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1 Introduction
In this document, we show the architecture of a Mobile Transmit Diversity (MTD), share the performance results from the field trials on the commercial networks, and discuss the system benefit as well as the UE benefit (power consumption reduction) and the relatively easy implementation. Though the field trials were done on the CDMA2000 networks, the similar performance results can be obtained on the UMTS (wide band CDMA) networks. 
The purpose of the contribution is to show that the MTD technology is a viable and affordable technology of SU-MIMO for UMTS network. Therefore, we urge the working group (RAN WG1) to take advantage of the benefits of SU-MIMO and not delay the discussion on the topic of SU-MIMO. 
The current MTD scheme is using power commands as the feedback signal. Hence, there is no need to modify the Standards to obtain the feedback signal for the SU-MIMO with the current MTD architecture, though we may propose later and ask for the new feedback signal in the DL for the new MTD scheme. 
2.       MTD technology benefits
We have demonstrated, through the field trials on CDMA2000 networks, that Mobiles with Transmit Diversity (MTD) could reduce their transmit powers and increase the reverse link capacity. 
The MTD technology creates beam-forming for the mobile transmit. If the beam is pointed to the serving base station(s), the received signal at the base station(s) will be intensified. Through the power control mechanism, the transmit power of the mobile is eventually reduced. This transmit power reduction is defined as the diversity gain for the MTD technology. Like CDMA2000 networks, UMTS (W-CDMA) networks also use CDMA air interface and have the power control mechanism. Hence, the (UMTS) mobile will also enjoy the transmit power reduction (diversity gain) on the UMTS networks.

In addition to the diversity gain, the reverse link capacity can also be increased by the MTD technology. The MTD mobiles reduces the transmit power and hence reduces the interference to the neighbouring cells. Furthermore, the beam-forming will in general increase the path loss between the MTD mobile and the neighbouring cells, and hence further reduce the interference of the adjacent cells. By combining these two effects, we can see a significant capacity increase on the reverse link. The reverse link capacity improvement by the MTD mobiles has been demonstrated in the CDMA2000 networks. Again, the capacity gain should be able to be realized on the UMTS networks as well. 
3.       Field trials of MTD technology  

3.1     Trial 1 – Diversity test – voice & data, PCS band
The diversity test was done on a commercial 3G CDMA2000 1x network at PCS band. The test network was on the metropolitan area of a small city where we can do the test on urban, suburban, and rural areas intensively.  The system was set such that these test radios would stay in the same frequency carrier. Hence, the hard handoff (between carriers) could not happen to the test radios during the test. 

Three test radios equipped with Magnolia Broadband MTD technology were used for the test. The test radios were set up in a van, which provided the mobility. Each radio had two antenna ports (A and B). The three test radios then shared two antennae (A and B) by using a duplexer complex, which combined the transmit signals and separated the received signals for the three test radios. The antenna configurations (or transmit path, A, B, and Diversity) assigned to the test radio are routinely rotated during the test. Hence, a test session includes six test sequences for the different antenna configurations (i.e., ABD, ADB, BAD, BDA, DAB, and DBA). The transmit power of each test radio was collected for the diversity gain calculation. The diversity gains were calculated for each test sequence and averaged later for each test location. We did static and pedestrian tests at three locations, one local road driving test (6 round trips) and one highway driving test (6 round trips). For the static test, the van stayed stationary. For the pedestrian test, the test van moved back and forth around the locations for the static tests with the speed slower than 5 miles per hour. For the local driving test, the test van moved on the predefined driving route with the speed of 30 to 45 miles per hour, subject to the traffic lights and speed limitation on the route. For the highway test, two exits on the highway with the distance of 5 minutes driving were chosen as the starting point and the U-turn point. The average speed on highway was 55 miles per hour. 
In this field trial, we tested on voice and data calls separately at the same locations and with the same driving routes, but on different times. For the data call test, the system fixed the allowed data rate at 38.4 kb/s. Hence, the diversity gains for the data calls, like that of voice calls, were calculated, based on the radio transmitter power as well.
3.2      Trial 2 – Diversity and capacity tests – voice & data, cell band
The diversity test was done on the commercial network in a metropolitan area of a big city for both voice calls and data (EVDO) calls. It is a typical urban environment for the diversity tests. On the other hand, the capacity test was down on an EVDO (Rel. 0) system test bed, which we can limit the access from non-test mobiles. The system test bed consisted of three base stations and was equipped for 5 sectors.  
For the diversity test, we did not use duplexer for this trial. The prototype handsets were equipped with Magnolia’s MTD technology and two antennae. We used four MTD phones (two pairs) to do the test simultaneously. Two of them were set with diversity configuration and the other two were with non-diversity configuration (i.e., the antenna configuration is ADAD). The test was then repeated with the antenna configuration reversed for the test mobiles (i.e., DADA). The repetition will cancel the impact from the spatial difference and from different test mobiles, if any. 
The commercial network did not limit the data rate for the trial. The transmit power is changed by the power control and by the data rate as well. However, the test results calculated by the metrics based on the TX-adj (PCB count) and based on the data rate weighted transmit power were very close, if not exactly equal. 
Similar to Trail 1, the diversity tests were done on three locations for static and pedestrian cases. The vehicular test included one local driving route and one highway route. 
For the capacity test, we loaded 10 test mobiles into 5 test vans (2 mobiles for each van) that provide the mobility. We also distributed the vans in the test cluster as even as possible. These test mobiles were all capable of making the data calls and performing the FTP data upload with a large file during the test. However, they were all set up with the fixed (physical) data rate at 38.4 Kb/s. This ensures that the noise Rise Over the Thermal noise (ROT) difference between diversity and non-diversity operations is from the diversity gain, not due to the data rate difference. One cycle of the test includes two test sessions, one for the diversity operation, the other one for non-diversity operation. We collected data for 2 minutes for each test session. We ran 10 cycles each for static, pedestrian, and the vehicular conditions. 

The ROT data for each sector was collected and was synchronized as precisely as possible with the changes of the antenna configurations. We then averaged the ROT data for each session and for each test sector. The reverse link capacity gain of the EVDO network can then be calculated for each test cycle and for each test sector with Equation 6 in Ref[1]. 

The transmit power of each test data terminal was collected at the same time the ROT was collected at the base stations for the diversity gain calculation. 
3.3 Trial 3 – Capacity test – voice, PCS band
The capacity test was done on a commercial 3G CDMA2000 1x network at PCS band. The test cluster we chose included 8 base stations (13 sectors) and was equipped with one frequency carrier. The single carrier could prevent the hard handoff (between carriers) during the test. 

A total of 60 mobiles equipped with Magnolia Broadband MTD technology were used for the field trial. The mobiles were loaded into 6 vans for providing the mobility. The test was done with the test mobiles calling each other with the voice calls. One cycle of the test included two test sessions of diversity and non-diversity operations. We ran 4 cycles each for static, for pedestrian and for the vehicular tests. For the static test, all test mobiles (vans) were stationary and were distributed as evenly as possible in the test cluster. For the pedestrian test, all test vans moved back and forth around the locations for the static tests with the speed slower than 5 miles per hour. For the vehicular test, the test vans moved on the predefined driving routes within the test cluster with the speed of 30 to 50 miles per hour. 

The ROT data for each sector was collected at the base stations (Node B) and was synchronized with the changes of the mobile antenna configurations. We then averaged the ROT data for each session and for each test sector. The reverse link capacity gain of the 3G CDMA2000 network can then be calculated for each test cycle and for each test sector.  

3.4 Field trial results 
The following table summarizes the diversity gain and the uplink capacity gain from MTD mobiles.
	Overall
	Diversity Gain
(Voice)
	Diversity Gain
(data)
	Capacity Gain
(voice)
	Capacity Gain (data)

	Field Trial 1 - PCS Band (Diversity Test)
	4.6 dB
	3.7 dB
	
	

	Field Trial 2 - Cellular Band (Diversity and Capacity Tests)
	4.2 dB
	3.9 dB
	
	45%

	Field Trial 3 - PCS Band (Capacity Test)
	
	
	42%
	


Table 1 Diversity gains and capacity gains for MTD technology

The performance of MTD on UMTS networks will be similar to that of CDMA2000 PCS network. The frequencies are all around 2 GHz. The faster internal power control (1500 Hz for algorithm 1) on UMTS network will result in a similar performance, if not better.

4.       MTD architecture
Typical MTD architecture is shown in Figure 1. The diversity algorithms reside in the baseband flash memory requiring less than 12Kbyte for code and 7 Kbyte for data. The phase modulator splits the RF signal at UL frequency; optimizes the phase on one branch and transmits via “half power” PA’s.

The additional components, phase modulator, second half power PA and duplexer require only less than 40 mm2 additional board space

Going forward, mobile terminals will be manufactured with 2 antennas to support Mobile Receive Diversity (MRD) and DL MIMO.   Magnolia’s MTD solution leverages this mobile terminal evolution by using the same antennas. 

[image: image1]
Figure 1   MTD architecture
4.1      Power Consumption
MTD architecture requires use of “half power” (25 dBm) power amplifiers as opposed to conventional 28 dBm devices resulting in net power savings of the order of 10% as shown in Table 2.

	Summary for switched Phase modulator
	
	

	
	2 half power PA will consume 
	17.5
	

	
	VM Switched-Phasors consumes
	6
	

	
	Total diversity consumption
	23.5
	

	
	Single Full PA consumes
	43.4
	

	
	Current gain due to diversity
	19.9
	mA

	
	Handset total consumption
	190
	mA

	
	
	
	
	10.5%
	


Table 2  Battery life
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