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1. Introduction

DSTTD with Sub-group Rate Control (SGRC) [1]

 HYPERLINK  \l "DSTTD_SGRC_Lisboa" 
[5] has been proposed as a MIMO solution to achieve high single user throughput performance when 4 antennas are available at the transmitter. The performance of this scheme was compared with the DSTTD without SGRC scheme in [1] and with PARC [3] in [5]. In this contribution, we present link level simulations of DSTTD with SGRC over the recently finalized 3GPP spatial channel model. The performance is evaluated for different realizations of the channel randomly obtained using the 3GPP spatial channel model (SCM) [2].

We first briefly describe DSTTD with SGRC and the 3GPP SCM. Preliminary results and conclusions are then presented for different UE speeds, and compared with those for the commonly used i.i.d. Rayleigh fading channel model. 

2. DSTTD with Sub-Group Rate Control (SGRC)

In this scheme, the four transmit antennas are divided into two groups. The data rate of each group is independently adjusted. The two transmit antennas within each group use the same MCS. The receiver employs a detector consisting of a MMSE linear transformation followed by interference cancellation. The group with higher SNR is decoded first.

Unlike PARC where the MCS is chosen on a per antenna basis, in DSTTD with SGRC, the MCS is changed only on a per group basis, thereby requiring less feedback. Similar to DSTTD [6], this scheme is backward compatible with Rel’99 and requires lower complexity.

2.1 Modulation and Coding Scheme (MCS) Selection

A 5-level MCS set is used in the simulations, as shown in Table 1. The criterion for MCS selection is to maximize the throughput for a given geometry such that the target FER is less than 10%. MCS selection is done on the basis of post detection SNR, and is described in [1]. The MCSs are selected at the UE and signaled back to Node B via a feedback channel.

3. 3GPP Spatial Channel Model

The 3GPP spatial channel model, developed by the combined 3GPP-3GPP2 spatial channel ad-hoc group provides antenna arrangements and reference cases for the purpose of evaluation of system performance, and physical parameters, for example, power delay profiles, angle spreads, dependencies between parameters, etc.

The Suburban Macro scenario is evaluated in this contribution. The parameters used in this contribution are listed in Table 2, and are given in detail in [2]. A Matlab implementation [4] of the 3GPP SCM was used for the generating the channel matrices. 

Three realizations of the large-scale parameters are generated using the methodology given in [2]. The distance of the UE from the BS is fixed at 500m. The far scatter option is not turned on. For each of these realizations, time-varying channel matrices are generated for a duration of 1500 frames, and used in the link level simulations. To ensure that the average receive SNR is not biased by the channel model, the power of each element of the channel matrix, averaged over the duration of 1500 frames, is normalized to 1. In this contribution, only the first multipath is considered.

Specifically, let 
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 for the large-scale parameter snapshot 
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. For the 3GPP channel model, it can be easily verified that 
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 is independent of 
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. Then the normalization mentioned above implies that 
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	MCS
	Modulation
	Code rate
	Data Rate (Mbps) (per group)

	1
	QPSK
	¼
	1.2

	2
	QPSK
	½
	2.4

	3
	QPSK
	¾
	3.6

	4
	16QAM
	½
	4.8

	5
	16QAM
	¾
	7.2


Table 1: MCS set
	Channel Scenario
	Suburban Macro

	Number of paths (N)
	1

	Number of sub-paths (M) per-path
	20

	Mean AS at BS
	E(
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	Per-path AS at BS (Fixed)
	2 deg

	BS per-path AoD Distribution standard distribution 
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	Mean AS at MS
	E((AS, MS)=680

	Per-path AS at MS (fixed)
	350

	MS Per-path AoA Distribution
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Table 2: 3GPP SCM parameters [2]
	Carrier frequency
	2.0 GHz

	Spreading factor
	16

	Number of multicodes
	10

	Frame length
	2 ms 

	CPICH power
	10% 

	Ec/Ior
	70%

	Ior/Ioc
	Variable

	UE speed
	3 and 120 kmph

	Fading & correlation model
	3GPP SCM 

	Channel estimation
	Perfect

	Antenna configuration
	4(2

	Feedback delay
	4 slots

	Feedback error
	0%

	Detector
	Iterative MMSE


Table 3: DSTTD with SGRC link level simulation parameters

4. Simulations

The link level simulations of DSTTD with SGRC were generated using the parameters listed in Table 3. A 4 transmit, 2 receive antenna configuration is assumed. 

It can be seen that the the throughput achievable by DSTTD with SGRC over different realizations of the 3GPP SCM is lower than that over the i.i.d. Rayleigh fading channel model. However, for the snapshots considered, the variation in throughput is not significant. For example, at 3 kmph, the maximum variation in throughput is 7.8% about the mean at Ior/Ioc = 4 dB and 6.3% at Ior/Ioc = 8 dB. At 120 kmph, the throughput variation is lesser. At Ior/Ioc = 4dB, the variation is 5.3% and at Ior/Ioc = 8 dB, the variation is 4.6%.
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Figure 1: Link level performance of DSTTD with SGRC for 3kmph UE speed
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Figure 2:  Link level performance of DSTTD with SGRC for 120kmph UE speed

5. Conclusions

Link level simulation results for DSTTD with Sub-Group Rate Control (SGRC) over the 3GPP channel model were presented in this contribution. The performance of DSTTD with SGRC in a 3GPP channel model scenario is poorer than that for the one-path Rayleigh i.i.d. fading scenario. This is a result of reduction in the diversity due to correlation between the channel coefficients. The observed difference in performance indicates that the more realistic 3GPP channel model should be extensively used for MIMO link level performance analyses.  

The variation in single user throughput for the different realizations has been observed to be relatively minor. However, a large sample set of 3GPP channel realizations is required before any definitive conclusions can be made.

6. Future Work

The following issues will be addressed in future work:

1. A comparison between PARC and DSTTD with SGRC over the 3GPP channel model. 

2. A complete simulation that includes all the six multipaths defined in the 3GPP model.

3. Performance evaluation over the Urban Macro and Urban Micro scenarios.

4. Evaluation of link level performance over a larger set of realizations of the 3GPP SCM.
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