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1. Introduction

During the discussions leading up to release 8 completion, we introduced the concept of a message from the MME to the eNB, which reduces paging messaging over the air [1]. Data was also presented to show the available gains and their sensitivity to various parameters [2]. However it was considered that the timeframe and the priorities in release 8 made this type of enhancement a candidate for a future release.

This contribution recaps the concept previously described, and summarizes the performance data showing expected reduction of air interface paging for different scenarios. 

2. Asynchronous paging and recap of proposal

In idle mode, a paging channel (PCH) is assigned to the UE and the UE wakes up to check for any page message in that resource. In case there are multiple PCHs in a cell, the UE shall be assigned to one of them.  This results in the mobile waking up periodically e.g. every four seconds in that cell.  

In many LTE configurations, the cells are expected to not be time-synchronized, such that the page wake up time for the mobile varies among cells, e.g. as shown in Figure 1. In this example, if the UE is in cell 1, then the MME could receive a response from the UE prior to most of the pages for the UE actually being transmitted over the air.
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Figure 1: Illustration of asynchronous page wake up in three of the cells within a tracking area

Based on this, it is proposed that messaging support be provided such that the MME can avoid this unnecessary paging messaging being transmitted over the air.

The MME could transmit a page cancel message. In this case, when the MME receives the response from the UE, then the MME can have the option of transmitting a page cancel message. The MME can use proprietary schemes to determine whether to transmit the page cancel message, e.g. is the tracking area particularly large, was the response from the UE received particularly quickly, etc.  

3. Performance Analysis

From first principles, assume that the time difference between paging arrival at the eNB (with the cell which has the target UE in it) and actual over-the-air paging is the median value for all eNBs being paged. Then, neglecting all other delays we can see that it would be theoretically possible to avoid paging over 50% of the cells (2x paging reduction), at the cost of sending a cancellation message to all eNBs (2x increase in paging related messages). The actual reduction for any paging action will be a function of the time difference above, and will also depend on other latencies in the system, as discussed below.

3.1. Average Benefit Analysis

Define the following:

· P = number of eNBs in tracking area

· T = DRX interval

· D = Minimum Possible Delay after MME Initiates Page until eNB's Could Receive Cancel Message 

=  Delay from MME down to eNB + Delay from eNB over the air to/from UE, + Delay back up from eNB to MME + Delay from MME back down eNB 

If D= 0, then, on average the system would be able to cancel 50% or ((T/2)/T) of the page attempts (i.e. reducing the number of pages by 2x).  However, because D introduces additional latency before pages can be canceled:

· % of pages avoided per paging attempt = (((T/2) -D)/T) 

· Average Number of pages avoided Per Paging Attempt = A = (((T/2) -D)/T)*P

or, stated another way, the multiplicative reduction in the number of pages ~= 1/ (1 -% pages avoided) = 1/ (1- (((T/2) -D)/T) ) = 1/((T/2) + D).  See Figure 2 and Figure 3. 

Additionally, we can define a figure of merit for the cancellation message, i.e. the number of cancellation messages divided by the number of pages avoided:

· Average Number of eNBs which receive cancellation message with Per Paging Attempt = P

· Number of eNB cancellation messages received per page avoided = P/A =P/(((T/2) -D)/T)*P

This is plotted in the Figure 4.

[image: image2.emf]% pages avoided

0%

10%

20%

30%

40%

50%

60%

200 700 1200 1700 2200 2700

 DRX Interval (P in msecs) 

D=0

D=100 msecs

D=200 msecs


Figure 2: Average percent pages avoided for various DRX intervals, & values of D
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Figure 3: Multiplicative Reduction in Number of Over the Air Pages
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Figure 4: Number of eNB Cancellation Messages Received per over the Air Page Message Canceled

Distribution of Benefit

The previous figures showed the average benefit.  One can also plot the distribution of the benefit.  For the case where there are 75 eNBs in the paging area, a 2.2 second DRX interval, and D = 100ms, the distribution of the number of eNB's, which avoid being paged is listed in Figure 5.
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Figure 5: Figure Showing Distribution of Over the Air Pages Avoided

3.2. Performance with Selective Use of Page Cancel Message

It would be reasonable to operate under the condition that the MME only sends a cancellation message if a response from the UE is received during the first ~50% of the DRX interval (or another appropriate time limit). Obviously this strategy reduces the total number of page cancellation messages to about 50% (i.e. a 1.5x increase in paging related S1 messages, instead of 2x).

Sending cancellations only in the case of fast page response also increases the efficiency of the process. For example, for the case where the DRX interval is 2.2 seconds, & D= 100 ms: (simulation result)

· Average number of eNB cancellation messages received per page canceled =  1.4 (as opposed to 2.2 in figure 3)

· % of pages avoided per paging attempt = 35% (as opposed to 45% in figure 1)

3.3. Performance in the Multiple Tracking Area Scenario

The final scenario is one where the UE is registered with multiple tracking areas. In this case, a possible strategy would be that of staggered paging
 , where the MME decides to page first a subset of the TAs based on existing information (for example the UE has recently performed a TAU, and the specific TA / eNB is known).

In staggered paging, the amount of stagger or delay is critical since it directly contributes to the overall setup delay if the UE is no longer in the primary area. However a small stagger will not reduce significantly the radio paging since the chances of paging response are small. However, paging cancellation significantly improves the potential of staggered paging, since any stagger (>0) improves the effectiveness of the cancellation message.

To show this, we take an example with the following parameters:

· The UE is known to be in one of eight tracking areas

· Assume the UE is found in the last known tracking area ~90% of the time (90% based on field statistics)

· The DRX interval is 2.2 seconds, and D= 100 ms

· The system pages the last known tracking area first, and if there is no response within 1.0 second, the MME initiates also paging of the other tracking areas.

In this scenario, we have found the following

· If staggered paging is used on its own (without cancellation), it is possible to avoid transmitting pages over the air in about 30% of the cases (on average)

· If cancellation messages are sent, then it is possible to avoid transmitting pages over the air in 74% of eNBs (on average)

· In both cases, the average delay from MME initiation to paging response reception at the MME is only increased from 1.2 s to 1.3 s, i.e. from (T/2+D) to [0.9*(T/2+D)]+[0.1*(T/2+D+1)]

Therefore it can be seen that the use of paging cancellation significantly increases the effectiveness of staggered paging. Figure 6 shows this in a more general form - in this case we have plotted the maximum paging delay against the reduction in over-the-air paging. 

It can be seen that for this scenario, staggered paging can only be successful if the second stage of paging is significantly delayed, opening the possibility of a large maximum paging delay (which may be rare, but nevertheless will occur depending on UE mobility). For example a 50% reduction in the over-the-air paging requires a stagger of around 1.5s, resulting in an increase of the maximum paging delay from 2.3s to 3.8s. On the other hand, such a reduction can be achieved with almost no increase in the maximum delay provided the MME can send out paging cancel messages.
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Figure 6  Paging reduction vs maximum paging delay

4. Conclusions


We request that RAN3 discuss the above scheme and consider adding the cancel message to the specifications as per the associated CR. 
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� This analysis is valid where there are multiple eNBs per tracking area.  If the number of eNBs per tracking area is = 1, then there is no benefit to this proposal because -- when the UE responds, there are no other eNBs in the tracking area whose page can be canceled.  Otherwise, it is clear from the equations listed that P does not impact the performance quoted here.


� Staggered paging can also be applied to single tracking area registration through targeting the most recent known eNB from which a procedure involving the UE was completed





