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1
Introduction

As noted in [1], the paging power can vary depending on the cell size and the radio environment which requires some operator’s effort to fine tune the paging power in order to maintain the required paging reception quality. The paging power has been assumed as a fixed overhead from the downlink power resource view point and further optimization of this downlink transmission power resource can always benefit the system throughput. This optimization can be done, of course, outside of standardization activity but there seem more strong demands on a “standardized” way of self network optimization for LTE system in order to enhance the system-wise advantages of LTE compared to traditional ones. In this contribution, we discuss some methods of this self optimization of paging transmission power and provide a way forward on this topic.   
2
Discussion
In [1], one possible solution of automatic paging power control has been proposed. The main idea behind this solution is that each paging message contains the retransmission number based on which eNB can control an appropriate paging transmission power. Specifically when UE responds to received paging message, it include the paging retransmission number in the response message so that eNB can refer this paging retransmission number in order to control its paging transmission power. 
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Figure 1: Automatic Paging Power Control based on Paging Retransmission Number

Although the detail procedure of this approach is yet to be revealed, we see the following issues related to this solution:
· Cost of including paging retransmission number into paging message; 

each paging message has to include this new information field of retransmission number. Although the actual needed number of bits is still open, the required increase of paging transmission power has to be studied further. Note that this paging message has to be transmitted over all cells in the tracking area, hence it is not only the cell where UE reside but all cells in the tracking area that should increase the transmission power. So from the point of view of single cell, the cost may look insignificant, but looking at transmissions over all paging area, the cost may not be said to be ignorable.      
· Should eNB look inside of Paging Response message?

The paging retransmission number is only known and hence configured by MME entity. Since the paging retransmission number is included in the paging response message, the eNB should open up the paging response message. Then this principle of opening-up paging response message in order to extract the paging transmission number has to be standardized (possibly with SA2 group as well). Alternative to this eNB interception of paging message, one can also think of MME providing the paging retransmission number to eNB after receiving the paging response. And this feedback option has to be also standardized over S1 interface. 
From the issues listed above, we feel that it would be better if we could adopt a scheme which does not require MME-eNB interaction for the paging power control. In general, the paging power control is just RAN feature and therefore the impact of solution should be isolated within RAN nodes. In the following, we propose an alternative solution which meets the requirement of “isolated impact”.  
The proposed solution is mainly based on the automatic retransmission of paging message at the eNB. When a paging message is sent for the first time, eNB may not receive the response either because UE is not in the controlling cell or because UE missed the paging message. If node B transmits the same paging message one more time, then the similar situation will happen (i.e. eNB will not receive the response if UE is not in the cell or UE missed the 2nd transmission). The point worth to note is here that the number of UE responding to 2nd paging transmission would be much smaller than the number of UE responding to 1st paging transmission if the paging power has been appropriately configured. If the paging power has been set incorrectly so that many paging message get lost over the air, then there would be some significant number of UE which will response the 2nd paging transmission and therefore the response rate of two transmissions could be equivalent. More precisely, 


The number of UE responding to 1st paging transmission 

= the probability that a UE exist in the cell of interest x (1 – paging error rate)


The number of UE responding to 2nd paging transmission



= the probability that a UE exist in the cell of interest x paging error rate x (1 – paging error rate)

Then comparing the number of UE responding 1st and 2nd paging transmission, eNB can guess the current paging error rate over the air so that it can control the paging transmission reliability (i.e. paging transmission power)  
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Figure 2: Automatic Paging Power Control based on Autonomous Retransmission by eNB
The following table illustrates some examples of the proposed solution. Here the number of cells in a tracking area is considered to be 4 and hence the probability of UE reside in the cell of interest is 25% assuming UE are evenly distributed over the tracking area. The paging error rate of 40% and 1% are considered in this example representing a correct and incorrect setting of paging transmission power. For incorrect paging power setting, 150 users are responding to the 1st paging transmission while there are 60 UEs responding to the 2nd transmission. Estimation of paging error rate over the air can be done by obtaining the ratio of these two numbers of UEs. For the case of correct paging power setting, eNB can get 247 UE responses at the 1st transmission while it gets only 2 UE responses at the 2nd paging transmission. Hence eNB can guess the current paging transmission power is the correct one by comparing these two numbers of responding UE. 
	Case
	Number of cells in TA
	Paging message error rate
	Total paging message
	Response at 1st transmission
	Total retransmitted paging message
	Response at 2nd transmission
	Estimated paging message error rate

	1
	4
	40%
	1,000
	0.25 x (1- 0.4) x 1000 = 150
	1000 – 150

= 850
	0.25 x 0.4 x (1-0.4) x 1000
= 60
	60 / 150
= 40 %

	2
	4
	1%
	1,000
	0.25 x (1 – 0.01) x 1000 = 247
	1000 – 247
= 753
	0.25 x 0.01 x (1-0.01) x 1000
= 2
	2 / 247 
= ~ 1 %


Comparing the proposed solution of autonomous paging retransmission with the solution based on paging retransmission number, we observe the following issues: 

· Radio cost

The paging retransmission based solution requires the inclusion of paging retransmission number in the paging message whereas the autonomous paging retransmission solution needs some repetitions of paging message. At this moment, the comparison of two solution in terms of radio cost would need more study but each solution can be tailored to reduce the impact of radio cost, e.g. autonomous retransmission solution can be only performed during a period of operation or by selecting paging message randomly to perform the retransmission. 
· eNB and MME interaction

The paging retransmission based solution requires a some form of eNB and MME interaction although the detail is still yet to be discussed. On the other hand, the autonomous paging retransmission scheme does not require any MME-eNB interaction.
4
Conclusions

In this contribution, we reviewed the issue of self-optimising network especially for the paging power configuration. Based on analysis on this paper, we proposed an alternative solution for automatic paging power configuration:
· Paging power control functionality should reside in RAN nodes i.e. no MME-eNB interaction for paging power control.
· eNB can selectively retransmit the paging message in order to collect statistics of success paging response rate of at 1st and 2nd transmission. 
· Based on the comparison of 1st and 2nd paging response rate, eNB can configure an appropriate paging power for its controlling cell, i.e. eNB can increase the paging power if the response rate to 2nd paging transmission is not significantly smaller than the 1st paging transmission.  
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