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1. Introduction

This document considers distribution of the power for the DPCCH, E-DPCCH and S-E-DPCCH pilot channels for the UL MIMO transmission mode. All the channels are mapped onto the primary spatial stream according to the latest RAN decision [1].
The analysis of the pilots power distribution is divided into two separate problems: 

· First, the relative power allocation of DPCCH and E-DPCCH is analyzed in Section 2 to draw conclusions on the required DPCCH power level. The control information carried by the E-DPCCH pilot is decoded using the channel estimate obtained using the DPCCH pilot only. In the case of the UL MIMO mode andfor a high scheduling grant value for 64QAM, additional interference to the DPCCH channel from other channels appears that can negatively impact the channel estimate accuracy and consequently the probability of successful E-DPCCH decoding. This negative effect can be mitigated by redistribution of the power between the DPCCH and E-DPCCH pilots for the UL MIMO mode.
· Then, the relative power levels of S-E-DPCCH and E-DPCCH are optimized in order to allow reliable decoding of control channels and to provide sufficient pilot power for enhancement of the channel estimate for consequent data channel decoding. This problem is analyzed in Section 3 and conclusions are given in Section 4.
2. Analysis of Relative Power Distribution Between DPCCH and E-DPCCH for UL MIMO
2.1. Problem Statement

As mentioned in the introduction, an increase of the DPCCH power may be needed in the case of the UL MIMO mode and for high data rates (and consequently high scheduling grants). Reliable reception of the DPCCH pilot is very important for the system operation, because the initial channel estimate is based on DPCCH pilot only and this estimate is used for E-DPCCH pilot reception. Hence, the E-DPCCH errors are strictly dependent on the accuracy of the initial channel estimate. The correct E-DPCCH decoding is required for correct E-DPDCH decoding. 
The accuracy of the initial channel estimate depends on the DPCCH power level and, at the same time, the E-DPCCH decoding probability depends on the E-DPCCH power level. Thus, if a constant traffic-to-total pilot power ratio (T2TP) is assumed for the primary spatial stream, the relative power distribution between the DPCCH and E-DPCCH pilots can be optimized. Note that the S-E-DPCCH is not considered as a primary stream pilot signal (contributing to the pilot power of the T2TP) at this stage, only the DPCCH and E-DPCCH pilots are considered and the S-E-DPCCH power level optimization is performed further.
Power distribution between the DPCCH and the E-DPCCH is defined by the βec/ βc ratio. The βc is defined from the target SINR requirement for the DPCCH pilot (for the SISO mode and an AWGN channel). Then the βec can be calculated given that T2TP is fixed (that was assumed for the analysis). Hence, the target DPCCH SINR can be the only parameter defining the power distribution between DPCCH and E-DPCCH.
Link-level simulation results for different target DPCCH SINRs for the MIMO operation mode are provided below.
2.2. Simulation Assumptions
The simulation assumptions for the DPCCH power impact analysis are provided in Table 1.
Table 1. Simulation assumptions for DPCCH power impact analysis
	Parameter
	Value

	Physical channels
	DPCCH, S-DPCCH, E-DPCCH, S-E-DPCCH, E-DPDCH, and S-E-DPDCH

	T2TP
	(10 dB (depending on the E-TFC)

	E-DCH TTI [ms]
	2

	Modulation
	QPSK, 16QAM 

	TBS [bits]
	Variable: 120 –  22995 bits 

	Number of physical data channels and spreading factor
	2xSF2+2xSF4

	H-ARQ operating point
	10% BLER after 1 attempt

	Channel encoder
	3GPP Release 6 Turbo Encoder

	Turbo decoder
	Max Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH slot format
	1 (8 Pilot, 2 TPC)

	Channel estimation
	correlation-based realistic

	Inner loop power control
	On

	Outer loop power control
	On

	TPI weight vector selection
	Testing of all hypotheses to maximize the primary stream SINR

	TPI weight vector feedback delay
	4 slots

	TPI weight vector feedback error rate
	No errors, ideal feedback

	TPI weight vector update frequency
	3 slots

	Scheduler delay
	2 TTIs

	Delay for marginal loop assisting secondary stream E-TFC selection
	2 TTIs

	Marginal loop step sizes [dB]
	1 dB ( (1 – BLER_target),
1 dB ( BLER_target

	Propagation Channel
	Ped A, 3 km/h,
 Veh A, 3 km/h

	NodeB Receiver Type
	LMMSE, 2 RX antennas

	MIMO rank selection
	Fixed rank 2

	TPC feedback error rate
	No errors, ideal feedback

	TPC feedback delay
	2 slots

	TPC period
	1 slot

	Target RX Ec/N0
	5 dB, 20 dB


To take into account the impact of E-DPCCH errors on overall system performance, erroneous E-DPDCH reception is assumed if a E-DPCCH decoding error occurs. 
The results were simulated for the Ped A, 3 km/h, and Veh A, 3 km/h channel models for the target DPCCH SINR values (measured before despreading) equal to -21 dB (a typical assumption for the baseline SIMO case) and -14 dB – an increased DPCCH power level by 7 dB relative to the baseline assumption.
2.3. Simulation Results

The simulation results are provided in Table 2 and Table 3 for the target RX Ec/No of 5 dB and 20 dB respectively. The E-DPCCH BLER values and the E-DPDCH data throughputs are demonstrated to analyze the system performance for the two different DPCCH target SINRs.
Table 2. Simulation results for DPCCH power impact analysis, target RX Ec/N0 of 5 dB
	Channel
	Parameter
	DPCCH SINRtgt -21 dB
	DPCCH SINRtgt -14 dB

	Ped A, 3 km/h
	E-DPCCH BLER
	0.1%
	0.0%

	
	Data throughput, Kbps
	4708
	4528

	Veh A, 3 km/h
	E-DPCCH BLER
	0.0%
	0.0%

	
	Data throughput, Kbps
	4233
	3932


Table 3. Simulation results for DPCCH power impact analysis, target RX Ec/N0 of 20 dB
	Channel
	Parameter
	DPCCH SINRtgt -21 dB
	DPCCH SINRtgt -14 dB

	Ped A, 3 km/h
	E-DPCCH BLER
	9.9%
	1.6%

	
	Data throughput, Kbps
	11043
	11624

	Veh A, 3 km/h
	E-DPCCH BLER
	8.6%
	0.8%

	
	Data throughput, Kbps
	9984
	10720


The main conclusion that may be drawn from the results is that for the case of high RX Ec/No (20 dB) and the baseline target DPCCH SINR value equal to -21 dB, the system experiences high E-DPCCH BLER of up to 10% which is practically equal to the target E-DPDCH BLER. It should be mentioned that unstable system operation may occur in some cases if the E-DPCCH BLER will be higher than the target E-DPDCH BLER. Increasing the DPCCH target SINR by 7 dB from -21 dB to -14 dB provides significantly lower E-DPCCH BLER of about 1%. This allows improving the data throughput by 5-7% and, more importantly, ensure stable system operation.
Low (5 dB) RX Ec/No results demonstrate the BLER of no more 0.1% for both considered DPCCH target SINRs. This proves the assumption about the interference for DPCCH-based channel coming from other transmitted channels but not from the additive white noise.

Thus, different optimal target DPCCH SIRs are required for baseline operation (low rates) and operation modes with high data rates and dual stream transmission.

3. Analysis of Relative Power Distribution between E-DPCCH and S-E-DPCCH
3.1. Problem Statement
The S-E-DPCCH pilot was agreed by 3GPP [1] to be mapped onto the primary spatial stream. Hence, assuming that the DPCCH pilot power is fixed, optimization is required for the power distribution between the E-DPCCH and S-E-DPCCH channels.
Two approaches to E-DPCCH and S-E-DPCCH power allocation are considered:

· Approach 1 – Equal powers are allocated for the E-DPCCH and S-E-DPCCH pilots, and the three pilots (together with DPCCH) jointly provide the needed T2TP. E-DPCCH decoding relies on the channel estimate from the DPCCH channel. Then the E-DPCCH is used to enhance the channel estimate prior to the S-E-DPCCH decoding. Then both E-DPCCH and S-E-DPCCH are used to further improve the channel estimate for E-DPDCH and S-E-DPDCH data channels demodulation. The link level simulations are performed to evaluate the system performance for that case.
· Approach 2 – The total E-DPCCH and DPCCH power is selected so that to provide the necessary T2TP. The initial channel estimate from the DPCCH is used for E-DPCCH demodulation and only the E-DPCCH is the further applied for channel estimation improvement. The S-E-DPCCH channel is not used as a pilot, not counted for the T2TP, and its power is minimized to only provide the acceptable S-E-DPCCH BLER. The link level simulations are also done to evaluate the system performance and optimize the S-E-DPCCH power level.
3.2. Simulation Assumptions

The simulation assumptions for the analysis of power distribution between the E-DPCCH and S-E-DPCCH channels are given in Table 3.
Table 4. Simulation assumptions for the analysis of power distribution between the E-DPCCH and S-E-DPCCH channels
	Parameter
	Value

	Physical channels
	DPCCH, S-DPCCH, E-DPCCH, S-E-DPCCH, E-DPDCH, and S-E-DPDCH

	T2TP
	(10 dB (depending on the E-TFC)

	E-DCH TTI [ms]
	2

	Modulation
	QPSK, 16QAM 

	TBS [bits]
	Variable: 120 –  22995 bits 

	Number of physical data channels and spreading factor
	2xSF2+2xSF4

	H-ARQ operating point
	10% BLER after 1 attempt

	Channel encoder
	3GPP Release 6 Turbo Encoder

	Turbo decoder
	Max Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH slot format
	1 (8 Pilot, 2 TPC)

	Channel estimation
	correlation-based realistic

	Inner loop power control
	On

	Outer loop power control
	On

	TPI weight vector selection
	Testing of all hypotheses to maximize the primary stream SINR

	TPI weight vector feedback delay
	4 slots

	TPI weight vector feedback error rate
	No errors, ideal feedback

	TPI weight vector update frequency
	3 slots

	Scheduler delay
	2 TTIs

	Delay for marginal loop assisting secondary stream E-TFC selection
	2 TTIs

	Marginal loop step sizes [dB]
	1 dB ( (1 – BLER_target),
1 dB ( BLER_target

	Propagation Channel
	Ped A, 3 km/h,

 Veh A, 3 km/h

	NodeB Receiver Type
	LMMSE, 2 RX antennas

	MIMO rank selection
	Fixed rank 2

	TPC feedback error rate
	No errors, ideal feedback

	TPC feedback delay
	2 slots

	TPC period
	1 slot

	Target RX Ec/N0
	20 dB


As for the results in Section 2, erroneous (S-)E-DPDCH reception is assumed if a (S-)E-DPCCH decoding error occurs.

The results were simulated for the Ped A, 3 km/h, and Veh A, 3 km/h channel models for the target DPCCH SINR value before despreading equal to -14 dB (the increased DPCCH level according to the findings of the analysis in Section 2).
3.3. Simulation Results
The link-level simulation results for Approach 1 (equal powers of the E-DPCCH and the S-E-DPCCH) are presented in Table 4.
Table 5. Simulation results for Approach 1 (equal powers of the E-DPCCH and the S-E-DPCCH)
	Channel model
	Ped A, 3 km/h
	Veh A, 3 km/h

	E-DPCCH BLER
	0.02
	0.02

	S-E-DPCCH BLER
	0.00
	0.00

	E-DPCCH uncoded BLER
	0.14
	0.24

	S-E-DPCCH uncoded BLER
	0.00
	0.00

	Data throughput, Kbps
	10858
	10529


The simulation results demonstrate the E-DPCCH BLER of about 2% and absence of errors for the S-E-DPCCH (10 000 TTIs are simulated). Such results are as expected because, as explained in Section 2, the accuracy of the non-enhanced channel estimation is the major limiting factor for E-DPCCH demodulation. The S-E-DPCCH decoding is done after the channel estimate accuracy is improved by the E-DPCCH and, therefore, the S-E-DPCCH has better BLER performance. As a conclusion for Approach 1, the simulation results demonstrate that equal power allocation of the E-DPCCH and S-E-DPCCH channels can be adopted provided that sufficient DPCCH power is provided for initial channel estimation. However, such power distribution is not optimal due to non-equivalence of the considered demodulation procedures for the E-DPCCH and the S-E-DPCCH. Clearly, the optimal approach should provide higher transmit power level for the E-DPCCH than S-E-DPCCH (or, more generally, for the control channel to be decoded first if a consecutive channel estimate enhancement can be performed).
The link level simulation results for Approach 2 (minimum power allocation for the S-E-DPCCH) are presented in Table 5 for the Ped A, 3 km/h channel model and in Table 6 for the Veh A, 3 km/h channel model.
An additional parameter δ was introduced as a ratio of the S-E-DPCCH power to the DPCCH power (i.e., δ = β2sec/ β2c).
Table 6. Simulation results for Approach 2 for the Ped A, 3 km/h channel model
	δ, dB
	-10
	-8
	-6
	-4
	-2
	0
	2

	E-DPCCH BLER
	0.043
	0.028
	0.020
	0.016
	0.018
	0.020
	0.017

	S-E-DPCCH BLER
	0.1829
	0.0857
	0.0400
	0.0213
	0.0096
	0.0086
	0.0035

	Data throughput, Kbps
	6987
	10676
	10808
	10995
	11022
	10929
	10961

	δ, dB
	4
	6
	8
	10
	12
	14
	16

	E-DPCCH BLER
	0.019
	0.010
	0.017
	0.016
	0.013
	0.016
	0.011

	S-E-DPCCH BLER
	0.0019
	0.0003
	0.0002
	0.0000
	0.0002
	0.0000
	0.0000

	Data throughput, Kbps
	10963
	11424
	11433
	11624
	11463
	11433
	11363


Table 7. Table 8. Simulation results for Approach 2 for the Veh A, 3 km/h channel model
	δ, dB
	-10
	-8
	-6
	-4
	-2
	0
	2

	E-DPCCH BLER
	0.024
	0.783
	0.012
	0.010
	0.007
	0.007
	0.008

	S-E-DPCCH BLER
	0.1246
	0.1367
	0.0235
	0.0125
	0.0033
	0.0022
	0.0026

	Data throughput, Kbps
	8198
	10033
	10278
	10565
	10623
	10646
	10659

	δ, dB
	4
	6
	8
	10
	12
	14
	16

	E-DPCCH BLER
	0.007
	0.009
	0.008
	0.009
	0.009
	0.006
	0.005

	S-E-DPCCH BLER
	0.0011
	0.0004
	0.0001
	0.0001
	0.0001
	0.0000
	0.0000

	Data throughput, Kbps
	10660
	10613
	10600
	10269
	10205
	10125
	7525


Dependence of S-E-DPCCH BLER on the S-E-DPCCH power can be estimated from the tables. The optimal δ value can be chosen as the one maximizing the data throughput. It may be seen that δ equal to 10 dB is optimal for the Ped A, 3 km/h channel model and δ equal to 4 dB is optimal for the Veh A, 3km/h channel model. To be able to compare the S-E-DPCCH and E-DPCCH power levels, the average values for E-DPCCH-to-DPCCH power ratio (β2ec/ β2c) measured during the same simulation are:
· For the Peh A, 3 km/h channel model: 21 dB

· For the Veh A, 3 km/h channel model: 16 dB
Hence, the S-E-DPCCH power is on average by about 10 dB below than for the E-DPCCH channel.

A comparison of the two power distribution approaches for the S-E-DPCCH (when using optimal δ for Approach 2) demonstrates up to 7% higher throughputs for Approach 2 (minimized power for the S-E-DPCCH). Approach 2 provides smaller S-E-DPCCH power relative to the E-DPCCH than for Approach 1 and the simulation results confirm that a non-equal relative E-DPCCH and S-E-DPCCH distribution is required. 
4. Conclusion

This document undertakes analysis of the DPCCH, E-DPCCH, and S-E-DPCCH relative power distribution that is an actual task due to the RAN1 decision to have those three pilots mapped onto the primary spatial stream.
Based on the results of the analysis, the first conclusion is that UL MIMO and high data rate transmissions cause higher interference level to the DPCCH. As a result, the quality of the DPCCH-based channel estimate may be degraded that in turn may limit the E-DPCCH decoding performance. Therefore, a DPCCH power level increase is recommended for UL MIMO and high data rate transmissions.

Then, considering the E-DPCCH and S-E-DPCCH relative power allocation, the assumption was made that E-DPCCH decoding is done using the channel estimate based on the DPCCH only while the S-E-DPCCH is decoded with the channel estimate improved by the E-DPCCH signal. With such an assumption, the simulated results suggest using a higher E-DPCCH power level than for the S-E-DPCCH to achieve better overall throughput performance. Since the used assumption is considered to be practically viable, it is recommended to adopt unequal power allocation for the E-DPCCH and S-E-DPCCH control channels.
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