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Paging Issues in GERAN Based CIoT: Extended Coverage and eDRX Use Cases
1.	Introduction: 
A new feasibility study named Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things  (WI code: FS_IoT_LC)  was approved at GERAN#62 with a  major objective of enhancing coverage and extending battery life compared to those of existing GPRS system. The logical channels (such as paging channel) need to support an extended coverage to achieve the enhanced coverage in the downlink (DL). 

Extended DRX has been identified as a potential technique to extend the device battery power for IoT devices. eDRX cycle of 10s of minutes are under consideration which may impact core network paging procedure/configuration. 

In this contribution, we first discuss impact of extended coverage on paging procedure and paging resource optimization. In the second part, we explore impact of eDRX on core network paging procedure.  


2. Impact of Coverage Enhancement on Paging:
One of the main approaches to achieve coverage enhancement for paging channel is repetition of the paging messages which implies higher paging resources. Paging resource wastage must be optimized in the GERAN based CIoT to support massive number of IoT devices in the system especially when most of the devices are expected to be in the packet Idle state.

In the Reply LS on paging for MTC (S2-150697), SA WG2 has requested to RAN WG1, RAN WG2, RAN WG3 (with GERAN CCed) to clarify some questions as stated below: 

In order for SA2 to understand better whether any system enhancements will be needed to assist the “eNB to have knowledge on the required amount of coverage enhancement during paging message transmission” we would like to ask the following questions: 

1.	Is the eNB expected to determine the required amount of coverage enhancement techniques based only on static information (such as UE radio capability) or also dynamic information e.g. whether they are in good or bad coverage? 
2.	Is there benefit to store the information about whether the UEs (in idle mode) are in good or bad coverage in CN, in order for some information to be later contained in paging message to eNB? 
3.	Is it important that the CN ONLY sends S1 interface paging to the last used eNB (e.g. would the RAN be adversely impacted if other eNBs received the request paging indicating “coverage enhancement required”)?
4.	Is there benefit to indicate to the eNB whether the page is an e.g. 1st page or 2nd, or last page from the MME for that UE?
5.	Is there a benefit for the MME to potentially cancel paging when the UE has responded to the MME in order to avoid the other eNBs in the paging area to send further paging over the air?


We present discussion on most of these issues and propose solution directions which may serve as input to the Reply LS on paging for MTC to SA WG2. 

[bookmark: _GoBack]Paging is crucial for the mobile terminating traffic in CIoT. The IoT devices with Network Command type traffic are solely relied on successful paging reception. If these devices need enhanced coverage, the paging must be repeated number of times depending on required coverage enhancement levels (i.e. coverage classes CCs). For mobile IoT devices (such as parcel tracking, fleet management use cases), required coverage enhancement levels  will change over location. Most of the IoT devices are expected to be stationary or have low mobility.  Although these devices are stationary or low mobile, the surrounding radio environment may significantly change over long time impacting the coverage class. For example, new buildings, trees, structures, etc can change the CC over time as these devices may remain there for years after deployment. Therefore, coverage class depends also on dynamic parameters.

Observation 1: Level of Coverage enhancement required (i.e. coverage class) for IoT devices may change over time and location. 

Network needs the updated coverage class information during paging for network command (i.e. device terminated) traffic so that paging can be repeated required number of times. SGSN should store the CC of devices and send it to BSSs in paging request message. Without updated CC class, the number of paging repetition will be either insufficient for the IoT devices (paging may not be received in this case) or more than required (paging resource will be wasted in this case).
Proposal/Solution 1: SGSN stores the updated coverage class (CC) for coverage constrained IoT devices and sends the CC info to BSSs in paging request message in order to minimize paging resource wastage and ensure paging reception by the device.
In case of enhanced coverage, all cells in the routing area need to repeat the paging message several times which requires a lot of paging resources. For example, if paging message needs to be repeated 8 times to achieve required coverage enhancement, then 8 times more paging resources are needed compared to that needed in legacy GERAN paging. Therefore, always flooding paging request in all cells of the routing area may not be attractive option, especially for stationary and low mobility IoT devices.
Observation 2: Enhanced coverage requires huge paging resources compared to that required in Legacy GERAN system.
The SGSN may initiate paging only with the last camped/connected cell first to save paging resource wastage in the system. If the paging fails in the last camped/connected cell (i.e. device does not respond to the paging request), paging retransmission can be initiated to all cells in the routing area. Since IoT devices are usually delay tolerant, increased paging delay by such a mechanism should be acceptable. 
· This provision can save a lot of paging resources in the system in the case of stationary IoT. 
· The device being stationary or low mobility can be known to SGSN based on subscription data. Device may also inform SGSN about being stationary/Low Mobility using NAS signaling when the device is in Ready state or through the RAU message. 
Proposal/Solution 2: SGSN sends the paging request only to the last known camped/connected cell in the first paging attempt to save paging resource wastage in the system for stationary/Low mobility devices requiring coverage enhancement.  If first paging attempt fails, SGSN sends paging request to all cells in the RA.
Cancellation of Initiated Paging: If SGSN gets a response from UE through a BSS, it may be useful to inform rest of the BSSs in the routing area to cancel the requested paging transmission. Since the POs in different cells (especially cells of different BSSs) are different, such mechanism may save some paging resources in cells which are yet to send paging messages in the upcoming POs.
· Cancellation of initiated paging can be implemented even for non-coverage enhancement case. However, it is especially very beneficial to reduce resource wastage for the device which needs coverage enhancement as paging messages need to be repeated multiple times in each cell for these devices.
Proposal/Solution 3: If SGSN gets a paging response from the device, SGSN sends paging cancellation message to rest of the cells in the routing area to save paging resource wastage in case of enhanced coverage. 

3.	Impact of eDRX on Core Network Paging Procedure 
In this section, we explore the impact of extended DRX on the core network paging procedure.
In the legacy GPRS, SGSN based paging retransmission is handled by a GPRS mobility management (GMM) timer at SGSN called T3313. When SGSN initiates a paging for a UE, it starts the timer T3313 which is stopped after UE responds to the paging. If UE does not respond and the timer T3313 expires, SGSN may repeat the paging initiation. T3313 value is network dependent and its value is selected larger than the DRX cycle values. DRX cycles are in the range of a few seconds in the legacy system, therefore T3313 value is usually in range of seconds such as ~20s in the legacy system. With the introduction of eDRX, the values of DRX cycles can be upto several minutes (10s of minutes).  The T3313 may need to be selected as a very high value to avoid the paging retransmission initiation before UE gets paged in response to the original paging initiation. Furthermore, SGSN requires storing the DL packets for longer time. Buffering time can be in hours based on how many retransmissions of paging messages are configured and the DRX cycle configured for the device. Since SGSN may initiate paging immediately after getting the DL packet, BSS may require storing the paging request for 10s of minutes until next PO for the device.
Observation 3: eDRX impacts GMM timer configuration. A very long T3313 may need to be configured for the devices using eDRX. The value of T3313 may range upto 10s of minutes.
Observation 4: SGSN may need to buffer the DL packets for packet Idle devices for longer time. Buffering time can be in hours based on number of paging retransmissions configured and eDRX cycle.
Observation 5: BSS requires storing the paging requests for longer durations such as 10s of minutes.
Possible solutions to address the impacts of eDRX on Core network and BSS may be
· SGSN select the T3313 bigger than the eDRX cycle configured for the UE. In this case only DRX cycle should be known to SGSN. 
· UE may send it to SGSN when it is in Ready State in a cell. UE may also send the DRX cycle in RAU message.
· The main issue in this case is that BSS requires storing the paging request for a long time. BSS stores the paging request until the next PO of the device which may be 10s of minutes far.
· SGSN calculates the next paging opportunities in different cells of the routing area for the UE. Different cells may have different frame timing (TDMA FNs). As a result, time for next PO may vary for the cells. SGSN may choose the longest time remaining for next PO in any cell as minimum possible value of the T3313 for that UE for this paging instant. 
· Drawback of this approach is that SGSN may need frame timing information of all cells in the routing area and the UE eDRX cycle value. 
· A feedback from BSS to SGSN can be sent upon receiving paging initiation. The feedback will contain time remaining for upcoming PO for the UE. This provision increases signaling overhead between SGSN and BSS. If the various cells in a BSS have different POs (say due to different TDMA Frame Numbers), BSS should send POs of all cells or at least the farthest PO. 
· BSS requires storing the paging request for a long time. BSS stores the paging request until the next PO of the device which may be 10s of minutes away.
· SGSN selects the T3313 based on remaining time for PO for the paging of the UE in the cell where the UE was last known to be camped or connected. The paging request is sent to all routing area cells though.
· T3313 may expire before PO comes in some cells. That is, POs of some cells may still to come before SGSN re-initiates the paging retransmission in some cases. These cells can simply consider both paging requests (original and retransmission) as a single paging request for that UE. That is next paging transmission in these cells can be considered as an action in response to both original paging initiation and paging retransmission initiation.
· An indication may be added in the paging initiation message (from SGSN to BSS) saying first, second (first retransmission), third paging (second retransmission) initiations. It helps BSS to know that this is the retransmission for previously requested paging transmission.
Proposal/Solution 4: SGSN selects the value of paging timer T3313 greater than the eDRX cycle for devices. UE sends the updated eDRX cycle to SGSN.
4.	Conclusions:
Coverage enhancement of paging channel adversely impacts the resources in the system. Some optimization in paging procedures for IoT devices (requiring enhanced coverage) is needed to reduce the paging resource wastage. Core network assistance seems beneficial to minimize the paging resource consumption in the cellular IoT system which supports coverage enhancement.
The extended DRX cycle impacts the Paging Retransmission Timer T3313 value at SGSN. Very long T3313 timer value compared to legacy value is needed to implement eDRX. Similarly, SGSN needs to store the DL packet for longer duration for the IoT devices using eDRX. BSS may have to store the paging request for several minutes.
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