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pCR 45.820 Consideration on Synchronization for Paging in CIoT
1 Introduction

 A new study item named Cellular IoT was approved at GERAN #62 (see [1]). For CIoT mobile stations, long DRX cycle is proposed to reduce the power consumption. In [2], some considerations on the paging issues and related solutions are discussed considering when CIoT traffic is introduced. This document contains a text proposal for the TR 45.820[2] on consideration on synchronization for paging in CIoT, as discussed in [3].
2 Proposed text for the TR
	First Change


8
Network architecture options

8.1
Overall architecture
8.1.5 Core network enhancements for paging devices in extended coverage

Independent of the choice of radio access solutions for ultra low complexity and low throughput Internet of Things (Cellular IoT) there is a need for core network assistance for transmission of paging as well as storage of coverage situation in the CN. The following common working assumptions apply: 
WA 1: The MS shall determine if currently estimated coverage class is different from last reported Coverage Class.  

WA 2: The MS should report changes of its coverage class to the CN. The trigger of the reporting, to avoid frequent signaling, is FFS.

WA 3:  At least the estimated coverage class for downlink will be indicated to the RAN when attempting system access.

WA4: The changes of estimated coverage class for downlink may be indicated to the RAN during data transmission.

WA 5: The RAN will include the coverage class information in the uplink data PDU sent to the CN. 

WA 6: Upon reception of the device specific coverage class information the CN stores it for use in subsequent paging for delivery of downlink data to that device.

WA 7: In order for RAN to send a page with the appropriate coverage enhancements the CN needs to convey the latest known coverage class information in the downlink paging PDU.

8.1.5.1  Synchronization for paging in CIoT
8.1.5.1.1 Potential impact introduced by long DRX cycle
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Figure 8.1.5.1-1  Paging issue in unsynchronized network caused by long DRX cycle
In Cellular IoT, long DRX cycles are used for MSs in sleep mode in order to save power. As shown in Figure 8.1.5.1-1, in the unsynchronized network the time offset between neighbouring cells may be several super frames. As a result, the time offset between the paging occasions in two neighbouring cells may be also long, i.e. in the same order as the DRX cycle length. During such a long duration, even for a CIoT MS with no mobility or low mobility, the radio environment and the location of the MS may change. 

The first impact caused by the long DRX cycle is the loss of paging messages. As shown in Figure 8.1.5.1-1, for MS1, the time between the paging occasions in two adjacent cells (PO1,MS1 in cell 1 and cell2) can be long. If MS1 moves out of the coverage of cell1 and camps on cell2 before the paging occasion in cell 1, MS1 loses the first paging message in cell1 and needs to wait for the first paging occasion in cell2. Because the duration is long, it is possible that MS1 moves out of the coverage of cell2 before the paging occasion in cell2, then the next paging message will also be lost. So some CIoT MSs, e.g. MS1, may experience very long delay in successfully receiving the paging message. Furthermore, the MS may wake up in a new cell and miss the paging occasion because the cells are unsynchronized (e.g. MS1, in long DRX in cell2, wakes up for PO1,MS1 in cell2, then determines it needs to camp on cell1, however it has now missed PO1,MS1  on cell1).
The second impact is that paging messages triggered by the same downlink PDU may be received by the mobile station several times. As shown in Figure1, MS2 receives the paging message triggered by a downlink PDU in cell1, and accordingly MS2 uses the RACH procedure to send the paging response. The downlink PDU shall be sent to cell1 and be forwarded to MS2. However, due to the long time duration between the paging occasions in cell1 and cell2, MS2 may move and camp on cell2 before the paging occasion in cell2. MS2 will receive the paging message triggered by the same downlink PDU again in cell2. In this case, MS2 triggers a RACH procedure again to send the paging response which is not required as the DL message which triggered the paging has already been delivered.
There are also impacts on base stations if a long DRX cycle is used for CIoT MS. As shown in Figure 8.1.5.1-1, the SGSN does not know the exact time of the paging occasions in every cell for a CIoT MS. So the paging message arrives at each base station an undetermined amount of time ahead of the paging occasion, therefore the base station may need to buffer the paging message for a long time. Considering the high number of CIoT MSs that are supported in each cell, there will be relatively high requirement on buffer size on each base station.
8.1.5.1.2 SFN level synchronization for paging
If the base stations in the same routing area can be synchronized with a granularity of a time unit in the order of seconds, which is used as the time unit for defining DRX cycle length, the impacts caused by long DRX cycle can be avoided. For simplicity, we use super frame here to represent this time unit. Alternatively, the time unit can be any definition of frame or super frame with the length of several seconds, depending on the specific candidate solutions.

When the cells are synchronized at SFN level, the maximum time offset between two neighbouring cells is less than one SFN. As shown in Figure 8.1.5.1-2, the maximum time offset between the paging occasions in two neighbouring cells is also shorter than one super frame. During this short period the probability of cell change is relatively low for a MS with no mobility or low mobility. 
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Figure 8.1.5.1-2  SFN level synchronization for paging 

As the duration of a super frame is in the order of seconds, the amount of precision required for SFN level synchronization is quite low. This can be achieved by implementation or signaling exchange between the SGSN and the base stations without too much complexity. For example a reference time for SFN start can be synchronized by signalling exchange between the SGSN and the base stations.
In this approach, a CIoT MS in sleep mode should wake up before the next paging occasion in the original cell so as not to miss the paging occasion if it has to move to another cell. As illustrated in Figure 8.1.5.1-2, the maximum time offset between two neighbouring cells is one super frame. The earlier wake up time should also take into account the maximum time offset between cells (one SFN) and the time required for cell reselection and synchronization. After having synchronized with the new cell, the MS knows the exact time of the following paging occasion, and can go to sleep until it to save battery life.
In a SFN level synchronized network, it is much easier for the SGSN to control the buffer size on base stations used for paging messages.  Only the relative SFN offset to the next paging occasion of the MS is needed on SGSN to achieve this. This relative time information can be easily known by SGSN through a SFN level synchronization procedure. 
	End of Changes
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