Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG1 Meeting #80
R1-150728
Athens, Greece, 9th – 13st February 2015
Agenda Item:
6.2.1
Source: 
Ericsson

Title:  
Text proposal on Analysis on repetitions and power boosting techniques for enhancing the coverage of the PCH over S-CCPCH 
Document for:
Discussion and Decision
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.

In this contribution we provide a Text Proposal (TP) that is intended to capture the investigations and findings related to the coverage improvements for the PCH over the S-CCPCH as described in [10].   

2 Text Proposal
---------------------------------------------------------------- Text start ------------------------------------------------------------------
6.1.3.X
PCH over S-CCPCH coverage enhancements
6.1.3.X.X Analysis on repetitions and power boosting techniques
As part of the investigation presented in [X], 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 [X] as a potential solution for enhancing the coverage of the problematic channels, which could also be applicable in this case.
Therefore, it has been investigated if performing repetitions, boosting the power, or if a combination of both results to be the most suitable, less complex, less expensive, and more beneficial technique for improving the coverage of the PCH over the S-CCPCH. 
A schematic representation of the evaluated techniques is depicted in Figure X. 
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Fig. X Schematic representation of a) Repetitions, b) Power boosting, and c) Repetitions & power boosting
.
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 X dB ((PA+XdB)), and an initial regular paging attempt followed by only one repetition boosted in power by X dB ((PA)(PA+XdB)). The performance of the above mentioned cases is depicted from Table X to Table X for a MCL range between 142-145dB.
Table X. PCH over the S-CCPCH, performance comparison trade-off 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 X 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 a MCLs up to 142 dB the success rate is beyond 99%.
Table X. PCH over the S-CCPCH, performance comparison trade-off 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 X 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 to 143dB.
Table X. PCH over the S-CCPCH, performance comparison trade-off 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 X 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.
On the other hand, 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 X.

Table X. 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


In the table above 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.
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.
From the above results, it is observed that repetition and/or power boosting is beneficial for coverage enhancement of the paging channel. These solutions are possible in current networks.
--------------------------------------------------------------- Text end ------------------------------------------------------------------
3 Proposal
Upon reviewing the content of this Text Proposal, it is proposed:
Proposal: Agree on the text proposal presented in this document and capture its content on the TR for the study on Small Data Transmission Enhancements for UMTS
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� In Figure 1 the legend PA stands for Paging Attempt.
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