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Paging Cancellation in Case of Unsynchronized Cells in a Routing Area with eDRX (revision of GP-150404)
1.	Introduction: 
Extension of DRX cycles are being considered to increase the device power saving in the packet idle state for cellular IoT (CIoT). Extended DRX (eDRX) cycles can be up to several minutes which may bring challenges/issues for efficient handling of paging mechanism, especially when devices are mobile.  Usually CIoT use cases assume low mobility devices; however, there might be high mobility use cases such as fleet management and parcel tracking. DRX cycles are in the range of a few seconds in the legacy system, which reduces the chance of device moving to new cell in a time interval equal to legacy DRX cycle. Since DRX cycles are of several minutes (may be up to ~54 mins) in eDRX, it is highly likely that even low mobile device may move to one or more new cells in a time interval equal to eDRX cycle.  

2.	Issues with Paging due to Unsynchronized Cells in a Routing Area:
The paging occasion (PO) is calculated in terms of TDMA frame numbers. If different cells in a routing area (RA) are not synchronized in frame timing (i.e., if they have different Frame Numbers at a time instant), the POs in the cells occur at various time instants to transmit a paging message in response to a paging request from core network (CN)/SGSN. The maximum time difference between POs in cells of a RA can be equal to eDRX cycle. Figure 1 illustrates example of two paging issues with eDRX in a RA with unsynchronized cells. The following are some of the major issues with paging procedure for eDRX due to cells in a routing area being not synchronized:
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Figure 1: Typical examples showing selected paging issues due to unsynchronized cells in a Routing Area.

Problem: Moving to New RA: When a device moves to a cell in a new RA, the device sends a RAU message to the core network. Let us assume that CN or SGSN has already sent paging request to the cells in the current RA. The POs in cells of current RA are distributed farther in time (say by up to several minutes) due to eDRX. Even after RAU from device, paging message may be continued to be broadcasted in the cells of current RA assuming that there is no mechanism to cancel the paging request. It may result in significant wastage of paging resources especially in case of coverage enhancement (CE). If the cells in the current RA are synchronized or nearly synchronized, CN/SGSN may send the paging request right before POs of cells to minimize such cases of resource wastage. 

Observation: When a device moves to a new RA after CN sends paging request to the cells in current RA, paging in some of the cells of current RA may continue even after RAU due to farther separation of POs in unsynchronized cells of the current RA when eDRX cycle is used.

3.	Possible Solution directions:
As discussed above, the paging mechanism will be impacted due to eDRX in case of unsynchronized cells in a RA. In this section, we explore some potential solutions to address these issues. 

Solution for Problem (Resource Wastage due to Device Moving to New RA):
· If the cells in a RA are not synchronized, paging cancellation indication from SGSN to the cells/BSSs of current RA can be another potential solution to minimize paging resource wastage. If device moves to a cell in a new RA after paging trigger has been sent to cells of the current RA from CN/SGSN and before paging message has been broadcasted over air-interface, the current SGSN sends a paging cancellation to the BSSs in the current RA. A BSS-SGSN message needs to be defined for this purpose. The BSSs cancels scheduled paging in cells where POs are still to come. Paging cancellation may be more beneficial and critical for coverage enhancement case.

Solution/Proposal: If the cells in current RA are not synchronized, paging cancellation indication from SGSN to the cells/BSSs of current RA can minimize paging resource wastage significantly when device moves to a new RA after paging trigger has been sent to cells of the current RA.
4.       Performance Evaluation of Paging Cancellation Approach:
We evaluate the performance of the proposed paging cancellation approach using Monte Carlo simulations. We simulated a routing area with 20 cells with each cell consisting of 52547 devices. We consider only downlink traffic in the simulation based on the Network Command traffic model as highlighted in the TR 45.820 [2]. Each cell has a paging occasion based on its frame timing during which the cell will broadcast paging messages.
The devices are considered to be mobile and the mobility pattern for the devices is determined by the mobility model.  In this evaluation, we model the cell residence times of the devices using exponential distribution. The mean of the cell residence time is varied between 50 seconds and 250 seconds.  Furthermore, the number of cells the device travels before leaving the routing area is determined by a binomial distribution with number of trials equal to the number of cells (N = 20) in the routing area and the probability of each trial equal to 0.2 (P = 0.2). This corresponds to a mean NP and variance P(1-P), i.e., the mean number of cells a device travels before leaving the routing area is 4 cells. The cdf of the distribution is shown in Figure 2.


Figure 2: Cdf of the number of cells a device travels before leaving the RA.
Upon packet arrival for the device, we determine if the device has left the routing area.  In this case, the user will have sent a routing area update to the SGSN indicating a change in the routing area.  Paging cancellation is issued by the SGSN to all the cells.  We can achieve paging savings in those cells that have paging occasions in a future time. 
The amount of paging savings is calculated as the percentage of the cells where the paging cancellation is successful. This is determined as the percentage of the cells that have paging occasions in a future time with respect to the cell where the device last received the paging before leaving the routing area and issuing a RAU. The mean cell residence times for the devices are varied from 50 seconds (indicating highly mobile devices) to 250 seconds (indicating lowly mobile devices). The results from the Monte Carlo simulations are presented in Figure 3.

Figure 3: Amount of paging savings achieved using the paging cancellation approach.
The greatest savings are achieved when the mean cell residence times for the devices is set to 50 seconds. Such residence times are expected for high mobility use cases such as fleet management and parcel tracking. For these devices, the proposed paging cancellation approach can reduce the paging load by about 25%. As expected, the paging savings reduces gradually as the mean cell residence times for the devices increase. For devices that have average residence times of 250 seconds, about 5% of paging savings can be achieved.
5.	Conclusions:
Extended DRX (eDRX) brings major challenges in the legacy paging mechanism for mobile devices especially when cells in a routing area are not synchronized. Based on the above discussion, we identified a major issue in regards to paging resource wastage when the cells in the routing area are not synchronized. We have presented potential solutions/proposals to address the excessive paging issue with the help of paging cancellation issued from the SGSN after a device leaves the routing area. We have evaluated the performance of the proposed solution and presented the results.  
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