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GSM Evolution for cellular IoT – PCH Overview
1. Introduction
Cellular IoT devices will operate using different coverage classes and can be expected to make use of different DRX cycles ranging from seconds to tens of minutes depending on the desired frequency of paging based reachability. As such, IoT devices can convey information regarding their desired DRX cycle length within Radio Resources Control (RRC) or NAS messages (e.g. GPRS Attach or Routing Area Update messages) thereby allowing the radio access network to determine the periodicity with which they will wake up to look for a page according to their nominal paging group. 
The total number of paging groups per DRX cycle will be determined based on coverage class since each coverage class will require a different number of PCH block repetitions per paging group. 
2. DRX Cycles and Paging Groups
IoT devices that support paging based reachability will first determine their DRX cycle of interest from the set of network supported DRX cycles (indicated within system information) and convey this information to the network thereby allowing it to be paged accordingly. Each DRX cycle supports a variable number of paging groups depending on the coverage class of the device such that the higher the coverage class the fewer the number of paging groups per DRX cycle. After selecting a DRX cycle a device will then determine which particular paging group in each DRX cycle that it will use as its nominal paging group. For example, a DRX cycle consisting of 256 51-multiframes (~60 seconds) will support a variable number of paging groups determined by coverage class as follows:
· Each 51-multiframe supports 8 PCH blocks.
· DRX cycle Y considered = 256 51-mulitiframes ~ 60 sec (exactly 208 of these DRX cycles will occur within the overall FN space of 2715648 TDMA frames)
· PCH blocks per DRX cycle Y = PB_DRX_CYCLE = 256 * 8 = 2048. 
· Coverage Class 1: Paging groups per DRX cycle Y = PB_DRX_CYCLE = 2048
· Coverage Class 2: Paging groups per DRX cycle Y = PB_DRX_CYCLE div 2 = 1024
· Coverage Class 3: Paging groups per DRX cycle Y = PB_DRX_CYCLE div 4 = 512
· Coverage Class 4: Paging groups per DRX cycle Y = PB_DRX_CYCLE div 8 = 256
· Coverage Class 5: Paging groups per DRX cycle Y = PB_DRX_CYCLE div 16 = 128
Limiting the set of possible DRX cycles to be those that occur an integral number of times within the full FN space also ensures that, for any given coverage class, the same number of paging groups will exist within each DRX cycle (i.e. there will be no fractional DRX cycles in the overall FN space). Note that this requirement is important especially in light of longer DRX cycles since it will ensure consistency of DRX cycle lengths at the point where the FN value wraps around back to ‘0’. For example, if a 40 minute DRX cycle is used then it occurs 5.2 times over the full FN space which means a fractional DRX cycle (20% of a full DRX cycle) occurs as the end of the FN cycle space is approached. This means that only 20% of the devices using this DRX cycle will be able to have their paging group occur within the fractional DRX cycle. 
Requiring an integral number of paging groups to be present within each DRX cycle for devices requiring 16 repetitions (see Section 4 on required number of repetitions to reach 20 dB coverage improvement) also guarantees that an integral number of paging groups will be present within each DRX cycle for device requiring lower number of repetitions, e.g. 8.  
Cellular IoT system information can indicate the set of DRX cycles available for selection by an IoT device and an IoT device can indicate its preferred DRX cycle during NAS signalling (e.g. GPRS Attach or Routing Area Update).
Figure 1 shows the realization of different PCH transmission opportunities. Here it is assumed that 1, 2, 4, 8, or 16 transmissions per PCH block can be used for coverage classes 1, 2, 3, 4 and 5 respectively. Which transmission modes necessary to support for a cellular IoT system based on a GSM evolution is left FFS.
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[bookmark: _Ref395713753]Figure 1. Radio Blocks per PCH Message as Determined by Coverage Class
A possible set of DRX cycles supported by a cellular IoT system can, for example, consist of the following:
· DRX cycle 1 = 16 51-mulitiframes ~ 3.77 sec (exactly 3328 of these DRX cycles occur within the overall FN space).
· DRX cycle 2 = 16 * DRX cycle 1 ~ 60 sec (exactly 208 of these DRX cycles occur within the overall FN space)
· DRX cycle 3 =  128 * DRX cycle 1 ~ 8 min (exactly 26 of these DRX cycles occur within the overall FN space)
· DRX cycle 4 = 832 * DRX cycle 1 ~ 52 min (exactly 4 of these DRX cycles occur within the overall FN space)
Other DRX cycles are of course possible where any given DRX cycle may or may not occur an integral number of times within the overall FN space but it should be noted that alignment of coverage class specific paging groups per Figure 1 is seen as being beneficial for reception of repeated blocks (i.e. since it allows IoT devices to always know which PCH block was used by the BSS when sending the first of N PCH block repetitions corresponding to its coverage class).
3. Nominal Paging Group Management
[bookmark: _Toc373396180]Assuming the case where all DRX cycles occur an integral number of times within the full FN space, the number of paging groups per DRX cycle is variable in that it is determined by the coverage class being considered (as described in section 2). The device identity (e.g. IMSI) can then be used determine which paging group in the set of paging groups available for a given coverage class within a given DRX cycle will serve as the nominal paging group for that device (i.e. similar to current GSM operation for nominal paging group determination).  
When sending a paging request to a BSS for an IoT device the SGSN includes IMSI, PB_DRX_CYCLE and the coverage class of the device to be paged. The BSS then determines the nominal paging group for the target device and sends N repetitions of a PCH block (addressing that device) using that paging group (i.e. the paging group is N consecutive PCH blocks long since the device being paged has a coverage class requiring N repetitions). 
· The first PCH block used to send a paging message that addresses multiple devices of different coverage classes must be a PCH block that each addressed device considers to be the first PCH block of its nominal paging group. For example, the PCH blocks in Figure 2 containing a “X” may include a message that addresses a combination of devices from coverage classes using 1, 2 and 4 blind transmissions since all addressed devices consider that PCH block to be the first PCH block of their respective nominal paging groups.
· IoT devices look for the first of N PCH block repetitions within their nominal paging group as shown in Figure 2 (e.g. an IoT device requiring 8 repetitions will only allow the 1st PCH block of a 51-MF to serve as the 1st PCH block of its nominal paging group). 
· Each PCH block can include information indicating the device coverage class(es) for which it is being used. When attempting to read PCH blocks within its nominal paging group, if a device determines that a coverage class(es) different from its own is in use then it can safely conclude it is not among the set of devices being addressed and that PCH blocks sent within the remainder of the repetition period need not be monitored. 
· From a bandwidth efficiency perspective it will be in the interest of a BSS to send paging messages that only address devices of the same coverage classes since this ensures that only as much PCH space as needed is used for paging. For example, if the PCH block in Figure 2 containing a “X” is used to send a paging message addressing devices from coverage classes requiring 1 and 4 blind transmissions then the next 3 PCH blocks will continue to include the same content as the PCH block marked with a “X”. These 3 PCH blocks will therefore unnecessarily include payload space that addresses the device that will typically already have successfully acquired the paging message as a result of only reading the PCH block marked with a “X”.
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[bookmark: _Ref395715450]Figure 2. First PCH Block of a Nominal Paging Group
4. [bookmark: _Ref396250322]Link Level Results
An initial link level simulation investigation of the PCH performance in extended coverage, along the lines of the investigation in [1], has been performed. The investigation has assumed that;
· two, four or eight consecutive radio blocks are available for PCH transmission during a 51-mf, and;
· that 16 repetitions are needed to achieve the coverage requirement mentioned in  [2].
[bookmark: _GoBack]With these assumptions it will take eight, four or two 51-mf to page a mobile requiring 16 repetitions. Figure 3 shows that the requirements on coverage in [2], that can be translated to an Es/N0 requirement of -5.7 dB [3], is achievable in two out of three configurations for a stationary device experiencing Extended Pedestrian A propagation conditions.
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[bookmark: _Ref396256893]Figure 3 Data BLER for the PCH when repeated 16 times.
The investigation on SCH performance in extended coverage presented in [3] and the investigation on BCCH performance in [1] can be consulted to better understand the receiver implementation and the simulation settings used in the simulations.
5. Summary
The set of DRX cycles used for Cellular IoT systems should be selected so that an integral number of DRX cycles occur within the full FN space for each DRX cycle in the set. By selecting a limited set of DRX cycles according to this principle an integral number of paging groups will occur per DRX cycle (determined by coverage class) and coverage class specific paging groups will be aligned within each DRX cycle as per Figure 1. A nominal paging group within a DRX cycle can be identified based on the IMSI and the coverage class associated with an IoT device. Cellular IoT system information can indicate the set of DRX cycles available for selection by an IoT device and an IoT device can indicate its preferred DRX cycle during NAS signalling.
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