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GSM Evolution for cellular IoT – AGCH Overview
1. Introduction
Cellular IoT devices are expected to operate using different coverage classes and will therefore perform procedures that involve sending and receiving one or more repetitions of messages according to their respective coverage class. 
This also includes the case where an IoT device is expecting a message on the AGCH where, in the interest of improving the probability of correctly receiving the expected message, it will be beneficial for a device to know the candidate sets of AGCH blocks a BSS can use when sending multiple repetitions of an AGCH message according to the coverage class of the target device.
2. AGCH Block Sets
The concept of aligning radio blocks according to coverage class as described for PCH blocks in [1] can be reused for AGCH message reception (even for devices that do not support paging group based reachability) whereby IoT devices consider the entire PCH space as being able to convey AGCH messages. More specifically, the organization of AGCH space into coverage class based groupings of radio blocks makes use of the same radio block alignment concept used for PCH blocks. In this paper five coverage classes are assumed as an example to demonstrate the principle used:
· Coverage Class 1: Each PCH block within each 51-multiframe can be used to send a single repetition AGCH block. In addition, if there is only 1 BCCH block per 51-multiframe then the 2nd radio block within each 51-multiframe can also be used to send a single repetition AGCH block.
· Coverage Class 2: Each group of 2 PCH blocks (i.e. blocks 2 and 3, blocks 4 and 5, etc.) within each 51-multiframe can be used to send a 2 repetition AGCH block (see Figure 1).
· Coverage Class 3: Each group of 4 PCH blocks (i.e. blocks 2,3,4,5 and blocks 6,7,8,9) within each 51-multiframe can be used to send a 4 repetition AGCH block.
· Coverage Class 4: All 8 PCH blocks within each 51-multiframe can be used to send a 8 repetition AGCH block.
· Coverage Class 5: All 16 PCH blocks within every 2 consecutive 51-multiframes can be used to send a 16 repetition AGCH block where the first of 2 consecutive 51-multiframes is that for which (FN div 51) mod 2 = 0.
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3. AGCH Message Transmission
The BSS sends an AGCH message using N repetitions of an AGCH block using the coverage class based groupings of AGCH radio blocks as described above. 
· The first AGCH block used to send an AGCH message may address multiple devices of different coverage classes as long as each addressed device considers that AGCH block as containing the first of N AGCH block repetitions of an expected AGCH message. For example, the AGCH blocks in Figure 2 containing a “X” may include a message that addresses a combination of devices from coverage classes 1, 2 and 3 since these devices will all consider that AGCH block to be the first AGCH block within a group of AGCH blocks specific to their coverage class.
· An IoT device looking for an AGCH message reads successive instances of radio block groups (each N blocks long where the value of N is determined by its coverage class) until it finds a matching AGCH message or the time period for receiving a matching AGCH message expires. For example, a coverage class 4 device (8 repetitions) looking for a matching AGCH message will only consider the AGCH block occurring in the 3rd radio block of each 51-MF as the 1st AGCH block in a group of 8 AGCH blocks potentially containing a matching AGCH message.
· Each AGCH block can include information indicating the device coverage class(es) for which it is being used. When attempting to read AGCH blocks from a group of AGCH blocks, 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 the remainder of AGCH blocks sent within the repetition period need not be monitored. 
· For example, if the AGCH block in Figure 2 containing a “Y” includes information indicating it addresses one or more devices of coverage class 4 (i.e. 8 repetitions needed) then this same information will be present in all 7 remaining repetitions of that AGCH block. As such, all devices that attempt to read the AGCH blocks in Figure 2 containing a “X” as the first AGCH block in a group of AGCH blocks potentially containing an expected AGCH message will, upon successfully receiving an AGCH block using one or more AGCH blocks in that group, conclude that their expected AGCH message is not present and therefore stop reading any remaining AGCH blocks in that group and any more of its groups spanning the set of AGCH blocks associated with a coverage class 4 transmission.
· From a bandwidth efficiency perspective it will be in the interest of a BSS to send AGCH messages that only address devices of the same coverage classes since this ensures that only as much AGCH space as needed is used for paging. For example, if the ACH block in Figure 2 containing a “X” is used to send an AGCH message addressing devices of coverage class 1 and 3 then the next 3 PCH blocks will continue to include the same content as the AGCH block marked with a “X”. These 3 AGCH blocks will therefore unnecessarily include payload space that addresses coverage class 1 devices that will typically already have successfully acquired their expected AGCH message as a result of only reading the AGCH block marked with a “X”. 
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[bookmark: _Ref395718531]Figure 2. AGCH Block Groupings
4. [bookmark: _Ref396250322]Link Level Results
Performance analysis results similar to those described in [1] apply for the AGCH.
5. Summary
The BSS sends an AGCH message using N repetitions of an AGCH block based on radio block groups that make use of the same radio block alignment concept used for PCH blocks where N is determined by the worst coverage class of the devices addressed by the AGCH message. A device looking for an AGCH message reads successive instances of radio block groups (each N blocks long) until it finds a matching AGCH message or the time period for receiving a matching AGCH message expires.
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