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1. Summary

This contribution considers the performance of release ’99 closed loop diversity methods on the HS-SCCH.  We report on HS-SCCH performance, providing link level simulation results of open loop and closed loop transmit diversity schemes when used with or without channel quality scheduling (“multiuser diversity”) for a single path Rayleigh channel.  We demonstrate that:

· Closed loop transmit diversity mode 2 can significantly reduce the required power allocation of the HS-SCCH relative to single antenna transmission and STTD at pedestrian and moderate vehicular speeds as well as when a single or multiple users are served.

· The speed performance of release ’99 based closed loop transmit diversity mode 2 seems better than that of [1].  This is probably due to the continuous feedback of the FBI bits in release ’99, which enables the use of progressive refinement techniques [2].

2. simulations

Simulations of the HS-SCCH on a single link were run with various transmit diversity configurations.  The number of data bits, channel coding, and rate matching, are those from the most recent version of TS 25.212 [3]. We examine the frame errors of both part 1 and 2, but do not explicitly simulate the user specific CRC in part 1, or perform the CRC check in part 2.  

We show the key parameters used in the simulation in Table 1.  A single transmit antenna, STTD, and closed loop transmit diversity (or “TxAA”) mode 2 (1-bit gain, plus 3-bit phase) were simulated. All users were simulated and tracked independently. A flat fading channel model with i.i.d. Rayleigh fading for all rays is used for illustration.  Note that results in multipath and with vehicular speeds for Tx diversity on the HS-PDSCH are given in [4].

Table 1. Important Simulation Parameters

	Parameter
	Value

	Geometry (Ior/Ioc) for All Users:
	0 dB

	Channel
	1-Path Rayleigh, Uncorrelated Antennas, Generated with filter based fader [5]

	Mobile Speed
	3 and 30 km/h

	Number of Users
	1 or 4

	User Scheduling Criterion
	Max C/I

	Power Control
	None

	Allocation Step Size
	0.5 dB

	Number of HS-SCCH Frames Simulated
	10,000

	Feedback Delays
	User Selection:

 measure in HS-SCCH subframe n; apply in subframe (n+1)

TxAA: 

measure in slot n; apply in slot (n+1)

	TxAA & User Selection FB Error
	0%

	TxAA Update Technique
	Progressive Refinement

	Channel Estimation
	Ideal

	Channel coding
	Rate ½, K=9, Convolutional

	Bits per HS-SCCH Part
	Part1: 8 data, 8 tail

Part 2: 13 data, 16 CRC, 8 tail


We assume a single HS-SCCH is used to serve all users, and all these users are at the same Ior/Ioc (“Geometry”).  This maximizes the diversity effect of scheduling, limiting the benefit of diversity from other sources, such as transmit diversity.  (Note that multiuser diversity does not provide antenna gain, and so the antenna gain provided by closed loop transmit diversity is still beneficial as the number of users rises.) 

Simulation results are given in Figures 1 and 2.  Results are given at 3 and 30 kph, and for 1 and 4 users
. The average FER (for the whole HS-SCCH subframe) is plotted against transmitted Eb/Ioc
.  Curves are given for 1 antenna, STTD, and TxAA mode 2.  We observe:

1. Multiuser diversity can have a dramatic effect on allocation.  STTD and TxAA have gains from multiuser diversity of more than 8 dB (at 1% FER and 3 kph), and the single antenna case is probably a few dB higher than that
.  We should emphasize that these gains are for conditions favorable to multiuser diversity. 

2. TX Diversity still provides benefits even in the presence of multiuser diversity.  With 4 users being scheduled, STTD provides on the order of 1 dB, while TxAA gain over 1 antenna is around 4 dB at 1% FER for 3 kph.  Gains over 1 antenna are similar for 30 kph.

3. TxAA shows some degradation due to speed at 30 kph relative to STTD for the single user case, but significantly less degradation for the multiuser case.  At 1% FER, TxAA shows around 3 dB gain over STTD at 3kph for one user, but at 30kph the single user case only has around 1.5 dB.  When 4 users are present, the TxAA gain over STTD is about 2.5 dB.  We hypothesize that multiuser diversity is selecting users whose channels have slower rates of change, since fading signals tend to change most rapidly near a fade.

4. The significant loss of TxAA speed performance of [1] is not observed.  We expect this is because [1] used a method that fixed the TxAA weights over an entire HS-SCCH subframe, and had larger feedback delays.

3. Conclusions

· Transmit diversity can provide an additional gain over the use of a single antenna, even in the presence of multiuser diversity.  Closed loop transmit diversity mode 2 and STTD gains of around 4 and 1 dB were observed, respectively, at slow speeds.  

· Closed loop transmit diversity mode 2 performance is relatively well maintained at 30 kph, especially in the multiuser case.
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[image: image1.wmf]Figure 1: Link simulation results comparing TxAA, STTD, and 1 Antenna (3 kph)

[image: image2.wmf]Figure 2: Link simulation results comparing TxAA, STTD, and 1 Antenna (30 kph)
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HS-SCCH FER vs. Transmit Eb/Ioc, 30 kph flat fading
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HS-SCCH FER vs. Transmit Eb/Ioc, 3 kph flat fading








�  Note that the allocation step size of 0.5 dB adds some granularity to the performance results.


� Transmit Eb/Ioc is computed from average allocation as: Transmit Eb/Ioc = Allocation x (3.84e6/(1500/3*(8+29))).


� Our simulations did not include high enough allocations to achieve 1% FER for the single antenna case.  However, this allocation would be impractically high.





