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1. Introduction
This document contains a text proposal for TR 25.906 ‎[1] for the study item on dynamic receiver reconfiguration section 7: "Non MBMS link level simulation scenarios, assumptions and results". The text proposal is based on ‎[2],‎ [3] and ‎[4].

2. References

[1] 3GPP TR 25.906, “Dynamically reconfiguring a Frequency Division Duplex (FDD) User Equipment (UE) receiver to reduce power consumption when desired”.
[2] R4-070838, "UE Dynamic Reconfiguration in Dedicated Channel and HSDPA Scenarios", Marvell
[3] R4-070941, "Regarding Receive Diversity Switching for Non-MBMS Scenarios", Marvell

[4] R4-071106, "Simulations Results for Receive Diversity Switching in Non-MBMS Scenarios", Marvell

3. Text Proposal
---------------------------------------- START OF Text Proposal ---------------------------------------- 
7. Non MBMS link level simulation scenarios, 
assumptions and results

This section explores results of receive diversity (RxDiv) reconfiguration for DCH/F-DPCH and HSDPA downlink channels under certain conditions.

Switching algorithm methods are proposed for dedicated and HSDPA DL channels separately. It should be stressed that in order for the UE to turn off RxDiv, the conditions for doing so would need to be satisfied for all physical channels currently being received by the UE.

7.1
Link level scenarios for dedicated channels

When in a near-site scenario the base station (BS) will be rather likely at the lowest minimum output power because the dynamic power range of the BS (typical values are 30 dB) may be smaller than the path loss dynamic range (typical values are 70 dB). In this scenario, the downlink transmitted power is not further reduced due to the use of a RxDiv receiver at the UE and thus the RxDiv receiver can be switched off. Furthermore, this scenario can be detected since the average measured SIR remains above the target SIR when the transmitter reaches the minimum power limit. 
An algorithm for the RxDiv switching that was simulated is described in the following sub-section.

7.1.1 Switching algorithm for DCH

The 3GPP standard defines the “high windup” condition as the state in which the UE requests the BS to increase its transmit power, but the BS has reached its upper limit and can not increase its power anymore. The UE must recognize this condition, as otherwise it will increase its SIR target too much, which will cause the UE to request excessive power when exiting the high windup condition.

A similar problematic condition exists when the UE requests the BS to lower its power, but the BS has reached its lower limit of transmit power and can not reduce its power anymore. We refer to this as a “low windup” condition. UE implementations must handle this condition appropriately since otherwise they  will lower their SIR target too much, and subsequently many errors will occur when they exit this low windup condition (until the power control outer loop is able to correct the SIR target). 

The detection of the low windup condition is quite robust, and can enable the UE to identify the fact that its second antenna is not needed for reception. We thus propose the following:

If ((receiver is in low windup) and both receivers are enabled) switch to single receiver.
If ((receiver is NOT in low windup) and only one receiver is enabled) switch to dual receiver. 
Low windup may be detected by various methods, e.g. by comparing SIR estimation to SIR target, or by looking at the distribution of up and down power control requests sent by the UE to the BS. Typically, the detection of low windup is implemented with some kind of hysteresis that would prevent frequent transitions between single receiver and RxDiv.

It should be noted that the low-windup estimation does not require any assumptions about the downlink transmit power control settings. It is based only on behavior mandated by the 3GPP standard (TS 25.104  sec. 6.4.2.) that the base is required to respond to the UE's request to lower power unless it has reached it lower power limit on transmit code power.

A further enhancement to the suggestions above may be to also look at the Block Error Rate (BLER) estimation or Symbol Error Rate (SER) estimation.

If on top of the conditions specified in the suggestion above, the UE also finds that the BLER estimation is below its BLER target (with some margin), then it will decide to switch off the RxDiv, as this is a further indication of the fact that the BS is at low windup.

This enhancement can help in test cases in which the BS does not perform power control, since in the test case the BS will signal to the UE a very low BLER target (which will not be met in the test), and thus the UE will not switch off RxDiv and will maintain the required performance for RxDiv receivers.

In channels such as Fractional DCH (FDCH) where a BLER target is replaced by TPC command ER target (equivalent to Symbol Error Rate, SER), the same principal can be maintained with SER estimation versus SER target.

It is important to note, that when a UE is even near the condition of low windup, the potential BS power savings that can be achieved by utilizing RxDiv at the UE is minimal, since the transmitted BS power is so low anyway. Thus the possibility that erroneously switching off RxDiv under such conditions will degrade system capacity is negligible. 
7.1.2 Simulation Conditions

Table 1: DCH Simulation Conditions
	Parameter
	Unit
	

	Receiver Type
	-
	Type 1

	Channel Estimation
	-
	ON; everything else is IDEAL receiver
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	dBm/3.84 MHz
	-60

	Information Data Rate
	kbps
	12.2

	Target quality value on DTCH
	BLER
	0.01

	Target quality value on DCCH
	BLER
	-

	Propagation condition
	
	STATIC and CASE1

	Maximum_DL_Power *
	dB
	7

	Minimum_DL_Power *
	dB
	-18

	DL Power Control step size, TPC
	dB
	1

	Limited Power Increase
	-
	"Not used"

	Low-Windup Identification
	-
	Estimated

	Switch to single antenna
	-
	Choosing the antenna with better reception


7.1.3 Simulation Results

Link level simulation results were contributed by Marvell for STATIC and CASE1 propagation channels.
7.1.3.1 Static Channel Conditions

In Figure 1 and 2 below, the transmit power to the UE is shown as a function of time for a UE receiving a DCH. 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. 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.


[image: image3]
Figure 1, Figure 2: Static channel simulation results for DCH reception
It can be seen from these figures that very little additional downlink power is needed to support the UE that does antenna dynamic reconfiguration. Averaging over the simulations showed an increase of average Ec/Ior from -27.94 dB (0.161%) to -27.48 dB (0.179%) when switching off the second antenna, corresponding to an increase of 0.018% in base transmit power. 

7.1.3.2 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 switching 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. 

Figures 3, 4: Case1 channel simulation results for DCH reception

[image: image4]
Figures 5, 6: 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. Results are illustrated in Figures 7 with a zoomed-in version in Figure 8. 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 9 & 10 provide the same results as Figures 7 & 8 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 that there is negligible performance degradation for the UE utilizing antenna dynamic reconfiguration.  In addition, the average Ec/Ior was also very similar – equal to -26.66dB.


[image: image5]
Figures 7, 8: Long term simulation of low-windup switching

[image: image6]
Figures 9, 10: Long term simulation with 2 antennas always ON
7.2
Link level scenarios for HSDPA DL channels

HSDPA may be used for services which require low BS resources. By low resources we mean a small number of channelization codes and low Modulation and Coding Scheme (MCS). 

An example is Voice over IP (VoIP), where a voice packet of 365 bits is transmitted every 20 mSec, or bundling 2 voice packets to 699 bits every 40 mSec. In the first case, 1 channelization code will be used with QPSK modulation and code rate 0.38, and in the second case, 2 channelization codes will be used with QPSK modulation and code rate 0.36. 

In this type of scenario, the BS and the UE will not gain anything from improving reception quality beyond that required for this MCS (about 3 dB in AWGN for the worse case above), as there is no more data to send to the UE. 

7.2.1 Switching method algorithm for HSDPA

To take advantage of such conditions we suggest the following:

· When the UE is aware of the fact that it only requires low BS resources in HSDPA (e.g., by higher layer signalling), it should attempt to identify whether RxDiv can be switched off without affecting performance.

· More specifically, the UE may measure its Channel Quality Indication (CQI) and compare it to the CQI required by the service:

If ((Average CQI > Required CQI+Threshold1) and both receivers are enabled) switch to single receiver.
If ((Average CQI <= Required CQI+ Threshold2) and only one receiver is enabled) switch to dual receiver. 
This condition may be checked by either the UE or the BS as both are aware of the CQI and MCS. Note that the CQI is directly determined based on the SIR conditions.

Taking the decision by the BS and signaling it to the UE requires additional signaling to turn the RxDiv on and off. However, it can further help the UE reduce its power, since the BS may signal the UE to turn off RxDiv if it does not intend to send data to the UE, either since it has no data for transmit or due to scheduling priorities. Furthermore, the BS can compare the reported UE CQI to the downlink transmission demands that it is aware of, and signal the UE to switch off RxDiv even when resource requirements are not low, but reception quality is more than sufficient anyway. Of course the base station will need to utilize Threshold1 to take into account the expected CQI reduction from switching from RxDiv to single-antenna reception. 

This will enable the following suggestion:

If (BS does not intend to send data to the UE for a while or reception quality is sufficient for current downlink transmission requirements) signal the UE to switch to single receiver.
If (BS intends to send data to the UE or reception quality is not sufficient) signal the UE to switch to dual receiver.
Note that in CPC mode the BS already signals the UE DRX activation and de-activation commands through HS-SCCH orders. A similar mechanism could be used to enable the base to direct the UE to switch on/off RxDiv.

A major advantage of having the BS drive the RxDiv switching at the UE is that the BS can better take into account the potential advantage to the network of reducing the HSDPA transmit power. This BS transmit power savings can benefit the network either in terms of interference reduction or in terms of increased power resources for other users/services. If the BS HSDPA transmit power to the UE is already at minimum or the transmit power is so low that the BS power savings will be negligible (e.g., relative to total BS transmit power), then the BS can signal the UE to switch off RxDiv. 

It should be noted that taking an autonomous decision at the UE has the advantage that the UE can verify that the single-receiver CQI will be sufficient to support the required SIR of the service. On the other hand, it is more difficult for the UE to take into account the potential HSDPA downlink BS power savings that can be achieved to the UE with RxDiv active.

7.2.2 Simulation Conditions

In this section we present simulation results of HSDPA reception under high Ior/Ioc conditions 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). 

The following table summarizes the simulation conditions. 

Table 2: HSDPA Simulation Conditions

	Parameter
	Unit
	

	Receiver Type
	-
	Single antenna – Type 2 

Dual-antenna and antenna switching – RAKE receiver

	Channel Estimation
	-
	ON; everything else is IDEAL receiver

	[image: image7.wmf]oc

or

I

I

ˆ


	dB
	10, 15

	[image: image8.wmf]oc

I


	dBm/3.84 MHz
	-60

	Information Data Rate
	kbps
	12.2

	Target quality value on DTCH
	BLER
	0.01

	Target quality value on DCCH
	BLER
	-

	Propagation condition
	
	STATIC, PED A 

	Maximum_DL_Power *
	dB
	7

	Minimum_DL_Power *
	dB
	-18

	DL Power Control step size, TPC
	dB
	1

	Limited Power Increase
	-
	"Not used"

	DCH Switching Method
	-
	Method 2

	HSDPA Switching Method
	-
	Base Station driven

	Low-Windup Identification
	-
	Estimated

	Switch to single antenna
	-
	Choosing the antenna with better reception

	MCS
	-
	VoIP 1 Code – 365 information bits, 960 code size

	
	
	VoIP 2 Codes – 699 information bits, 1920 code size

	
	
	CQI 1 – 1 Code – 137 information bits, 960 code size


7.2.3 Simulation Results
Table 3 summarizes the simulation results in terms of the required Ec/Ior needed to achieve 10% BLER (with no tranmission repetition) 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. 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. 

Table 3: 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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% of Max  Base Power
	Single Antenna

Ec/Ior[dB]
	Dual Antenna
Ec/Ior[dB]
	Antenna Switching

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


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. 

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 may be reduced further. 

---------------------------------------- END OF Text Proposal ---------------------------------------- 
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