledgement to NodeBs in the enhanced HS-DSCH serving cell change procedure presented in [2]. The first one uses dual scrambling codes as indication, and the second one explicitly uses CQI31 as indication. In this contribution, we study the link level performance of the two proposals.
Section 2 reviews the proposed enhanced HS-DSCH serving cell change procedure. Section 3 and 4 presents detector design and analysis for dual scrambling codes respectively. Section 5 presents the detector design for CQI31, respectively. Section 6 compares the two proposed UE to NodeB schemes with the UE to RNC scheme in terms of UL acknowledgement delay. Section 7 discusses the impact on voice interruption delay due to both these type of schemes. 
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.
UE acknowledging target cell is one critical step during the serving cell change procedure. If the target cell falsely detects the acknowledgement, then the UE may be served some data prematurely by the target cell. This results in some loss of data. On the other hand, if the target cell misses the acknowledgement, the consequence could be more severe. The target cell may assume that the UE has not yet performed the serving cell change where in fact the UE has switched to the target cell. This could eventually lead to a dropped call. Thus the UL acknowledgement must be received with high reliability to guarantee both NodeB and UE perform correctly in timing. Two proposals for UL acknowledgement in [2] are described as follows:

· The UE indicates acknowledgment of the serving cell change by changing its uplink scrambling code.

· This is detected by both source as well as target cells (as well as other cells in the Active Set). Node Bs in the UE’s active set need to monitor and compare energy on two uplink scrambling codes for a short period of time.

· Note that change in uplink scrambling code is already used in the Fast Reconfiguration procedure to allow NodeBs to detect that the UE has reconfigured after receiving the radio bearer setup message; this allows faster radio bearer setup [3]. Support for Fast Reconfiguration is defined in the Iub specification 25.433 [4]. 

· To allow uplink scrambling code change to be used as an acknowledgment of reception of serving cell change, the UE needs to be given two uplink scrambling codes during the RRC Connection Setup procedure. The UE can then toggle between these two scrambling codes at each serving cell change. The RNC would also need to inform the NodeBs of the two scrambling codes used by the UE.

· The UE sends CQI31 (which is an unused value of CQI) on the uplink to acknowledge receiving the serving cell change indication. 
· When configured to do MIMO, the UE reports Type A and Type B CQIs. Type A values range from 0 to 255, while Type B ranges from 0 to 30. Thus, when configured to do MIMO, Type B CQI would need to be used for indicating CQI31. 

· Under severe link imbalance scenarios (i.e., weak uplink on the Target Cell), a number of CQI31s may need to be sent to increase reliability of reception. Thus, the UE also sends an F-SCC Complete RRC message in addition to CQI31. This message is selection combined and will help under severe link imbalance scenarios.

· Thus, under severe link imbalance scenarios, the SCC Complete RRC message provides robustness of signalling. Under most regular scenarios, the CQI31 signalling allows a quick way to complete serving cell change signalling.

3
Dual Scrambling Codes Detection Scheme
The timing of dual scrambling codes detection is illustrated in Figure 1. We assume that the NodeB begins monitoring the two scrambling codes C1 and C2 at time 0. Assume UE need time T1 to finish reconfiguration, and then switches to the new scrambling code C2. If the NodeB detects the new scrambling code at time T2, then it starts serving the UE. However, if the NodeB doesn’t detect the new scrambling code till time T3, it stops detection and terminate the procedure. 
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Figure 1 Dual Scrambling Codes Detection at NodeB
The time T1 when UE switches to new scrambling code is an unknown variable to NodeB. For fast service cell change, NodeB wants to quickly detect the scrambling code change but not make false alarm. Since the signal strength on the scrambling code can be used as an indication of the presence of the scrambling code, we can compare SIR estimates over the two scrambling codes and use the ratio between them as decision statistics. The method by SIR estimate is simple but very reliable for detecting the change of scrambling codes. The algorithm is described as follows:

· Step 0: Assign some RAKE fingers to monitor both scrambling codes. 

· Step 1: Derive channel estimates over the k-th observation window (see Figure 1) using the two scrambling codes

· Step 2: Estimate the noise variance   

· Step 3: Calculate the SIRs of the two scrambling codes
· If the ratio  
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· Otherwise, 

· If the time reaches T3, terminate the detection procedure.

· Else, move to the k+1-th observation window and go to step 1

The following error events could happen in the detection.
· False alarm: NodeB finds new scrambling code at time T2<T1.
· Miss detection: NodeB still doesn’t detect the new scrambling code at time T3.
4
Analysis of Dual Scrambling Code Detection
The threshold of SIR2/SIR1 must be determined for the purpose of detection. We use simulation method to analyze the threshold and calculate the false alarm and miss detection probability. Obviously, the threshold and performance is dependent on T1 (pre-transition detection time) and T3-T1 (post-transition detection time). The observation window length is also a very important factor in the detection. Detection is more accurate with large window, but delay will increase. In the simulation, we try different settings of T1, T3-T1, and window length m (in unit of slot) to investigate the impact. For simplicity of threshold analysis, we make the following assumptions:

· The observation windows are not overlapping with each other.
· The samples in each observation window are generated by only one scrambling codes. 

The first assumption reduces the problem to the detection of an i.i.d. process. And the second assumption excludes the complication due to the transition phase. Other simulation settings are summarized in Table 1. 
Table 1 Simulation Settings for Dual Scrambling Codes Detection
	Parameter
	Value

	TTI
	2ms 

	Number of Rx Antennas
	2

	Ecp/Nt [dB]
	Practical settings for VoIP

	Channel Estimation
	Realistic

	Pilot Symbols per Slot
	8

	Channel Model
	AWGN, PA3, PB3, VA30

	Receiver Type
	Rake Receiver, 3 fingers per scrambling code

	PC
	One-slot average from the max of two scrambling codes

	Pre-transition time T1
	{60, 48, 30, 12} slots

	Post-transition time T3-T1
	{60, 48, 30, 12} slots

	Observation window length m
	{1, 3, 6} slots


Assuming there are total N consecutive observation windows. Among them, the observation windows 1, 2, .., K belong to the pre-transition period, and observation windows K+1, K+2, …, N belongs to the post-transition period.  Then for certain threshold, the false alarm probability can be written as
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The miss detection probability can be written as
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 are plotted in Annex 1. Given the threshold, the false alarm and miss detection probability of a combination (T1, T3-T1, m) can be derived from the CDF curves and vice versa. For target false alarm probability 1%, the threshold and miss detection probability are given in Table 2 for some combinations. We also have the following observations:

· PF increases as the pre-transition detection time T1 increase due to the fact the more tests the larger the maximal ratios.

· PM decreases as the post-transition detection time T3-T1 increase. The reason is similar as above.

· PF  and PM decrease as the observation window length m increase since the estimate variance on both scrambling codes decreases.
· Observation window length m=6slots yields largest separation of the two batches of CDF curves over all channels.

Table 2 Thresholds for SIR ratio test
	Observation Window

m=6slots
	T1
	8ms
	20ms

	
	T3-T1
	Threshold(dB)
	PM
	Threshold(dB)
	PM

	AWGN
	8ms
	-5.46
	0
	-4.59
	0

	
	20ms
	-5.46
	0
	-4.59
	0

	PA3
	8ms
	0.48
	0.4%
	2.57
	1.7%

	
	20ms
	0.48
	0
	2.57
	0.008%

	PB3
	8ms
	-1.38
	0
	-0.59
	0

	
	20ms
	-1.38
	0
	-0.59
	0

	VA30
	8ms
	-1.33
	0
	-0.30
	0

	
	20ms
	-1.33
	0
	-0.30
	0


From Table 2, we can see that if the UE needs 20ms (T1) to finish reconfiguration, then the NodeB will need to monitor the two scrambling codes for at most 40ms to minimize the miss detection probability. However, in practice, the NodeB can often detect the second scrambling code much earlier. For example, the NodeB can detect on overlapping observation windows. The detection delay CDF is plotted in Annex 2, where we assume the observation window is sliding slot by slot. The mean and 99% CDF of detection delay are summarized in Table 3. We can see the actual detection delay is much less than T3-T1. The total delay for UL acknowledgement is given by
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5
CQI31 Detection Scheme

The CQI31 detection scheme is very similar to the dual scrambling code detection scheme. We still have the time instants T1, T2, and T3 as in Figure 1. However, in this case, unlike a continuous DPCCH, the UE sends a finite number of CQI31 after it begins to send the first CQI31 at time T1. 

The detection scheme can be summarized as follows:

· The NodeB receiver performs a sliding window correlation of the CQI31 across TTI. 

· The length of the window equals the amount of time CQI31(multiples of 2ms TTI)  is sent by UE to NodeB 

· The correlation output is compared against a threshold:
· If the output is greater than a threshold, CQI31 is detected

· If the output is less than a threshold, the window advances by one TTI.

A similar false alarm and miss detection analysis was performed on the CQI31 detection scheme as in Section 4. The false alarm rate and missed detection probabilities are plotted in Annex 3.
The total delay for UL acknowledgement can be similarly given as
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is the amount of time it takes to detect the presence of CQI31 after time T1. Annex 4 contains the delays measured in the simulation for different channel types and CQI31 detection parameter settings.
6
UE to RNC Signaling based UL acknowledgement
An alternative for UL acknowledgement is to send L3 message with EUL channel. The NodeB needs first decode the packet and then forward it to the RNC. RNC will notify the NodeB after it recovers the L3 message. The decoding time depends on the number of retransmissions. For 307 bits packet, the decoding delay CDF is plotted in Figure 2. The mean and 99% CDF of decoding delay are summarized in Table 3. The backhaul delay between NodeB and RNC should be also taken into account. So the total delay is given by
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Figure 2: CDF of L3 Decoding Delay: TBS=307bit, TTI=2ms, 8 HARQ, max 4 Transmissions
The mean and 99% CDF of dual scrambling detection, CQI31 detection, and L3 decoding delay are summarized in Table 3. We can see that both the scrambling code detection delay and CQI31 detection delay are much less than the L3 decoding delay. Considering the additional backhaul delay of 20ms between NodeB and RNC, the UL acknowledgement by changing scrambling code has obvious advantage on the total delay.
Table 3 Mean and 99% CDF of Detection Delay of Dual Scr. Code, CQI31, and L3 Message based signaling schemes
	Methods
	Configuration
	
	AWGN
	PA3
	PB3
	VA30

	Dual Scrambling Codes
	T1=8ms

T3-T1=8ms

m=6slots
	Mean
	2.40ms
	2.44ms
	2.46ms
	2.43ms

	
	
	99% 
	3.14ms
	5.15ms
	3.9ms
	3.48ms

	
	T1=8ms

T3-T1=20ms

m=6slots
	Mean
	2.40ms
	2.44ms
	2.46ms
	2.43ms

	
	
	99% 
	3.14ms
	5.15ms
	3.9ms
	3.48ms

	
	T1=20ms

T3-T1=8ms

m=6slots
	Mean
	2.68ms
	3.27ms
	2.97ms
	2.83ms

	
	
	99% 
	3.32ms
	7.81ms
	5.53ms
	4.22ms

	
	T1=20ms

T3-T1=20ms

m=6slots
	Mean
	2.68ms
	3.32ms
	2.96ms
	2.83ms

	
	
	99% 
	3.32ms
	9.47ms
	5.51ms
	4.22ms

	2 cqi31
	C2P=0dB
	Mean
	3.12ms
	2.46ms
	4.6ms
	3.8ms

	
	
	99% 
	Mdr>1%
	4ms
	Mdr>1%
	Mdr>1%

	
	C2P=2dB
	Mean
	2.48ms
	2.18ms
	3.4ms
	3.0ms

	
	
	99% 
	4ms
	4ms
	Mdr>1%
	Mdr>1%

	
	C2P=4dB
	Mean
	2.18ms
	2.05ms
	2.7ms
	2.54ms

	
	
	99% 
	4ms
	4ms
	Mdr>1%
	Mdr>1%

	4 cqi31
	C2P=0dB
	Mean
	3.16ms
	2.7ms
	3.8ms
	3.26ms

	
	
	99%
	6ms
	6ms
	8ms
	6ms

	
	C2P=2dB
	Mean 
	2.7ms
	2.38ms
	3.1ms
	2.83ms

	
	
	99%
	4ms
	4ms
	6ms
	6ms

	
	C2P=4dB
	Mean
	2.44ms
	2.22ms
	2.75ms
	2.56

	
	
	99%
	4ms
	4ms
	6ms
	6ms

	L3 Message
	2ms TTI

8 HARQ Processes

Max 4 transmissions
	Mean
	30.9ms
	30.4ms
	27.0ms
	23.9ms

	
	
	99% 
	50ms
	50ms
	50ms
	50ms


7
Voice Interruption Delay

One key aspect that should be considered for the enhanced serving cell change procedure is the voice interruption delay, while the UE does HS-DSCH serving cell change. Reducing this voice interruption may be very critical in particular for scenarios such as dense urban, where even a few decoder erasures on the target cell in addition to any on the source cell can cause noticeable artifacts in voice quality.

Figure 3 shows the call flows for the HS-SCCH order based serving cell change procedures presented in [2]. Two options for indicating acknowledgment of serving cell change on the uplink, CQI 31 and scrambling code change, are presented in [2]. One key aspect of the call flows presented in [2] is that after the RNC has asked the Target Node B to send HS-SCCH orders to the UE, signalling is between Target Node B and UE. The typical expected delay in sending HS-SCCH orders, reconfiguration of UE, and reception of scrambling code change (or CQI 31) from the UE is expected to be ~15 msec (mean) to ~20 msec (99 percentile) (based on Table 3).
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Figure 3: Call Flow showing voice interruption delay of UE to Node B signalling

Contrast Figure 3 with the call flow shown in Figure 4. In the call flow of Figure 4, the UE does not use physical layer procedures to indicate acknowledgement of serving cell change. Rather, it sends an RRC message to the RNC. The transmission of the RRC message could take a few H-ARQ transmissions. As an example, for 2 msec, TTI, and assuming an average of 2 or 3 H-ARQ transmissions, the uplink transmission delay will be 18 or 34 msec. With 10 msec TTI, the delay may be 50 msec with 2 H-ARQ transmissons. In addition to this transmission delay, the RRC message goes to the RNC, which lets Target Node B know that the UE is ready to receive data. This takes two trips over the backhaul: assuming 10 msec backhaul delay, this delay is ~20 msec. Thus, the total voice interruption delay in this call flow including expected delay in sending HS-SCCH orders, reconfiguration of UE, transmission delay of RRC message, and delay over backhaul is expected to be ~60 (mean) to ~80 msec (99 percentile) (based on Table 3).

It should be noted that in this call flow, the Target Node B cannot start serving the UE until it receives a message from the RNC confirming that the UE is ready to receive data. Else, If Target Node B schedules too early and UE has not completed cell change, some voice packets may be dropped over the air.
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Figure 4: Call Flow showing voice interruption delay of UE to RNC signalling

If we compare the voice interruption delays of the call flows shown in Figure 3 and Figure 4, we can see that the call flow in Figure 4 will lead to 2-3 extra voice erasures (~40 to ~60 msec extra voice interruption delay). This may lead to noticeable artifacts while performing serving cell change.

Based on the these call flows, we propose that the enhanced serving cell change procedure make use of Node B to UE signalling to reduce voice interruption delay during serving cell change.

Sending of SCC Complete RRC Message: It should be noted that when using CQI 31 to acknowledge serving cell change, our proposal is for the UE to send both physical layer signalling in the form CQI 31 as well as RRC signalling to indicate acknowledgment of serving cell change to the RNC. This has the twin advantages:

· In a very high percentage of cases, the UE-Node B CQI 31 signalling leads to a fast serving cell change procedure with a small voice interruption delay.

· In the event of severe link imbalance, it is possible that UE-Node B signalling may be a little unreliable, which may require UE to send a large number of CQI 31s. In this case, the RRC message gains from soft/selection combining and can be received at the RNC with high reliability, thus reducing the number of CQI 31s required to be sent.

Thus, it is possible to achieve a fast serving cell change in a very high percentage of cases, and for cases with severe link imbalance, serving cell change may be slower (as slow as the UE-RNC signalling case) but still very reliable.

8
Conclusions
We studied the detection performance of the two proposals, namely dual scrambling code and CQI31, for sending UL acknowledgement in the enhanced serving cell change procedure. We showed that either of the two UE to Node B signaling schemes leads to a faster serving cell change compared to UE to RNC signaling, resulting in lesser impact on voice quality. We propose that acknowledgement for serving cell change be in the form of UE to Node B signaling. The dual scrambling code scheme has a couple of advantages over the CQI31 scheme – 1) the DPCCH is a continuous channel and 2) there is no extra overhead channel needed in the dual scrambling code scheme. The CQI31 scheme with C/P set to +2dB offers similar delay performance when compared to the dual scrambling code at the same target SIR.
9
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Annex 1 False Alarm and Miss Detection of Changing Scrambling Code
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Figure 5: AWGN, Ecp/Nt=-25.4dB, m=1slot
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Figure 6: AWGN, Ecp/Nt=-25.4dB, m=3slots
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Figure 7: AWGN, Ecp/Nt=-25.4dB, m=6slots
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Figure 8: PA3, Ecp/Nt=-23.9dB, m=1slot
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Figure 9: PA3, Ecp/Nt=-23.9dB, m=3slots
[image: image18.emf]-20 -10 0 10 20 30 40

10

-4

10

-3

10

-2

10

-1

10

0

PA3, Ecp/Nt=-23.9dB

Threshold for SIR

2

/SIR

1

 (dB)

Pr(FA) and P(MD)

 

 

Pr(FA): (T1=8ms, m=6slot)

Pr(FA): (T1=20ms, m=6slot)

Pr(FA): (T1=32ms, m=6slot)

Pr(FA): (T1=40ms, m=6slot)

Pr(MD): (T3-T1=8ms, m=6slot)

Pr(MD): (T3-T1=20ms, m=6slot)

Pr(MD): (T3-T1=32ms, m=6slot)

Pr(MD): (T3-T1=40ms, m=6slot)


Figure 10: PA3, Ecp/Nt=-23.9dB, m=6slots
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Figure 11: PB3, Ecp/Nt=-23.1dB, m=1slot
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Figure 12: PB3, Ecp/Nt=-23.1dB, m=3slot
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Figure 13: PB3, Ecp/Nt=-23.1dB, m=6slot
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Figure 14: VA30, Ecp/Nt=-22.1dB, m=1slot
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Figure 15: VA30, Ecp/Nt=-22.1dB, m=3slot
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Figure 16: VA30, Ecp/Nt=-22.1dB, m=6slot
Annex 2 CDF of Detection Delay
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Figure 17: CDF of scrambling code detection delay: (T1=12, T3-T1=12, m=6, thres=0.48dB)
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Figure 18: CDF of scrambling code detection delay: (T1=12, T3-T1=30, m=6, thres=0.48dB)
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Figure 19: CDF of scrambling code detection delay: (T1=30, T3-T1=12, m=6, thres=2.57dB)
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Figure 20: CDF of scrambling code detection delay: (T1=30, T3-T1=30, m=6, thres=2.57dB)
Annex 3 False Alarm and Miss Detection of Sending CQI31
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Figur 21: AWGN,  send  2 cqi31. [image: image30.emf]-10 0 10 20 30 40 50 60 70 80
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Figure 22: AWGN, send 4 cqi31. 
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Figure 23: PA3: send 2 cqi31. [image: image32.emf]-10 0 10 20 30 40 50 60 70 80
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Figure 24: PA3, send 4 cqi31
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Figure 25: PB3, send 2 cqi31
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Figure 26: PB3, send 4 cqi31
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Figure 27: VA30, send 2 cqi31
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Figure 28: VA30: send 4 cqi31

Annex 4 CDF of Detection Delay of Sending CQI31

[image: image37.emf]-10 -5 0 5 10 15 20

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

detection delay from T1 [ms]

CDF

Detection Delay CDF: AWGN, cqi31 x2, T1=8ms, T3-T1=20ms

 

 

C2P=0dB

C2P=2dB

C2P=4dB


Figure 29: AWGN, send 2 cqi31
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Figure 30: AWGN, send 4 cqi31
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Figure 31: PA3, send 2 cqi31
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Figure 32: PA3, send 4 cqi31
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Figure 33: PB3, send 2 cqi31

 [image: image42.emf]-10 -5 0 5 10 15 20

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

detection delay from T1 [ms]

CDF

Detect-Delay CDF: PB3, cqi31 x4, T1=8ms, T3-T1=20ms

 

 

C2P=0dB

C2P=2dB

C2P=4dB


Figure 34: PB3, send 4 cqi31
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Figure 35: VA30, send 2 cqi31
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Figure 36: VA30, send 4 cqi31
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