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1 Introduction

At RAN#62 plenary meeting, the Work Item on “Further EUL Enhancements” was approved. The objective of this Work Item is to specify technical solutions for increasing the uplink capacity, coverage, and end user performance (e.g. latency, achievable rates, etc.) [1]. 

Within this scope,  the Work Item description lists “to improve the power control after long DTX gap on secondary uplink frequency,” which has been accompanied by the following statement "if performance issues due to long data interruption are found". At RAN1#76 meeting, a performance issue was observed through link simulations, namely that the BLER performance for first TTI after a transmission gap shows a severe degradation compared to the second TTI. This contribution is a first attempt at looking into this area. 
2 Power control solution for secondary carrier after transmission gap
In [2], it is shown through link simulation that the first E-DCH TTI after a transmission gap has worse performance compared to the second TTI transmission, and it is concluded that the power control for the secondary carrier after DPCCH transmission gap needs to be improved. With this regard, three potential solutions have been mentioned: 
· Power averaging: The power samples affected by fading can be averaged in order to have a reference level from which less drastic power adjustments would be required every time a transmission is re-established.

· Power Boosting: The power reference level can be taken from the primary carrier (i.e. the slow fading behaves similar in adjacent carrier), while at the beginning of the data transmission an artificial power boosting can be added in order to anticipate the drastic power drops.

· Increased Power Level Steps: To allow having larger power levels steps in such a way that with a few number of slot preambles, the Δpower = SIRtarget-SIRmeasured can be compensated.
In this contribution, a solution which uses an averaged primary carrier power as the initial power of secondary carrier after transmission gap is proposed and evaluated through link-level simulations.  

2.1.1 Algorithm
In the current CPC baseline algorithm, the initial power after transmission gap shall set to be the same as the last transmission power before the gap. However, as presented in [2], since the channel could be completely uncorrelated between the transmissions when using the longest values defined for the current UE DTX cycle 2 lengths (i.e., 32, 40, 64, 80, 128, 160 subframes), inheriting power from the previous transmission would require a longer re-establishment time for proper inner-loop power control. Thus, in this paper, a new algorithm for the initial DPCCH power setting is proposed. With this algorithm, the initial power of the secondary carrier after a transmission gap is set to be a sum of a reference power and a power offset, i.e., 
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Here, 
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 is the initial DPCCH power of the secondary carrier after a transmission gap, and the power offset,
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is a filtered DPCCH power taken from primary carrier as:  
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where 
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th slot primary carrier DPCCH power, and 
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 is a configurable filter coefficient. 
2.1.2 Link simulation results
To evaluate the proposed algorithm, link simulations have been performed. In the simulations, the user has a continuous transmission on the primary carrier with a user rate of 160kbps and a fixed BLER performance around 2%. While on the secondary carrier, the user has a bursty transmission with fixed DTX cycle lengths. At each transmission, the UE transmits 2 TTI E-DCH data. Given that the secondary carrier is aimed for bursty traffic, short preamble length would be preferred in order to avoid problems such as latency and scheduling complexity introduced by using long preambles. Thus, 2-slot preamble is used for the link simulation. 
In all the simulations, the filter coefficient 
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 in equation (2) has been set to be 0.999 and 0, while using the value of 0 corresponds to the case of no filtering, i.e., the primary carrier DPCCH power is used directly by the secondary carrier. The power offset in the simulation is set to be the SIR target difference between the two carriers, i.e.,
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The applied channel model in the simulations is pedestrian A with a user moving at 3km/h. Two user rates on the secondary carrier, 5Mbps and 10Mbps, have been simulated and the simulation results are shown in Figure 1 and Figure 2, respectively. In all figures, the BLER performance of each TTI transmission on the secondary carrier is plotted versus its own averaged received power. 
Comparing with the CPC baseline algorithm, when using a slow filter (i.e., 
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 equals to 0.999), although not all cases have a more than 3 dB gain as case b) in Figure 1, clear performance improvement on both TTI can be seen. We also observe that taking power directly from primary carrier without filtering performs worse than using CPC baseline in most cases. Though the performance difference between the first and second TTI transmission still exists, i.e., the observed problem in [2] is not solved completely, it should be noted that the improvement on the first TTI BLER performance is relatively larger than that of the second TTI, especially for higher user rate case (i.e., 10Mbps).  
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Figure 1.  BLER performance of a 5Mbps user moving at 3km/h with different DTX cycle lengths: a) 40ms; b) 80ms; c) 120ms.
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Figure 2.  BLER performance of a 10Mbps user moving at 3km/h with different DTX cycle lengths: a) 40ms; b) 80ms; c) 120ms.
The above presented algorithm shows a benefit for the cases when the UE has longer transmission gaps, for example, 20 subframes and above. 
Proposal 1: Adopt the presented algorithm to improve power control for the secondary carrier after DPCCH transmission gaps. 

3 Conclusion

In this contribution, an algorithm on improving the power control for secondary carrier after transmission gap is proposed. It is shown through link simulations that the proposed algorithm improves overall link performance.  It is proposed:
Proposal 1: Adopt the presented algorithm to improve power control for the secondary carrier after DPCCH transmission gap. 
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