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1. Introduction

A study item [1] was opened to investigate the performance of uplink transmit diversity techniques that do not require any new standardised dynamic feedback signalling between the network and the UE in HSPA. In the previous RAN WG1 #58bis meeting, initial simulation assumptions were introduced and agreed upon [2]. However, the distribution of the short term imbalance was left unspecified pending further investigation. In this contribution, we provide measurements of imbalance for different antennas, bands and configurations. Based on these measurements, it is proposed that a suitable distribution of short term imbalance be introduced in the simulation assumptions. Additionally, based on the results observed, it is also proposed that the imbalance values for the link simulations be refined.
2. Antenna Imbalance Distributions
In this section, imbalance measurements based on tests conducted are presented.
2.1. Measurement Approach

The tests were performed using different antennas and in different bands. Specifically, the antennas considered were:

· Wire Inverted F Antenna (WIFA) antenna

· Dongle Antenna

· Smartphone Antenna

The tests were conducted in the following bands:

· AWS
· PCS (1850-1990 MHz)

· IMT 
· Cellular (850MHz)

The data was collected by regularly switching every 100ms (10 frames) between the two antennas. The results were obtained for:

· stationary and mobile channel environments

· indoor and outdoor settings

The data was also averaged over time (100ms – 1s) periods to remove any effects due to channel variations. The resulting imbalance values reflect the short term imbalances between the two antennas due to shadow fading effects.
2.2. Antenna Imbalances
Figure 1 the antenna imbalance distributions collected for outdoor and indoor settings for the AWS band. The antennas used are WIFA antennas. The data collected was for a number of stationary channel conditions. For the long term, the two antennas are considered to be balanced. 
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Figure 1: Antenna imbalance measurements for the AWS band using antennas; Measurements taken in Outdoor and Indoor environments.
Figure 1 shows the distribution of the short term imbalance between the two antennas. The mean and standard deviation was obtained from the measurements obtained and a Gaussian curve with the observed mean and standard deviation is also plotted. It can be seen that the ideal Gaussian curves match well with the measured data. Note that the percentage of imbalance observed beyond 6dB is:
· Outdoor: ~ 11%

· Indoor   : ~ 16% 

Figure 2 shows the antenna imbalance measurements for the PCS band with dongle antennas. The data was obtained across different channel conditions.  
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Figure 2: Antenna imbalance measurements for the PCS band using dongle antennas.

Figure 2 also shows the Gaussian equivalent of the measure data with the same mean and standard deviation. The mean of the observed data corresponds to the long term imbalance between the two antennas. It can be seen that the diversity antenna is around -2dB weaker than the primary antenna. Note also that the percentage of the imbalance above 6dB, if zero mean is assumed is ~8%.
Figure 3 shows the antenna imbalance measurements for the IMT band with dongle antennas. The data was obtained across different channel conditions.  
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Figure 3: Antenna imbalance measurements for the IMT band using dongle antennas;

As in Figure 2, the long term imbalance between the two antennas is around -2dB. The short term imbalance is well modeled by a Gaussian curve with a standard deviation equivalent to the observed data. Note that the percentage of imbalance beyond 6 dB, if assuming zero-mean is ~ 8%.

Figure 4 shows the antenna imbalance measurements for the Cellular band with dongle antennas. The data was obtained across different channel conditions.  
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Figure 4: Antenna imbalance measurements for the Cellular band using dongle antennas;
In this case, the long term imbalance is seen to be around 1.4dB. The short term imbalance measurements fit well with the Gaussian curve with equivalent statistics. The percentage of imbalance beyond 6 dB, if assuming zero-mean is ~7%.
Figure 5 also shows the antenna imbalance measurements for the PCS band with antennas in a Smartphone. Compared to the dongles, smartphones can support larger spatial separation and thus less correlation between the antennas. The data was obtained by periodically switching between the antennas for a quasi-stats channel. Each set measurements was recorded for a stationary location and different measurements were recorded by changing locations. This data corresponds to what would realistically be seen in a handset with two transmit antennas.
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Figure 5: Antenna imbalance measurements for the PCS band using handset antennas;
As in the previous test cases, the measured data is well approximated with a Gaussian curve with equivalent second order statistics. The long term imbalance seen is around -2dB and the std deviation of the short term imbalance is seem to be 4.4dB. 
2.3. Observations

From Figures 1-5 shown above, the following are observed

· The measured data can be approximated by a Gaussian distribution

· The long term imbalance is around -2dB for dongle and Smartphone antennas and is around 0.45dB for balanced antennas. It should be noted that the long-term imbalance reflects the difference in antenna efficiency between the two antennas. It is ultimately decided by the manufacturing process.
· The short term imbalance exceeds +-6dB a significant portion of the time.

Based on the results and observations, we propose to modify the long term and short imbalance assumptions for the link simulations to correspond with realistic observed measurements and also to adopt a Gaussian distribution for the short term imbalance modeling in the system simulations. 
Proposal 1: The long term imbalances in the link simulations are modified to the values 0dB and -2dB. 

Proposal 2: The short term imbalances in the link simulations are modified to the values 0dB, +-3dB and +-6dB. 

Proposal 3: The short term imbalance distribution in the system simulations is a zero mean Gaussian distribution with a std deviation = 4dB. 

3. Conclusions

In this contribution, antenna imbalance measurement plot were shown depicting the variations of short term imbalances under different scenarios. The data was obtained from test conducted in indoor and outdoor scenarios, with WIFA, dongle and Smartphone antenna types and in different channel conditions. The data was average over time to remove any impacts due to channel variations and data multiple test points were collected. 

Based on the measurements obtained, it was shown that the long term imbalances for some practical devices with 2 transmit antennas does not exceed -2dB. Furthermore, the short term imbalances are approximated by a Gaussian distribution with the same second order statistics. Additionally, the short term imbalance exceeds +-6dB a significant portion of the time. Therefore, it is proposed that the simulations assumptions be updated in accordance with the proposals made in the previous section. An accompanying document with the modified simulation assumption is also provided in [3].
4. References

[1] RP-090987, “Uplink Tx Diversity for HSPA”, Vodafone, Orange, Telecom Italia, Magnolia Broadband, AT&T, Qualcomm Europe, Deutsche Telekom, ZTE
[2] R1-094378, “Simulation Assumptions for Uplink Tx Diversity for HSPA”, Ericsson, Icera Semiconductor, Magnolia Broadband, Nokia, Nokia Siemens Networks, Qualcomm Europe, ST-Ericsson.
[3] R1-094903,” Updates to Simulation Assumptions”, Qualcomm Europe.





















