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1
Introduction

The HS-DSCH serving cell change performance when SRBs are mapped on HS-DSCH has been discussed in the last few meetings in RAN WG2. These discussions concluded on few changes to Rel6 specifications [1], [2], [3], where first two CRs were introduced to enhance RRC signalling and reduce procedural delays, as the third CR was introduced to avoid data loss during HS-DSCH scheduling cell change by allowing bi-casting in UM-RLC.  In addition to these changes, CRs in [4] and [5] were introduced to modify downlink power control command setting in UE and radio link failure criteria in UE when F-DPCH is used. 

Regardless of these enhancements there has been contributions claiming that the mobility in terms of network capability to perform HS-DSCH serving cell changes is not sufficient. In this contribution we analyse HS-DSCH serving cell change performance based on Rel6 specifications and present our conclusion on this matter. 

The contribution is organised as follows: In Section 2 the HS-DSCH serving cell change signalling and the procedural delays are analysed, in Section 3 the simulation results by using procedural delays are presented and finally in Section 4 the conclusions and recommendations are given.

2
HS-DSCH serving cell change procedure

In the Figure 1, the signalling flow for synchronous HS-DSCH serving cell change is presented. The figure and procedural delay components presented in Table 1 are based on the assumptions that E-DCH with 10 ms TTI is used in uplink for SRBs. In addition Node B scheduler for both HSUPA and HSDPA is made aware that SRBs are transmitted by using E-DCH and HS-DSCH by using specific SPI values so that downlink scheduling delays are minimal and robust link adaptation is used for downlink SRB messages. This way there is no need for RLC level retransmissions and only a small number of L1 HARQ retransmission would be needed for RB reconfiguration messages allowing more aggressive setting of activation time.

Table 1: Procedural delays of HS-DSCH serving cell change 

	Procedure
	Delay (ms)
	Cumulative 
Delay (ms)
	Comments
	Reference time point in Figure 1

	RRC: Measurement report
	30 
	30
	Message transmitted in single TTI with sufficient power to provide low initial BLER level
	T2-T1

	NBAP: Radio link reconfiguration
	50 
	80
	Optimisations in Iub assumed.  Radio link reconfiguration delay of 50 ms is assumed by using pre-configurations in Node B.
	T3-T2

	RRC: Radio Bearer reconfiguration 
	110 
	190
	Shortened UE processing time and robust HARQ transmission take in to account when setting the activation time
	T4-T3

	RRC: Radio Bearer reconfiguration complete
	NA
	190
	UTRAN does not to receive receives complete before activation time 
	NA

	Total: 
	
	190 ms
	
	


In addition, the β-factors used in the uplink for MAC-d flows carrying SRBs are tuned for low initial transmission BLER level in HARQ. As E-DCH transmission is tuned to very robust mode, i.e. the BLER of initial transmission of RRC measurement report is less than 10 %, indicating that in more than 90% of cases the 190 ms indicated in the Table 1 would be the total delay. 

Finally it should be noted that even if the RNC needs to modify the UE's active set simultaneously with the serving cell change, it would not introduce any extra delay due agreed enhancement in [1], and if UTRAN would prefer utilisation of unsynchronised HS-DSCH serving cell change it could provide somewhat smaller procedural delays.
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Figure 1: Synchronous HS-DSCH serving cell change

3
Simulation results

Analyses of changes in radio conditions

First of all we analyzed what kind of changes in radio conditions are expected between the time moment of the UE reporting the change of the best cell and the UTRAN being able to transmit the RB reconfiguration message on HS-DSCH for the HS-DSCH serving cell change. The Figure 2 presents the 90% quantile of the shadow fading power gradient, when HS-DSCH serving cell change is pessimistically assumed to take 300 ms. Figure 2 shows that 90% of the cases the DL fading condition changes at most 1.8 dB in 300ms for UE having speed of 100kmph. The reason for this is the small change in the path loss even for the worst case situation (high velocity user moving straight away from the base station). This change seems to be sufficiently insignificant, when considering Add_Window 3dB, Drop_Window –6dB, trigger to HS-DSCH serving cell change –2dB, and the fact that RRC: Physical Channel Reconfiguration message can be send by using a small TFRC of HS-DSCH.
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Figure 2: The shadow fading power gradient within a 300 ms period (HO signaling delay) 

Simulation setup

System simulations verifying the HS-DSCH serving cell performance were run based on the assumptions listed in the appendix. In summary following assumptions where used: Standard macro cellular network topology with 3-sector sites, with Site-to-site distances of 2800 m and 1000 m. Both UE speeds of 3kmph and 120 kmph where evaluated. The u-plane traffic was standard VoIP with a voice encoder source rate of 12.2 kbps, i.e. 38 bytes per VoIP packet per 20 ms. 

In the simulation the HS-DSCH serving cell change was not performed in most optimum way as the target cell must be in the user’s active set before introducing the HS-DSCH serving cell change. Thus optimized ASU not yet used in simulation. The serving HS-DSCH cell change trigger was based on P-CPICH Ec/No and the target cell must be 2 dB stronger than the source cell to trigger serving cell change, and the handover delay of 200 ms is used in presented results.

In simulation we used following network configuration and power allocation:

· In addition to HS-PDSCH codes and associated DPCH, or F-DPCH codes, we allocate the following codes: 
P-CPICH SF256, P-CCPCH SF256, S-CCPCH SF64, AIC SF256, PICH SF256, 4xH-SCCH SF 128.

· Node B power allocation: 

· Max Tx power per cell: 43 dBm (20 W)

· P-CPICH: 33 dBm (2 W)

· Other common channels: 30 dBm (1 W)

· HS-PDSCH: 40 dBm (10 W)

· Average for 4 x HS-SCCH power: 33 dBm (2 W)

· Average A-DPCH / F-DPCH power: 30 dBm (1 W)

· Average total Node-B power per cell: 42 dBm (16 W)

With the above power allocation 4 Watts are reserved for Node B power headroom.

Cost of reliable RRC signaling during cell change 

As mentioned above, in the simulation the HS-DSCH serving cell change was not performed in the most optimum way. In addition the RLC PDU and HS-DSCH TB size was not optimized for RRC signaling, but RLC size of 336 bits used for HS-DSCH transmission. 
As the Node B was made aware of the SRB mapped on specific MAC-d flow, messages were transmitted without no extra Node B scheduling delay on HS-DSCH using a single code and a target BLEP of 1%, giving with two H-ARQ retransmissions the success rate of 99.99% for HS-DSCH serving cell change. The Figure 3 presents the CDF of required transmission power to obtain BLEP target for SRB transmissions  for the case of 3km/h and 120km/h (ITU Vehicular-A profile assumed). 
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Figure 3: CDF of required transmission power to obtain BLEP target for SRB transmissions on HS-DSCH for the case of 3km/h and 120km/h (ITU Vehicular-A profile assumed).

From the Figure 3, one could note that high reliability can be achieved for the HS-DSCH transmission in Node Bs power budget of 10 Watts, without using the 4 W power headroom. 
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Figure 4: CDF of required transmission power for single HS-SCCH code for the case of 3km/h and 120km/h (ITU Vehicular-A profile assumed).

As the UE needs receive correctly the HS-SCCH transmission before it can receive the RRC messages on the HS-DSCH, power consumption of HS-SCCH was analysed. 

The Figure 4 presents the CDF of required transmission power for single HS-SCCH code for the case of 3km/h and 120km/h (ITU Vehicular-A profile assumed), when the outer loop power control functionality to was tuned to ensure an error reliability of the HS-SCCH of 1-2%. When comparing the average power allocation of 2 Watts for HS-SCCH and the required power, one could note that high HS-SCCH reliability can be achieved by conservative power allocation for HS-SCCH when SRBs are transmitted.

4
Conclusions

The findings from the high velocity system level simulation studies can be concluded by following:

1) SRB transmission can be made reliable even at high UE velocity (e.g. no stability problem). Nor the used serving cell delay is seen as upper bound for the reliable HS-DSCH serving cell change procedure. 

2) At high velocity, the HS-DSCH link adaptation algorithm starts to suffer and we become SINR limited rather than code limited. This reduces HS-DSCH VoIP capacity regardless of HO design.

In final conclusion: A reliable HS-DSCH cell change can be ensured with F-DPCH and SRB on HS-DSCH concept. At low mobility scenarios, the SRB transmission overhead on HS-DSCH is marginal, and introduction of F-DPCH gives significant gains.

Therefore, we believe that targets of WI RT services over HSDPA and HSUPA has been achieved from mobility point of view. 
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Appendix: Simulation Assumptions

1. Network Parameters

	Parameter
	

	UMTS BS Nominal TX Power [dBm]
	43

	P-CPICH Tx Power [dBm]
	33

	UMTS BS Overhead TX Power [dBm] including paging, sync and P/S-CCPCH
	30

	UMTS UE TX Power Class [dBm]
	21

	UMTS UE Noise Figure [dB]
	 

	BS Antenna Gain [dBi]
	15

	MS Antenna Gain [dBi]
	0

	Shadowing Standard Deviation [dB]
	8

	Path Loss Model
	UMTS

	Site to site Correlation
	50 %

	Other Downlink Losses [dB]
	8

	UMTS BS Antenna
	 

	    Pattern
	per TR 25.896 v6.0.0 A.3.1.1

	    beamwidth [degrees]
	70

	Propagation Channel Mixture
	One channel profile at time, ITU VehA used by default

	
	

	
	

	
	

	
	

	Ec/Io Admission Threshold
	Not used

	Number of Node Bs
	 

	Cell layout
	3-Cell Clover-Leaf

	Inter-site Distance [m]
	2800, 1000

	Frequency
	2000 MHz


2. Traffic assumptions

	Parameter
	

	User-Plane Traffic Model
	100 % VoIP

	    Vocoder Type
	AMR 12.2

	    Vocoder Voice Model
	Markov Process with 50% activity

	Overhead : RTP payload (AMR bandwidth efficient mode)
	31 bytes = 248 bits

	
	

	
	

	
	

	Overhead: RTP/UDP/Ipv6 uncompressed header
	 

	Overhead: RLC-UM
	2 bytes

	
	

	
	

	ROHC
	5 bytes R-0-ACK (including UDP checksum).

	
	

	
	

	
	

	
	

	
	

	ROHC
	Resynchronization ignored

	
	

	RTCP
	Not modelled

	SIP
	Not modelled

	SID Frames
	Not transmitted

	Effective Data Rate with no RTP layer aggregation
	15.2kbps

	MAC-d PDU Size
	 38 bytes = 304 bits (one speech frame per MAC-d PDU)

	
	

	
	


3. Other assumptions

	Parameter
	

	UMTS Time Modelled [s]
	600

	Number of Simulation Runs for Statistics Collection
	1

	UE Category
	5

	Receiver Type
	Rake without receive diversity

	
	

	E-DCH Overhead Modelled Explicitly
	Not modelled

	F-DPCH Modelled
	Modelled 

	HS-SCCH Channel Model
	 

	     Number
	Depends on loading

	     Errors Impact HS-DSCH Decoding
	Yes

	     Power Allocation
	Dynamic

	(Resource Allocation Algorithm)
	Round Robin

	Mobility Model

(Resource Allocation Algorithm)
	Dynamic simulator used

	Handover Delay Model


	A fixed delay starting from Event 1D



	
	

	
	

	
	

	
	

	Handover Delay [ms]
	200
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