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1
Introduction

In RAN1#60, much progress was made towards link and system evaluation of ULTD for HSPA [1]. However, it was concluded that some issues were yet to be considered in the system study. In this contribution, we attempt to address the remaining issues based on further link analysis, system evaluation and UE implementation analysis.
2
Remaining Issues for ULTD System Evaluation
At the end of RAN1#60, RAN WG1 identified in [2] a list of scenarios and issues that were either not considered or partially considered in the RAN WG1 as follows:

General (Applicable to both Switched Antenna Transmit Diversity and Beamforming Transmit Diversity):

· 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 [1] 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. 

· 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 impacts due to uplink transmit diversity has not been evaluated when DC-HSUPA is configured in the UE.
· Demodulation losses due to studied uplink transmit diversity techniques have not been considered in half of the system simulation results: From the link level evaluations it is evident that there will be additional demodulation losses due to both antenna switching and beamforming. Depending on the channel type, this loss was between 0.1dB and 0.7dB for switched antenna diversity and between 0.1dB and 2.1dB for beamforming diversity. Such losses have only been accounted for in some of the presented system simulation results. Although it is important to note that, even in the system simulations that did not consider these losses explicitly, to some extent these demodulation losses have been accounted for, due to the higher set point observed for switched antenna diversity.
Applicable to Beamforming Transmit Diversity:

· 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 of 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 this contribution we address all the issues listed above except the issue related to HS-DPCCH performance in soft handover for BFTD UEs.
3
Performance associated with Bursty Traffic
The system evaluation of SATD in bursty traffic scenarios has been investigated in [3]. The algorithm evaluated was the practical SATD alagorithm as described in [1]. The bursty traffic model is based on the model used in [4] with the parameters described in Table 1.
Table 1: Uplink Sytem Simulation Bursty Traffic Model

	Component
	Distribution


	Parameters


	PDF



	File size (S)
	Truncated Lognormal
	Mean = 0.125 Mbytes

Std. Dev. = 0.045 Mbytes

Maximum = 0.3125 Mbytes
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	Inter-burst time
	Exponential
	Mean = 5 sec
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The issue raised in [2] was that due to the burstiness of the data, there may not be a sufficient amount of relevantTPC commands received by the UE before it can decide the favourable antenna (or alternatively, apply suitable weights to the antennae). 
As observed in the study [3], a UE DPCCH transmit power level reduction of approximately 1dB was observed for SATD in PA3 channel. For VA30, the reduction in DPCCH transmit power level is approximately 0.4dB. In an indoor scenario where users experience a 20dB penetration loss, this reduction in DPCCH transmit power level translates directly into average burst rate gain for cell edge UE’s. This is because the burst rates of cell edge users are most often limited by their headroom and a reduction in transmit pilot power level allows these UE’s to transmit at higher rates.

SATD offers higher average burst rate gain in PA3 channel as compared to a VA30 channel.  For 10th percentile user burst rate, SATD offers significant improvement for both PA3 (~22%) and VA30 (~18%) channels, thereby improving cell-edge user experience.

Based on the results shown, it is considered that Switched Antenna Transmit Diversity is a promising uplink coverage enhancing scheme that provides significant gains in many scenarios with Bursty Traffic.

4
Battery Power and Heat Savings due to Transmit Power Reduction

The WCDMA/UMTS PA is the biggest source of power consumption in a 3G phone because it can drain up to 650 mA rms in poor channel conditions which can discharge any Li-Ion battery in less than two hours [8]. One of the key challenges is to achieve a high PA efficiency, at maximum transmit power while preventing a drop in efficiency as the RF power level decreases. 
While PAs in many handsets have been optimized to operate at low power level, which covers a majority of users living in urban areas with voice centric profile, it is recognized that for the purpose of data-centric users, the PA has to be optimized for low power consumption within the mid and high PA output power levels. Such an optimization is achieved via the use Dynamic Voltage Scaling (DVS) or Average Power Tracking (APT) power amplifiers [8]. Hence any transmit power reduction via UL transmit diversity can further reduce the PA power consumption which translates to a savings in phone battery power consumption as well as heat reduction in the PA itself.
Figure 1 shows a characteristic of PA efficiency against transmit power when DVS or APT is utilized. As seen in the Figure, the efficiency ranges from ~0% to 40% at the PA transmit power varies from -10 dBm to 25 dBm. A 40% efficiency at a PA transmit power of 28 dBm results in an output power of 630mW and 945mW is wasted which is transformed into heat.
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Figure 1: PA Efficiency with Dynamic Voltage Scaling [8]
In the analysis performed here, an average PA current consumption was computed  using the PA efficiency characteristic in Figure 1, and a probability distribution of  UE transmit power based on the following power profiles

· a typical user transmit power profile derived in [9] and plotted in Figure 2. 
· a power profile captured from a live network with a Rel-6 UE transmitting full buffer traffic (Figure 3).
The battery savings (Figure 3) and heat reduction (Figure 4) was computed for an average transmit power reduction of 1 dB and 1.5 dB as observed in the system evaluation [1] of SATD. Heat reduction was measured as a dB ratio between the wasted powers (mW dissipated in the PA towards heat) for the case when there is a transmit power reduction to the baseline case (no transmit power reduction).

The battery savings was computed relative to the baseline where power consumption due to the modem subsystems of the UE was accounted for:

· Baseband processing

· RF processing on both transmit and receiver paths 
· PA operation using DVS or APT

In other words, the baseline did not include power consumed by other parts of the phone (display panel, etc). The reduction in heat was computed specifically for the power amplifier alone and did not account for the heat dissipated in other parts of the phone.
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Figure 2: PDF of transmit power for CDG suburban profile (Mean = 10.6 dBm, Standard Deviation = 15.6 dBm)
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Figure 3: PDF of transmit power for HSUPA Stationary Full-Buffer traffic model
As seen in Figure 4, for the CDG suburban profile the battery savings range from 5% to 25% in the medium to high transmit power range (> 10 dBm) and from (~0% to 5%) when the transmit power ranges from 0dBm to 10 dBm.
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Figure 4: Battery Power Savings due to Transmit Power Reduction achieved by SATD, CDG35 Profile
As seen in Figure 5, the PA heat reduction (measured in dB) can be as high as 1.25 dB to 1.75dB when the UE transmits at close to maximum transmit power. (>20 dBm).
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Figure 5:  Heat Reduction due to Transmit Power Reduction achieved by SATD, CDG35 profile
Table 2 summarizes the average battery power savings and the average heat reductions observed due to a reduction in UE transmit power (1dB, 1.5dB) for both the CDG35 and HSUPA Data transmit power profiles.

Table 2: Average Battery Savings and Average Heat Reduction due to ULTD

	SATD Tx Power Gain (dB)
	Avg Battery Saving
	Avg Heat Reduction

	
	CDG35
	HSUPA Data
	CDG35
	HSUPA Data

	1.5
	2.66%
	7.96%
	0.38 dB
	0.71 dB

	1
	1.86%
	5.60%
	0.25 dB
	0.48 dB

	0
	0
	0
	0
	0


5
The interaction with radio resource management (RRM) strategies for improving uplink efficiency

In [7], assuming  that the network cannot enable/disable uplink transmit diversity, an  issue was raised with regard to how the deployment of  RRM strategies that manipulate the TPC commands so as to increase uplink efficiency would interact with UEs that employ (likely different) transmit diversity algorithms. In particular, the concern was that the RRM strategies could interact negatively with the ULTD UEs since their behaviour in response to TPC commands in terms of selecting a favourable transmit antenna or selecting an optimal beam is not well defined.
As a solution to the above problem, [7] further proposes to allow the network to enable/disable uplink transmit diversity – preferably on a per UE basis.
Without much knowledge on the RRM strategy being considered in the network to improve uplink efficiency, it is very difficult to comment on it’s interaction with ULTD. On the other hand, in case the UE detects that there is no improvement in the metric (derived from the TPC bits) that is being used in the practical ULTD scheme, it could decide to disable the ULTD algorithm during the period the TPC commands are being used for a purpose different from satisfying the Inner Loop Power Control algorithm at the NodeB. Furthermore, RAN4 tests could be introduced to ensure that such interactions do not result in a negative impact by enforcing a UE requirement in response to some TPC patterns,
If indeed it is decided to pursue the approach of enabling or disabling ULTD on a per UE basis, it would be useful to establish a criterion or trigger for the events corresponding to enabling or disabling ULTD.
6
Impact to E-DPCCH decoding

In [5], a detailed link analysis was performed to study the potential impact to practical E-DPCCH decoding when SATD is enabled. The concern here was that E-DPCCH decoding could be compromised due to any potential impact to the NodeB demodulation when ULTD is enabled.
On the contrary, in [5] it was shown that the Tx Ec/No gains actually increase slightly when practical E-DPCCH decoding is used as compared to the cases with ideal E-DPCCH decoding. Additionally, the Rx Ec/No impact at the NodeB has decreased slightly when practical E-DPCCH decoding is used. This result is due to the following reasons

· The baseline case (with no transmit diversity, practical E-DPCCH decoding) is adversely affected due to E-DPCCH errors. As a result, the required Ec/No at the receiver for achieving 1% residual BLER for practical E-DPCCH decoding is slightly higher than the case with ideal E-DPCCH decoding. Due to increased Rx Ec/No requirement, the Tx Ec/No is slightly higher as well for the case with practical E-DPCCH decoding.

· When switched antenna transmit diversity is used, the Rx Ec/No is already at a slightly higher level. As a consequence, the Rx Ec/No levels at the NodeB are sufficient to decode the E-DPCCH accurately even when practical E-DPCCH decoding is used. Therefore, the Tx Ec/No levels are not affected due to practical E-DPCCH decoding. Further details on the cause of the higher Rx Ec/No levels at the NodeB due to SATD can be found in [6].
7
Interaction with DC-HSUPA

So far, the scope of the UL Tx Diversity for HSPA SI has been limited to operation of a single uplink frequency. If ULTD were to be enabled when DC-HSUPA is configured, depending on the assumed UE transmit architecture, we recognize the need to define new practical algorithms for both BFTD and SATD. In our viewpoint, combining DC-HSUPA and ULTD features could be the subject of a different study item and for now ULTD feature can be restricted to single uplink frequency operation. In that regard, a simple RAN4 test could be introduced to ensure that the UE has disabled ULTD when DC-HSUPA is configured.

8
Modeling of Demodulation Losses at the NodeB Rx

In [6], the impact of SATD on the NodeB receiver was examined by analyzing the distributions of the frame averaged channel, UE transmit power and the frame averaged Rx Ec/No at the point of an antenna switch.

As shown in Figure 6, the results [6] confirmed that in both link level and system level simulations, the DPCCH set point was similar (< 0.1 dB) for the baseline and a practical SATD scheme. This indicates that there are minimal effects on the channel estimation and the data decoding due to antenna switching. Instead, it was observed that the increase in average Rx Ec/No at the Node B receiver was due to an improvement in channel conditions as a result of the switch. While the inner loop power control does compensate for the excess Rx Ec/No, the delay in this compensation causes a temporary increase in Ec/No at the NodeB. This increase should in principle benefit the UE throughput by enabling early terminations. A similar trend is also seen in the system simulation of SATD.

[image: image7.emf] 


Figure 6: Increase in the set point and the mean Rx Ecp/Nt due to SATD when compared to the Baseline

Furthermore, link evaluation of symmetric implementation of the practical BFTD algorithm 2 as described in [1], reveals negligible impact to NodeB Rx Ec/No. Hence we conclude that for both SATD and BFTD, since the effects of the Rx Ec/No are implicitly captured in the system simulation, additional modelling of the NodeB receiver impact is unnecessary.
9
Potential PRACH coverage impact due to BFTD

In [7], concerns were raised with regard to utilizing UE architectures with two half-powers PAs for the purpose of beamforming transmit diversity (BFTD). For these types of UEs, which has been the focus on this study, transmission will always occur from both antennas. Hence the concern is that there will always be a beam and before the UE has received sufficient TPC feedback this beam may have an arbitrary direction.
The potential impact of ULTD being during PRACH operations can be eliminated by proper design of the UE transmitter. For example, for BFTD, a UE may use a full-power PA for the primary transmit antenna and a half-power PA for the diversity transmit antenna as shown in Figure 1. During PRACH, the UE may disable ULTD and only use the primary Tx with the full-power PA. Therefore complete backward compatibility is maintained during PRACH operations. During regular data transmission, when ULTD is enabled, a UE may change the primary full-power PA’s supply voltage to improve its efficiency at mid-to-high Tx power, effectively approximating a half-power PA’s efficiency performance. The technique of varying a PA’s supply voltage to maintain its efficiency is described in more detail in [8].
[image: image8.emf]
Figure 7: BFTD with Average Power Tracking (APT) Power Amplifiers

10
Conclusions

In this contribution, we have addressed many of the outstanding issues raised in [1] with regard to UL Transmit Diversity for HSPA. 
The following issues have been addressed via additional link analysis and system evaluation:

· Performance associated with Bursty Traffic Traffic [3]
· Impact to E-DPCCH decoding [5]

· Modeling of Demodulation Losses at the NodeB Rx [6], [10]
Some of the issues related to UE implementation were further treated in this document to address:

· UE Battery Power and PA heat savings due to transmit power reduction as observed in the ULTD system study.
· PRACH coverage impact due to BFTD.

The issue related to interaction with DC-HSUPA can be simply resolved by disallowing operation of DC-HSUPA and ULTD concurrently. This can be achieved with the introduction of a simple RAN4 test requirement that ensures that the UE has disabled ULTD when DC-HSUPA is configured.

With regard to the interaction with radio resource management (RRM) strategies for improving uplink efficiency with ULTD, we think it maybe useful to discuss further the possibility of allowing the network to enable/disable ULTD on a per UE basis, based on a suitable criterion or trigger.
Based on the discussion in this contribution, we conclude that UL Transmit Diversity should be considered to help enhance the cell edge performance in the uplink of HSPA without causing any significant impact to system performance.
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