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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.
The DTX mode assumes that if there is no UL data to transmit during some time period (i.e., E-DPDCH and E-DPCCH channels are not transmitted), continuous DPCCH transmission is also disabled and periodical DPCCH bursts are transmitted instead. As far as the DPCCH is not transmitted during a gap between two neighboring DPCCH bursts, the ILPC loop can operate only during the bursts and is frozen during the gaps. This can lead to a situation when the channel significantly changes during the DTX gap and an essential time is needed for re-adjustment of the transmission power during the DPCCH or data burst. If the data is transmitted, a significant channel variation and uncontrolled transmission power can lead to uncontrolled BLER and thus to UL performance degradation until the transmission power is re-adjusted again.
Initial analysis of the described problem was performed in [2]. The provided simulation results demonstrated that long DTX cycles can lead to a degradation of BLER versus RX Ec/No dependences in first two TTIs after the gap. The degradation at the BLER level of 10% may reach 4-5 dB.

This contribution provides link level simulation results for power control performance after a long DTX gap. Simulation scenario and assumptions are taken similarly to the ones used in [2]. The provided evaluation demonstrates a quantitative impact of the DTX mechanism with long cycles on data reception reliability in first TTIs after the gap. Based on the results, a further proposal regarding a necessity of power control improvements within the WI frames is made.
2. Simulation Assumptions
The link level evaluation methodology and assumptions used in the present document is based on the ones used in [2]. Simulations are performed for a fixed data rate with the H-ARQ and OLPC mechanisms disabled. The ILPC mechanism is enabled and the target DPCCH SIR is configured as a simulation parameter. The data BLER is evaluated as a function of the target DPCCH SIR (or, equivalently, target E-DPDCH SIR taking into account that the E-DPDCH gain factor is fixed).

A single DTX cycle length is simulated and UL data transmission is assumed during each DPCCH burst as illustrated in Figure 1 for simplicity. The DPCCH burst length is taken equal to 5 TTIs and data BLER performance is independently evaluated for each TTI during the burst to analyze power adjustment dynamics during the data transmission. Different preamble lengths and cycle lengths are evaluated and two data rates of 1 and 10 Mbps are considered.
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Figure 1. Diagram of the simulated slot pattern
A complete list of simulation assumptions is provided in Table 1.
Table 1. Simulation assumptions
	Parameter
	Value

	Transmission mode
	SIMO

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

	T2TP [dB]
	10

	E-DCH TTI [ms]
	2

	Modulation
	QPSK, 16QAM

	TBS [bits]
	2000 or 20000 

	H-ARQ
	Off

	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
	Off

	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
	LMMSE

	TPC feedback error rate
	No errors, ideal feedback

	TPC feedback delay [slot]
	2

	TPC period [slot]
	1

	DTX cycle lengths [TTI]
	20 or 40

	Burst length [TTI]
	5

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


3. Simulation Results

3.1. Results for Data Rate of 1 Mbps
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Figure 2. E-DPDCH BLER as a function of the target DPCCH SIR for the data rate of 1 Mbps and the DTX cycle length of 20 TTIs
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Figure 3. E-DPDCH BLER as a function of the target DPCCH SIR for the data rate of 1 Mbps and the DTX cycle length of 40 TTIs

3.2. Results for Data Rate of 10 Mbps
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Figure 4. E-DPDCH BLER as a function of the target DPCCH SIR for the data rate of 10 Mbps and the DTX cycle length of 20 TTIs
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Figure 5. E-DPDCH BLER as a function of the target DPCCH SIR for the data rate of 10 Mbps and the DTX cycle length of 40 TTIs
3.3. Discussions

The provided simulation results demonstrate that DTX cycle lengths of 20-40 TTIs lead to BLER performance degradation in several first TTIs after a DTX gap. The degradation decreases with an increase of the TTI number within a data burst because the transmission power is adjusted by the ILPC. Besides, the measured degradation is higher for shorter preambles because of a shorter time available for transmission power re-adjustment before the beginning of a data burst.
The degradation is higher for the DTX cycle length of 40 TTIs than for the length of 20 TTIs because of a more significant channel variation between the neighboring data bursts. However, for the Ped A, 3 km/h channel modeling having the classic power spectrum and for the carrier frequency of 2 GHz, the cycle length of 40 TTIs already corresponds to practically uncorrelated channel realizations. Therefore, an additional increase of the cycle length above 40 TTIs will also lead to uncorrelated channel realizations and to approximately the same BLER performance. Thus, the results provided for the cycle length of 40 TTIs demonstrate the maximal possible degradation. 
For the data rate of 1 Mbps for both cycle lengths of 20 and 40 TTIs, the degradation at the target BLER level of 10% is negligible starting from the 3rd TTI for the 2-slot preamble and starting from the 2nd TTI for the 4-slot preamble. The 15-slot preamble leads to a negligible degradation even in the 1st TTI after a gap. The maximal degradation at the BLER level of 10% in the 1st TTIs after the gap reaches 4 dB for the 2-slot pre-amble and 2 dB for the 4-slot pre-amble.
Simulation results for the data rate of 10 Mbps are similar to the results for 1 Mbps, but the observed degradations are higher. Moreover, it can be seen that even for the 15-slot preamble the BLER performance for the 1st TTI after a gap is negatively impacted in contrast to the data rate of 1 Mbps. These effects can be explained by the fact that presence of the interference from E-DPDCH to DPCCH leads to different DPCCH SIRs for the same DPCCH transmission power, especially for higher data rates having higher E-DPDCH gain factors. Thus, different DPCCH powers are required to maintain the same target DPCCH SIR for both preamble and data burst transmissions. Consequently, an additional re-adjustment of the transmission power after starting the UL data transmission is needed.
For the data rate of 10 Mbps for both cycle length of 20 and 40 TTIs, the degradation is about 0.5 dB or less starting from the 1st TTI for the 15-slot preamble, starting from the 3rd TTI for the 2-slot preamble and starting from the 2nd TTI for the 4-slot preamble. The maximal degradation at the BLER level of 10% in the 1st TTIs after the gap reaches 4.5 dB for the 2-slot preamble and 2.5 dB for the 4-slot preamble.
The provided degradation values match very well with the ones demonstrated in [2].
4. Conclusion
A problem of BLER performance degradation during first TTIs after a long DTX gap is evaluated in this contribution. The provided link level simulation results demonstrated that even for the cycle length of 40 TTIs corresponding to practically uncorrelated channel realization between two neighboring bursts, the BLER versus RX Ec/No dependence degradation at the first TTI after a gap is not higher than 0.5 dB (i.e., negligible) for the 15-slot preamble, up to 2.5 dB for the 4-slot preamble and up to 4.5 dB for the 2-slot preamble. The degradations quickly decrease with an increase of the TTI number after the gap. 
As follows from the provided results, the currently available maximal DTX preamble length is enough for a reliable system operation even with long DTX cycles. Moreover, the degradations of up to 2.5 dB and 4.5 dB observed for the 4-slot and 2-slot preambles can be also efficiently compensated by the H-ARQ mechanism during the next retransmission which will take place already after stabilizing of the power control loop. Therefore, the 15-slot preamble can be configured for services for which the latency is critical and shorter preambles can be configured for services for which a higher probability of successful reception only after the second transmission attempt is allowable.
Finally it is noted that the problem is not new, but the power control stability after a long DTX gap was studied in 3GPP during 2006 before the design details for uplink DTX in CPC were frozen, and at the time it was also seen that a short preamble that can be used for both by the channel estimator and power control convergence was the design of choice [3,4,5,6]. 

Based on the conclusions listed above, this document proposes not to introduce any modifications into the power control algorithm.

Proposal: not introduce any modifications of the power control algorithm related to a support of long DTX cycles.
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