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1
Introduction

RAN meeting #33 in September 2006 saw a new WI proposal Enhanced CELL_FACH state in FDD [1] supported by Cingular, Ericsson, Nokia, Qualcomm, Siemens, TeliaSonera, T-Mobile, Vodafone, Three, Motorola [2]. RAN agreed to start the WI and the WI proposal [1] was approved.
The WI sheet states in the WI justification part that:

In light of continuous progress to packet optimised radio together with Node B based scheduling, the use of HSDPA in CELL_FACH state should be investigated to obtain smaller signalling delays and higher bit rate in CELL_FACH state.

Further in the WI objective part it is stated that:

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

3GPP RAN1#46 in Tallinn saw a proposed technique for utilising HS-DSCH in CELL_FACH state [3] and questions were raised on how the concept is actually proposed to operate and what the performance of the system would be.

This document addresses both the L1 level of operation and makes the first performance assessment on how well the HSDPA usage for FACH transmission performs.
 2
Using HSDPA in CELL_FACH

The basic concept is to use HS-DSCH and HS-PDSCH in CELL_FACH state instead of S-CCPCH and FACH. 

The HS-DSCH reception in CELL_FACH state could be considered in following steps:

1) UE reads H-RNTI, and HS-SCCH, and HS-DSCH configuration including L2 parameters (number of HARQ processes etc.) that are used in CELL_FACH state from system information block broadcasted to the cell.
2) UE starts monitoring HS-SCCH and when it detects the H-RNTI indicated in the SIB, the UE decodes the HS-DSCH as in Rel5. Rel5-6 UEs and Rel7 UEs in CELL_DCH would see this transmission as any HS-DSCH transmission to the other UE, thus without backward compatibility issues.
3) UE decodes the MAC-hs packet when CRC is correct. In simplest form HARQ feedback is not used but "Quick repeat" on MAC-hs could be used. In Quick Repeat the Node B just blindly re-transmits the HARQ transmission and new data indicator is used to indicate new or repeated transmission. 
4) Based on MAC-c packet header the UE detects the logical channel type and C-RNTI/U-RNTI if the data is for it or for other UE. Single H-RNTI could be used to address multiple UEs.
The intention is not to have any dedicated connection to the UE in the radio interface and having no need to identify the UE in the Node B. This means that there would be no dedicated HS-DPCCH feedback and thus no fast CQI or dedicated ACK/NACK transmission. The Node B could make a semi-static MCS-selection based on RACH measurement report and this way separate cell edge users and good users and be able to do UE specific link adaptation.

Additionally one could consider introducing a common ACK/NACK channel for better HARQ adaptability and UE-specific H-RNTI (e.g. delivered by the RNC with the data packet in the FP header) would be used the ACK/NACK feedback could be used for fine-tuning the MCS selection as well.
It should be kept in mind that the intention is not to keep an active UE in the CELL_FACH state for a long time, but rather be able to start the data transmission on the CELL_FACH state while getting prepared to move to CELL_DCH state and perform fast CELL_FACH to CELL_DCH state transition when the RNC chooses to do so. The other advantage would be to deliver keep-alive type of messages on CELL_FACH and if coupled with CPC-type DRX operation the UE power consumption with always-on applications could be reduced significantly
3
Simulations
3.1
Simulation parameters
Table 1 Simulation parameters

	Parameter
	Value
	Comment

	Channel model
	Vehicular A, 3 km/h
	

	Cellular layout
	Hexagonal cell grid, wrap-around
	7 Node B’s and 21 sectors

	Cell radius
	933 m
	Corresponds to the BS-to-BS distance of 2 800 m.

	BS total Tx power
	43 dBm
	Corresponds to 20 W.

	CPICH power 
	33 dBm
	

	Max HS-DSCH power
	12 W
	

	Max HS-SCCH power
	0.5 W
	Fixed HS-SCCH power

	UE HS-SCCH receiver
	Error-free
	

	UE HS-DSCH receiver
	single Rx RAKE
	

	Number of HS-PDSCHs
	5
	SF = 16

	Number of HS-SCCHs
	1
	

	HS-FACH users in a cell
	1
	

	HSDPA RLC PDU size
	320 bits
	

	HSDPA scheduler
	Round robin in time
	

	HS-FACH service
	· Physical layer performance simulations: 5 seconds fixed call length (full buffer)
	

	Traffic type:
	70 % of new calls are conversational (DCH) and 30 % are HS-FACH calls.
	DCHs seen as varying DL loading.

	Call arrival process
	Poisson process, mean = 0.005
Mean call length = 120 s

UEs in the system 28 800
	Only one HS-FACH user allowed per cell, others blocked

	MCS set
	Category 12 TFRC table
	See Table 2

	MCS selection
	1. Fixed MCS – no feedback

2. MCS fixed in the beginning of the call based on a single CQI
3. MCS selection based on CQI reports
	In 3 the CQI reporting rate  {200, 500, 1000 ms} emulating RACH reporting

	HARQ mode
	Chase combining
	

	Max # of retransmissions
	{0,1,2,3}
	Fixed number of retransmissions

	ACK/NACK feedback
	No ACK/NACK
	RLC retransmissions used


MCSs are selected from a TFRC table of category 12. MCSs are not optimised to any specific effective coding rate. Table 2 depicts the MCS table used in these simulations.

Table 2 MCS table

	
	Transport block size
	Number of codes
	Modulation
	Theoretical peak bitrate [kbps]
	Effective coding rate

	MCS1-4
	384
	1
	QPSK
	192
	0.400

	MCS5
	384
	1
	QPSK
	192
	0.400

	MCS6
	456
	1
	QPSK
	228
	0.475

	MCS7
	648
	2
	QPSK
	324
	0.338

	MCS8
	792
	2
	QPSK
	396
	0.413

	MCS9
	936
	2
	QPSK
	468
	0.488

	MCS10
	1272
	3
	QPSK
	636
	0.442

	MCS11
	1488
	3
	QPSK
	744
	0.517

	MCS12
	1752
	3
	QPSK
	876
	0.608

	MCS13
	2280
	4
	QPSK
	1140
	0.595

	MCS14
	2592
	4
	QPSK
	1296
	0.675

	MCS15-30
	3312
	5
	QPSK
	1656
	0.690


3.2
Simulation results, fixed MCS based on initial CQI
In the simulated case the Node B receives an initial CQI report and the MCS is fixed according to the feedback over the whole call duration. Cases are simulated with different predetermined number of retransmissions, no ACK/NACK feedback is available in the physical layer. 

Figure 1 illustrates the physical layer throughput when initial information of channel conditions is available. As initial information, averaged (over 100 ms) CQI is used. The Node B adds a correction factor to the received CQI value and this sum is used for the MCS selection. A different correction factor is used for different number of fixed retransmissions. Here -6 dB, -5 dB, -4 dB and -3 dB are used for 0, 1, 2 and 3 retransmission, respectively. 

Figure 2 presents the residual BLER distribution. 
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Figure 1: Physical layer throughput of fixed MCS according to initial channel information.
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Figure 2: Cdf of residual BLER.


Table 3 gathers the cell edge and average physical layer throughputs. Green values indicate the best throughput without any BLER target and yellow ones fulfil the 10 % BLER target. 

Table 3 Physical layer performance

	
	95 % [kbps]
	98 % [kbps]
	Res. BLER 98 % [%]
	Average throughput [kbps]
	Average res. BLER [%]

	0 retransmission
	520
	420
	29.1
	920
	21.7

	1 retransmission
	430
	380
	9.3
	610
	6.9

	2 retransmissions
	300
	250
	5.7
	440
	4.2

	3 retransmissions
	220
	190
	3.6
	340
	2.6


From the results above it can be seen that HS-FACH concept can provide reasonably high cell edge data rates and very good average data rates in the macro cell scenario. The residual BLER could be further lowered if a more conservative MCS selection would be used. This is a question of optimising between the RLC retransmission probability and the achievable data rates. 

3.3
Comparison of selected simulation results
In this section the initial CQI feedback for MCS selection using always one retransmission is compared to different fixed MCSs using different number of retransmissions. For comparison purposes a 32 kbps FACH is shown. As in the previous section there is no ACK/NACK feedback, but the retransmissions are blind, quick-repeat type retransmissions. Cases that can maintain ~10% or lower residual BLER with reasonable data rates have been shown.
The cases compared are:

· Fixed MCS 9, 0 retransmission

· Fixed MCS 10, 1 retransmission

· Fixed MCS 14, 2 retransmissions

· Fixed MCS 14, 3 retransmissions

· Fixed MCS based on initial CQI report, 1 retransmission (one of the cases in chapter 3.2)
· FACH 32 kbps

Figure 3 and Figure 4 show the results. 
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Figure 3: Physical layer throughput.
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Figure 4: Residual BLER.


Table 4 collects both the cell edge and average physical layer performance results. Clear indication is the difference between HS-FACH and normal FACH performance if all HSDPA resources are assigned to HS-FACH. This would of course only be possible in practice if the cell is low loaded, then the HS-FACH can benefit from unused HSDPA resources when the Rel’99 FACH cannot. 
Table 4 Physical layer performance
	
	95 % [kbps]
	98 % [kbps]
	Average throughput [kbps]
	Res BLER 98 % [%]
	Average res BLER [%]

	MCS9, 0 re
	380
	360
	435
	7.5
	6.1

	MCS10, 1 re
	270
	240
	305
	3.9
	3.0

	MCS14, 2 re
	290
	260
	395
	10.4
	8.8

	MCS14, 3 re
	230
	160
	305
	5.9
	5.2

	Init CQI, 1 re
	430
	380
	605
	9.2
	6.9

	FACH 32 kbps
	< 32
	< 32
	~32
	-
	-


5.
Conclusions

With fixed MCS one can achieve good coverage with reasonable low residual BLER (10 %), e.g. ~360 kbps with MCS9 and 0 retransmission, but otherwise has to give up from the high average throughput in a cell. For MCS 9 and 0 retransmission the average throughput is ~430 kbps, a slightly above the cell edge throughput. On the other hand, if one chooses high fixed MCS with low number of retransmissions, the cell edge performance will be very poor. 

With some initial channel state information, the selected fixed MCS is more optimal than blind fixed MCS selection. With this additional channel state information, if we allow residual BLER to be around 10 %, the cell edge throughput is around 380 kbps and at the same time the average throughput is around 600 kbps. The increase in average throughput is significant. 

Clearly it can be seen that even with fixed MCS scheme in use, HS-FACH will have better physical layer performance if full HSDPA resources are in use. One can also calculate what is the minimal portion of the resources in order have the same performance as with FACH. If we take MCS9 with 0 retransmission as an example and look at the 98 % coverage, HS-FACH could be given 1/10 of the HSDPA resources in time domain (360/32 ~10) and still have the same performance as with FACH. It is also worth keeping in mind that the HS-FACH and HSDPA are dynamically sharing the resource and thus one can always use the part of the resource that the other is not using. The Rel’99 FACH has the fixed rate which cannot be increased even if momentarily there is no other traffic in the cell.
Results also show here huge potential for higher bitrates and better coverage if feedback methods could be extended. Next step could be introducing some periodic UE measurement according to which Node B could adjust the MCS in use. A possibility for having some kind of ACK/NACK feedback is also an interesting one and looking into possible performance increase from a simple ACK/NACK method could be worth a study.
In our view using HSDPA in CELL_FACH state shows good potential for better and faster FACH operation which should be visible in lowered state transition times and better end user experience. The benefit of dynamically sharing the same resource between the CELL_DCH and CELL_FACH users is considered to be a big asset over the Rel’99 FACH even if the CELL_FACH users have a very crude or even non-existent mechanism for providing the Node B with any feedback.
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