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1. Introduction
At RAN#33, a work item was approved on Enhancements to CELL_FACH state with the following objectives [RP-060619]:

· 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 [R1-062884 and R1-063339], the use of HS-PDSCH in CELL_FACH state was discussed as a possibility for meeting these requirements. As an alternative, enhancement of the existing S-CCPCH was discussed in [R1-063522].

This document summarises the arguments for and against each approach and presents some simulation results relating to the physical layer performance. The conclusion is that the performance and level of benefit of the two schemes is similar.
2. Comparison of HS-DSCH in CELL_FACH state with enhanced S-CCPCH
According to the HS-DSCH based proposal the UE receives HS-SCCH and HS-PDSCH along with a mapping of FACH to HS-PDSCH when the UE is operating in CELL_FACH state, however there is no associated DCH. The Node B schedules HS-DSCH codes for both UEs in CELL_DCH and UEs in CELL_FACH, however for UEs in CELL_FACH since UL CQI is not available the possibilities for channel sensitive scheduling and link adaptation are limited. (It may be possible to obtain limited information on DL average pathloss, shadowing and interference from the RACH measurement reports via the RNC). 
Furthermore, ACK/NACK cannot be transmitted, hence HARQ would have to use automatic retransmissions.

An alternative to the use of HS-DSCH in CELL_FACH state is enhancement of the existing S-CCPCH and sharing the S-CCPCH and HS-DSCH code space. This would require the Node B scheduler to check when codes are being utilised for S-CCPCH and avoid allocating the same codes for HS-DSCH in these instances. The code space sharing would allow for a larger instantaneous S-CCPCH throughput than can be allocated using semi-static code allocations, however to take advantage of the larger available code space either variable spreading factor or multicode would be required for S-CCPCH.

Comparing the two proposals:
· Both proposals would allow shared use of the code space between Enhanced CELL_FACH and CELL_DCH users; with HS-DSCH this sharing would become slightly simpler.
· The HS-DSCH proposal would impact the scheduler and RRM but not the physical layer; the enhanced S-CCPCH would require either variable spreading factor or multicode on S-CCPCH (but would be backwardly compatible to previous releases)
· Both proposals would allow for potentially reduced latency compared to Rel-x S-CCPCH. Fundamentally the latency reduction would come using higher instantaneous throughput. Regarding the TTI length, although the HS-DSCH TTI is smaller than S-CCPCH, in practice several retransmissions are required (with a possibility of early termination at the UE).
· [R1-062884 and R1-063339] claim improvements in state transition between CELL_FACH and CELL_DCH due to the fact that the UE is already configured with HSDPA. 

· For the HS-DSCH proposal, the HS-SCCH overhead will be much larger than for CELL_DCH users, since the Node B may have little information on which to base a power control of HS-SCCH. For the enhanced S-CCPCH, a TFCI will be required but this would entail fewer bits and less overhead than HS-SCCH.
· There will still be a need to support legacy UEs in the system, hence for the HS-DSCH proposal a proportion of the code space will still be required to be reserved for S-CCPCH. With the enhanced S-CCPCH, the full code space would be shared between CELL_DCH HSDPA and CELL_FACH E-S-CCPCH users whilst allowing for backward compatibility.
· HSDPA scheduling is performed by the Node B. In CELL_DCH, the Node B is aware of the UEs measurement occasions. However this is not the case for CELL_FACH, hence for the HS-DSCH proposal there is a risk of the Node B scheduling the user during inter frequency measurements.

In addition to this qualitative comparison, we compared the physical layer performance of the two schemes. The mean amount of Node B power required for supporting 95% and 98% satisfied users in CELL_FACH was considered.
Figure 1 compares the performance of HS-DSCH and E-S-CCPCH when no knowledge of the link conditions is available. The performance is very similar, although 3 HS-DSCH retransmissions are required, which incurs around 15msec more latency than E-S-CCPCH.

If a knowledge of the mean pathloss is available, then the mean required Node B power could be improved in each case, however the relative comparison between HS-DSCH and S-CCPCH would remain the same.

Thus we conclude that in total, the performance difference between the schemes is small.
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Figure 1 Required power for HSDPA in CELL_FACH assuming no initial link knowledge
	Parameter
	Value

	Cell Radius
	933m

	Fading channel model
	VehA, 3km/h

	Propagation and slow fading model
	As UMTS 30.03 urban macro; 57 cell sites; shadow fading 7dB

	Number of TTIs between retransmissions for HSDPA
	5

	HS-DSCH TBS
	1032 bits

	HS-PDSCH codes
	3

	S-CCPCH rate
	128kbps

	S-CCPCH TBS
	900

	S-CCPCH SF
	16


Table 1:  Significant simulation parameters

3. Conclusions

Both utilisation of HS-DSCH and definition of an Enhanced S-CCPCH are viable means of enhancing CELL_FACH and the performance of each is similar. Since the performances are similar and there is no RAN1 impact for HS-DSCH, we agree to HS-DSCH in CELL_FACH as a way forward.
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