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4.7 
Paging related measurements
4.7.1 
Paging Performance
4.7.1.1 
Number of paging messages received from MME at the eNB for each TA.
a) This measurement provides the number of paging messages received from the MME at the eNB, per TA.

b) CC.
c) Reception of S1 PAGING message from MME indicating TA as part of TAI list

d) Each measurement is an integer value.
e) Pag.NbrTA
f) EUtranCellFDD

EUtranCellTDD 
g) Valid for packet switched traffic.
h) EPS

4.7.1.2 
Number of paging messages received from MME at the eNB for each Paging occasion, per cell or group of cells belonging to the same TA.
a) This measurement provides the number of paging messages received from the MME at the eNB for each Paging occasion for a cell or group of cells belonging to the same TA (Paging Frame X and paging subframe Y in Paging Frame X where 0<=X<N and  0<Y<=4).

b) CC.
c) Reception of S1 PAGING message with UE identity which satisfies the following formulae from TS36.304 [14].

X = (T div N)*(UE_ID mod N)

Y = floor(UE_ID/N) mod Ns
d) Each measurement is an integer value.
e) Pag.NbrOccTA 
f) EUtranCellFDD

EUtranCellTDD  
g) Valid for packet switched traffic.
h) EPS

4.7.1.3 
Paging delay due to paging occasion overflow
a) This measurement provides the number of times that paging messages have to be delayed by more than one DRX cycle due to maximum number of paging records for a given paging occasion being reached. 

b) CC
c) Reception of S1 PAGING message with UE identity which satisfies the following formulae from TS36.304 [14]. 
X = (T div N)*(UE_ID mod N)

Y = floor(UE_ID/N) mod Ns
AND buffer for paging records for Paging Frame X and Paging Subframe y already contains Z or more paging records where Z is the maximum number of paging records that can be sent per paging message (depending on eNB paging resource configuration). 

d) Each measurement is an integer value.
e) Pag.FreqDelOccFull  
f) EUtranCellFDD

EUtranCellTDD  
g) Valid for packet switched traffic.
h) EPS

4.7.1.4 
Number of paging records discarded at the eNodeB due to paging congestion.
a) This measurement provides the number of paging records that are discarded at the eNB for each paging occasion due to paging congestion. 

b) CC
c) Reception of S1 PAGING message with UE identity which satisfies the following formulae from TS36.304 [14].
X = (T div N)*(UE_ID mod N) 

Y = floor(UE_ID/N) mod Ns
AND buffer already contains the maximum number of paging records that can be queued for each paging occasion.

d) Each measurement is an integer value.
e) Pag.NbrDiscCong 
f) EUtranCellFDD

EUtranCellTDD  
g) Valid for packet switched traffic.
h) EPS
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A.10
Monitor of paging performance
In EUTRAN, Paging is under the control of the MME. The MME decides on retransmission of paging messages to the UE and also when to discard paging messages. When the MME sends a paging message to the eNB it also provides the TAI list to allow the eNB to only page UEs in cells that belong to those TAs [9]. The TAI list is indicated because an eNB can potentially belong to several TAs but each cell under an eNB belongs to only one TA [9]. The eNB can thus make measurements on the number of paging messages sent per TA since the MME also provides the TAI list in the paging message. 

When the MME wants to page a UE it has to page it in all cells that belong to the TA(s) to which the UE is registered. Hence, the measurement of number of paging messages per TA could equally be done at the eNB (which just has to keep a counter of all the paging messages which indicate a particular TA). 

The paging load per TA is an important measure for the operator as it allows the operator to properly dimension the resources for paging in the eNB.

Paging records are received at the eNB within paging messages, and are in turn transmitted by the eNB as part of a Paging Occasion. In order to determine the paging load on an eNB it is important for operators to be able to measure the total number of paging messages received by the eNB within a given measurement period.

The RRC paging message can contain several paging records [8] as it can happen that several paging messages are received for transmission at the next available paging occasion for each group of UEs that can use a paging occasion. Ideally, the operator would want all paging records received at the eNB (for a cell or group of cells with a given TA) to be sent in the next available paging occasion to reduce delay in paging. If the paging resources are not properly dimensioned, it can happen that paging messages are delayed by more than one paging cycle. Hence, it is important to monitor for each paging occasion, how many paging messages have been delayed to the next paging occasion i.e. delayed by one or more paging cycles.  The more the delay in sending the paging message, the higher will be the call set up delay for a mobile terminating call. This is important information for the operator in order to measure the paging efficiency at the eNB.

Since paging is under the control of the MME, It is evident that only the MME can measure the number of discarded paging messages due to no NAS response being received at the MME. From an eNode B level, it would seem that it only makes sense to measure the number of discarded paging if this is due to some problem in the eNode B, such as paging congestion. Operators need to know when this event occurs in relation to the previously mentioned congestion events in the cell, to identify if the congestion is at the eNB level or not. 
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