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1. Introduction

A new 3GPP work item (WI) on Further Enhanced Uplink (EUL) Enhancements was approved during the RAN#62. A list of WI objectives [1] includes enhancements for enabling high user bitrates in single and multi-carrier uplink mixed-traffic scenarios. One of the work areas defined within the objective indicated in the WI proposal [1] is power control improvement after a long DTX gap on the secondary uplink frequency.
Initial results for evaluation of the power control issue with long DTX cycles were provided in [2] and [3]. The results demonstrated insignificant degradation of the system performance at the 1st TTI of a data burst after a DTX gap longer or equal to the effective channel correlation time (i.e. such as the channel realizations before and after the gap are practically uncorrelated).
Contribution [2] proposed a potential solution for the performance problem described above. The proposed solution consists in averaging (filtering) the TX power over some preceding period of time with further setting the average power at the beginning of the DPCCH or data burst instead of the value frozen from the end of the previous DPCCH burst. The proposed solutions allows reducing the difference between the power initially set at the beginning of the burst and the optimal power required for the target operating point. As a consequence, the BLER at first TTIs after a gap is decreased and a shorter time is required for TX power adjustment via ILPC.
The present document includes link-level evaluation results for the proposed solution. Simulation scenario and assumptions are based on the agreed evaluation methodology for the problem provided in [4].
2. Simulation Assumptions
The link level evaluation methodology and assumptions used in the present document are based on the methodology agreed during an e-mail discussion [4].
Two UL carriers are simulated assuming that the data transmission is continuous at the primary carrier and the DTX mode is enabled at the secondary carrier. System performance after a long DTX gap at the secondary carrier is evaluated. The data rate is fixed at both carriers. A low data rate is assumed at the primary carrier and a higher data rate during DTX bursts is assumed at the secondary carrier. The power control (both ILPC and OLPC) is enabled at both carriers. The H-ARQ mechanism is enabled at the primary carrier and is disabled at the secondary carrier for simplicity of analysis.
The Ped A, 3 km/h channel model is assumed with completely uncorrelated fast fading realizations between different carriers. Average channel gain is equal for both carriers and is constant, i.e. a dynamic shadowing is not modeled.
The DTX cycle length is taken equal to 40 TTIs (80 ms) which corresponds to the effective channel correlation time for the Ped A, 3 km/h channel model. A single DTX cycle length is simulated and UL data transmission is assumed during each DPCCH burst. The DPCCH burst lengths of 2 and 4 TTIs and different preamble lengths are simulated.
Two average TX power measurement approaches are evaluated: averaging of the primary carrier power and averaging of the secondary carrier power. In both cases the average power is applied for initial power setting after a DTX gap at the secondary carrier. A potential benefit of the primary carrier power averaging is better accuracy due to continuous signal transmission. However, uncorrelated channel fading at two carriers can lead to an additional average power estimation error.
The power averaging is performed with an exponential sliding window as demonstrated in equation (1).


Pavg(i) = αPavg(i-1)+(1-α)Pcurr(i),
(1)
where i is a slot number, Pavg(i) is the averaged TX power at the i-th slot and Pcurr(i) is the current TX power at the i-th slot. The effective window length is defined by α and is a simulation parameter. The α values of 0, 149/150 and 299/300 are simulated which corresponds to no averaging, the effective window length of 150 slots (50 TTIs) and the effective window length of 300 slots (100 TTIs) respectively.
An additional boost of the average power for its application as the initial TX power after the DTX gap equal to 3 dB is simulated as one of simulation options. The purpose of the additional boost is additional decreasing the BLER at the 1st TTI after the gap.
A complete list of simulation assumptions is provided in Table 1.
Table 1. Simulation assumptions
	Parameter
	Value

	Transmission mode
	SIMO

	Number of carriers
	2

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

	T2TP [dB]
	10

	E-DCH TTI [ms]
	2

	Modulation
	QPSK, 16QAM

	TBS [bits]
	707 for the primary carrier and
7996 for the secondary carrier

	H-ARQ
	On for the primary carrier and
off for the secondary carrier

	Channel encoder
	3GPP Release 6 Turbo Encoder

	Turbo decoder
	Max Log MAP

	Number of iterations for turbo decoder
	8

	Channel estimation
	Ideal

	Inner loop power control
	On

	Outer loop power control
	On

	Propagation channel
	Ped A, 3 km/h

	Carrier frequency [GHz]
	2

	Number of RX antennas
	2

	Correlation between RX antennas
	0

	Node B Receiver Type
	Rake

	TPC feedback delay [slot]
	2

	TPC period [slot]
	1

	OLPC delay [TTI]
	4

	Power control operating point
	10% BLER after the 1st transmission attempt

	Maximum number of H-ARQ transmissions
	4

	Number of H-ARQ processes
	8

	H-ARQ soft combining approach
	Incremental redundancy

	CPC mode
	Continuous transmission for the primary carrier and DTX for the secondary carrier

	DTX cycle length [TTI]
	40

	Burst lengths [TTI]
	2, 4

	Pre-amble lengths [slot]
	2, 4 or 15

	TX power measurement for initial power setting after a DTX gap
	At primary carrier and at secondary carrier

	Averaging of TX power for initial power setting after a DTX gap
	Exponential window:
Pavg(i) = αPavg(i-1)+(1-α)Pcurr(i),
where i is a slot number

	Averaging parameter alpha
	0 (no averaging), 149/150 and 299/300

	Additional power boost for initial power after a DTX gap [dB]
	0, 3


3. Simulation Results

This section provides LLS results for the data burst length of 2 TTIs. The results for the data burst length of 4 TTIs are provided in Annex A. The simulated statistics include average RX Ec/No measured over data bursts at the secondary carrier and BLER measured over 1st TTIs of each data burst at the secondary carrier. Additionally, CDFs of RX Ec/No are provided in Annex B.
3.1. Results without Additional Power Boost
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Figure 1. Average RX Ec/No at the secondary carrier for different TX power averaging options for initial power setting after a DTX gap and different preamble lengths, the data burst length of 2 TTIs, no power boost
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Figure 2. BLER at the 1st TTI after a DTX gap at the secondary carrier for different TX power averaging options for initial power setting after a DTX gap and different preamble lengths, the data burst length of 2 TTIs, no power boost
3.2. Results with Additional Power Boost
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Figure 3. Average RX Ec/No at the secondary carrier for different TX power averaging options for initial power setting after a DTX gap and different preamble lengths, the data burst length of 2 TTIs, the power boost of 3 dB
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Figure 4. BLER at the 1st TTI after a DTX gap at the secondary carrier for different TX power averaging options for initial power setting after a DTX gap and different preamble lengths, the data burst length of 2 TTIs, the power boost of 3 dB
3.3. Discussions

In the provided simulation results, the case of α = 0 (no averaging) with measurement of the TX power at the secondary carrier and without the power boost corresponds to the baseline case, i.e. to freezing the TX power at the end of the previous data burst and its usage at the beginning of a new burst. Therefore, different simulated options are compared to this case.
The provided simulation results for the 2-TTI data burst demonstrate that application of the secondary carrier TX power averaging provides RX Ec/No decrease by ~2 dB for the 2-slot preamble and by ~1 dB for the 4-slot preamble with approximately the same BLER level controlled by OLPC. Therefore, application of the proposed solution provides system performance gain due to a reduced difference between the initial TX power after a long DTX gap and the required TX power.

The results are the same with and without the additional TX power boost. For the case of 15-slot preamble different options demonstrate the same results because the system is able to adjust the TX power during the preamble and the initial power setting has no impact on the results.
The simulation results for the primary carrier TX power averaging without the additional power boost demonstrate that application of the proposed power setting mechanism leads to RX Ec/No increase for the 2-slot and 4-slot preambles, especially for the case of no averaging. Moreover, the BLER is significantly increased, especially for the case of no averaging. The reason of this effect is difference in instantaneous channel coefficients at two carriers caused by uncorrelated fading. Application of averaging partially solve this issue, however taking the power measured at the primary carrier for setting the power at the secondary carrier does not provide a system performance gain. 
However, application of the additional power boost of 3 dB to the average power measured at the primary carrier provides RX Ec/No decrease and BLER decrease similarly to the case of averaging the secondary carrier power. The gains are ~2 dB for the 2-slot preamble and ~1 dB for the 4-slot preamble. The reason of this effect is decreasing the BLER at the 1st TTI after the gap and avoiding the DPCCH SIR target increase by the OLPC loop.
The results for the data burst length of 4 TTIs provided in Annex A are similar to the results for the data burst length of 2 TTIs.
4. Conclusion
This document provided link-level simulation results for the power control options after a long DTX gap. Different options of the solution proposed in [2] are evaluated.
The simulation results demonstrate that application of the averaged power at the beginning of a data burst after a long DTX gap provides RX Ec/No decrease of up to 2 dB for short preambles (2-slot and 4-slot) and the effective averaging window length of about 200 ms. The reason of the RX Ec/No decrease is reducing the difference between the initial power at the beginning of a data burst and the power required for the configured BLER. Therefore, the BLER at first TTIs after the gap is lower and the power adjustment time is shorter. As a consequence, the DPCCH SIR target increase by OLPC is smaller.

If the power is averaged at one carrier with its application to another carrier, application of an additional power boost of ~3 dB is beneficial to compensate for uncorrelated channel fading at two carriers and to decrease the BLER at first TTIs of the data burst. The BLER decrease allows avoiding the DPCCH SIR target increase by OLPC and RX Ec/No increase consequently.
Different options demonstrate the same results for the 15-slot preamble because the system is able to adjust the TX power to the required level during the preamble and the initial power setting has no effect on the data transmission.
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Annex A. Simulation Results for Data Burst Length of 4 TTIs
A.1.
Results without Additional Power Boost
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Figure 5. Average RX Ec/No at the secondary carrier for different TX power averaging options for initial power setting after a DTX gap and different preamble lengths, the data burst length of 4 TTIs, no power boost
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Figure 6. BLER at the 1st TTI after a DTX gap at the secondary carrier for different TX power averaging options for initial power setting after a DTX gap and different preamble lengths, the data burst length of 4 TTIs, no power boost
A.2.
Results with Additional Power Boost
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Figure 7. Average RX Ec/No at the secondary carrier for different TX power averaging options for initial power setting after a DTX gap and different preamble lengths, the data burst length of 4 TTIs, the power boost of 3 dB
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Figure 8. BLER at the 1st TTI after a DTX gap at the secondary carrier for different TX power averaging options for initial power setting after a DTX gap and different preamble lengths, the data burst length of 4 TTIs, the power boost of 3 dB
Annex B. Additional Simulation Statistics

B.1.
Results for Data Burst Length of 2 TTIs
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Figure 9. CDFs of RX Ec/No at the secondary carrier for different primary carrier TX power averaging options for initial power setting after a DTX gap and different preamble lengths, the data burst length of 2 TTIs, no power boost
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Figure 10. CDFs of RX Ec/No at the secondary carrier for different secondary carrier TX power averaging options for initial power setting after a DTX gap and different preamble lengths, the data burst length of 2 TTIs, no power boost
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Figure 11. CDFs of RX Ec/No at the secondary carrier for different primary carrier TX power averaging options for initial power setting after a DTX gap and different preamble lengths, the data burst length of 2 TTIs, the power boost of 3 dB
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Figure 12. CDFs of RX Ec/No at the secondary carrier for different secondary carrier TX power averaging options for initial power setting after a DTX gap and different preamble lengths, the data burst length of 2 TTIs, the power boost of 3 dB
B.2.
Results for Data Burst Length of 4 TTIs
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Figure 13. CDFs of RX Ec/No at the secondary carrier for different primary carrier TX power averaging options for initial power setting after a DTX gap and different preamble lengths, the data burst length of 4 TTIs, no power boost
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Figure 14. CDFs of RX Ec/No at the secondary carrier for different secondary carrier TX power averaging options for initial power setting after a DTX gap and different preamble lengths, the data burst length of 4 TTIs, no power boost
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Figure 15. CDFs of RX Ec/No at the secondary carrier for different primary carrier TX power averaging options for initial power setting after a DTX gap and different preamble lengths, the data burst length of 4 TTIs, the power boost of 3 dB
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Figure 16. CDFs of RX Ec/No at the secondary carrier for different secondary carrier TX power averaging options for initial power setting after a DTX gap and different preamble lengths, the data burst length of 4 TTIs, the power boost of 3 dB
