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1 Introduction

A set of coverage evaluations for several physical channels were presented and discussed in RAN1 #79 [1-8], from which there were identified the PRACH preamble, the PRACH message, the EUL, and the PCH over the S-CCPCH as the ones exposed to the most severe coverage problems compared to the other evaluated physical channels [9]. Therefore, the TSG RAN WG1 has decided to focus first in enhancing the coverage of the above mentioned channels.

This contribution presents an investigation on how to improve the coverage of the PCH over the S-CCPCH by means of performing repetitions, boosting the power of a single paging attempt, and by combining both approaches. The performance of the above mentioned techniques was compared, and analysed in order to conclude which of the solutions can be used for improving the coverage, while keeping a trade-off between complexity, cost (UE/Network resources), and benefits obtained. 
2 MCL improvements
The analysis on the PCH presented in RAN1 #79, indicates that for the Pedestrian A channel, the S-CCPCH carrying the paging messages leads to a low probability of success rates even for the lower end of MCL values evaluated in [3] (e.g., MCLs between 142-148 dB lead to success rates between 10 and 50%). 

Moreover, as part of the investigation presented in [3], it was found that performing repetitions could be seen as a potential solution for extending the coverage, since for the PA channel a maximum of two repetitions in addition to the initial transmission attempt results in success rates of 99% or more for MCLs up to 144 dB. On the other hand, boosting the power has also been proposed in [10] as a potential solution for enhancing the coverage of the problematic channels, which could also be applicable in this case.
Therefore, in this contribution we investigate if performing repetitions, boosting the power, or if a combination of both is the most suitable, less complex, less expensive, and more beneficial technique for improving the coverage of the PCH over the S-CCPCH.
2.1 Potential solutions

By modelling the paging attempts as independent events, we have computed by how much the performance of the PCH over the S-CCPCH can be improved by performing: a) repetitions, b) power boosting only, and c) repetitions with power boosting.
2.1.1 Repetitions

This approach is currently used in the legacy, and consists in transmitting one or several paging attempts (typically two) in addition to the original paging transmission. The paging attempts are supposed to use the same transmit power and there is no combination of the different transmission attempts (i.e., no soft combining or incremental redundancy schemes are applied). The repetition scheme has been modelled as follows:
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 of different paging attempts is assumed to be independent, resulting in a combined error probability after n attempts of
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 refers to the resulting probability of error after performing n paging attempts.
2.1.2 Power Boosting

A second scheme could simply consist in boosting the power of a paging attempt by
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dB from the very beginning. The probability of error of the power boosting scheme has been modelled as follows:
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 refers to the probability of error of a paging attempt once the power has been boosted by
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The intention of this scheme is to avoid the repetitions if it were possible to achieve high paging success rates for large MCL values with a single paging attempt boosted in power (i.e., within a reasonable range, not too costly).
2.1.3 Repetitions & Power Boosting

There is yet another scheme that could combine the benefits brought by performing repetitions with power boosting. In this scheme it is assumed that the network doesn’t know that UE is coverage limited, and therefore the first transmission attempt is performed as in the legacy, but the repetitions or subsequent paging attempts are boosted in power by
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. The idea is to achieve high paging success rates with fewer repetitions if they are boosted in power. The repetition plus power boosting scheme is modelled as follows:
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where 
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 refers to the resulting probability of error after n attempts.
3 Evaluation of the potential solutions
In this section, the performance evaluation of the schemes described in section two for improving the coverage of the PCH over the S-CCPCH are presented. A schematic representation of the evaluated techniques is depicted in Figure 1. 
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Fig. 1. Schematic representation of a) Repetitions, b) Power boosting, and c) Repetitions & power boosting
.
The dashed circle highlights the main purpose of the comparison, since performing several repetitions as it occurs in the legacy is going to be compared against boosting the power of a single paging attempt, and later on against performing fewer repetitions but boosted in power.
3.1 Performance comparison (Power Boosting 1dB)
The performance of the PCH over the S-CCPCH for the proposed schemes when a maximum of three paging attempts are performed (initial paging attempt and two subsequent repetitions) and the power is boosted by 1dB is shown in Figure 2.
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Fig. 2. PCH over the S-CCPCH, performance comparison when the maximum number of repetitions is two and the power is boosted by 1dB.
In the figure above the reference curve is given by the solid blue line, which corresponds to a single paging attempt as it performs in the legacy for large MCL values. On the other hand, it can be observed from the solid green and solid red lines respectively, that the success rate for delivering a paging message can be significantly improved by performing one or two extra paging attempts (repetitions). The Figure 2 also shows the performance of a single paging attempt boosted in power by 1dB (dashed-asterisk green line), and finally when the initial paging attempt is performed as in the legacy, but when the repetitions are boosted in power by 1dB each (the dashed green line refers to one repetition boosted in power by 1dB, while the dashed red line refers to two repetitions boosted in power by 1dB each). The result of the comparison is summarized in Table 1.

Table 1. PCH over the S-CCPCH, performance comparison when the maximum number of repetitions is two and the power is boosted by 1dB.
	MCL (dB)
	PA

(Reference)
	(PA+1dB)
	(PA)(PA)
	(PA)(PA)(PA)
	(PA)(PA+1dB)
	(PA)(PA+1dB)(PA+1dB)

	  142.2000
	0.9098
	    0.9500
	0.9919
	0.9993
	    0.9955
	    0.9998

	  143.2000
	0.8714
	    0.9098
	0.9835
	0.9979
	    0.9884
	    0.9990

	  144.2000
	0.8223
	    0.8714
	0.9684
	0.9944
	    0.9771
	    0.9971

	  145.2000
	0.7470
	    0.8223
	0.9360
	0.9838
	    0.9550
	    0.9920

	  146.2000
	0.6928
	    0.7470
	0.9056
	0.9710
	    0.9223
	    0.9803

	  147.2000
	0.5721
	    0.6928
	0.8169
	0.9216
	    0.8685
	    0.9596

	  148.2000
	0.4856
	    0.5721
	0.7354
	0.8639
	    0.7799
	    0.9058

	  149.2000
	0.3816
	    0.4856
	0.6175
	0.7635
	    0.6819
	    0.8363

	  150.2000
	0.2919
	    0.3816
	0.4986
	0.6450
	    0.5621
	    0.7292

	  151.2000
	0.2068
	    0.2919
	0.3708
	0.5009
	    0.4383
	    0.6023

	  152.2000
	0.1442
	    0.2068
	0.2677
	0.3733
	    0.3212
	    0.4615


As it was mentioned at the beginning of this section, one of the points of interest consists in knowing if a high paging success rate (99% or more) can be achieved by performing less repetitions boosted in power, or if boosting in power a single paging attempt from the beginning avoids the need of performing repetitions. This allow us to focus our analysis in the performance of the legacy with two repetitions ((PA)(PA)(PA)), an original paging attempt boosted in power by 1dB ((PA+1dB)), and an initial regular paging attempt followed by only one repetition boosted in power by 1dB ((PA)(PA+1dB)). The performance of the above mentioned cases is depicted in Table 2 for a MCL range between 142-145dB.    
Table 2. PCH over the S-CCPCH, performance comparison trade-off cases when the maximum number of repetitions is two and the power is boosted by 1dB.
	MCL (dB)
	PA

(Reference)
	(PA+1dB)
	(PA)(PA)(PA)
	(PA)(PA+1dB)

	  142.2000
	0.9098
	    0.9500
	0.9993
	    0.9955

	  143.2000
	0.8714
	    0.9098
	0.9979
	    0.9884

	  144.2000
	0.8223
	    0.8714
	0.9944
	    0.9771

	  145.2000
	0.7470
	    0.8223
	0.9838
	    0.9550


From Table 2 is observed that boosting the power by 1dB in the initial transmission is not enough for delivering a paging message with enough reliability, while performing a maximum of two repetitions as in the legacy results in more than 99% success rate for MCLs up to 144 dB. On the other hand, performing a single repetition boosted in power by 1dB provides success rates beyond 95% but only for MCLs up to 142 dB the success rate is beyond 99%. 
3.2 Performance comparison (Power Boosting 2dB)

The performance comparison when three paging attempts are performed and the power is boosted by 2dB is shown in Figure 3.
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Fig. 3. PCH over the S-CCPCH, performance comparison when the maximum number of repetitions is two and the power is boosted by 2dB.
The performances for the cases resulting in a better trade-off are summarized in Table 3.
Table 3. PCH over the S-CCPCH, performance comparison trade-off cases when the maximum number of repetitions is two and the power is boosted by 2dB.
	MCL (dB)
	PA

(Reference)
	(PA+2dB)
	(PA)(PA)(PA)
	(PA)(PA+2dB)

	  142.2000
	0.9098
	    0.9800
	0.9993
	    0.9982

	  143.2000
	0.8714
	    0.9500
	0.9979
	    0.9936

	  144.2000
	0.8223
	    0.9098
	0.9944
	    0.9840

	  145.2000
	0.7470
	    0.8714
	0.9838
	    0.9675


From Table 3 it can be seen that even if the initial transmission is boosted in power by 2dB still the paging message can’t be delivered reliability. On the other hand, if a single repetition is performed but boosted in power 2dB, then it is possible to achieve a success rate beyond 99% for MCLs up to143dB. 
3.3 Performance comparison (Power Boosting 3dB)

The performance comparison when three paging attempts are performed and the power is boosted by 3dB is shown in Figure 4.

[image: image18.png]Probability of Success in "n" Paging Attempts

PICH performance

09

08

07

06

05

04f-[——pa

—— (PAIPA)
03| —— PAYPAIPA) =

- (PA)PA+3dB)

02 - (PA)PA+3dB)(PA+3B) }--

-+ (PA+3dB) ; i
01 T T i i
12 i 46 48 150 152 154

MCL [dB]




Fig. 4. PCH over the S-CCPCH, performance comparison when the maximum number of repetitions is two and the power is boosted by 3dB.
The performance of the most relevant cases depicted in Figure 4 summarized in Table 4. 
Table 4. PCH over the S-CCPCH, performance comparison trade-off cases when the maximum number of repetitions is two and the power is boosted by 3dB.
	MCL (dB)
	PA

(Reference)
	(PA+3dB)
	(PA)(PA)(PA)
	(PA)(PA+3dB)

	  142.2000
	0.9098
	    1.0000
	0.9993
	    1.0000

	  143.2000
	0.8714
	    0.9800
	0.9979
	    0.9974

	  144.2000
	0.8223
	    0.9500
	0.9944
	    0.9911

	  145.2000
	0.7470
	    0.9098
	0.9838
	    0.9772


From Table 4 it can be seen that if the initial transmission is boosted in power by 3dB, the delivery of the paging message can only be guaranteed for MCLs up to 142dB, while if a single repetition is boosted in power by 3dB, then it is possible to achieve a success rate beyond 99% for MCLs up to 144dB.

3.4 Performance evaluation for achieving large MCL requirements
If the intention of the coverage enhancements for the PCH over the S-CCPCH is to extend the coverage for larger MCLs, for example as large as 150dBs, then it has to be taken into account that the legacy would have to perform 15 paging attempts (14 repetitions) in order to guarantee that the paging message will be delivered with a success rate beyond 99%. On the other hand, for the technique that combines repetitions with power boosting, a maximum of seven repetitions boosted in power by 3dBs would have to be performed in order to have a power consumption compared to one required by the legacy for achieving a MCL target of 150dBs. From the evaluations performed it was found that it is possible to achieve MCLs up to 151dBs with paging success rates beyond 99% with the technique that combines repetitions with power boosting. The results of the above comparison are summarized in Table 5.

Table 5. PCH over the S-CCPCH, performance comparison when the maximum number of repetitions is fourteen for the legacy case, and seven for the technique that combines repetitions with a power boosting of 3dB.
	MCL (dB)
	PA

(Reference)
	1 PA followed by 14 repetitions

(Legacy)
	1 PA followed 7 repetitions boosted each by 3dB

(Repetitions combined with power boosting)

	  142.2000
	0.9098
	1.0000
	1.0000

	  143.2000
	0.8714
	1.0000
	1.0000

	  144.2000
	0.8223
	1.0000
	1.0000

	  145.2000
	0.7470
	1.0000
	1.0000

	  146.2000
	0.6928
	1.0000
	1.0000

	  147.2000
	0.5721
	1.0000
	1.0000

	  148.2000
	0.4856
	1.0000
	1.0000

	  149.2000
	0.3816
	0.9993
	0.9998

	  150.2000
	0.2919
	0.9944
	0.9981

	  151.2000
	0.2068
	0.9690
	0.9924

	  152.2000
	0.1442
	0.9033
	0.9704


From the table above it can be observed that large MCL targets require a large amount of repetitions in the legacy, up to 14 repetitions are required in order to guarantee the correct delivery of the paging message for MCLs as large of 150dBs. In this regard, while the delay may not be a problem for most of the small data transmission devices, the capacity of the PCH may be a serious limitation since the repetitions will use resources that may be needed for the delivering new paging messages. The above problem can be alleviated by the technique that combines repetitions with power boosting since half of the repetitions compared to the ones used in the legacy have to be performed for achieving not only the same target but one additional dB gain, however it remains to be seen if it is worth to target MCLs as large as 150dBs given the resources that have to be invested on it, perhaps extending the coverage up to 144dB by performing three paging attempts (two repetitions) with the legacy, or performing a single repetition but boosted in power by 3dB results to be enough as a coverage enhancement for the PCH over the S-CCPCH. 
4 Conclusions 
In this contribution we have investigated techniques related with performing repetitions and power boosting aimed at improving the coverage of the PCH over the S-CCPCH. Concretely, we have studied three techniques: a) performing repetitions as in the legacy, b) boosting the power of the initial paging attempt by
[image: image19.wmf]XdB

, and c) a combination of both approaches consisting in performing fewer repetitions by means of boosting them in power
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.

From the performed analysis it has been found that performing two repetitions (i.e., three paging attempts) as in the legacy results to be enough for providing paging success rates beyond 99% for MCLs up to 144dB. For the technique that boosts the power of a single paging attempt by
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 (i.e., without making use of repetitions) it has been found that even if the power is boosted by 3dB, a paging success rate beyond 99% can only be guaranteed for MCLs less or equal to 142dB. Finally, for the technique that combines repetitions with power boosting we have focused our analysis in transmitting the initial paging attempt as in the legacy followed by a single repetition boosted in power by
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, from the performed analysis it was observed that boosting the power of a single repetition by 3dB allows to achieve paging success rates beyond 99% for MCLs up to 144dB, which is equivalent to the legacy performance with two repetitions.
In general it can be concluded that performing repetitions significantly improves the success rate of delivering the paging messages because of the diversity gain that is obtained by transmitting paging attempts at different time instants, and secondly, it can be useful to additionally incorporate the advantages of boosting the power (i.e., by a moderate amount of dBs) which will allow to deliver the paging messages successfully and faster (i.e., less repetitions are needed), leading to an early release of resources which certainly will benefit the network since when several repetitions are performed typically there is a capacity problem  in real networks since it is difficult to find room for both transmitting new paging messages and performing repetitions. 
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� In Figure 1 the legend PA stands for Paging Attempt.






1/7


_1483450229.unknown

_1483450641.unknown

_1483450777.unknown

_1483450999.unknown

_1483450667.unknown

_1483450240.unknown

_1483251747.unknown

_1483449620.unknown

_1483253965.unknown

_1483250467.unknown

_1480757310.unknown

_1480758688.unknown

_1480756699.unknown

