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1 Introduction
This contribution provides simulation results for scenarios where a UE dynamically reconfigures the number of antennas used for reception of DCH and HSDPA services. These results are offered as part of the current study that RAN4 is conducting to consider the feasibility of antenna dynamic reconfiguration [1]. To date, this study has mostly focused on MBMS scenarios, where base transmit power is fixed and thus switching on/off of a second UE antenna could not impact network capacity. RAN4 has in fact already concluded that dynamic receive diversity switching would be feasible for MBMS scenarios [2].

There have also been proposals [3,6] to consider receive diversity dynamic reconfiguration for non-MBMS scenarios. In [3] it was proposed to allow a Type 1 UE receiving a DCH channel while in “low-windup” (i.e., a state where the base station cannot lower its transmit code power to the UE further) to switch off an antenna. It was also suggested there to allow antenna dynamic reconfiguration for a UE in an HSDPA session which requires very little base station transmit power resources (in addition to being in DCH low-windup). An example application of this type would be VoIP. The aim of the proposal was to gain UE battery life savings, without affecting network capacity and performance. 
This document provides a number of simulation results to further investigate the proposal in [3]. Simulations of a DCH voice network are carried out to illustrate the potential percentage of users that can benefit from antenna dynamic reconfiguration. Both DCH and HSDPA link simulations are also presented to illustrate UE behavior when utilizing this reconfiguration feature.    
2 Network Simulation Results
In [3] it was proposed to allow a UE receiving dedicated channels to switch off a second antenna when the UE is in “low-windup”. Figure 1 presents network simulation results that illustrate what percentage of users would be expected to be in the low-windup state in a typical macro-cell scenario. The simulation assumptions are the same as those typically used in RAN4 studies and are listed in Table [1]. We are assuming a network of DCH voice users with 19 cells (with wrap around at the edges). We tested network loads of 12.5%, 25%, 50%, and 100%, where full load was approximately 2000 users. 
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Figure 1: Macro-cell network simulation results showing UE code power CDF
Considering that the maximum base power was 43 dBm, and that the 3GPP standard mandates minimum code transmit power no greater than -28 dB relative to maximum base power, low-windup would typically occur at 10-15 dBm transmit power. From the figure we see that in fractionally loaded cells this results in approximately 10-40% of the UEs being in the low-windup state in this typical macro-cell scenario. We expect these numbers to be even higher for in-building pico-cell and Home Node B scenarios, where there may be typically fewer users, many of whom have excellent reception conditions, with at least some insulation from outside cells.
Table 1: Network Simulation Assumptions
	Parameter
	Value

	Simulation Type
	Snapshot

	Network Type
	Hexagonal grid – two rings – 19 bases (wrap around technique used); BTS in the middle of cell

	User Distribution
	Random and uniform across the network

	Cell Radius
	577 meters

	Number Sectors per Base
	3 (3-sectored 65 degree antennas)

	Propagation Loss 
	Loss = 128,15 + 37,6log10(R) dB; R = distance in Km (Macro-cell model as defined in [10])

	MCL (including antenna again)-macro-cell
	70 dB

	Antenna gain (including losses) 
	11 dBi at Base; (0 dBi at UE)

	Log-normal fade standard deviation
	10 dB

	Non-orthogonality factor 
	Case 1 channel 

	# of snapshots
	> 10000 for speech

	#PC steps per snapshot
	> 150

	Step size PC
	Perfect PC

	PC error 
	0 %

	Margin in respect with target C/I
	0 dB

	Initial TX power
	Random initial 

	Outage condition
	Eb/N0 target not reached due to lack of TX power

	Satisfied user 
	Measured Eb/N0 higher than Eb/N0 target - 0,5 dB

	Handover threshold for candidate set
	3 dB

	Maximum number in active set
	3

	Choice of cells in the active step 
	Random

	Combining
	Maximum ratio combining

	Noise figure
	9 dB

	Receiving bandwidth
	3,84 MHz 

	Noise power 
	 -99 dBm 

	Maximum BTS power 
	43 dBm 

	Common Channel power 
	CPICH_Ec/Ior = -10 dB

PCCPCH_Ec/Ior = -12 dB

SCH_Ec/Ior = -12 dB

PICH_Ec/Ior = -15 dB

	Power control dynamic range
	25 dB

	Data Rates
	12,2 (voice),

	Activity factor 
	100%

	Maximum TX power for 12,2 kbps
	30 dBm

	Eb/No target for 12,2 kbps 
	9 dB @ 1% FER


3 DCH Link Level Simulation Results

In [3] it was argued that a UE in low-windup conditions can switch to a single antenna without hurting network performance. Below we compare the performance of a Type 1 (receive diversity) UE with and without antenna dynamic reconfiguration. The simulation setup follows that of [4] Sec. 8.8.1, but with Static and Case 1 channel conditions [4]. See also Table 2 below. The identification of low-windup by the UE is based on a practical estimation algorithm at the UE, and the switch to a single antenna is done by choosing the antenna with better reception.
Table 2: DCH Simulation Conditions
	Channel Estimation
	ON; everything else is IDEAL receiver

	Low-Windup Identification
	Estimated

	Ior/Ioc
	Switch between -3 and 10 [dB]

	Channels
	STATIC, CASE 1 3Km/Hr

	Power Control
	ON

	DCH
	12.2


Static Channel Conditions

In Figures 2 and 3 below, the transmit power to the UE is shown as a function of time for a UE receiving a 12.2 kbps dedicated channel. During the simulation the Ior/Ioc value is switched between -3 and 10 dB each second in order to illustrate behavior as the UE goes into and out of the low-windup state. Three curves are shown as a function of time: (a) The top step curve illustrates the Ior/Ioc value, (b) the middle step curve indicates when the UE has detected a low-windup state – i.e., when the curve is at its lower level, and (c) the bottom curve indicates the Ec/Ior transmitted from the base. The figure on the left and right describes Type 1 UE behavior without and with antenna reconfiguration, respectively. In other words, for the figure on the right, the UE switches to single antenna whenever low-windup is detected and it switches back to dual-antenna whenever it leaves the low-windup state.
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Figure 2, 3: Static channel simulation results for DCH reception
It can be seen from the figures that there is very little additional power needed to support the UE that does antenna dynamic reconfiguration. Averaging over the simulations we saw an increase of average Ec/Ior from -27.94 dB (0.161%) to -27.48 dB (0.179%) when switching off the second antenna, an increase of 0.018% in base transmit power. 
Case1 Channel Conditions

Figures 3 & 4 below show results analogous to those shown above for Static channel conditions, and Figures 5 & 6 simply provide a zoomed-in picture of the results. Case 1, which represents a fairly flat-fading multipath channel model, is a reasonable model to use for a user near the base station. It is also a difficult channel from the point of view of antenna dynamic reconfiguration since there are deep fades that take the UE out of low-windup.  
Just as in the Static channel case, the figures illustrate that not much additional power is needed to support the UE that does antenna dynamic reconfiguration. Averaging over the simulations we saw an increase of average Ec/Ior from -27.02 dB (0.199%) to -26.55 dB (0.221%) when switching off the second antenna, an increase of 0.022% in base transmit power. Changes of base station transmit power that are so small should not affect network capacity.
We note that in the example given here, the UE practicing antenna dynamic reconfiguration is able to remain in single-antenna mode 52% of the time. 
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We also note from the curves that there is much more ON/OFF of low-windup detection and antenna dynamic reconfiguration than in the Static channel case. This is to be expected because of fading. In fact even when the second antenna is always on and Ior/Ioc is high we see that there are times that fading causes the UE to leave the low-windup state. 
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Figures 4, 5: Case1 channel simulation results for DCH reception
Figures 6, 7: Case1 channel simulation results for DCH reception - zoomed in
Longer term simulations of a UE with antenna dynamic reconfiguration were also carried out to investigate the UE’s ability to achieve its quality BLER target, despite antenna dynamic reconfiguration. The Ior/Ioc was kept steady at 10 dB for these simulations. Results are illustrated in Figure 8, with a zoomed-in version in Figure 9. Three curves are shown as a function of time: (a) the top curve indicates block errors (when raised), (b) the middle curve indicates the UE detected low-windup state, (c) the bottom curve shows required Ec/Ior from the base station. During the simulated time period, 9 block errors occurred – but all when 2 antennas were used; thus we can conclude that the impact of antenna switching is negligible. 
We note that the BLER for this time period was 0.72%, which is less than the 1% target BLER. We note also that in this example a single antenna was used 42% of the time and the averaged Ec/Ior was -26.17dB.
Figures 10 & 11 provide the same results as Figures 8 & 9 except that now the UE always uses 2 antennas. The total number of block errors during the simulation was 12, with a BLER of 0.96% - very similar numbers to those of the UE with antenna dynamic reconfiguration. This further demonstrates the lack of performance degradation for the UE utilizing antenna dynamic reconfiguration.  In addition, the average Ec/Ior was also very similar – equal to -26.66dB.
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Figure 8, 9: Long term simulation of low-windup switching
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Figure 10, 11: Long term simulation with 2 antennas always ON
4 HSDPA Link Level Simulation Results
In this section we present simulation results of HSDPA reception under high Ior/Ioc conditions (10 and 15 dB) for several low-resource MCS scenarios that might be relevant for antenna dynamic reconfiguration. Three reception scenarios were tested: single antenna, dual antenna and antenna dynamic reconfiguration (switching). A Type 2 MMSE equalizer receiver was assumed for the single antenna case, and a RAKE receiver was assumed for the dual-antenna and antenna switching cases. The following table summarizes the simulation conditions. The MCS scenarios we consider are two VoIP scenarios referred to in [7] and one scenario where the MCS corresponds to the first CQI in the CQI table defined in [8].
Table 3: HSDPA Simulation Conditions

	Channel Estimation
	ON; everything else is IDEAL receiver

	Ior/Ioc
	10, 15 [dB]

	Channels
	STATIC, PED A 3Km/Hr [4]

	MCS
	VoIP 1 Code – 365 information bits, 960 code size, e.g., [7]

	
	VoIP 2 Codes – 699 information bits, 1920 code size, e.g., [7] 

	
	CQI 1 – 1 Code – 137 information bits, 960 code size, [8]


Table 4 summarizes the simulation results in terms of the required Ec/Ior needed to achieve 10% BLER for the given MCS and reception scenario.  Also shown is the increased power per code needed from the base station when antenna switching is used, given as a percentage of maximum cell power. Results are given for both the Pedestrian A and Static (1 path) multipath channels [4]. For the Static channel case, antenna switching is not applicable since there is no fading; in this case the increased power per code is given assuming the UE uses a single antenna all the time. 
In the Pedestrian A simulations, the antenna switching was base station controlled. The decision to switch to single antenna was taken only if the required transmit power was within 1 dB of low-windup, (in this case -28 dB Ec/Ior).  The delay involved in signaling the UE was not modeled, but is not expected to significantly change the results. The amount of time the UE was in single antenna mode was approximately 50% & 80% for the Ior/Ioc = 10 dB and 15 dB cases, respectively. 

From the results we see that the increased power needed for these HSDPA scenarios is generally very small (much less than 1%) and would not be expected to significantly affect network performance. Ultimately, the base station should decide based on its total power resource needs and based on the MCS to be transmitted to the UE whether it makes sense to permit the UE to switch to single-antenna mode. The signaling can be efficiently implemented based on unused HS-SCCH bit combinations as indicated in [3,5]. 

We note that the Pedestrian A antenna switching results are fairly close to that of the dual-antenna results. The reason for this is that in a flat-fading like channel such as Ped. A most of the errors occur during the fades. However, during the fades the UE exits low-windup and both antennas are used.

We also note that these simulations do not take into account possible effects of scheduling. For low data rate HSDPA services that are not particularly delay sensitive a scheduler will avoid transmitting to the UE during fades, and thus improve both the single antenna and dual antenna results. As a result the increased power needed to switch to single antenna will be reduced further. 

Table 4: Required Ec/Ior Per Code From the Base for Single Antenna, Dual Antenna and Antenna Switching Cases
	Scenario
	1 PATH STATIC 
	PED A 3 km/Hr 

	
	Single Antenna

Ec/Ior[dB]
	Dual Antenna

Ec/Ior[dB]
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	VoIP – 1 Code

Ior/Ioc = 10 dB
	-21.75
	-24.5
	0.314
	-13
	-18.5
	-18.2
	0.101

	VoIP – 1 Code

Ior/Ioc = 15 dB
	-26.6
	-28.5
	0.099
	-17
	-21.5
	-20.4
	0.204

	VoIP – 2 Codes

Ior/Ioc = 10 dB
	-22.2
	-24.8
	0.271
	-13.8
	-19
	-18.6
	0.122

	VoIP – 2 Code

Ior/Ioc = 15 dB
	-26.65
	-28.8
	0.084
	-17
	-22
	-20.8
	0.201

	CQI 1 (1 Code)

Ior/Ioc = 10 dB
	-25.7
	-28.25
	0.120
	-17
	-22.5
	-22.2
	0.040

	CQI 1 (1 Code)

Ior/Ioc = 15 dB
	-30
	-32.8
	0.048
	-21
	-25.5
	-24.4
	0.081


5 Conclusions

System level and link level simulation results have been presented to further investigate the proposal made in [3,5] to permit antenna dynamic reconfiguration for a UE receiving non-MBMS services. 
· Results of network simulations of a voice DCH network illustrated that in a typical fractionally loaded macro-cell 10-40% of the UEs may be in low-windup, depending on load. We expect the numbers to be even higher for Home Node B and in-building pico-cell scenarios. 
· Link level DCH simulation results illustrated that allowing a UE to switch an antenna when in low-windup causes a negligible increase in base station transmit power, and will not affect capacity. Furthermore, the switching ON/OFF of receive diversity was not found to degrade the UE’s ability to achieve its BLER target.

· Link level HSDPA simulation results illustrated several examples of low resource MCSs where the UE in high Ior/Ioc (and in DCH low-windup) will cause only a negligible increase in base station power when switching to a single antenna. 
· In the case of flat-fading like channels such as Case 1 or Pedestrian A, the UE will need to switch to dual-antenna when a fade takes it out of low-windup. However, the UE is still able to operate with a single antenna a significant percentage of the time, leading to battery life savings.  
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