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1
Introduction
UE current consumption impact due to UL CLTD were discussed over the past 2 RAN4 meetings [1-2]. It was also proposed that RAN4 sends an LS to RAN1/2 to inform RAN4 findings so that RAN1 and RAN2 can investigate the best option to turn the CLTD feature on/off based on information that the UE provides the network [1]. However, no agreement has been made. This contribution continues discussion on the need of turning on/off CLTD feature based on UE implementation.
2
UE battery life impact

In [1], current consumptions for a ULTD UE using 2 full power PAs are compared with respect to the non-ULTD legacy UE using a full power PA. For convenience, it is shown in Figure 1 below. The current consumption included the pre-PA current consumption that drives the Tx chain till the input of the PA. The current consumption in the baseband was not included, since it is expected that the current consumption in the baseband for a CLTD UE is almost the same as for a legacy non-ULTD UE.
It was shown that there is significant additional current consumption compared to the legacy UE in low and mid UE transmit power ranges. It was also pointed out that the battery life gain/loss transition point is dependent on UE implementation and the choice of a PA. However, if the CLTD feature remains turned on all times, substantial battery life loss is expected.
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Figure 1: Current consumption gain compared to non-ULTD legacy UE assuming the use of 2 full power PAs [1]
There was another battery life impact analysis in [2], where the power consumption in other circuitries in the UE was also taken into consideration (590 mW). For convenience, the summary of the results in [2] is also shown in Table 1. The conclusion in [2] was that the battery life loss is not significant considering the power consumption in other circuitries in the UE. However, it may not be reasonable to reach such a conclusion for the following reasons:
· The analysis did not include the pre-PA current consumption that drives the Tx chain till the input of the PA. This will significantly affect the battery life.

· The battery life loss due to the second Tx chain might be relatively small compared to the power consumption in other circuitries in the UE; however it is still substantial in an absolute manner. The UE vendor has a separate current budget for RF, baseband and etc.
· The results can be changed significantly depending on the assumption in the power consumption in other circuitries in the UE.

Table 1: Current consumption gain compared to non-ULTD legacy UE assuming the use of 2 full power PAs [2]
	          Pout at antenna
ULTD gain
	20dBm
	10dBm
	0dBm

	1dB
	PA power saving
	6.60%
	-31.40%
	-99%

	
	Total power saving
	3.60%
	-6.40%
	-7.80%

	2dB
	PA power saving
	21.90%
	-16%
	-75.70%

	
	Total power saving
	12%
	-3.30%
	-6%

	3dB
	PA power saving
	33.30%
	-3.60%
	-57%

	
	Total power saving
	18.20%
	-0.70%
	-4.50%


On the other hand, the system impact has not been considered so far when the proposal to turn on/off CLTD feature was made previously. The following section will look into the system impact when the CLTD feature is turned on and off based on UE transmit power.
3
System impact

3.1
System simulation parameters

The system simulation parameters in this contribution are taken from the technical report (TR) on Uplink transmit diversity for High Speed Packet Access (HSPA) [3] and are presented below:
Table 2: Parameters used in the system level evaluations

	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 NodeBs, 3 sectors per Node B with wrap-around

	Inter-site distance [m]
	1000

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Antenna pattern
	Case 1 (3GPP ant): 
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 = 70 degrees, Am = 20 dB

	Channel Model
	PA3

	Penetration loss [dB]
	10

	Maximum UE EIRP
	23 dBm

	Uplink system noise
	-103.16 dBm

	HS-DPCCH
	CQI Feedback Cycle
	1 TTI

	
	ACK [dB]
	0

	
	NACK [dB]
	0

	
	CQI [dB]
	0

	
	Pr[ACK]/Pr[NACK]
	0.5/0.5

	βec/ βc 
	15/15

	E-DPCCH Decoding
	Ideal

	Soft Handover Parameters
	R1a (reporting range constant) = 4 dB,

R1b (reporting range constant) = 6 dB

	Thermal noise density
	-174 dBm/Hz

	Traffic model
	Full buffer

	UE distribution 
	Uniform over the area

	Number of UEs per sector
	4

	NodeB Receiver
	Rake (2 antennas per cell)

	Channel Estimation
	Realistic - 3 slot filtering

	Additional Demodulation Loss caused by ULTD algorithms
	None

	UL TPC Generation
	Based on 1 slot received signal energy of the intended UE.

	Uplink HARQ
	2 ms TTI, Max # of transmission =4, Target BLER = 1 %

	Closed Loop Power Control Delay
	2 slots

	Outer Loop Power Control Delay [frames]
	4

	UL TPC Error Rate [%] 
	4

	Long term antenna imbalance [dB] (see note 1)
	0

	Short-term antenna imbalance [dB] (see note 2)
	Gaussian distribution with 

µ = 0

σ = 2.25

	UE Tx Antenna Correlation
	0

	UE Rx Antenna Correlation
	0

	E-DCH Scheduling Delays
	Period
	2ms

	
	Uplink SI delay
	6 slots

	
	DL Grant delay
	As per 25.321

	Scheduling Type
	Proportional Fair

	NOTE 1:
The long term antenna imbalance is fixed for all the UE's in a particular simulation.

NOTE 2:
The short term antenna imbalance value is independently generated from the distribution on a per UE per link basis. Once generated, the short term imbalance does not change for the duration of the simulation.


For the purposes of these simulations, the following scheme to enable/disable CLTD was used. Note that the below mechanism is only used as an example for evaluation purposes in this document. Any other feasible mechanism to introduce this functionality can be considered, however it would not change the general trend in simulation results.

· Calculate (IIR) filtered UE total transmit power level TxPowFlt every slot
· IIR filter time constant 1500 slots (1sec)
· If TxPowFlt < Thresh for duration TimeToTrigger and no enabling/disabling has occurred for last Prohibit_Duration, then disable CLTD 
· Thresh = (-5dBm, 0dBm, …, 20dBm)
· TimeToTrigger = 200ms
· Prohibit_Duration = 1500 slots (1sec)
· If TxPowFlt >= Thresh for duration TimeToTrigger and no enabling/disabling has occurred for last Prohibit_Duration, then enable CLTD 

3.2
System simulation results
Figure 1 shows the distribution of UE throughput with different thresholds to enable/disable CLTD feature based on UE transmit power. As shown in Figure 1, the system impact might not be significant when the threshold with -5 dBm or 0 dBm were used. On the other hand, the system benefit due to CLTD feature will disappear when higher thresholds were used. Therefore, we might need to compromise UE battery life impact in order not to sacrifice the system benefit unreasonably. However, the UE battery life also should be considered to the extent when the most of system gain can be achieved.
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Figure 2: Distribution of UE Throughput
The CLTD enabling and disabling statistics is shown in Table 3 for additional information. The following metrics are presented therein:
· Percentage of UEs performing CLTD – Percentage of UE’s that have CLTD enabled for at least one slot during the simulation over total number of UE’s in the system

· Average CLTD ON time – Percentage of simulation time that CLTD is enabled averaged over those UE’s that have CLTD enabled for at least one slot

· Average number of CLTD mode switches – Total number of  times CLTD was either enabled or disabled averaged over those UE’s that have CLTD enabled for at least one slot

Depending on the threshold, it is shown that significant number of UEs can still benefit from a mechanism to enable/disable the CLTD feature in battery saving without affecting the overall system gain due to the CLTD feature.
Table 3: CLTD Enabling Disabling Statistics

	ULTD Mode Switching Statistics

	Scenario
	Average number of users per cell

	
	Percentage of UE’s Performing CLTD
	Average CLTD ON Time (%)
	Average Number of CLTD Mode Switches (per Second)

	CLTD, Thresh = 20dBm
	0.13
	20
	0.36

	CLTD, Thresh = 15dBm
	0.57
	48
	0.35

	CLTD, Thresh = 10dBm
	18
	61
	0.28

	CLTD, Thresh = 5dBm
	42
	66
	0.22

	CLTD, Thresh = 0dBm
	66
	75
	0.17

	CLTD, Thresh = -5dBm
	82
	85
	0.11


4
Conclusions
This contribution has continued discussion on the need of turning on/off CLTD feature based on UE implementation. Both UE battery life impact and system impact have been considered. It is envisioned that we need to compromise UE battery life and system gain. It is shown that significant number of UEs can still benefit from a mechanism to enable/disable the CLTD feature in battery saving without affecting the overall system gain due to the CLTD feature.

Proposal: 
It is proposed that RAN4 sends an LS to RAN1/2 to inform RAN4 findings so that RAN1 and RAN2 can investigate the best option to turn the CLTD feature on/off based on information that the UE provides the network.
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