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1. Introduction
One of the proposals for MIMO in UTRA is the so-called Double-STTD, using two sets of STTD encoders for modulating the two data streams [1]-[2]. Recently, the D-STTD proposal has been improved by the use of sub-group rate control (SGRC), where each of the two data streams has independently adjusted data rate [3]-[4]. 

In this contribution, we propose to improve the performances of D-STTD with SGRC by introducing adaptive, real-valued antenna weights in the two antenna subgroups. The motivation for this proposal lies in the improved performances obtained for the closed-loop STTD scheme known as Adaptive STTD (ASTTD) [5]-[8]. This motivation is supported by recent theoretical results presented in [9]. The new proposal is named D-ASTTD with SGRC.

2. MIMO based on adaptive STTD

Assuming at most 4 transmit antennas, the transmitter structure of the D-ASTTD with SGRC is shown in Fig. 1. The adaptive weights ws1 and ws2 are real valued, such that ws12+ws22=1, where s=1,2 is the index of antenna sub-group. The weights are calculated separately for each antenna subgroup, on the basis of the respective feedback information (FBI) bits received in each slot from the UE on the dedicated uplink channel (DPCCH). As the user-specific uplink DPCCH channels exist also in HSDPA, the above MIMO transmitter scheme is valid both for UTRA/FDD and HSDPA.
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Fig. 1. Transmitter structure for D-ASTTD.
The weights for a sub-group s are defined as [8]
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 is the complex amplitude of propagation path k from the STTD branch weighted by ws1, while 
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 is the complex amplitude of propagation path k from the other STTD branch weighted by ws2; K  is the total number of multipath components. 
Since the weights ws1 and ws2, s=1,2, are larger than 0 and smaller than 1, this scheme retains the D-STTD guaranteed transmit diversity order of 2 [10]. A scheme with 0/1 weights would be equivalent to an antenna selection diversity scheme, which was theoretically shown in [11] to loose its full diversity order when the error probability on the feedback channel (FBI bits) is nonzero.

The FBI bit generation (encoding) in the UE is shown in Fig. 2(a), while the corresponding FBI decoding in the Node B is shown in Fig. 2 (b). Each sub-group has its own encoder/decoder. 
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(a) FBI encoding for sub-group s in the UE
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(b) FBI decoding for sub-group s in the Node B

Fig. 2. ASTTD feedback quantization method.

The FBI decoder for each sub-group consists of a delay-line buffer for storing a number of most recently received FBI bits, and the ratio regenerator. The ratio regenerator is a look-up table, shown in Table 1 for the FBI decoding length L=1. Once the power ratio is regenerated as Rs=Rsq, where Rsq=10Ratio(dB)/10, the weights ws1 and ws2 are calculated according to equation (1).
Table 1
Mapping table for power ratio regenerator with FBI decoding length L=1

	FBI(l)
	Ratio [dB]

	1
	6

	0
	-6


In the case of 4x2 and 4x4 MIMO configurations, there are two independent FBI bits that are transmitted from the UE, one for each sub-group of transmit antennas. Depending on the used DPCCH slot format, these two FBI bits can be transmitted either both in the same slot, in which case the minimum feedback delay is 1 slot, or in alternating slots (1 FBI bit per slot), in which case the minimum feedback delay is 2 slots. In the other MIMO configurations, i.e. the 2x2, 2x4 and 4x1 configurations, there is only 1 FBI bit required per slot which limits the FBI feedback delay to 1 slot.

2.1 Transmitter with 2 antennas

The transmitter structure in Fig. 1 can straightforwardly be adapted to the case of NodeB with only two transmit antennas, by using only one of the subgroups, as is done in DSTTD-SGRC [4]. 

2.2 4x1 D-ASTTD configuration
For the case of UE classes with one receive antenna, even if there are 4 antennas at the transmitter, it is only possible to have a single-stream transmission. The corresponding D-ASTTD transmitter for this 4x1 case is shown in Fig. 3. 
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Fig. 3. D-ASTTD transmitter for 4x1 MIMO configuration.

This scheme is equivalent to the transmit diversity scheme described in TR 25.869 [8] under the name of closed-loop STTD with multiple antennas (i.e. CL-4-Tx-STTD). The periodic phase shift patterns  and  are used to implement frequency offsets of transmitted signals, in order to emulate a fast time-varying fading channel at the receiver. Such emulated fast fading channels makes interleaving/de-interleaving signal processing more effective and improve the performance of slowly moving UE's even with small Doppler spread of the propagation channel [12].  Since at any given time instant, the same symbol is transmitted from both the antennas 1 and 3 and weighted by the same weight w1, and another symbol from antennas 2 and 4, weighted by w2, a pair of antennas transmitting the same symbol can be seen as a single virtual STTD antenna weighted by corresponding ASTTD weight defined by (1).
A certain number, T, of consecutive STTD encoded symbols are rotated by using the same phase from the corresponding phase rotation pattern of length 8 (135 degrees increment). In an open-loop scheme, such as the 4-Tx-STTD scheme in [8], it is desirable to choose T as small as possible. However, in the closed-loop scheme, such as one in Fig. 3, where FBI bit encoding is based on averaging the power ratio between the equivalent channels of the two virtual antennas, the averaged power ratio over the slot will be close to 1 if there are many phase rotations in a slot. Hence, the gain of giving more power to one of the "virtual antennas" with better channel, which is the fundamental idea of the ASTTD scheme, is smaller. On the other hand, if T=( symbols, the rotation phase is constant and hence there is no improvement of interleaver efficiency. It implies that for closed-loop 4-Tx-STTD there is an optimum value of the rotation period. By simulations we have found that T=20 symbols is close to such an optimum value.

2.3 Receiver Structure 

The receiver structure and post detection SINR for D-ASTTD with SGRC is the same as for the DSTTD-SGRC in [4], with a single important adjustment that the complex amplitude coefficients
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 for the propagation path k corresponding to sub-group s are replaced by the respective complex amplitude coefficients 
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 , s=1,2,  to take the ASTTD weighting at the transmitter antennas into account. 

2.4 Adaptive Modulation and Coding for HSDPA mode with D-ASTTD

The modulation and coding scheme (MCS) for HSDPA, in the case of D-ASTTD, should be selected independently for each sub-group, on the basis of the CQI feedback from the UE.  It can be done in the same way as in DSTTD-SGRC.

3. Simulation Assumptions

A series of link level simulations has been made to compare the performance of D-ASTTD with D-STTD. The simulation assumptions are given in Table 2.

Table 2 Simulation parameters for link level simulation

	Spreading factor
	16

	Number of multi-codes
	1

	Code rate
	0.86 or 0.36

	Modulation
	QPSK

	HS-PDSCH Power
	50 %

	CPICH Power
	10 %

	Intra-cell Interference model
	OCNS

	Ior/Ioc
	-8 to 6 dB

	UE speed
	3 and 30 km/h

	Fading model
	One path Rayleigh

	Correlation model
	i.i.d.

	Channel estimation
	Ideal

	Antenna verification
	Ideal

	Feedback error of FBI bit
	 4%

	Feedback delay of FBI bit
	0,1 or 2 slots

	FBI decoding length L
	1 bit

	Detector
	Full search APP [14]

 REF _Ref70322811 \r \h 
[15]

	Maximum number of transmissions
	4

	Packet combining method
	Chase

	Rotation interval T in 4x1case
	20 symbols

	Phase rotation angles in 4x1 case
	( [deg.]
	0,135,270,45,180,315,90,225 

	
	( [deg.]
	( + 180(


4. Simulation Results

The simulation results are presented as increase in a single MCS throughput for D-ASTTD compared to D-STTD. The three different D-ASTTD configurations have been evaluated: 4x2, 2x2 and 4x1 For the 4x1 configuration, the simulations are made for both code rate 0.86 and 0.36, due to reasons explained below. 

4.1 Results for 4x2 and 2x2 configurations

The throughput is evaluated for a range of geometry values, where each geometry value is evaluated with 0, 1 and 2 slots delay of the feedback bits used to calculate the ASTTD weights. The number of slots the FBI bits are delayed depends on the slot format and on the number of sub-groups. In the 4x2 scheme, the practical delay is 2 slots if the slot format is #0 to #3, and 1 slot if the slot format is #4 or #5, since the number of available FBI bits is 1 or 2 per slot, depending on the slot format [13]. The results for the 4x2 and 2x2 configurations are shown in Table 3. 

Table 3
Throughput comparison between D-ASTTD and D-STTD. The channels are of flat fading type, the feedback error rate is 4%.   A single MCS is used, with code rate 0.86.

	
	Throughput increase with D-ASTTD compared to D-STTD

	
	Ior/Ioc = -6 dB
	Ior/Ioc = -3 dB
	Ior/Ioc = 0 dB

	Configuration
	Velocity [kmph]
	Delay [slots]
	Delay [slots]
	Delay [slots]

	
	
	0
	1
	2
	0
	1
	2
	0
	1
	2

	4x2


	3
	75 %
	64 %
	64 %
	27 %
	27 %
	27 %
	11 %
	11 %
	10 %

	
	30
	38 %
	38 %
	33 %
	14 %
	14 %
	11 %
	8 %
	7 %
	3 %

	2x2


	3
	19 %
	18 %
	17 %
	7 %
	6 %
	6 %
	1 %
	1 %
	1 %

	
	30
	14 %
	11 %
	10 %
	5 %
	3 %
	1 %
	0 %
	0 %
	-1 %


The throughput gain is a non-linear function of the geometry, as illustrated for the 4x2 configuration in Fig. 4. 
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Fig. 4. Throughput gain in percentage of 4x2 D-ASTTD over D-STTD in a flat fading channel. Code rate 0.86 and QPSK modulation were used. The FBI feedback delay was 1 slot and the feedback BER was 4%.

The proposed D-ASTTD scheme shows a significant gain for the 4x2 configuration and the simulated UE velocities, compared to the D-STTD scheme. There is 64% increase in the throughput at Ior/Ioc=-6 dB and 3kmph UE velocity, for both realistic feedback delays. 

With decreasing Ior/Ioc, the throughput gain increases even further due to the reduced probability of a retransmission with the D-ASTTD scheme compared to the D-STTD scheme. However, when the Ior/Ioc increases, the gain of using D-ASTTD over D-STTD is reduced and disappears for large Ior/Ioc. The reason is that the received SNR is increasing and thereby the probability of a retransmission is decreased. Hence, the room available for any throughput improvement is smaller. 

Assuming 2 slots delay, the D-ASTTD proposal in the 4x2 scheme still give a throughput increase of more than 10 % up to geometry factor 0 dB for low mobility UE's, see Table 3. For the UE's further away from the Node B (lower geometry), the increase is even larger, up to 64 %, which implies that the coverage of the highest data rates services using MIMO for HSDPA and MIMO for UTRA in general, is extended.  

Furthermore, the loss due to the feedback delay is small as can be seen if the 0 slot delay columns in Table 3 are compared to the 1 and 2 slot delay columns. This is due to the fact that the D-ASTTD weighting relies on the power ratio between the channels, which is more slowly varying than for instance the phase of the channels which is the basis for generating FBI bits in e.g.  TxAA mode 1. Hence D-ASTTD is a rather robust method against feedback delays and channel variations.

Since there is only a single sub-group in the 2x2 scheme, the practical delay is limited to 1 slot in this case, which means that the gain is between 18% and 11% for the lower geometries. When the Ior/Ioc increases, the gain of D-ASTTD over D-STTD is reduced for this particular MCS and in this type of channel due to the same reasons explained above.

4.2 Results for 4x1 configuration

As it was mentioned before, the potential performance gain of 4x1 configuration lies in potentially improved interleaving/de-interleaving effectiveness, due to the emulated fast fading channel. However, in HSDPA it is possible to choose a MCS with a very high code rate (close to 1), which implies that the coding gain is low and the need for an interleaver is small. If this is the case, then the artificially introduced fast channel variations could be detrimental to the performance. 

The results for 4x1 configuration, both for a high (0.89) and a low (0.36) code rate, are given in Table 4, as relative throughput change compared to the ordinary (2x1) STTD.

Table 4
Throughput comparison between 4x1 D-ASTTD and STTD. The channels are of flat fading type, the feedback error rate is 4 %. The phase rotation period T is 20 symbols.

	
	Throughput increase with D-ASTTD compared to STTD

	
	Ior/Ioc = -6 dB
	Ior/Ioc = -3 dB
	Ior/Ioc = 0 dB

	Configuration
	Velocity [kmph]
	Delay [slots]
	Delay [slots]
	Delay [slots]

	
	
	0
	1
	2
	0
	1
	2
	0
	1
	2

	4x1 

Code rate 0.86
	3
	19 %
	18 %
	18 %
	4 %
	3 %
	3 %
	- 4 %
	-6 %
	-6 %

	
	30
	4 %
	2 %
	2 %
	-7 %
	-10%
	-10%
	-11%
	-12%
	-12%

	4x1
Code rate 0.36
	3
	20 %
	20 %
	20 %
	7 %
	7 %
	7 %
	2 % 
	2 %
	2 %

	
	30
	14 %
	12 %
	10 %
	5 %
	5 %
	5 %
	1 %
	1 %
	1 %


It is obvious that for the low code rate, the 4x1 D-ASTTD configuration offers significant throughput gains compared to STTD (20% at geometry of -6dB and velocity 3kmph). For high code rates, however, the large gain exists only at very low speeds, and rather low geometries, otherwise it might even introduce a loss in performances. 

Hence, the 4x1 configuration of D-ASTTD should be applied only to UE's using lower code rates and/or at lower geometries (which are two connected parameters due to the MCS selection algorithm), to ensure that the proposed scheme operates in conditions where large gains can be obtained. The current channel condition for a certain UE can be detected in the Node B for example on the basis of reported CQI values. For instance, if the reported CQI is lower than some threshold value, then the proposed 4x1 D-ASTTD scheme is used, otherwise, some other MIMO transmission method or STTD can be used.  Since this CQI threshold is known to both UE and NodeB, the UE in each moment knows which MIMO option is used in the NodeB transmitter and thus can choose the appropriate receiver. 

5. Conclusions

It is shown that there is a significant potential throughput gain by introducing a new closed-loop MIMO scheme called Double Adaptive STTD (D-ASTTD). The advantages are particularly pronounced at low geometry values. Therefore we suggest to RAN1 to accept the D-ASTTD technology as an additional MIMO candidate technology for consideration within MIMO Working Item. The corresponding text proposal for inclusion in the MIMO technical report, describing the principles of D-ASTTD, is in the accompanying contribution [16]. 
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