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1. Introduction
In RAN meeting #33, a new WI  Enhanced CELL_FACH state in FDD [1] was approved with the following objective:

The objectives of this work item is to provide necessary modifications to Rel7 specifications improving the CELL_FACH state by:

· Increase the available peak rate for UEs in CELL_FACH state, e.g. by utilising HSDPA in CELL_FACH state.

· Reduce the latency of user and control plane in the CELL_FACH, CELL_PCH and URA_PCH state by higher data peak rate

· Reduce state transition delay from CELL_FACH, CELL_PCH and URA_PCH state to CELL_DCH state

· Allow lower UE power consumption in CELL_FACH state by discontinuous reception
In [2], HSDPA usage for FACH transmission is analyzed, with a focus on the achievable throughput gain using HSDPA while the UE is in CELL_FACH state. However, typically the UE does not stay in CELL_FACH for too long, and most of the data transmission is supposed to be carried out in CELL_DCH state. Therefore, the UE may not stay in the CELL_FACH state long enough to benefit from the available HSDPA  transmission in CELL_FACH state. 

On the other hand, one area where the introduction of HSDPA in CELL_FACH state can have a significant impact is the reduction of state transition delays from CELL_FACH, CELL_PCH and URA_PCH state to CELL_DCH state. This contribution numerically assesses the delay of a RRC message used in the transition from CELL_FACH to CELL_DCH state, assuming HSDPA is used in CELL_FACH. The analysis is performed for both cases – with and without initial link adaptation – to provide a comprehensive understanding of the delay performance.
2. Typical RRC State-Transition Message and Mapping to HS-PDSCH
In Table 1, we list several typical state-transition messages (that are traditionally carried on FACH channel), and show how they can be mapped to the HS-PDSCH channel. We follow [2] and use HS-FACH to denote the new channel mapping.  Furthermore, we will focus on the delay performance and Node-B resource consumption of the first message, the CELL Update Confirm message, since this is the message that will be used to move a temporarily inactive UE (i.e. originally in CELL_PCH or URA_PCH state) from CELL_FACH into CELL_DCH state.  The other messages, RRC Connection Setup messages, are used to move an inactive UE from idle to CELL_DCH state..
	
	Message Size 
	Closest  TBS
	TBS+CRC
	No. Codes
	Modulation
	Code Rate

	CELL Update confirm moving UE to CELL_DCH with HS-DSCH/E-DCH 
	360
	365
	389
	1
	QPSK
	0.41

	RRC Connection  Setup with HS-DSCH/E-DCH using default configuration
	424
	425
	449
	1
	QPSK
	0.47

	RRC Connection  Setup with DCH using a default configuration
	280
	281
	305
	1
	QPSK
	0.32

	RRC Connection  Setup with DCH specifying full configuration
	896
	898
	922
	2
	QPSK
	0.48



Table 1: Mapping of typical FACH messages onto HS-PDSCH
3. Simulation Assumptions
	Parameter
	Units
	Value
	Comment

	Number of Rings
	Rings
	2
	

	Total # Cell Sites
	Sites
	19
	

	Sectors (cells) per site
	Sectors
	3
	

	Carrier Frequency 
	MHz
	2000
	

	Inter-site Distance (ISD)
	m
	1732
	Cell radius = 1000m

	BS Antenna Gain & Cable Loss
	dBi
	14.0
	

	Sector Antenna Gain
	dB
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 is angle w.r.t. antenna bore sight. 
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	BS Front-Back Ratio (
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	dB
	20.0
	

	Sector Antenna 3dB Beamwidth
	degs
	70.0
	

	Path Loss Model
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	UMTS 30.03, Section B.1.4.1.3

	Penetration Loss
	dB
	20
	

	BTS Output Power
	dBm
	43.0
	

	MS Noise Figure
	dB
	9.0
	

	Shadowing Lognormal Standard Dev.
	dB
	8.0
	

	Shadowing Inter-site Correl. Coeff.
	
	0.5
	

	Shadowing Intra-site Correl. Coeff.
	
	1.0
	

	Power Control
	
	Disabled
	Maximum power radiated continuously per cell.

	Channel Type
	
	TU 6 path, Ped A
	

	Mobile Speed
	
	3km/h
	

	Receiver
	
	Type-3
	

	UE SINR limit
	
	20 dB
	

	UE Channel Estimator
	
	Sliding-window correlator
	

	Correlator Length
	
	15 CPICH symbols
	3840 chips

	Scheduler
	
	Round Robin
	

	Retransmission Strategy
	
	Quick Repeat
	

	Number of Tx in Quick-Repeat
	
	1,2,3,4
	

	No. TTI between consecutive Tx
	
	5 TTI 
	10ms spacing

	Feedback Type
	
	1. No feedback

2.  Ep/Ioc
	Ep is  pilot power

	Combination of re-transmissions
	
	Chase Combine
	


Table 2: Simulation Assumptions. 

4. Simulation Results

4.1. Coverage in the Absence of Initial Link Adaptation
We first consider the case where no feedback is available for initial link adaptation. The system is virtually working in a ‘broadcast’ mode for HS-FACH channel, and the coverage is a proper measure for performance evaluation. Here, we define a UE is in coverage if the CELL Update Confirm message is received by the UE with less than 1% FER (i.e. message error rate).   To this end, we have plotted in Figure 1 the coverage of this message for both Ped A 3km/h and TU 3km/h channels, as a function of both HS-FACH power allocations and number of transmissions for the message. Note that we have assumed a ‘quick repeat’ type of re-transmission with no ACK/NACK available in the feedback, and the spacing between two consecutive transmissions is fixed at 5TTI’s (10ms). Furthermore, the HS-FACH power allocation in this contribution refers to the power allocation to the first transmission, which stays the same for the subsequent retransmissions for that UE.
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Figure 1: Coverage of the CELL_Update_Confirm  message for Ped A and TU channel. No initial link adaptation assumed.  A UE is in coverage if the message is received with less than 1% FER.
It is observed that for Ped A channel, without quick repeat the coverage cannot reach the target 95% outage level, even if the Node-B assigns 70% of power to the HS-FACH channel that is carrying the CELL Update Confirm message.  Furthermore, the HS-FACH power needed to reach 95% coverage is tabulated below in Table 3 for both Ped A and TU channels at 3km/h. It is observed from the Table 3  that 3-4 transmissions are required to achieve 95% coverage without consuming significant Node-B power resource. The resulting 24-36ms delay is reasonable, since it takes 2 or 3  10ms TTIs (or a total of 20-30ms delay)  to send only  the first transmission of the same CELL Update Confirm message on the conventional S-CCPCH channel. A thorough comparison of delay performance between HS-FACH and S-CCPCH is FFS. In addition, the Node-B can use the CQI information in the feedback to further reduce the power consumption used in transmitting the CELL Update Confirm message, as we show in the next subsection. Note also that some form of common acknowledgement channel might be useful to terminate the quick repeat process.  
	
	1 Tx  
	2 Tx
	3 Tx
	4 Tx

	Delay 
	0ms
	12ms
	24ms
	36ms

	Ped A  (95% coverage)
	n/a
	35%
	19%
	12%

	TU (95% coverage)
	34%
	14%
	8%
	5%


Table 3: HS-FACH power needed to reach 95% coverage.
4.2. Impact of Initial Link Adaptation

A measurement report is typically sent from UE to Node-B when the UE transitions from CELL_PCH to CELL_FACH state. This measurement report is carried on the RACH channel and currently contains link quality information in the form of Ec/Io, or equivalently, the geometry of the UE. This UE geometry information can be used for initial link adaptation. Since there is only one MCS involved in the transmission of the message of interest, by ‘link adaptation’ we mean the Node-B uses the UE geometry information to determine the power allocated to this particular UE.  Note that in our analysis here, and strictly for the purposes of exploring performance in a way that is not necessarily fully practical, we have assumed that the Node-B is also aware of : a) the UE receiver configuration, RAKE or LMMSE, single or dual antenna; b)  the propagation environment, i.e., Ped A or TU, approximate Doppler frequency, etc; and c)  the Node-B has stored link PER performance for various propagation environments. In practice, other means of capturing these statistics would be desirable, and designing a better feedback strategy for initial link adaptation is FFS.
In Figure 2, we plotted the CDF of the required HS-FACH power needed to maintain a 1% FER for all UEs at different locations, assuming that the UE geometry information, as well as the above statistics, are available for initial link adaptation.  Note that a range of 2.5%-70% is imposed on the HS-FACH power allocation in these figures. Also, we have not plotted the Ped A, 1 Tx case since it is clear from Figure 1 that in this case, it is not possible to maintain a 1% FER for all UEs in the cell, given the constraint of maximum allowable HS-FACH power of 70%. 
To clearly illustrate the benefit of initial link adaptation, we extract the average power for HS-FACH from Figure 2, and summarize them in Table 4 below. Note that  the 95% coverage power in Table 3  can be viewed as a fixed power that the Node-B will have to allocate in order to maintain 95% coverage in the absence of initial link adaptation. On the other hand, with initial link adaptation, the power allocated to HS-FACH will vary at the Node-B from one UE to another, and the average power is the average resource Node-B will assign to the HS-FACH channel.  The difference between 95% coverage power and the average power is the savings in Node-B power resource due to the initial link adaptation.
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Figure 2:  CDF of the HS-FACH power with initial link adaptation.  The target UE FER is 1% for all UEs in the cell.
	
	1 Tx  
	2 Tx
	3 Tx
	4 Tx

	Delay 
	0ms
	12ms
	24ms
	36ms

	Ped A (average power)
	n/a
	11%
	6.5%
	4.6%

	TU (average power)
	11.6%
	5.2%
	3.7%
	3%


Table 4: Average  power allocation for HS-FACH channel. 
It can be observed from Table 4 that the saving on Node-B power resource can be significant if the initial link adaptation is properly carried out. For the ‘3 Tx’ case, the HS-FACH power reduced from 19% to 6.5% for Ped A channel,  and from 8% to 3.7% for TU channel. These power savings can be used to support other CELL_FACH or CELL_DCH users in the system and thus improve cell capacity.  Furthermore, it is also observed that ‘3 Tx’ case provides the best trade-off between delay performance and Node-B resource consumption. The power saving by going from ‘3 Tx’ to ‘4 Tx’ is diminishing, and is probably not enough to justify the additional 12ms delay needed with 4 Tx. 
5. Conclusion
This contribution evaluates the delay of a RRC message used in the transition from CELL_FACH to CELL_DCH state, assuming HSDPA is used in CELL_FACH. The delay performance and Node-B power allocation are carefully assessed for both cases with and without initial link adaptation. From these preliminary results we observe that

1. In the absence of initial link adaptation, 3-4  ‘quick repeat’ transmissions is needed to ensure 95% coverage of the message, if Node-B HS-FACH power consumption is to be maintained at a reasonable level. For the example parameters selected here, the resulting delay is 24-36ms.
2. With initial link adaptation, 3 ‘quick repeat’ transmissions seem to provide the best trade-off.  The resulting delay is 24ms. 

3. The Node-B power saving due to initial link adaptation is significant.

4. UE feedback that might be applied for better initial link adaptation, as well as the design of common feedback channel for early termination of ‘quick repeat’,   is FFS.
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