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Closed loop Tx diversity was adopted to Rel.-99 specifications to improve the downlink performance. Two different modes are included and they both have been designed for using 2 transmission antennas.

In TSG RAN meeting #7, a study item on radio link performance enhancements was approved. Already in 1999, Ad Hoc #6 identified the use of more than 2 Tx antennas as one possible further development of Tx diversity techniques. This falls into the category of radio link performance enhancements.

In TSG-R1 meeting #12, preliminary simulation results for Tx diversity closed loop mode 2 modified for 4 Tx antennas were presented [1]. In this discussion paper another concept and simulation results for enhanced closed loop mode 1 for the case of more than 2 Tx antennas are presented.

In case of N Tx antennas, a simple approach is to calculate the feedback commands for all the N-1 antennas with respect to the reference antenna and then signal them back to UTRAN access point using the available uplink feedback channel. 

The simulation results indicate that in single path Rayleigh fading channels there can be considerable performance gains (up to 4 dB) available when the number of antennas is increased from 2 to 4. The gains are more prominent at relatively low speeds. If the feedback signaling rate is increased from the 1500 bps used in the simulations gains are quite high even at speeds close to 100 km/h.

Further simulation results are needed in multipath channels. In addition the use of common or dedicated pilot based channel estimation and the use of verification and/or advanced filtering techniques at UTRAN access point may require some further thinking. It could be possible to simplify the overall closed loop Tx diversity solution without sacrificing the backwards compatibility with Rel.-99.
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introduction

Closed loop Tx diversity was adopted to Rel.-99 specifications to improve the downlink performance. Two different modes are included and they both have been designed for using 2 transmission antennas.

In TSG RAN meeting #7, a study item on radio link performance enhancements was approved. Already in 1999, Ad Hoc #6 identified the use of more than 2 Tx antennas as one possible further development of Tx diversity techniques. This falls into the category of radio link performance enhancements.

In TSG-R1 meeting #12, preliminary simulation results for Tx diversity closed loop mode 2 modified for 4 Tx antennas were presented [1]. In this discussion paper another concept and simulation results for enhanced closed loop mode 1 for the case of more than 2 Tx antennas are presented.

1. Closed loop solutions for more than 2 tx antennas

All kind of different solutions could be conceived for N antenna closed loop Tx diversity concept. Yet, one important aspect that needs to be considered is the backwards compatibility with Rel.-99 solutions. Therefore, solutions that are straightforward extensions, especially from UE point of view, for N antenna case are presented in the subsequent chapters.

1.1 Closed loop mode 1 for > 2 Tx antennas

In the Rel.-99 closed loop mode 1 UE calculates the phase adjustment to be done at the UTRAN access point. This involves the calculation of the phase difference between the signals transmitted from the two antennas. When there are N Tx antennas, a straight forward extension of the mode 1 is to calculate the needed phase adjustment for each N-1 antennas with respect to the reference antenna and signal those adjustments back to the UTRAN. How fast this information can be communicated to UTRAN depends naturally on the number of antennas and the feedback bit rate. This in turn will determine the sensitivity of the performance to the UE speed, i.e. the performance will deteriorate faster as a function of UE speed if the feedback bit rate is low and N large. As it is not desirable to increase the feedback bit rate from 1500 bps as defined in Rel.-99 methods trying to enhance the performance given the restrictions in feedback signaling need to be studied. Yet, in the following, the basic method labeled as 4-mode-1 will be used as a benchmark when studying the performance of different schemes. The parameter of 4-mode-1 are simply:

· 4 Tx antennas

· Feedback signaling bit rate of 4.5 kbps

· In each uplink slot, the phase adjustment for each of the three antennas with respect to the reference antenna is signaled to the UTRAN access point

One possible feedback concept consists of averaging over previous N feedback values in order to calculate the current antenna weight. The feedback method is the same as in Mode-1. That is to say, there are 4 possible feedback values, but they are set-partitioned such that only 2 values are possible in any given slot. 

In order to maintain the same rate of feedback as in the currently accepted mode, the weight of only one antenna is fed back in one slot. Hence, the actual memory of the filter is 3(N-1) slots. Let z1, z2, z3 be the feedback for antennas 2,3,4 respectively, with antenna 1 being the reference antenna. Let N = 4. It is clear that in this example case the current antenna weight relies on feedback weights sent 9 slots in the past as illustrated in the Figure 1.
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Figure 1. Filtering of the feedback commands.

The filter itself can be of various types but a simple solution is to use averaging as in the current mode 1. 

1.2 Performance simulations

1.2.1 Simulation parameters

Link level simulations were performed using the parameters listed in the Tables 1 and 2.

Table 1. Link level simulation parameters.

Bit Rate
12.2 kbps

Chip Rate
3.84 Mcps

Convolutional code rate
1/3

Carrier frequency
2 GHz

Power control rate
1500 Hz

PC error rate
4 %

PC Step Size
1 dB total

Channel model(s) and UE velocities
1-path Rayleigh:3, 10, 40, 120 km/h



CL feedback bit error rate
4 %

CL feedback delay 
1 slot

TTI
20 ms

Target FER/BlkER
1 %

Geometry (G)
0 and 6 dB

Common Pilot
-10 dB total

Correlation between antennas
0

CL feedback rate
1500 bps

Table 2. Additional simulation parameters.

Channel estimation
From CPICH

Weight verification
Ideal (in all cases)

1.2.2 Simulation results

Four different concepts were simulated. Following the acronyms shown in the legends of the Figures 2 and 3 they are:

· 2-mode-1

· Closed loop mode 1 according to Rel.-99

· Number of Tx antennas = 2

· 4-mode-1

· A benchmark reference case

· Number of Tx antennas = 4

· Feedback bit rate = 4500 bps

· Phase adjustment calculated separately for the three antennas as in current mode 1 and all the three feedback commands are signaled to UTRAN during 1 slot

· R2F2

· Number of Tx antennas = 4

· Feedback bit rate = 1500 bps

· Phase adjustment calculated separately for the three antennas as in current mode 1 and only one feedback command is signaled to UTRAN during 1 slot

· At UTRAN, two consecutive feedback commands per antenna are filtered (simple averaging)

· R2F4

· Number of Tx antennas = 4

· Feedback bit rate = 1500 bps

· Phase adjustment calculated separately for the three antennas as in current mode 1 and only one feedback command is signaled to UTRAN during 1 slot

· At UTRAN, four consecutive feedback commands per antenna are filtered (simple averaging)

The results are shown in the Figures 2 and 3.
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Figure 2. Simulation results 6 dB geometry and 1 % FER.
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Figure 3. Simulation results for 0 dB geometry and 1 % FER.

1.3 Discussion

In general, the performance improvement (up to 4 dB) over the existing mode 1 at low UE velocities seems to be very similar to what was reported in [1]. The best performance over the simulated velocity range is achieved with the benchmark reference case, 4-mode-1, at the expense of higher uplink signaling load.

When the feedback bit rate is limited to 1500 bps, there is a trade-off between feedback command filter length and UE speed. At low speeds the R2F4 provides better performance than R2F2. Already at speeds around 7-8 km/h the R2F2 outperforms R2F4. Note that R2F4 gives similar performance as 4-mode-1 at the speed of 3 km/h.

The presented results have been achieved with ideal weight verification. As the results for the 2-mode-1 are also with ideal verification incorporating it will probably have little effect on the relative performance.

2. conclusions and further studies

The results indicate that in single path Rayleigh fading channels there can be considerable performance gains available when the number of antennas is increased from 2 to 4. The gains are more prominent at relatively low speeds. If the feedback signaling rate is increased gains are quite high even at speeds close to 100 km/h.

Further simulation results are needed in multipath channels. In addition the use of common or dedicated pilot based channel estimation and the use of verification and/or advanced filtering techniques at UTRAN access point may require some further thinking. It could be possible to simplify the overall closed loop Tx diversity solution without sacrificing the backwards compatibility with Rel.-99.
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