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1 Introduction
In this contribution we resubmit the latest version of the TP for system level conclusion (which was not agreed at RAN1#60). The objective with submitting this contribution is to provide a baseline for further work in RAN1 on the conclusions.   
///////// Text omitted ////////////
7.3
Conclusion on System Evaluation Results

In the following subsection the system level results are summarized. The observed results are categorized based on the inter-site distance and long-term antenna imbalance associated with the UEs. The long-term antenna imbalance captures the fact that the two antennas can have different antenna efficiency. Other antenna impairments, including that the antenna strength will vary for different angle of departures have been incorporated by the short-term antenna imbalance. For simplicity, this has been modelled by a log-normal zero-mean Gaussian random variable with constant standard deviation for all studied cases (even though the standard deviation in practice will depend on the specific channel type). The results are moreover based on a simplistic model of the indoor-to-outdoor penetration loss in which all UEs are associated with a constant 10dB penetration loss.
7.3.1 
Switched antenna diversity

7.3.1.1    Inter-site distance 1km and 0dB long-term antenna imbalance

For settings with an inter-site distance of 1km, 2D antenna pattern, a 0dB long-term antenna imbalance the gain in average data rates from switched antenna diversity was between -5 and 9 percent in a PA3 channel (When one only considers the practical algorithm where a forced antenna switched can occur after 14th frames, the gain in average data rates ranged from -1 to 9 percent.). For the 10th percentile user data rates, a gain between -2 percent and 10 percent was typically seen. Much higher gains were however observed for some cases. The average transmit power was in general reduced and the reduction ranged from 0.2dB to 1.8dB. (When one only considers the practical algorithm where a forced antenna switch can occur after 14th frames, the gain in average transmit power ranged from 0.63dB to 1.8dB)  For the VA30 channel a loss in both the average and in the 10th percentile user data rates was typically observed. For the average data rates, the loss did not exceed 5 percent while the 10th percentile user data rate exceeded 10 percent for some loads (similar numbers were observed when one only considered the practical algorithm where a forced antenna switch occurred after 14th frame). The reduction in average transmit power ranged from -0.38dB (i.e. higher transmit power level was needed) to 1.71dB. For the PA0.1 channel the increase in average user data rates ranged between 3.88 to 13.9 percent for the studied loads. The increase in 10th percentile user throughput ranged between 3 and 22 percent and a reduction in average transmit power of 1.8 to 2.6dB was observed. For some companies, it was unclear how frequently UEs will observe a PA0.1 channel.
When realistic 3D antenna patterns (Kathrein 742212) also accounting for down tilt was assumed, there was neither a gain nor a loss in the average or in the 10th percentile user throughput for a PA3 channel. The average transmit power was however reduced with 0.85 to 1.3dB. For this case the performance sensitivity with respect to the BLER target was also evaluated. The results showed that the potential gains decreased the more stringent the BLER target became and for a BLER target of 2 percent (after the first transmission) the loss in average user throughput ranged between 8 percent and 22 percent depending on load. For the VA30 channel and with a BLER target of 1 percent after the 4th transmission (i.e. the baseline case) a loss in average user throughput ranging from 1.5 percent to 4.8 percent was observed. Also the 10th percentile user data rates were reduced. The loss ranged between 4.1 and 15.2 percent. However, the average transmit power could be reduced by 0.8dB to 1.4dB.
7.3.1.2     Inter-site distance 1km and -4dB long-term antenna imbalance

For settings with an inter-site distance of 1 km, 2D antenna patterns and a -4dB long-term antenna imbalance a loss up to 17.8 percent in average user data rates was seen for a PA3 channel. The 10th percentile user data rates was increased in some situations and reduced in others. The average transmit power was on par with baseline case without transmit diversity (the maximum observed loss was 0.34dB). In the VA30 channel the average user throughput reduced with 4.8 percent to 20.2 percent. Also the 10th percentile user throughput reduced. The size of the reduction varied between 4.6 percent and 22.2 percent. Similarly as for the PA3 channel the average UE transmit power was on par with the baseline case without transmit diversity.

When the effects of realistic 3D antenna patterns (Kathrein 742212) were accounted for, there was for the PA3 channel a loss in average throughput that ranged from 3 percent to 16 percent. Also the 10th percentile user data rates were reduced in general and depending on the load the loss could be up to 17.7 percent (For one load a gain of 10 percent was seen). The average transmit power was neither increased nor reduced. For the VA30 channel there was a reduction in average data rates. This loss ranged from 5.9 percent to 18.8 percent. Also for the 10th percentile user data rates a loss was observed. This ranged between 3.5 and 25 percent for the studied loads. 

7.3.1.3      Inter-site distance 2.8 km and 0dB long-term antenna imbalance

For settings with an inter-site distance 2.8 km, 2D antenna patterns, and 0dB long-term antenna imbalance the average data was increased with 7.6 to 9.6 percent in PA3 channel. For the 10th percentile user data rates a gain varying between 35 and 72 percent was seen. It should however be noted that the 10th percentile user data rates for the baseline algorithm (no transmit diversity) in this setting could be as low as 12 kbps and they did not exceed 160 kbps for any of the studied loads. The average transmit power could be reduced with 1.6dB to 1.9dB. For the VA30 channel the gain in average data rates was reduced slightly and it was between -1.3 and 4.1 percent. The 10th percentile user data rates could however be increased with 11 percent to 21 percent and the average transmit power was reduced with between 0.32dB and 0.44dB. As above it should be noted that the 10th percentile user data rates achieved in the base line case (no transmit diversity) could be as small as 15.6 kbps and they did not exceed 140 kbps for any of the studied loads. For the PA0.1 channel the average data rates could be increased with 6.7 to 11 percent. The 10th percentile user data rates could be increased with 29 percent to 47 percent. For some companies, it was unclear how frequently UEs will observe a PA0.1 channel. The average transmit power could be reduced by approximately 2dB.
7.3.2
Beam forming antenna diversity

7.3.2.1     Inter-site distance 1km and 0dB long-term antenna imbalance

With an inter-site distance of 1 km, 0dB long-term antenna imbalance, 2D antennas (at the NodeBs), and a PA3 channel practical beam forming diversity resulted in gains ranging between -10.4 percent (i.e. a loss) and 23 percent. The 10th percentile user data rates were generally increased even though a loss was seen in some cases. (If receiver algorithm losses were modelled the losses were typically in the order of 10 percent) The average transmit power could be reduced with -1.3dB (i.e. more power was required) to 1.6dB. For a VA30 channel the gain in average data rates ranged between -18.7 (i.e. a loss) to 8.2 percent. The gain associated with the 10th percentile user data rates varied between -28.5 (i.e. a loss) to 23.2 percent and the average transmit power could in general be reduced with 0.1dB to 1dB even though higher average transmit power were reported for some cases. For the PA0.1 channel there was neither a gain nor a loss in average or 10th percentile user data rates. The transmit power could however be reduced with 2.1dB to 2.3dB. 

When realistic 3D antenna patterns (Kathrein 742212) at the NodeB were modelled a gain in average user data rates ranging from 5.1 percent to 11.9 percent was observed for the PA3 channel. For the 10th percentile user data rates the gain was between -13.5 percent (i.e. a loss) and 21.8 percent whereas the average transmit power could be reduced with 0.9dB to 1.25dB. For the VA30 channel, the gain in average user data rates ranged between 0.4 percent and 3.1 percent. In terms of 10th percentile user data rates, there was in general a loss. This loss could be up to 13.2 percent (For one load a gain of 11.7 percent was however observed). The average transmit power could be reduced with 0.84dB to 1.1dB.
7.3.2.2     Inter-site distance 1km and -4dB long-term antenna imbalance

When the inter-site distance was 1km and the secondary transmit antenna was associated with a -4dB long-term antenna imbalance there was, for a PA3 channel, a small gain in average user data rates for low loads. For medium to high loads a performance loss was however observed. Even though a gain in the order of 20 percent in 10th percentile user data rates was observed for some loads there was in general a reduction with approximately 10 percent. The average transmit power was increased with up to 1.43 dB as compared to the baseline case without transmit diversity. For the VA30 channel, a loss in average user data rates was observed. This loss increased with the load and for high loads it was 13.7 percent. The gain in 10th percentile user throughput was between -12.2 percent (i.e. a loss) and 7 percent. Finally, the average transmit power was increased with 1.13dB to 1.41dB. 
When realistic 3D antenna patterns (Kathrein 742212) were considered, there was, for a PA3 channel, a gain in average user throughput that ranged between -3.5 percent (i.e. a loss) and 5.5 percent. For 10th percentile user data rates the gain varied between -27 percent (i.e. a loss) and 42 percent depending on load. The average transmit power was increased with 0.5dB to 1.1dB. In the VA30 channel a moderate loss in average data rates was generally observed (the gain was between -6.5 percent and 1.2 percent). Also the 10th percentile user data rates were reduced and losses up to 18.2 percent were seen. The average transmit power was increased with 0.9dB to 1.1dB.
7.3.2.3      Inter-site distance 2.8km and -4dB long-term antenna imbalance

With an inter-site distance of 2.8km, 2D antenna patterns, and 0 dB long-term antenna imbalance there was neither a gain nor a loss in average user throughput (the gain was between -5.59 percent to 3.63 percent) in a PA3 channel. The 10th percentile user throughput was increased with 11.3 to 28 percent. It should be noted that the 10th percentile user throughput could (for the baseline case without transmit diversity) be as low as 40 kbps did not exceed 160 kbps for any studied load. The average transmit power could be reduced with 1.62dB to 1.66dB. For a VA30 channel a loss in average data rates ranging between 4.2 to 15.2 percent was seen. Also the 10th percentile user data rates were reduced and the loss ranged between 9 and 22 percent. The average transit power was increased with 0.32dB to 0.39dB. For the PA0.1 channel, the gain in average data rates was between -2.2 percent and 6.2 percent.  The 10th percentile user data rates were increased with between 9.5 percent and 26.7 percent for the studied loads. For some companies, it was unclear how frequently UEs will observe a PA0.1 channel.  The transmit power could be reduced with approximately 2.15dB. 
7.3.3
Open issues

During the study several potential concerns associated with uplink transmit diversity have been raised by companies. In the following we list the issues that have not yet been addressed. 
7.3.3.1 General

The following general issues have been raised:

· The performance associated with bursty traffic: The studied practical algorithms are based on TPC feedback. This means that sufficiently many TPC commands need to be received by the UE before it can decide the favourable antenna (or alternatively, apply suitable weights to the antennae). The results presented in this report are based on a full buffer assumption and the UE has therefore always received sufficiently many TPC commands for taking this decision. Whether or not this type of stationary state is reached in practice will depend on how long the UE has been in CELL_DCH state.
· The extent to which a reduction in UE transmit power yields a battery saving: Although RAN1 observes that the average Tx power can be reduced in several situations no evaluation on quantifying the potential battery savings has been performed. 

· The interaction with radio resource management (RRM) strategies for improving uplink efficiency: During the study item some companies have raised a concern that RRM strategies that manipulate the TPC commands so as to increase uplink efficiency may have to be (re)designed in order to ensure that UEs that employ (likely different) transmit diversity algorithms do not harm system performance. 
7.3.3.2 Antenna diversity

The following issues have been raised for antenna switching diversity. 

· Interaction with DC-HSUPA: The studied UE architecture for antenna switching algorithms are based on that there is a single full-power PA. This means that transmissions can only occur from one of the two transmit antennas at a given time-instance. In DC-HSUPA transmissions on both carriers thus needs to take place from the same antenna. As the fading will be different for two adjacent uplink carriers the benefit from antenna switching diversity may reduce. In addition, it is not straightforward how the UE should combine the TPC commands associated with the two carriers when selecting transmit antenna. The potential system impact due to switched antenna transmit diversity have not been evaluated when DC-HSUPA is configured in the UE.
· In the simulations genie E-DPCCH decoding has been assumed. In other words potential impacts of reduced E-DPCCH decoding performance have not been accounted for.
· Demodulation losses due to antenna switching have not been considered. From the link level evaluations it is evident that there will be additional demodulation losses due antenna switching. Depending on channel type this loss was between 0.1 and 0.7 dB. Such losses have not been accounted for in most of the presented results. Although it is important to note that to some extent these demodulation losses have been accounted for in system simulations, due to the higher set point observed for switched antenna diversity.
7.3.3.3
Beam forming diversity

Following issues related to beam forming diversity have been raised:

· HS-DPCCH performance in soft handover: Beam forming may results in that UEs in SHO direct their beam towards a non-serving NodeB. This can result in reduced HS-DPCCH decoding performance, which in turn would reduce the downlink data rates.

· PRACH coverage: In UE architectures with two half-power PAs, which has been the focus on this study, transmission will always occur from both antennas. Hence there will always be a beam and before the UE has received sufficient TPC feedback this beam may have an arbitrary direction.
· In the simulations genie E-DPCCH decoding has been assumed. In other words potential impacts of reduced E-DPCCH decoding performance have not been accounted for.

· Interaction with DC-HSUPA:  The potential system impact due to beamforming transmit diversity have not been evaluated when DC-HSUPA is configured in the UE.
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