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1. Introduction

Different multi-input multi-output (MIMO) schemes have been proposed and evaluated for HSDPA. The code reuse VBLAST (CR-VBLAST) scheme was proposed by Lucent [1,2] for systems with 2 and 4 transmit antennas. A closed-loop transmit adaptive array (TxAA) scheme similar to that from release 99 was considered in [3]. The STTD scheme for 2 transmit antennas and the double-STTD (DSTTD) scheme utilizing 4 transmit antennas were proposed by Texas Instruments in [4,5]. The above MIMO schemes have been evaluated and compared in contributions [1-5] in terms of frame error rate (FER). In [3,4,5], it was demonstrated that:

· For systems employing 2 transmit antennas, the performance of CR-VBLAST (with ML detectors) is close to STTD (with simple MRC detectors) in IID flat fading channels. In addition, CR-VBLAST is significantly more sensitive to spatial correlation than STTD.

· For systems employing 4 transmit antennas, DSTTD outperforms CR-VBLAST virtually in all scenarios (different data rates, channel conditions). DSTTD is more robust to spatial correlation and backward compatible to release 99 (STTD). In addition, DSTTD allows the use of 2 receive antennas, which is not the case for CR-VBLAST.

In [6], Lucent proposed the per antenna rate control (PARC) scheme, which is essentially a multimode solution consisting of the code reuse Horizontal BLAST (HBLAST) with iterative detection-decoding and selection transmit diversity (STD) schemes with numerous MCS levels. The performance of (2,2) 32-level PARC was compared to (2,2) 6-level STTD in terms of single-user throughput. Single-user throughput was proposed by Lucent as a measure of link level performance. The comparison between 4-TX-antenna PARC (with 32 and 64 levels for 2 and 4 RX-antennas, respectively) and DSTTD (with fewer levels) was also given. It was shown that the PARC systems achieve higher single-user throughput compared to STTD and DSTTD systems in single-path IID channels and 3-kmph mobile speed. Zero feedback error for MCS selection at the UE is assumed. Essentially, the gain of PARC systems as shown in [6] is due to the granularity of the MCS levels. 

In this contribution, single-user throughput simulation results are presented for various (2,2) scenarios. We compare the performance of STTD, PARC with different levels, and two closed-loop transmit diversity schemes: STD and TxAA. While Lucent’s contribution in [6] considers only the lowest UE speed of 3-kmph, this contribution also addresses 30-kmph and 120-kmph UE speeds, which are also used for HSDPA (as given in TR 25.848). We have chosen single user throughput as the criterion for comparison because [6] employs it for proposing the PARC system. Ultimately system level throughput simulations using different schedulers will have to be done to compare the performance of the different schemes.
We demonstrate that (see Table 7 for comparison details):

1. Performance: TxAA is the best scheme for low UE speed.  For high UE speed, STTD is the best scheme. This suggests that a good solution for (2,2) systems is TxAA for low UE speed and STTD for high UE speed. This TxAA/STTD scheme outperforms PARC. Some discrepancies exist in Lucent’s simulation results presented in [6].

2. UE Complexity: Our solution incurs much lower UE complexity than PARC in terms of million operation per second (MOPS) and in terms of UE memory requirements.

3. Compatibility with release’99: Our solution is the same as release 99, where open-loop (STTD) and closed-loop (TxAA) schemes are used interchangeably depending on the UE speed and some other conditions. 

4. Uplink signaling and MCS selection same as release’5: The same uplink signaling for (1,1) release’5 HSDPA can be used for TxAA/STTD. Similarly, MCS selection for TxAA/STTD can be done in exactly the same way as the (1,1) release’5 HSDPA. On the other hand, PARC will need additional uplink signaling and MCS selection for PARC may have to be done at the mobile, making it incompatible with release’5 signaling and MCS selection procedures.
5. (2,1) scenario: Our solution is applicable for (2,1) scenario without any change at the transmitter. Note that PARC is not applicable for (2,1).

Hence the release’99 based TxAA/STTD is a better solution compared to PARC for (2,2) MIMO systems in terms of throughput performance, MIPS requirement, memory requirement and backward compatibility with release’5 in terms of uplink signaling and MCS selection procedures.
2. TxAA/STTD scheme for systems with 2 transmit antennas

For HSDPA systems with 2 transmit antennas, we use the following solution:

· Closed-loop TxAA for low UE speed, and 

· STTD for high UE speed. 

We term this solution the TxAA/STTD scheme.

This solution is basically the release 99 solution with the following main differences:

1. Adaptive MCS is used in HSDPA, whereas release 99 only uses QPSK modulation.

2. One or two receive (UE) antennas can be used in HSDPA. Only one UE antenna was considered in release 99.

3. Mode 1 uses 1 phase bit with rotation and filtering and mode 2 uses 1 magnitude and 3 phase bits. We propose to change Mode 2 TxAA with 1 amplitude bit and 2 phase bits for HSDPA. In release 99, a two-mode TxAA is used. Release 99 mode 1 can be used in release 5 without any change. 

Note that the proposed TxAA mode can be further improved from using the phase rotation and filtering technique as in mode 1 release 99 TxAA. However, this technique is not considered in this contribution. Also, the switching between STTD and TxAA can be done in the same manner as in release 99. 

3. Comparison with PARC 

In this section, we compare TxAA/STTD with 2 TX-antenna PARC proposed in [6].

Performance and Applicability
We will demonstrate in Section 5 that the TxAA/STTD scheme outperforms PARC in terms of single-user throughput vs. Ior/Ioc. This measure is used by Lucent in [6] to compare different MIMO schemes with possibly different sets of MCS’s. In particular, it is demonstrated that for different values of UE speed (3, 30, 120 kmph):

· TxAA/STTD outperforms PARC by up to 4-dB within the Ior / Ioc region of interests. 

· TxAA/STTD is more robust to feedback delay. The performance of PARC rapidly degrades as the UE speed increases. This is mainly due to the sensitivity of CR-HBLAST to the wrong MCS selection.

Note that the TxAA/STTD scheme is also applicable for (2,1) scenarios (1-antenna UE). No change is needed at the transmitter. While STD is also applicable in this case, CR-HBLAST with 2 TX-antennas requires 2 RX-antennas. This renders PARC inapplicable for (2,1) scenarios, unless CR-HBLAST is not utilized. Simulation results for (2,1) scenarios can be found in a companion document from Texas Instruments [7].

Complexity

In this contribution, we discuss two aspects of the UE complexity: computational and memory requirements. The UE computational requirement determines the UE power consumption, while the UE memory (buffering) requirement solely dictates the size of the UE chips.

Closed-loop transmit diversity schemes such as STD and TxAA have approximately the same computational complexity as STTD. The receiver computational requirements of (2,2) CR-VBLAST with IMMSE detector as well as (2,2) STTD have been analyzed in [4]. It was shown that for the same data rate (10.8 Mbps assuming SF=16 and 10 codes):

· (2,2) STTD requires 64 Mreal operations/sec.

· (2,2) CR-VBLAST requires 106 Mreal operations/sec.

Thus, the UE computational complexity of (2,2) CR-VBLAST is approximately 65% higher than (2,2) STTD. Since the detector for CR-HBLAST and CR-VBLAST are similar except for the decision feedback generation, we can safely assume that the computational complexity of (2,2) CR-HBLAST is approximately 65% higher than (2,2) STTD. Hence, the UE computational requirement of (2,2) PARC is approximately 65% more than (2,2) TxAA/STTD.

The UE memory requirements for closed-loop transmit diversity schemes are approximately the same as STTD, which in turn is the same as (1,1) system. Both STTD and CR-HBLAST require the Chase combining buffers for the highest data rates, for HARQ operations. However, additional buffering for CR-HBLAST is needed to accommodate the 2-layer and/or post-decoding detection process. To analyze the memory requirement for (2,2) STTD and CR-HBLAST, we assume the highest modulation level for each scheme. For STTD, the highest modulation scheme is 64-QAM, whereas for CR-HBLAST it is 16-QAM. The following assumptions and facts are used:

· Four stop-and-wait (SAW) HARQ channels are used.

· HBLAST transmits 2 data streams, whereas STTD transmits only 1 data stream to achieve the same effective data rate.

· Chase combining HARQ is assumed, because as agreed in WG1#21, the memory buffer requirements would be determined by Chase combining for the highest data rate

· 2x chip rate processing is done at the UE.

· The maximum number of codes (14) is used.

· Post-decoding detection (iterative detection-decoding) algorithm is used for CR-HBLAST as proposed in [6]. The algorithm is implemented serially.

The analysis is shown in Table 1(a) and (b): 

Table 1(a). Memory requirement analysis for (2,2) STTD.

	(2,2) STTD
	
	Buffer size

	 
	 
	 

	TTI length (s)
	0.00200
	 

	Symbol rate (SPS)
	240000
	 

	Number of codes
	14
	 

	SAW channels
	4
	 

	I,Q
	2
	 

	64 QAM bits
	3
	 

	 
	 
	 

	Total chase comb. buffer (Kbytes)
	 
	161 Kbytes


Table 1(b). Memory requirement analysis for (2,2) CR-HBLAST with post-decoding detection.

	(2,2) CR-HBLAST
	
	Buffer size

	Chase combining buffer
	 
	 

	TTI length (s)
	0.00200
	 

	symbol rate (SPS)
	240000
	 

	Number of codes
	14
	 

	SAW channels
	4
	 

	I,Q
	2
	 

	16 QAM bits
	2
	 

	Number of streams 
	2
	 

	 
	 
	 

	Total chase comb. Buffer (Kbytes)
	 
	215

	 
	 
	 

	PARC chip level buffer
	 
	 

	TTI length (s)
	0.00200
	 

	chip rate
	3840000
	 

	sampling rate (X chip rate)
	2
	 

	I,Q
	2
	 

	Number of antennas
	2
	 

	Number of TTI's for processing
	3
	 

	Total front end buffer (Kbytes)
	 
	92

	 
	 
	 

	Re-encoded data buffer (Kbytes)
	 
	31

	 
	 
	 

	 
	 
	 

	Total buffer (Kbytes)
	 
	338 Kbytes


The results show that:

· (2,2) STTD requires 161 Kbytes of buffer.

· (2,2) PARC requires 338 Kbytes of buffer.

That is, the memory requirement for (2,2) CR-HBLAST is more than 2 times the memory requirement for (2,2) STTD.

For PARC, in addition to the extra computational and memory requirement, the UE requires a Turbo encoder when post-decoding detection is used. This is not needed for TxAA/STTD. 

Signaling requirements

For systems with 1 transmit antenna, to enable MCS selection at the base station an SIR estimate needs to be sent from the UE to the base station via an uplink signaling channel. Currently, a low SIR update rate is considered, and hence the accuracy of SIR estimates can be poor especially for moderate to high UE speed.  Different SIR updating techniques have been considered, such as using dedicated TPC bits to improve the accuracy of SIR estimates. The SIR value serves as a metric for MCS selection. For TxAA/STTD, similar SIR metrics can be defined making these schemes backward compatible with MCS selection for (1,1) systems. The metrics can be defined as follows (for a single-path channel, the extension for multipath channels is straightforward):
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is the Q ( 2 channel matrix, Q is the number of receive(UE) antennas, and hq is the 2 ( 1 channel vector corresponding to the q-th UE antenna. In (1), S denotes the set of possible TxAA weighting vectors (in the proposed scheme, the size of S is 8). This SIR can be computed at the UE and sent to the base station for MCS selection via the uplink signaling similar to (1,1) HSDPA systems. The SIR estimates can still be updated using the dedicated TPC bits as in systems with 1 transmit antenna. For TxAA, in addition to the SIR estimate, the choice of weighting vector also needs to be sent to the base station. This weighting vector can be sent using the uplink DPCCH channel to release’99. Thus, no extra uplink signaling is required for the TxAA/STTD systems over the (1,1) HSDPA systems. Thus, the TxAA/STTD are completely backward compatible with (1,1) HSDPA systems. On the other hand, for PARC, two different SIR metrics are used for MCS selection. Each SIR metric represents the MCS selection for one transmit antenna (see [6]). This poses some difficulty both in sending back the SIR metrics and updating the SIR estimates. The two SIR metrics can actually be sent back via the designated uplink channel. However, this comes at the expense of an increased delay per metric. In addition, the dedicated TPC bits cannot be used to update the SIR estimates. This is because the TPC commands cannot be directly related to the SIR metrics for PARC systems. These two factors render the per antenna SIR estimates for PARC systems inaccurate when MCS selection is performed at the base station. Hence, it seems that a more practical way for PARC systems to perform MCS selection is at the UE.

When MCS is selected at the UE, the resulting selection (instead of the SIR values) is signaled to the base station via a feedback channel. This is applicable for both TxAA/STTD and PARC schemes. In this case, the number of feedback bits required for signaling the MCS selection to the base station is proportional to the log of the number of MCS levels. Since, the feedback delay is proportional to the number of feedback bits, it is proportional to the log of the number of MCS levels. 

Based on the above facts, we summarize the number of additional feedback bits required for each scheme relative to release 5 (or release 99) in Table 2 below. For STTD and closed-loop transmit diversity schemes, we assume that MCS selection is done at the base station. Note that this is not feasible for PARC. For closed-loop transmit diversity, additional feedback bits are not required since an uplink DPCCH channel is available from release 99. This uplink DPCCH channel reserves 1 bit for feedback information (FBI) bit, which is used for release 99 TxAA.

Table 2. Uplink signaling requirements: Additional number of feedback bits required for proposed (2,2) MIMO scheme over (1,1) release 5 HSDPA systems

	Scheme
	Required additional number of feedback bits over (1,1) systems

	6-level / 7-level STTD
	0

	6-level / 7-level STD
	0 

	6-level / 7-level TxAA
	0

	8-level PARC (MCS selection)
	3 

	16-level PARC (MCS selection)
	4 

	32-level PARC (MCS selection)
	5


4. Simulation Assumptions

The following simulation parameters are considered in this contribution. Note that we assume an IID channel model, where code reuse schemes perform the best. For comparison purposes, we assume for all schemes that MCS selection is performed at the UE and signaled to the base station. We also considered two different feedback delays (4 and 7 slots) to explore the possibility of having a different number of feedback bits as discussed in Section 3. The 7-slot delay assumption was used in [6] for PARC as well as STTD. Since STTD uses no more than 7 MCS levels, the amount of delay should be less than 32- and 16-level PARC. The same holds for TxAA or STD, which use the same MCS set as STTD. In this contribution, we assume the same amount of feedback delay for all the schemes under comparison (STTD, TXAA, STD, and PARC). Note that this gives some benefits to 32- and 16-level PARC, especially for higher UE speed.  

Table 3. Simulation parameters.
	Spreading factor
	16

	Number of multi-codes
	10

	Frame length
	2.0 ms (3-TS) 

	Ec / Ior
	70 %

	Fading model
	1 path Rayleigh (3, 30, 120 kmph UE speed)

	Correlation model
	IID

	Channel estimation
	Perfect 

	Feedback delay
	4 and 7 slots

	Feedback error
	0 %

	Number of feedback bits per slot
	Maximum of 2 bits

	Fractional receive power
	0.98


The procedure for single-user throughput simulations is given in [6]: for a given Ior / Ioc and channel realization, the MCS that results in the highest throughput and FER < 10% is selected.   

The following 6- and 7-level MCS sets are used in the simulation for TxAA/STTD and STD:

Table 4. MCS sets for 6- and 7-level TxAA/STTD and STD.

	MCS
	6-level set
	7-level set

	QPSK rate 1/4
	(
	(

	QPSK rate1/2
	(
	(

	QPSK rate3/4
	(
	(

	16QAM rate1/2
	(
	

	16QAM rate 5/8
	
	(

	16QAM rate3/4
	(
	(

	64QAM rate 5/8
	
	(

	64QAM rate 3/4
	(
	(


In addition to the 32-level PARC described in [6], we also consider 16- and 8-level PARC schemes with the set selection shown in Table 5 below (the indexing is based on Table 3 in [6]). The set selection is chosen by trial and error such that the scheme performs as well as possible. Although one could possibly “optimize” the set selection for a given number of levels via a more exhaustive search, the resulting performance should not differ significantly compared to the selection in Table 4.

Table 5. 16- and 8-level PARC schemes.

	Scheme
	Selected MCS schemes (index, see Table 2 in [6])

	16-level PARC
	1, 2, 3, 4, 5, 8, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28

	8-level PARC
	1, 8, 19, 20, 23, 24, 27, 28


5. Single-User Throughput Simulation Results

In this section, we demonstrate that our proposed TxAA/STTD scheme outperforms PARC for (2,2) HSDPA systems. In this contribution, we only simulate the modified Mode 2. We compare the single-user throughput (SUT) of STTD, TxAA, STD, and PARC. Figures 1,2, and 3 depict the results assuming 7-level MCS for STTD, TxAA, and STD. The results for 6-level MCS are given in Figures 4,5, and 6.

5.1.  Comparison to results in [6]: discrepancies in Lucent’s results:

We would like to note that our results for 32-level PARC (7-slot delay, 3-kmph) match closely with Lucent’s results in [6]. However, our results show significantly higher SUT values for STTD and STTD when 5-level MCS in [6] is assumed. We believe there is some discrepancy in Lucent’s results (Figure 6  in [6]). Some indications of this discrepancy are:

1. Lucent’s STD curve does not intersect with PARC despite the fact that PARC is essentially STD with very high probability within a certain Ior / Ioc region. Notice that this always happens in our results (Fig. 4 – 6: the results for 5-level MCS should be identical to 6-level MCS for low to moderate Ior / Ioc).

2. It was demonstrated in [3,4] that (2,2) STTD slightly outperforms (2,2) CR-VBLAST using ML detector (which is essentially the APP scheme in [6]) at 10.8 Mbps (4.5 bps/Hz). FER comparison between (2,2) STTD and (2,2) CR-VBLAST-ML or APP for 2, 3, and 4.5 bps/Hz can be found in Fig. 7. We demonstrate that for three different data rates, (2,2) STTD slightly outperforms (2,2) APP. This suggests, at the very least, that the SUT performance of (2,2) STTD and (2,2) APP should be fairly close for a wide range of Ior / Ioc values. This is clearly not demonstrated in Lucent’s results, which suggest that APP is superior to STTD. Notice that if we compare our STTD results assuming 5-level MCS (Fig. 4 bottom for Ior / Ioc ( 10 dB) and Lucent’s APP results, we can see that STTD slightly outperforms APP by approximately 0.5-dB for Ior / Ioc ( 10 dB. This is consistent with the results shown in Fig. 7. In addition, it can also be inferred from Fig. 1 and 4 that STTD with 6-level or 7-level MCS (64-QAM included) outperforms APP by approximately 0.5-dB for Ior / Ioc ( 15 dB. Of course, this assumes that Lucent’s APP results in [6] are correct. Hence, overall we believe there is a discrepancy in Lucent results in [6] for STTD and STD.
5.2.  Discussions on the results in Figures 1-6:

For TxAA/STTD and STD, the use of 7-level MCS results in better performance for 3-kmph compared to 6-level. However, as the UE speed increases, 6-level MCS results in better performance. This is because an MCS set with fewer levels tends to be more robust to the effect of outdated MCS selection. The same trend is observed for 32-, 16-, and 8-level PARC schemes. Comparing all the schemes, we observe that for 3-kmph UE speed, TxAA is the best scheme, except for very high Ior/Ioc values (>12-dB). For 30-kmph and 120-kmph, STTD performs the best, followed by TxAA and STD. Notice that the performance of PARC severely degrades by up to 6-dB even at 30-kmph UE speed. This occurs even for 8-level PARC. Notice that the amount of degradation is even more compared to closed-loop transmit diversity schemes such as TxAA and STD, which are known to be fairly sensitive to feedback delay. This is mainly due to the sensitivity of CR-HBLAST to the wrong MCS selection. Our results in Figures 1 – 6 are summarized in Table 6.

Table 6. The best (2,2) MIMO scheme for different scenarios.

	UE speed (kmph)
	The best scheme

	
	4-slot delay
	7-slot delay

	3
	TxAA out performs PARC
	TxAA out performs PARC

	30
	TxAA and STTD out perform PARC
	STTD out performs PARC

	120
	STTD out performs PARC
	STTD out performs PARC


Hence, we conclude that TxAA/STTD solution is a better solution than PARC for (2,2) HSDPA systems. Notice that PARC can attain higher peak data rate (14.4 Mbps) as opposed to TxAA/STTD (10.8 Mbps). However, PARC can achieve data rates higher than 10.8 Mbps only at very high Ior / Ioc values (( 13-dB for 3-kmph UE speed and ( 19-dB for 30-kmph UE speed). Hence, this mere advantage of PARC over TxAA/STTD is less valuable. Note that we still assume IID channels.

6. Conclusions and Summary

In this contribution, we discuss a MIMO scheme for HSDPA systems employing 2 transmit antennas, termed the TxAA/STTD scheme which is based on release’99 transmit diversity schemes.

Compared to the PARC scheme proposed by Lucent in [6], TxAA/STTD scheme has the following advantages:

1. Better performance, especially for higher UE speed.

2. Lower transmitter and receiver complexity: The UE computational and memory requirements for (2,2) PARC are approximately 1.65 and 2 times more than (2,2) TxAA/STTD, respectively.

3. Backward compatibility with (1,1) HSDPA systems, in the sense that no additional uplink signaling is required.

4. MCS selection can be done in the same way as for (1,1) HSDPA systems.

5. Applicable for (2,1) scenario without any change at the transmitter, whereas PARC is not applicable for (2,1).

The fact that TxAA/STTD outperforms PARC has been demonstrated via single-user throughput simulations assuming flat fading IID channels. In correlated channels, the gain of TxAA/STTD over PARC is expected to increase since code reuse schemes are sensitive to channel correlation (see [2,4,5]). The effect of feedback error remains to be evaluated. In light of the results presented in this contribution, we conclude than the TxAA/STTD scheme is a better MIMO scheme than PARC for HSDPA systems with 2 transmit antennas. We have chosen single user throughput as the criterion for comparison because [6] employs it for proposing the PARC system. Ultimately system level throughput simulations using different schedulers will have to be done to compare the performance of the different schemes.

The comparison between TxAA/STTD and PARC for (2,2) configurations presented in this contribution (Section 3-5) is summarized in Table 7. The results for (1,1) are also shown for comparison (when applicable).

Table 7. Summary of comparison between (2,2) PARC and (2,2) TxAA/STTD.

	Criterion
	(2,2) TxAA/STTD
	(2,2) PARC
	(1,1)

	Applicability for (2,1)
	Yes
	No
	-

	Computational complexity
	64 Mops/sec
	106 Mops/sec
	34 Mops/sec (*)

	Memory requirement
	161 Kbytes
	338 Kbytes
	161 Kbytes

	Uplink signaling (MCS selection)
	can be done at Node B or UE (same as (1,1))
	cannot be done at Node B (not the same as (1,1)
	-

	Performance at 3-kmph    (***)
	TxAA/STTD better by up to 1-dB
	-

	Performance at 30-kmph   (***)
	TxAA/STTD better by up to 3-dB
	-

	Performance at 120-kmph (***)
	TxAA/STTD better by up to 4-dB
	-

	Misc
	same as R99 TX diversity solution
	not backward compatible to R99 TX diversity
	-


(*)    : obtained from [4].

(**)  : can be computed analogous to Table 1(a)

(***): comparison is between 7-level TxAA/STTD and 32-level PARC

Thus overall, the release ’99 based TxAA/STTD outperforms PARC by up to 4 dB in performance, while requiring much lower complexity in terms of operations/sec and also in terms of memory requirement. Further, the same uplink signaling and MCS selection can be used for TxAA/STTD as the (1,1) systems. On the other hand, PARC will need additional uplink signaling and may also need to do MCS selection at the mobile, making it incompatible with release’5 signaling procedures. 

Hence the release’99 based TxAA/STTD is a better solution compared to PARC for (2,2) MIMO systems in terms of throughput performance, MIPS requirement, memory requirement and backward compatibility with release’5 in terms of uplink signaling and MCS selection procedures.
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Figure 1. Results for 3-kmph. TxAA, STD, and STTD use 7-level MCS (a) 4-slot delay (b) 7-slot delay.
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Figure 2. Results for 30-kmph. TxAA, STD, and STTD use 7-level MCS (a) 4-slot delay (b) 7-slot delay.
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Figure 3. Results for 120-kmph. TxAA, STD, and STTD use 7-level MCS (a) 4-slot delay (b) 7-slot delay
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Figure 4. Results for 3-kmph. TxAA, STD, and STTD use 6-level MCS (a) 4-slot delay (b) 7-slot delay.
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Figure 5. Results for 30-kmph. TxAA, STD, and STTD use 6-level MCS (a) 4-slot delay (b) 7-slot delay.
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Figure 6. Results for 120-kmph. TxAA, STD, and STTD use 6-level MCS (a) 4-slot delay (b) 7-slot delay
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Figure 7. FER results: (2,2) CR-VBLAST with MLD vs. STTD: IID channel, 3-kmph.
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