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1
Introduction

1.1
Background Information

A study on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things was approved at GERAN#62, see [1].
The study allows both for an evolution of GSM, to comply with the objectives of the study, and non-backwards compatible solutions by a new system design.

1.2
Reason for change

The set of eDRX cycle lengths currently indicated by the TR is modified to allow for shorter eDRX cycles down to length of ~ 1.9 seconds which may be realistic for devices in extended coverage that have access to external power. In addition, a description is needed regarding how a device in Extended Uplink TBF mode monitors the DL EC-PACCH and how a device monitors the EC-AGCH while in the EC-Idle mode with its Ready timer running.
1.3
Summary of change

The TR is updated to support 4 additional eDRX cycle lengths below the existing minimum of 24.5 seconds and to clarify how the EC-PACCH and EC-AGCH are monitored after a device completes an uplink transmission. 
1.4
References

[1]

GP-140421, “Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things”, source VODAFONE Group Plc. GERAN#62
pCR to 3GPP TR 45.820-v1.2.1
	First modification (change of sub-clause)


6.2.4.3
Operation of channels and channel combinations

6.2.4.3.1
Paging Groups and Coverage Classes

In order to avoid paging groups corresponding to different coverage classes being  spread out in time, the nominal paging groups supported within a given eDRX cycle for a given device (IMSI) are always identified, irrespective of the coverage class the device belongs to, by using the EC-PCH block associated with DL CC 1 (normal coverage). 

To determine the nominal paging group for higher coverage classes, for the same device and eDRX cycle, the EC-PCH block of CCX  is always chosen to contain the EC-PCH block of CC1.

For example, if the EC-PCH resources used on the EC-PCH for coverage class 5 is defined as EC-PCHCC5, then EC-PCHCC1 shall be a subset of EC-PCHCC5.

This is illustrated in table 6.2-4 below where an example of how to map the logical EC-PCH channel onto physical resource within the 51-multiframe structure is shown. As can be seen in this example, the nominal paging group for the EC-PCH block for a specific CIoT device in CC1 is shown by black background color, and is mapped onto TDMA frame 21 and 22. As can be seen, the same frames are included in all other EC-PCH blocks used for the nominal paging groups of all higher coverage classes that could be used by the same device for a given eDRX cycle. This example is also illustrated in Figure 6.2-7. For more information on the mapping of logical channels onto physical channels, see subclause 6.2.4.2.5.

Table 6.2-4. Example of EC-PCH blocks used for the nominal paging group of a specific CIoT device for different coverage classes (CCs)
	Channel designation
	Dir.
	Repeat length 
TDMA frames
	Coverage 
class

(CC)
	Interleaved block 
TDMA frame mapping

	EC-PCH
	D
	51
	1
	B0(19,20),B1(21,22)),…,B15(49,50)

	
	
	51
	2
	B0(19,…,22),B1(23,…,26),…,B7(47,…,50)

	
	
	51
	3
	B0(19,…,26),B1(27,…,34),…,B3(43,…,50)

	
	
	51
	4
	B0(19,…,34), B1(35,…,50)

	
	
	102
	5
	B0(19,…,34 + 51N), B1(35,…,50 + 51N), N=0,1

	
	
	204
	6
	B0(19,…,34 + 51N), B1(35,…,50 + 51N), N=0,1,2,3


By this it is ensured that the set of EC-PCH blocks of interest for any given coverage class will always be located within 4 51-multiframes (i.e. the maximum duration of the paging group of the worse coverage class) from the EC-PCH CC1 block

6.2.4.3.2
Determination of PAGING_GROUP

When sending a paging request to a BSS, the SGSN includes an indication of the eDRX cycle, DL CC and IMSI associated with the target device thereby allowing the BSS to determine the next occurrence of the nominal paging group for that device within its eDRX cycle as follows:

-
N is the number of paging groups corresponding to a given DL CC within a given eDRX cycle and is determined based on EXTENDED_DRX_MFRMS, EC_PCH_BLKS_MFRM, and CC_EC_PCH_BLKS where: 

-
EXTENDED_DRX_MFRMS is the number of 51-multiframes per eDRX cycle determined as per Table 6.2-5 below.

-
EC_PCH_BLKS_MFRM indicates the number of EC-PCH blocks (i.e. the number of 2 bursts blocks) per 51-multiframe. For EC-GSM this can be fixed at 16 which is the equivalent of the legacy PCH_BLKS_MFRM parameter indicating 8 PCH blocks per 51-multiframe.

-
CC_EC_PCH_BLKS is the number of EC-PCH blocks required for a given DL CC (where the number of blind repetitions required for any given DL CC is pre-defined by the specifications).

-
The set of eDRX cycle lengths identified by Table 6.2-5 is selected such that each member of the set occurs an integral number of times within the full TDMA FN space.

-
N  = (EC_PCH_BLKS_MFRM x EXTENDED_DRX_MFRMS)/CC_EC_PCH_BLKS. The EC-PCH CC1 block for a device using a given eDRX cycle is determined based on where the nominal paging group occurs for DL CC = 1 (i.e. CC_EC_PCH_BLKS = 1)

-
EC-PCH CC1 block = mod (IMSI, N) where N = (16 x EXTENDED_DRX_MFRMS)/1.

Table 6.2-5. Set of eDRX Cycles Supported

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	



	eDRX Cycle Value (EXTENDED_DRX)
	 Target eDRX Cycle Length
	Number of 51-MF per eDRX Cycle (EXTENDED_DRX_MFRMS)
	eDRX Cycles per TDMA FN Space

	0000
	~1.9 seconds
	8
	6656

	0001
	~3.8 seconds
	16
	3328

	0010
	~7.5 seconds
	32
	1664

	0011
	~12.2 seconds
	52
	1024

	0100
	~24.5 seconds
	104
	512

	0101
	~49 seconds
	208
	256

	0110
	~1.63 minutes
	416
	128

	0111
	~3.25 minutes
	832
	64

	1000
	~6.5 minutes
	1664
	32

	1001
	~13 minutes
	3328
	16

	1010
	~26 minutes
	6656
	8

	1011
	~52 minutes
	13312
	4

	Note 1: 53248  51-multiframes occur with the TDMA FN space (2715648 TDMA frames)

Note 2: All remaining EXTENDED_DRX values are reserved


Example 1:

-
IMSI = 00000000  10001001  00110000  00000001 = 4796417 and EXTENDED_DRX_MFRMS = 6656 (i.e. the eDRX cycle ~ 26 minutes)

-
N = 16 * 6656 = 106496

-
CC1 Nominal Paging Group = mod (IMSI, 106496) = 4097 which occurs in the 4098th EC-PCH block of the eDRX cycle (i.e. in the 2nd EC-PCH block in 51-multiframe #257

-
The nominal paging groups associated with other DL CC for the same IMSI and eDRX cycle length are as shown in Figure 6.2-7 (e.g. the nominal paging group for DL CC 2 occurs in the 1st and 2nd EC-PCH blocks of 51-multiframe #257)
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Figure 6.2-7. Coverage Class Specific Paging Groups per Example 1

As can be seen in Figure 6.2-7, using this method for establishing DL CC specific nominal paging groups for a given eDRX cycle ensures that for a given IMSI the nominal paging groups associated with all possible DL CC will fall within 4 51-multiframes of the EC-PCH CC1 block. As such, if a device sends a CC update to the SGSN (e.g. using a Cell Update) e.g. 5 seconds prior to the next occurrence of its nominal paging group the BSS will still be able to send a page in time for it to be received by the device monitoring according to its DL CC incremented by 1 level. With the ability to update its DL CC as late as a few seconds before the next occurrence of its nominal paging group, a device will thereby experience a substantially reduced probability of missing a page due to experiencing DL CC degradation since the last time it performed a RAU procedure.

6.2.4.3.3
Reachability in EC-GSM Idle mode
After completing an uplink packet transfer and entering EC-GSM Idle mode a device remains reachable according to a DRX cycle known as iDRX for the duration of the Ready timer as follows: 

·  If a value for ‘X’ was indicated by the EC-PUAN received in EC-GSM Packet Transfer mode it shall be used to determine the length of the iDRX where the value of ‘X’ indicates one of the first 4 values of Table 6.2-5. Otherwise the device shall default to using an iDRX cycle length of 8 51-multiframes (~ 1.9 sec).
·  The nominal paging group corresponding to a CC1 device for the iDRX cycle length is used as the basis for determining the set of EC-PCH blocks actually read by a device of a given coverage class during the iDRX cycle (see Figure 6.2-7).

·  N is the number of paging groups corresponding to a CC1 device within the iDRX cycle length (e.g. If ‘X’ = 2 then N = 16*32 = 512).
·  The nominal paging group corresponding to a CC1 device for a given iDRX cycle = mod (IMSI, N). Considering the example of DEVICE_CC =3, the CC1 row of Figure 1 conceptually indicates which of the N = 512 EC-PCH blocks per iDRX cycle applies to a given device (assuming it was a CC1 device) and the CC3 row indicates the actual set of EC-PCH blocks comprising the nominal paging group  of that CC3 device.

After completing a downlink packet transfer and entering EC-GSM Packet Idle mode a device remains reachable using an iDRX cycle length of 32 51-multiframes (~ 7.5 sec).
The length of the Ready timer is indicated using the GPRS Timer IE of the Routing Area Update Accept message as per legacy operation. A device starts the Ready timer upon completing the transmission of an LLC PDU and as such, upon entering EC-GSM Packet Idle mode it makes use of the iDRX mode for whatever time remains for the Ready timer. 

6.2.4.3.4
Reachability in EC-GSM Extended Uplink TBF mode
Upon completing an uplink transmission an EC-GSM device may be told to enter EC-GSM Extended Uplink TBF mode where it monitors the DL EC-PACCH (according to its coverage class). 
·  It listens once every 8th instance of a 52-MF starting with the first 52-multiframe after the 52-multiframe in which it received the EC-PUAN + mod(IMSI, 8) 52-multiframes.
·  If a value for ‘X’ is indicated by the EC-PUAN it shall be used to determine the number of downlink EC-PACCH blocks to monitor while in EC-GSM Extended Uplink TBF mode where ‘X’ can indicate a value in the set {1, 2, 3, 4}. Otherwise the device shall default to using ‘X’ = 1. 
· If there is a response to its uplink transmission (e.g. an application layer ack) it receives an EC-Packet Downlink Assignment (EC-PDA) message on the EC-PACCH and then receives the response on the corresponding downlink TBF. When an EC-PDAN has been sent confirming reception of all downlink data blocks it shall release all TBF resources, enter EC-GSM Idle mode and remain reachable once per iDRX cycle (see section 6.2.4.3.3) for the duration of its Ready timer.
·  If it does not receive a matching EC-PACCH message after ‘X’ instances of monitoring the EC-PACCH (according to its coverage class) then it shall release the uplink TBF, enter EC-GSM Idle mode and remain reachable once per iDRX cycle (see section 6.2.4.3.3) for the duration of its Ready timer. 
· The network may initiate the release of the uplink TBF at any point during EC-GSM Extended Uplink TBF mode. If this occurs prior to ‘N’ instances of monitoring the EC-PACCH then it shall release the uplink TBF, enter EC-GSM Packet Idle mode and remain reachable once per iDRX cycle (see section 6.2.4.3.3) for the duration of its Ready timer. 

	End of modifications
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