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1 Introduction

The Work Item of “Further EUL Enhancement” was approved at RAN#62 plenary meeting [1]. One of the items on the description list is “to improve the power control after long DTX gap on the secondary uplink frequency”, which was accompanied by the statement “if performance issues due to long data interruption are found”. For the observed performance issue in [2], a solution of improving the power control after long transmission gap was proposed and evaluated in RAN1#76bis meeting [3]. In this contribution, based on the agreed evaluation scenario in [4], further investigations for the proposed solution are provided through link simulations. More evaluations based on system level simulations can be found in [5].   
2 Power control solution for secondary carrier after transmission gap
In [2], it has been shown through link simulations that the first E-DCH TTI after a transmission gap has worse performance than the second TTI transmission. By applying the proposed solution, that is to reset the secondary carrier initial power after a transmission gap based on the filtered power from the primary carrier, the BLER performance of the first TTI transmission can be improved with a gain of 1~4 dB [3]. In the following, further aspects of the proposed solution are addressed; in addition, for comparison, another alternative solution is also evaluated by link level simulations.  
2.1 Proposed algorithms
With the current CPC baseline algorithm, the initial power after a transmission gap shall be set to the same value as the last slot transmission before the gap. However, as presented in [2], since the channel could be completely uncorrelated between the transmissions when using long UE DTX cycle 2 lengths (for example 32, 40, 64, 80, 128 or 160 subframes), inheriting the power from the previous transmission would require a longer re-establishment time for proper inner-loop power control, which in turn results in bad performance at the beginning of a data transmission. One can argue that this problem can be solved by using longer preamble length. However, given the typical traffic scenarios intended for the WI, that is UE transmitting bursty high rate data on the secondary carrier, problems such as latency and scheduling complexity will occur if using a longer preamble. 
Thus, a new algorithm that resets the initial DPCCH power after a transmission gap of the secondary carrier has been proposed in [3]. In this proposal, the initial power of the secondary carrier after a transmission gap is set to be the 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 configurable transmission gap, and UE_Sec_Tx_Power_Offset is a configurable power offset added to the filtered reference power 
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 . The power offset parameter, UE_Sec_Tx_Power_Offset, can be configurable and set by higher layers over RRC, or it could be signalled by HS orders to allow for a more dynamic configuration. 
The reference power 
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can be derived from the primary carrier as 
[image: image5.wmf]pri

ref

DPCCH

ref

DPCCH

P

P

,

,

,

=

, and  

             
[image: image6.wmf])

(

)

1

(

)

1

(

)

(

,

,

,

,

,

i

P

i

P

i

P

pri

DPCCH

pri

pri

ref

DPCCH

pri

pri

ref

DPCCH

×

-

+

-

×

=

a

a

                          (2)
where 
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 corresponds to the ith slot primary carrier DPCCH power, and 
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 is a configurable filter coefficient. This algorithm has been simulated with channel PA3 in [3], and will be further evaluated in section 2.2.2. 
Alternatively, the reference power could also be taken from the secondary carrier as 
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where 
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 corresponds to the ith slot secondary carrier DPCCH power, and 
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 is a configurable filter coefficient. The evaluation of this algorithm will be provided in section 2.2.3 for comparison. 
Another option for the reference power in equation (1) is to combine the filtered power from both primary and secondary carriers, i.e.,  
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where w is a weighting factor that can be either configured by higher layers as a fixed value or determined by the UE as a function of the transmission gap length. The benefit of using equation (4) as a reference power compared to equation (2) and (3) is the flexibility. By adjusting the weighting factor w between 1 and 0, this algorithm will cover the algorithm provided by equation (2) and (3). In other words, it gives the possibility to use solely the primary or the secondary carrier filtered power as reference power. The drawback of using equation (4) is the additional complexity of the algorithm and more configuration parameter needed.
To summarize, there are three algorithm candidates to define the reference power in equation (1):

Alg 1:  from a filtered primary carrier power as defined in equation (2)
Alg 2:  from a filtered secondary carrier power as defined in equation (3)
Alg 3:  combination of Alg 1 and Alg 2 as defined in equation (4) 
In the following sections, the Alg 1 and Alg 2 are evaluated through link level simulations.  
2.2 Simulation results
2.2.1 Simulation setup
The simulated system of the link simulator has one user transmitting data on two carriers. The primary carrier is transmitting continuously with a fixed BLER performance of 5% after the first transmission (the average received Ec/N0 is about -14.5dB), while on the secondary carrier, the user is transmitting bursty data with static transmission pattern. See Table 1 for detailed parameter setup. 
Table 1: Simulation parameters
	Parameter
	Primary carrier
	Secondary carrier

	Carrier frequency[MHz]
	2000
	2005

	TTI [ms]
	2
	2

	TBS[bit]
	120
	 8596

	Number of Rx Antennas
	2
	2

	Max Transmission
	1
	1

	Inner Loop Power Control
	ON
	ON

	Outer Loop Power Control
	OFF
	OFF

	Inner Loop PC Step Size[dB]
	±1
	±1

	Propagation Channel
	PA3
	PA3, VA30

	DTX period[msec]
	Continuous transmission
	40ms, 80ms

	Number of TTIs for each burst transmission
	Continuous transmission
	2, 4

	Pre-amble lengths [slot]
	Continuous transmission
	2, 4


2.2.2 Reference power from the primary carrier
This section presents the evaluation for Alg 1 as described in equation (2). The reference power of 
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in this algorithm is set to be a filtered power based on the primary carrier DPCCH power. In the simulations, the filter coefficient, 
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, has been set to be 0.999 and 0. The value of 0 corresponds to the case of no filtering, i.e., the DPCCH power of primary carrier 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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When targeting at the 10% BLER performance, a gain of up to 4dB on the first TTI transmission can be observed for the case of 
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= 0.999 (i.e., longer filter memory), especially if the channel is PA3 and if the transmission gap is long (for example 80ms). It should be noted that the observed gain appears on both 2-slot and 4-slot preamble cases. Compared to the first TTI transmission, the gain observed on the second TTI (or the third and the fourth TTI if UE having 4-TTI data duration) is less. Meanwhile, the gain for channel VA30 is less than for PA3. However, it should be noted that there is no performance degradation for the proposed algorithm in any of the simulated cases.     
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a)                                                                                b)

Figure 1 Performance when using the primary carrier as the reference power, PA3, 80ms Gaps, 2 TTI data duration, a) 2-slot pre-amble   b) 4-slot pre-amble
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a)                                                                                b)

Figure 2 Performance when using the primary carrier as the reference power, PA3, 80ms Gaps, 4 TTI data duration, a) 2-slot pre-amble   b) 4-slot pre-amble
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a)                                                                                b)

Figure 3 Performance when using the primary carrier as the reference power, PA3, 40ms Gaps, 2 TTI data duration, a) 2-slot pre-amble   b) 4-slot pre-amble
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a)                                                                                b)

Figure 4 Performance when using the primary carrier as the reference power, PA3, 40ms Gaps, 4 TTI data duration, a) 2-slot pre-amble   b) 4-slot pre-amble
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a)                                                                                b)

Figure 5 Performance when using the primary carrier as the reference power, VA30, 40ms Gaps, 2-TTI data duration,     a) 2-slot pre-amble   b) 4-slot pre-amble
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a)                                                                                b)

Figure 6 Performance when using the primary carrier as the reference power, VA30, 40ms Gaps, 4-TTI data duration,     a) 2-slot pre-amble   b) 4-slot pre-amble

2.2.2.1 Sensitivity to a fixed error in the power offset

For the simulation results presented in the previous section, the power offset, 
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, has been set to be the SIR target difference between the two carriers. This setup is suitable for a link simulation, however, it is an idealistic model that is not realistic. Thus, in order to evaluate the error robustness of the power offset, more simulations have been performed, in which a constant error is introduced to the power offset. In reality, this error may be due to that e.g. the RoT change on the primary carrier because of a change of the intra-cell interference.  

For the system simulated in this section, the power offset is defined as
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where 
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is the introduced error and is fixed during the whole simulation. 
The power offset error, that has been tested in this section is 
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. In all the simulations, the UE has a 2-slot preamble and 2-TTI data transmission. In Figure 7 and Figure 8, the simulations are with the PA3 channel and with a transmission gap of 40ms and 80ms, respectively; while Figure 9 shows the simulation results when applying channel VA30. The filter coefficient used in the simulations is set to be 
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, BLER performance for each TTI are plotted and compared with the CPC baseline algorithm. 
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a)                                                                                               b)

Figure 7 BLER performance for different errors in the power offset, PA3, 40ms Gaps, 2-TTI data duration,  

a) 1st TTI,   b) 2nd TTI.
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a)                                                                                               b)

Figure 8 BLER performance for different errors in the power offset, PA3, 80ms Gaps, 2-TTI data duration
a) 1st TTI,   b) 2nd TTI.
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a)                                                                                               b)

Figure 9 BLER performance different errors in the power offset, VA30, 40ms Gaps, 2-TTI data duration
a) 1st TTI,   b) 2nd TTI.

As shown in the figures, for a power offset error of up to 2dB, the 1st TTI BLER performance with the proposed power control algorithm is always better than the CPC baseline algorithm for channel PA3. With channel VA30, the proposed algorithm performs better than the CPC baseline for errors of up to 4dB.  
2.2.2.2 CDF of the received power

In the figure below, the CDF of the received power for the first E-DCH slot are plotted for UE having 2-slot preamble, 2 TTI data transmission and with PA3 channel. The tested DTX gaps are 10ms, 40ms and 80ms. For a gap of 40ms and 80ms, it can be seen that the proposed algorithm without and with an introduced power offset error (denote as “new” and “new 2dB” in the plots) give a slimmer tail compared to the CPC baseline. This indicates that the proposed algorithm (even with an offset error) will create less interference than using the baseline algorithm. On the other hand, if the UE has shorter transmission gap, for example a gap length of 10ms, the baseline has a slimmer tail. This motivates the original proposal of improving power control for long transmission gap. 
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Figure 10 CDF of the first E-DCH transmission slot, PA3, 2-slot preamble, 2-TTI data duration, and DTX gaps of 10ms, 40ms and 80ms Gaps. 
2.2.3 Reference power from the secondary carrier
In this section, the second algorithm on computing the reference power, Alg 2, is simulated. As defined in equation (3), the power used for the filtering is from the secondary carrier itself, thus the power offset in equation (1) is set to zero, i.e., no power offset is needed since the power is from the same carrier. Clearly, with this approach, intra-cell interference on the primary carrier will not have any impact on the performance of the secondary carrier. However, it should be noted that filtering based on the secondary carrier may not be very effective for normal smartphone traffic due to the lack of statistics on the secondary carrier.
Figure 11 and Figure 12 depict the BLER performance in which the filter coefficient are 
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, respectively. The simulated UE has a 2-slot preamble, 2 TTI data transmission and with channel PA3. Three different transmission gaps, 10ms, 40ms and 80ms, have been plotted. 
As seen in the plot, when a transmission gap is equal to or greater than 40ms, taking a filtered reference power from the secondary carrier outperforms the baseline algorithm, meanwhile, a filter with longer memory (i.e., larger 
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) performs better than a shorter memory filter. It is also observed that the two algorithms, Alg 1 and Alg 2, corresponding equation (2) and (3), respectively, achieve similar gains for the same simulated system. 
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Figure 11 Performance when using secondary carrier as the reference power, 
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, PA3, 2-slot preamble, 2 TTI data transmission, 10ms, 40ms and 80ms Gaps 
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Figure 12  Performance when using secondary carrier as the reference power, 
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2.3 Discussion

In the first algorithm, denoted as Alg 1 in section 2.1, the initial power of the secondary carrier after a transmission gap is calculated based on a filtered power taken from the primary carrier and a pre-configured power offset. When the transmission gap is equal to or greater than 40ms, 1~4 dB performance gain on the first data TTI transmission has been obtained. This gain remains for both 2-slot and 4-slot preambles cases. It is observed that simulation with channel VA30 obtains less gain than with channel PA3. However, no performance degradation has been found in any of the studied cases. Furthermore, the robustness of the pre-configured power offset has been tested and the simulations show that the gain can be preserved for up to 2dB fixed errors. The CDF plotted in section 2.2.2.2 indicates that the proposed algorithm will cause less interference to other user or other cells if the DTX gap is equal to or longer than 40ms.
The second algorithm, denote as Alg 2, uses a filtered power taken from the secondary carrier itself. It obtains similar gains as using Alg 1 for the same simulated system if a DTX gap is equal to or greater than 40ms. Meanwhile, a filter with longer memory outperforms a short memory filter. However, this algorithm may not be very effective for normal smartphone traffic due to the lack of statistics on the secondary carrier. 
An optional algorithm, Alg 3, was also proposed as a solution to combine the above two algorithms, which takes the filtered powers from the primary and/or the secondary carriers depending on the weighting factor as the reference power in equation (1). However, this algorithm gives additional complexity even if some improvement in initial power selection can be expected. 
Thus, taking the statements above into consideration, the first algorithm, Alg 1, is proposed for improving the power control after DTX on the secondary carrier. In addition, for flexibility, we propose to introduce the configurable parameters in Table 2.
Table 2 Configurable Parameters

	Configurable parameters
	Explanations

	Thresh_gap_length [ms]
	The threshold to determine after what gap length the selected algorithm shall be applied instead of legacy algorithm
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	Filter coefficient

	UE_Sec_Tx_Power_Offset
	Offset value, signalled by HS orders


Proposal 1: The parameter Thresh_gap_length shall be introduced. Thresh_gap_length can be configurable and set by higher layers over RRC. When a transmission gap is less than Thresh_gap_length, legacy power control is used. When a transmission gap is equal to or greater than Thresh_gap_length, the initial DPCCH power of the secondary carrier is set according to equation (1) and (2). 
Proposal 2: The parameter, 
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, depicted in equation (2), shall be introduced. 
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 can be configurable and set by higher layers over RRC.
Proposal 3: The parameter UE_Sec_Tx_Power_Offset, depicted in equation (1), shall be introduced.  UE_Sec_Tx_Power_Offset can be configurable and set by higher layers over RRC, and it can also be signalled by HS orders.

3 Conclusion
This contribution evaluates two algorithms for improving power control of the secondary carrier after a long transmission gap. The evaluations are based on link level simulations. 
The first algorithm, Alg 1, show 1~4 dB performance gain on the first data TTI transmission when the transmission gap is equal to or greater than 40ms. Furthermore, the algorithm show robustness for configurable power offsets.
Using Alg 2 shows similar gains as using Alg 1, but its performance depends on having enough statistics on the secondary carrier. Alg 3 is considered to give additional complexity. Thus, the first algorithm, Alg 1, is proposed for improving the power control after DTX on the secondary carrier and the parameters in Table 2 are proposed to be introduced.

Proposal 1: The parameter Thresh_gap_length shall be introduced. Thresh_gap_length can be configurable and set by higher layers over RRC. When a transmission gap is less than Thresh_gap_length, legacy power control is used. When a transmission gap is equal to or greater than Thresh_gap_length, the initial DPCCH power of the secondary carrier is set according to equation (1) and (2). 
Proposal 2: The parameter, 
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, depicted in equation (2), shall be introduced. 
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 can be configurable and set by higher layers over RRC.
Proposal 3: The parameter UE_Sec_Tx_Power_Offset, depicted in equation (1), shall be introduced.  UE_Sec_Tx_Power_Offset can be configurable and set by higher layers over RRC, and it can also be signalled by HS orders.
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