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1. Introduction
In RAN1#49bis in Orlando it was decided that UE Transmit power P, is set according to the following formula for PUSCH transmissions [1].
P = min ( Pmax ,  10 log M + Po + α x PL + delta_mcs + f(delta_i))
Where,
· M is the number of assigned RBs (based on UL grant) 

· Po is a cell specific parameter that is broadcasted (default value)

· α is cell specific path loss compensation factor (can be set to one to allow full path loss compensation)

· PL is downlink pathloss calculated in the UE

· delta_mcs is signaled by RRC (table entries can be set to zero)

· MCS signaled in UL grant

· delta_i is UE specific correction value included in the UL grant

· Function f(*) signaled via higher layers

· Only two possibilities

· Accumulated vs. absolute value
Many parameters in the above formula can change substantially from subframe to subframe (for e.g. M, delta_mcs). Further, since the objective of the power control algorithm is to keep the UE power spectral density (PSD) constant, total power transmitted by the UE scales with M.  This implies, UE transmit power will change quite considerably between different subframes in LTE uplink. In addition, since LTE uplink is frequency division multiplexed, transmission bandwidth and frequency location will also change. In a realistic network, most UE RF hardware configurations will find it difficult to accurately make these simultaneous rapid transitions in transmit power, transmission bandwidth and also in transmission frequency. 
This contribution presents simulation results studying the impact of UE transmit power errors on LTE uplink system performance. Various issues that can cause LTE UEs to have large transmit power errors are discussed in a separate companion contribution [2].  

2. System Simulation Details
Important simulation details for the results shown in the document are listed below. Simulations are aligned with the baseline LTE RAN system simulation methodology. Table A1in Annex A provides further simulation assumptions.

1. System scenario

a. Carrier Bandwidth – 10MHz

b. 10 UEs/cell

c. Deployment Scenario – Case 1 (500m ISD, 20dB penetration loss)

2. UL power control model

a. UE total power is a function of per resource block (RB) power and number of RBs allocated 

i. per RB power is set using the open loop fractional power control (FPC) formula (shown above)

ii. number of RBs allocated is based on UL CQI measured from Sounding Reference Signal (SRS) transmissions from various UEs.
b. Path loss estimates are assumed to be made from UE DL measurements (therefore no effect of UE Tx power errors on path loss)

c. FPC formula updated slowly (every 50ms) based on information gathered from other cells for interference management.

i. Average IoT target is ~5-6dB

3. Transmit power error model
A simple model with the following attributes is employed
a. If UE transmit power is greater than 0dBm then a random error chosen from a uniform distribution (-Δerr, Δerr) dB is added to total UE transmit power
b. If UE transmit power is smaller than 0dBm then a random error chosen from a uniform distribution (-5, 5) dB is added to total UE transmit power
c. Error is updated on a per subframe basis (on those subframes that UE is scheduled)

d. Error modeled in a subframe is not correlated to errors in other subframes.

e. Same error added for all symbols in the subframe
f. Error only added if transmit power difference between previous transmission and current transmission is greater than 1dB


4. Uplink SRS model

a. SRS transmissions are assumed to be available for whole bandwidth (one symbol every subframe set aside for SRS)

b. Scheduling decisions for subframe n are based on SRS received in subframe n-1 (idealistic assumption)
c. Effect of PA error is modeled to be same on both SRS transmissions and UL data transmissions.
d. SRS transmissions in different cells are time aligned (synchronous network)
3. Impact on system performance

Figure 1a shows uplink system capacity for different values of Δerr. Figure 1b shows capacity loss when compared to the ideal scenario where there are no transmit power errors. As the figures show, transmit power errors result in system performance degradation due to scheduler mismatch. For example, due to error modeling, if the network allocates a particular MCS to a UE assuming that it’s transmit power will be P dB, the UE actually transmits at a different power P + Δerr1. If Δerr1 is negative, spectral efficiency is degraded due to extra retransmissions. On the other hand, if Δerr1 is positive, the resulting additional interference degrades spectral efficiency. Further, when the UE transmits uplink sounding reference symbols (SRS) for scheduler calibration, Δerr1 also affects SRS power, thereby prompting the network to make erroneous scheduling decisions.  
Performance in Figure 1a is  for a typical LTE HARQ operating point HARQ1 (~1.26 average transmissions per packet). Figures 2a and 2b show performance at a higher HARQ operating point HARQ2 where each packet needs more than 2 transmissions (on average). Results indicate that for HARQ2, losses due to UE transmit power errors are comparatively smaller. Since the scheduler decisions are already in error for HARQ2 (hence the extra retransmissions), effect of adding an additional transmit power is smaller  when compared to HARQ1. Absolute throughput and latency values for HARQ2 (under the ideal scenario - no transmit error),  however, are inferior to those obtained with HARQ1    

4. Conclusions
This contribution presents system simulation results studying the impact of UE transmit power errors on LTE uplink. As discussed in [2], without any calibration mechanisms in place, transmit power accuracy for LTE UEs can only be as good as WCDMA open loop accuracy which is +/-5dB (not including path loss estimation errors).  Results in the paper indicate that at +/-5dB UE transmit power error, system capacity is degraded by 10 to 12% (close to 20% if an additional +/2dB path loss estimation error is added). Results also indicate that loss in system performance is dependant on the system Hybrid ARQ operating point. 

Since the loss in system capacity at +/-5dB transmit power error is quite high (at least at some HARQ operating points), we propose that RAN1 investigates various options (e.g., guard duration like TDD, transient duration like WCDMA etc.) that enable the UEs to achieve a much tighter transmit power accuracy (e.g. +/-2dB). 
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Figure 1a. Effect of UE transmit power errors on EUTRA UL (HARQ1 = 1.26 avgtx)
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Figure 1b. Throughput loss due to UE transmit power errors (HARQ1 = 1.26 avgtx)
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Figure 3a. Effect of UE transmit power errors on EUTRA UL (HARQ2 = 2.2 avgtx) 
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Figure 3b. Throughput loss due to UE transmit power errors (HARQ2 = 2.2 avgtx)
Annex A – System simulation details
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers @ 2GHz

	Distance-dependent path loss
	L=120.9 + 37.6log10(.R), R in kilometers @ 0.9GHz

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20 dB 

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel model
	Spatial Channel Model [3] SCM-C (Urban Macro, high spread [2])

	UE TX power (Ptotal)
	24dBm (with appropriate CM backoff)

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	35 meters

	Number of users per cell
	10

	AMC
	ON  (2/3<MCS<3.2) , 16 Levels

	HARQ
	IR with N=6 stop-and-wait HARQ protocol

	OFDM symbols per subframe
	14 (Total), 2 reserved for DRS, 1 reserved for SRS. 

For Option 2, 1 additional symbol reserved for power ramping 

	Scheduler
	PF (both in time and frequency domain), round-robin

	Link to system Mapping
	Symbol SINR computed using methodology described in R1-051335 (RAN1 #43, Motorola, Nov 2005)

	UE Transmitter x E-UTRA BS Reciever
	1x2

	Other Cell interference
	Explicitly modeled

	UL Control Channels 
	8 RB for 10 MHz

	Resource Block (RB) size 
	12 sub carrier over 11 symbols (10 symbols for Option 2)

	Maximum number of users scheduled per sub-frame
	6 for 10 MHz; 2 for 1.25 MHz


Table A1. System simulation assumptions
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