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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 overall description of the EC-GSM is not yet included in the Technical Report.
1.3
Summary of change

A general description of EC-GSM is provided.
NOTE: ‘Track changes’ are not used considering that all text included define completely new sections in the TR.
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Physical layer aspects and radio access protocols for GERAN evolution concepts
6.1
Overall description

e.g. need to support multiband operation for system, duplexing mode to be supported, radio frequency resource allocation for system etc.

Evolving the existing GERAN system to cater for the additional requirements coming from the objectives of this study (e.g. extended coverage and low-complexity) will allow devices used in a Cellular System for Ultra Low Complexity and Low Throughput Internet of Things to co-exist with devices in existing GSM deployments. This implies that the same radio resources are shared and that GSM to a large extent re-uses existing system design.

Furthermore, evolving the GERAN specification allows:

-
Support of existing network deployments, including different network operations (for example multiband operation), non-hopping and hopping channels, etc.
-
Existing specification to be reduced to the minimum requirements applicable for Ultra Low Complexity and Low Throughput devices, such as reduced modulation and coding schemes supported, limited mobility requirements, reduced RLC/MAC functionality, reduced and simplified signalling procedures and MS idle mode behaviour.
The following description of GERAN evolution concepts will outline which parts of the GERAN specification that applies to devices used in a Cellular System for Ultra Low Complexity and Low Throughput Internet of Things, and additional changes to the specification required to cater for the new requirements of these devices. In the following descriptions, these devices are referred to as CIoT (Cellular Internet of Things) devices.
6.2


Extended coverage for GSM (EC-GSM)
6.2.1
General

6.2.1.1
Re-using existing design
The EC-GSM concept relies to a large extent on re-using existing design principles in GSM, and only changing them when necessary to comply with the study item objectives. Also, a reduction of functionality in the 3GPP GERAN specification is chosen that minimizes implementation effort and complexity.
6.2.1.2 
Backwards compatibility and co-existence with GSM

The intention with re-using design principles in GSM is to allow for support of these new CIoT devices in existing GSM deployments, multiplexing traffic from legacy GSM devices and CIoT devices on the same physical channels. 
The common control channels (CCCH) for EC-GSM need to be re-designed to support a broadcast carrier reaching also devices in extended coverage. The EC-CCCH for EC-GSM is mapped onto TS1 on the BCCH carrier.
Re-using existing physical layer design ensures no hardware impact to already deployed GSM base station equipment. 

Re-using the existing design also allows the physical layer to support device speed the same as supported today (in normal coverage).
6.2.1.3 
Achieving extended coverage
One of the objectives having most impact to the specification is the support of extended coverage. The general principle to provide extended coverage is using blind repetitions of the lowest MCS supported in EGPRS today, i.e. MCS-1. Support for extended coverage is realized by defining different coverage classes. A device at a certain point in time will belong to a specific coverage class. Different number of blind repetitions is associated with different coverage classes. The number of total blind transmissions for a given coverage class can differ between different logical channels.
6.2.1.4
Device capability

6.2.1.4.1
Baseline support and optional features
Optional features supported by the GERAN specification could also optionally be supported by a CIoT device. However, the minimum capability to be supported by the device shall be EGPRS, MCS-1-4. Additionally, the device shall support extended coverage and signalling procedures related to CIoT. To minimize device energy consumption both PSM (Power Saving Mode) based operation, and eDRX based reachability shall be supported.
No support of CS related functionalities, nor support of GPRS, is foreseen as mandatory.
6.2.1.4.2
Output power classes

In the current GSM standard four different output power levels are supported in the 900 band, see Table 2.

Table 6.2-1. Current MS output power levels.

	Power
	GSM 400 & GSM 900 & GSM 850 & GSM 700

	class
	Nominal Maximum output

	
	power

	1
	‑ ‑ ‑ ‑ ‑ ‑

	2
	8 W (39 dBm)

	3
	5 W (37 dBm)

	4
	2 W (33 dBm)

	5
	0,8 W (29 dBm)


The typical output power class used is 33 dBm, and output power levels higher than 2 W are typically not used for handheld devices.

In order to integrate the PA onto the chip an alternative power class of [23] dBm is added to the list of supported power classes in the table.

It is the intention that the same specification is to be followed by the new power class.
6.2.2
Downlink physical layer design
6.2.2.1
Basic transmission scheme

e.g. modulation scheme, downlink data multiplexing scheme, channel coding scheme, transmit diversity scheme etc. 
6.2.2.1.1 
Re-using existing design

The physical layer design is to a large extent common with current GSM design. Unless otherwise stated, this includes re-using existing:
-
Multiple access, timeslot and frame structure and channel organization, see [8].

-
Channel mapping, burst building, and burst multiplexing, see [9].
-
Coding, reordering and partitioning, and interleaving, see [10].
-
Differential encoding, and modulation, see [11].
6.2.2.1.2
New packet control channel format.
6.2.2.1.2.1
General
In GSM the coding scheme CS-1 is extensively used, not only as the lowest coding scheme in the GPRS set, but also in different packet control channels, including for example PCH (CCCH/D), AGCH (CCCH/D), BCCH and PACCH.
For CIoT devices the amount of control signalling can be limited due to the substantially reduced functionality envisioned,. Hence, a new point-to-multipoint control message and an associated coding block type have been designed.
The compact control message is described in detail in subclause 6.2.2.1.2.2.

For the DL coding block type payload content of, 80 bits and 64 bits have been defined for use on CCCH/D and PACCH/D respectively.
The payload is protected with an 18 bit CRC field, and a 1/3 convolutional mother code to generate 108 and 116 punctured bits for PACCH/D and CCCH/D respectively. Eight less punctured bits for PACCH/D are used to cater for the currently defined Stealing Flags and provide backwards compatibility with existing GPRS and EGPRS implementations.

The punctured bits are for CCCH/D repeated over two burst, while the PACCH/D is repeated over four bursts to utilize the equivalent resources of a CS-1 4-burst radio block.

PCH, AGCH and the DL PACCH make use of the new packet control channel format on the DL, while BCCH still uses CS-1 format. 

6.2.2.1.2.2 
Detailed description
The following is a description of the new packet control channel format, following the nomenclature and description used in [10]. 
5.2a
Packet control channels in extended coverage (EC-CCCH/D, EC-PACCH)
5.2a.1
Block constitution

The message delivered to the encoder on the DL has a fixed size of N information bits {d(0),d(1),...,d(N-1)}, where:

-
EC-CCCH/D: N=88
- 
EC-PACCH/D: N=80
-
EC-PACCH/U: N=64

5.2a.2

Data coding
a)
Parity bits:

Eighteen data parity bits p(0),p(1),...,p(17) are defined in such a way that in GF(2) the binary polynomial:

d(0)DN+18-1 +...+ d(N-1)D18 + p(0)D17 +...+ p(17), when divided by:

D18 + D17 + D14 + D13 + D11 + D10 + D8 + D7 + D6 + D3 + D2 + 1, yields a remainder equal to:

D17 + D16 + D15 + D14 + D13 + D12 + D11 + D10 + D9 + D8 + D7 + D6 + D5 + D4 + D3 + D2 + D + 1.
b) Tail-biting convolutional encoder

The six last bits are added before the block of N+18 bits, the result being a block of N+24 bits {c(‑6),…,c(0),c(1),...,c(N+18-1)} with six negative indices:

c(k)

= b(N+18+k)

for k = -6,...,-1

c(k)

= b(k)


for k = 0,1,...,N+18-1
This block of N+18 bits is encoded with the 1/3 rate convolutional mother code defined by the polynomials:

G4 = 1 + D2 + D3 + D5 + D6

G7 = 1 + D + D2 + D3 + D6

G5 = 1 + D + D4 + D6
This results in a block of (N+18)*3 coded bits {C(0),...,C((N+18)*3-1)} defined by:

C(3k)     = c(k) + c(k‑2) + c(k‑3) + c(k‑5) + c(k‑6)

C(3k+1) = c(k) + c(k‑1) + c(k‑2) + c(k‑3) + c(k‑6)

C(3k+2) = c(k) + c(k‑1) + c(k‑4) + c(k‑6)     for k = 0,1,..., N+18-1
The code is punctured in such a way that the following coded bits are not transmitted:

	EC-CCCH/D

EC-PACCH/U
	{C(k) for k = floor(linspace(0,(N+18)*3-1,(N+18)*3-116)) (Matlab syntax used)

	EC-PACCH/D
	{C(k) for k = floor(linspace(0,(N+18)*3-1,(N+18)*3-114)) (Matlab syntax used)


5.2a.3
Mapping on a Burst

5.2a.3.1
EC-CCCH/D
The mapping is given by the rule:

For B = 0 and 1

e(B, j)

= C(j)


for j = 0,1,...,115
5.2a.3.2
EC-PACCH
The mapping is given by the rule:

For B = 0, 1, 2 and 3



e(B, j)

= C(j)


for j = 0,1,...,107
6.2.2.2
 Physical layer procedure

e.g. scheduling approach, link adaptation mechanism, time diversity mechanism, cell detection mechanism, power control mechanism, physical layer measurements etc
6.2.2.2.1
Cell detection

The cell detection for a CIoT device is based on detecting FCCH and decoding SCH as in current GSM operation. In extended coverage multiple FCCH instances are expected to be acquired in order to detect the cell and to provide a rough frequency and time estimation. 
The FCCH resources used by CIoT devices is the same as in normal GSM operation and hence no additional resource need to be allocated to support extended coverage for FCCH.
In a second step of the cell detection, the SCH is decoded. In extended coverage a new Extended Coverage SCH (Ec-SCH) is defined and mapped onto TS1 of the BCCH carrier, see subclause 6.2.4. To support blind repetitions, and hence transmitting multiple instances of the same SCH block, a redefinition of the SCH reduced frame number (RFN) information must be considered.

The SCH contains per its current definition a 19 bit RFN defined as follows [9];

“T1(11 bits)
range 0 to 2047
= FN div ( 26 x 51)

 T2

(5 bits)
range 0 to 25

= FN mod 26

T3'
(3 bits)
range 0 to 4

= (T3 ‑ 1) div 10

where

T3(6 bits)

range 0 to 50

= FN mod 51”.
T1 identifies the position of the GSM superframe within the hyperframe, and remains unaffected by the EC-SCH mapping.  When repeating a single instance of the EC-SCH over a pair of two consecutive 51-multiframes T2 can be modified to signal on which pair of 51-multiframes in the superframe the EC-SCH is transmitted. T2 can hence be redefined as;

T2’(4 bits)
range 0 to 12

= (FN –T1*26*51) div 102

With this redefinition devices need an indication of over which 51-multiframe border the EC-SCH information is changing. To cater for this, the SCH is modulated using a modified GMSK modulation using a negative modulation index h equal to -½ on odd numbered 51-multiframes. By detecting the modulation index, using de-rotation of (/2 or -(/2, a mobile can determine if a SCH burst is transmitted over an even or odd numbered 51-multiframe.

T3’ is finally removed from the EC-SCH content, as a device in extended coverage is able to detect which TDMA frame number (FN) an EC-SCH instance in the 51-multiframes is configured on when considering  the asymmetric distribution of FCCH and EC-SCH blocks over the 51-multiframe on TS 0 and 1, respectively. 

With these new definitions a device will be able to determine FN as;

FN
 =
(51 x 26 x T1) + (2 x 51 x T2’ + 51 x T2’’) + T3’’

where

T1 and T2’ follows above definitions, 

T2’’ is signalled trough the detected GMSK modulation index (gmi) and defined as

T2’’(gmi = ½) = 0, for even 51-multiframes,

   T2’’(gmi = -½) = 1 for odd 51-multiframes.

T3’’ will be known by the device by the detection of the 51-multiframe borders during the FCCH acquisition on TS0
To conclude, As per current GSM operation, after the decoding of SCH, the MS will have knowledge about the overall frame structure, and the Base transceiver station identity code (BSIC). For more details, see [14].After acquisition of EC-SCH, the device acquires the CIoT specific System Information contained in the EC-BCCH.
6.2.2.2.2 
Scheduling
In both in normal coverage (equivalent to existing GSM operation) and extended coverage the scheduling in the DL is done as per current GSM operation, i.e. the device monitors the DL PDTCH for a radio block containing an RLC/MAC header with the TFI value assigned to it.
6.2.2.2.3
Link Adaptation
Downlink link adaptation is performed as in GSM today in the sense that the network decides the modulation and coding scheme to be used for traffic channels based on the reported quality and signal strength from the device. When in extended coverage, the number of blind repetitions to be used by the network will be based on the estimated DL coverage class by the device. In case multiple modulation schemes are supported by the device the modulation is blindly detected by symbol rotation angle, as per current GSM operation. It should be noted that for the minimum device capability, see subclause 6.2.1.4, no modulation detection is needed since only GMSK modulation is supported.
To keep device complexity and implementation low the radio link measurements are performed according to GPRS principles, i.e. that the device reports the RXLEV (received signal level strength) and RXQUAL (estimated bit error rate probability).
6.2.2.2.4
Power Control

Power control as used today on the DL is also expected to be used for CIoT devices. In case a device is in extended coverage, full power is expected to be used from the network side to minimize the need for repeated transmissions.
6.2.3
Uplink physical layer design

6.2.3.1 
Basic transmission scheme

e.g. modulation scheme, uplink data multiplexing scheme, channel coding scheme, transmit diversity scheme etc. 

6.2.3.1.1 
Re-using existing design

The physical layer design is to a large extent common with current GSM design. Unless otherwise stated, this includes re-using existing:

-
Multiple access, timeslot and frame structure and channel organization, see [8].

-
Channel mapping, burst building, and burst multiplexing, see [9].

-
Coding, reordering and partitioning, and interleaving, see [10].

-
Differential encoding, and modulation, see [11].
6.2.3.1.2
New packet control channel format.

6.2.3.1.2.1
General
A new control channel format is designed to be used in the UL. The new control channel format on the UL is defined to carry 64 payload bits, and is mapped onto four bursts.
The detailed description is provided in subclause 6.2.2.1.2.2.

6.2.3.1.3
Overlaid CDMA

An overlaid CDMA technique is used to increase UL capacity. This technique allows multiplexing of multiple users simultaneously on the same physical channel. Orthogonalíty between multiplexed users is achieved through orthogonal codes. More specifically each user repeats its blocks and applies an assigned code sequence that is orthogonal to code sequences assigned to other users. The code sequence elements are of unit amplitude and are applied burst-wise, i.e., they correspond to applying a phase shift to each transmitted burst. At the receiver side, the received blocks are phase shifted according to the complex conjugate of the same code sequence, followed by addition of the received samples. This will result in coherent accumulation of the desired signal and cancellation of the others. By applying different code sequences on the receiver side, the signals from the different users can be separated.

The code sequences can e.g. be the rows of a Hadamard matrix or a Fourier matrix.

The overlaid CDMA technique is applied to the EC-PDTCH/U and its associated control channel, EC-PACCH/U, and on the EC-RACH. In case of EC-RACH a code sequence is selected by the device randomly (or in a predetermined manner based on some MS identity).
6.2.3.2 
Physical layer procedure

e.g. random access design, uplink scheduling approach, link adaptation mechanism, time diversity mechanism, cell detection mechanism, power control mechanism, physical layer measurements etc. 

6.2.3.2.1
Random Access

The 11 bit access message format for the Random Access is re-used from existing GSM access procedures and is supported by CIoT devices, carried by the Access Burst (AB), see [9] and [10],and is transmitted on TS1 in the UL. Extended coverage is achieved by blind transmission up to 32 times.  
Additionally, for accesses in small cells, or in case the device is known to be stationary, the Normal Burst (NB) can be used when accessing the network on the RACH. This minimizes the guard period and relies on a signalling from the network in system information indicating that the cell is small enough (~ cell radius less than roughly 1 km) to use NB. Alternatively NB can be used in combination with timing advance (TA), in which case the device needs to know the TA, and hence needs to perform access from the same position in the same cell as in previous attempts.
The coding of the NB follows the definition in subclause 6.2.2.1.2.2 with the difference that 48 payload bits, instead of 64 bits, are used and that 6 parity bits, instead of 18, are added to the information bits. Six parity bits are also used today for the RACH, see subclause 4.6 in [10], and the principle of adding the BSIC bitwise modulo 2 to the parity bits is re-used.

To handle collision on the RACH, overlaid CDMA codes are used. Orthogonal codes are used to separate users within a coverage class that tries to access the system at the same time. See 6.2.3.1.3 for more information.

6.2.3.2.2
Uplink scheduling

For CIoT users on the UL the principle of fixed UL allocation is used. This is a scheduling principle that has earlier been supported by the GERAN specifications but was removed in Rel-5 due to lack of network implementations/operation, see [13]. By using fixed allocation the need for the CIoT device to monitor the DL for USF is removed. This does not only have a positive effect on device battery lifetime, but will also avoid providing USF based scheduling at extended coverage. The USFs today are transmitted in the radio block together with RLC Data, RLC/MAC Header and Stealing Flags. By using a significantly lower signal bandwidth than symbol rate, all modulation schemes used in GSM experiences Inter-Symbol-Interference (ISI). Hence, if blindly repeating the USF in an attempt to achieve USF based uplink transmissions for devices in extended coverage, while not blindly repeating the RLC Data and RLC/MAC header, the USF performance will be degraded by the interference of alternating other symbols and alternating other bits within the symbol (in case the USF is not mapped onto full modulation symbols) during the repetition period. This could be solved by mandating the DL RLC Data and DL RLC/MAC Header to be repeated during the same repetition period as the USF bits, but would imply coupling the DL and UL RRM which is not practical as it imposes the restriction of scheduling uplink transmissions from a device of a certain coverage class while simultaneously sending downlink payload to a device of the same coverage class. Hence, instead fixed UL allocation is used.
When fixed UL allocation is used a device is pre-allocated UL transmission opportunities as follows:

-
A device sends an EC-RACH access request based on its estimated UL coverage class and provides the BSS with an indication of the volume (NBLOCKS) of payload available for transmission, its estimated DL coverage class (determining the number of blind transmissions, NTX), and its estimated UL coverage class. 
-
The corresponding EC-AGCH assignment message is sent using the estimated DL coverage class and indicates the assigned EC-PDTCH, the specific set of NBLOCKS*NTX pre-allocated UL radio blocks thereon for sending the UL payload and the DL and UL coverage class to be used. Each pre-allocated UL radio block consists of 4 bursts, as per current format used. The location of the first pre-allocated UL block is determined using an offset relative to the last DL block used to send the assignment message.

-
All pre-allocated UL radio blocks are sent contiguously on the PDTCH using the assigned timeslots where each radio block is sent using 4 bursts where each burst is repeated NTX times before starting the transmission of the next burst. For example, if the assignment message indicates an UL coverage class requiring two blind transmissions (NTX=2). and four timeslots, 0 to 3, have been assigned the device, and 5 radio blocks (NBLOCKS) need to be transmitted, then the following mapping applies:

-
The first radio block is sent using TS0 and TS1 of TFMA frames Y to Y+3

-
The second radio block is sent using TS2 and TS3 of TFMA frames Y to Y+3

-
The third radio block is sent using TS0 and TS1 of TFMA frames Y+4 to Y+7 and so on for all remaining radio blocks
-
The PUAN is sent after all of the pre-allocated UL blocks have been received by the network. The device attempts to receive the PUAN starting with the first possible set of PACCH block repetitions corresponding to its DL coverage class occurring after an offset relative to the last UL block within the set of pre-allocated UL blocks. The DL coverage class it uses when attempting to receive the PUAN is indicated by the assignment message. If the expected PUAN is not received within the first possible set of PACCH block repetitions then it may attempt to receive it within the next possible set of PACCH block repetitions corresponding to its DL coverage class up to a maximum of X attempts (where X is indicated by the assignment message).

-
If the BSS determines that one or more RLC blocks requires retransmission then the PUAN indicates the specific set of K pre-allocated UL radio blocks based on the number of RLC blocks requiring retransmission, and the UL coverage class to be used. The location of the first pre-allocated UL radio block is determined using an offset relative to the last DL radio block used to send the PUAN. The process repeats until the PUAN indicates all RLC blocks have been successfully received by the BSS.

-
A PUAN that indicates all UL radio blocks have been received may optionally include an indication that the device is to confirm reception of the PUAN by sending a CONTROL ACK message (in which case the PUAN indicates the specific pre-allocated UL radio block to be used to send the CONTROL ACK message and the UL coverage class to be used).

USF based scheduling as per current GSM operation is still optionally used for devices in normal coverage. For a DL radio block that addresses a user in extended coverage on the DL, while at the same time granting an uplink transmission opportunity for a device in normal coverage, USF based scheduling could still used.  I.e. CIot devices in normal coverage can optionally be granted uplink transmission opportunities using fixed UL allocation (i.e. as per devices in extended coverage) where NTX is always set to 1.
The principles of UL scheduling are summarized in Table 6.2-1.
Table 6.2-1: UL scheduling principles

	Coverage of DL user 
(receiver of data)
	Coverage of UL user 
	UL based scheduling principle

	Normal
	Normal
	USF / Fixed UL allocation1

	Normal
	Extended
	Fixed UL allocation 

	Extended
	Normal
	USF / Fixed UL allocation1

	Extended
	Extended
	Fixed UL allocation

	NOTE: In case the UL user is a non CIoT device, USF based scheduling is always used.


6.2.3.2.3
Link Adaptation

Uplink link adaptation is performed as per current GSM operation, i.e. the network commands the MCS to be used on the UL by the device, see [12]. In extended coverage, MCS-1 is always used. The number of blind transmissions used is determined by the coverage class the device belongs to, see table 6.2-2.
6.2.3.2.4
Power Control

Uplink power control is performed as in GSM today, i.e. the network commands the power level to be used on the UL by the device, see [12]. In extended coverage, full power is always used.
6.2.4
 Link layer aspects

e.g. random access procedure, control channels and mapping to physical layer resources, traffic channels and mapping to physical layer resources, multiplexing/de-multiplexing principles, priority handling principles, data segmentation and re-assembly principles, retransmission schemes etc.

6.2.4.1
Timing Advance

In current GSM systems Timing Advance (TA) is used to ensure the reception of UL bursts aligned with the overall frame structure, avoiding inter-slot-interference and limiting the synchronization window in the base station receiver. The TA is initially estimated at the reception of the access burst on the RACH, and commanded to the MS by the Immediate Assignment. 

During the lifetime of the TBF the TA can be updated either by PACCH or by continuous TA operation by the use of PTCCH/D and PTCCH/U. PTCCH make use of a repetition length of 416 TDMA frames, which implies an update frequency of once every two seconds (1.92 sec). If using PACCH based TA the update frequency will be up to network implementation.
A timing advance value, within an accuracy of one symbol duration, is valid a movement of around 500 m. Assuming the duration of a report (mobile autonomous report or network triggered report) is up to 10 seconds, a device speed away from the base station receiver of 180 km/h is still supported.
If a second report is to be transmitted by the device, then a second access burst will be transmitted on the RACH, and consequently the TA will be updated.

Hence, the use of TA via PTCCH to continuously tracking the timing advance during the lifetime of the TBF shall not be supported by CIoT devices. Tracking the TA by PACCH is still an option.
6.2.4.2
Mapping of logical channels onto physical channels

6.2.4.2.1
General
The detailed mapping of logical channels onto physical channels is defined in the following subclauses. 
Editor’s Note: It should be noted that the number of coverage classes to be supported is not determined.

6.2.4.2.2
FCCH

The FCCH is not changed compared to current FCCH mapping, and hence is mapped to TS0 on the BCCH carrier every 10th or 11th frame. No additional resources are required to reach users in extended coverage.
6.2.4.2.3
EC-SCH

In current GSM each instance of SCH changes content since the content of SCH is containing frame number indication. Considering that multiple instances have to be received in order to decode the EC-SCH in extended coverage, the content need to be the same in order to provide possibility for the receiver to combine multiple transmissions.
The EC-SCH is, by default, transmitted on TS1 with the same burst content over 14 instances during 2 consecutive 51-multiframes.


[image: image1]
Figure 6.2-1. EC-SCH mapping.

6.2.4.2.4
EC-BCCH

Considering the significant reduction possible in SI content for CIoT devices, see subclause 6.2.5.2, a separate BCCH, called EC-BCCH is used for CIoT devices. The EC-BCCH uses the same coding scheme as currently used by the BCCH, i.e. CS-1.
The EC-BCCH is by default mapped onto TS1 using either one (EC-BCCH Normal) or two (EC-BCCH Extended) blocks per 51-multiframe where an EC-BCCH block uses a 4 burst mapping as per the legacy BCCH on TS0. The content of the EC-BCCH is transmitted over 16 51-multiframes.


[image: image2]

[image: image3]
Figure 6.2-2. EC-BCCH Normal (top) Extended (bottom) mapping.

6.2.4.2.5
EC-PCH

The EC-PCH is using a 2-burst mapping of the paging block (EC-PCH block) described in subclause 6.2.2.1.2.2 and is by default mapped onto TS1. During a 51-multiframe, at most 16 instances of paging groups will occur. The higher the coverage class, the lower number of paging group instances will occur, with at minimum two instances for the higher coverage classes. The nominal paging group of a device is mapped onto one, two or four 51-multiframe depending on the coverage class, see Figure 6.2-3 and Table 6.2-2.

[image: image4]
Figure 6.2-3. EC-PCH mapping. CC1 (top), …, CC6 (bottom).
The instance of the paging block to be monitor by the device is determined as today by the IMSI of the device, the DRX cycle, and, in addition, the latest downlink coverage class communicated to the network, see 6.2.4.3.2.
6.2.4.2.6
EC-AGCH

The EC-AGCH is using a 2-burst mapping of the AGCH block (EC-AGCH block) described in subclause 6.2.2.1.2.2 and is by default mapped onto TS1. During a 51-multiframe, at most 20 instances of access grant will occur. The higher the coverage class, the lower number of access grant instances will occur, with at minimum two instances for the higher coverage classes. The access grant is mapped onto one, two or four 51-multiframe depending on the coverage class, see Figure 6.2-4 and Table 6.2-2. 

[image: image5]
Figure 6.2-4. EC-AGCH mapping. CC1 (top), …, CC6 (bottom).
6.2.4.2.7
EC-RACH

For users in extended coverage, the EC-RACH is still used as a collision based channel with each coverage class being mapped onto specific frame options. The EC-RACH is repeated up to 32 times, allowing for up to around 6 accesses per second for the worse coverage class device. The highest coverage class, CC6, is mapped onto 2 51-multiframes while all lower coverage classes are mapped within one 51-multiframe.
The EC-RACH is by default mapped onto TS1, but as today in GSM, multiple EC-CCCH operation can be supported, in which case TS3,5,7 can also be used for EC-RACH.

[image: image6]
Figure 6.2-5. EC-RACH mapping. CC1 (top), …, CC6 (bottom).
6.2.4.2.8
EC-PACCH

A new control block format for EC-PACCH is used by CIoT devices. 
When in normal coverage, the new control block format is mapped onto the same physical channels as current PACCH, and is operating in the current 52-multiframe structure.

When in extended coverage, the resource mapping is using multiple TS in a single BTTI, and for some coverage classes, also multiple BTTIs. The resource mapping per coverage class can be mapped in multiple ways onto the overall TDMA frame structure, see table 6.2-2, but the same number of TS and TTIs are always used.
The new packet control block format used for both the DL and UL is defined in subclause 6.2.2.1.2. and subclause 6.2.3.1.2 respectively. Each EC-PACCH block uses a 4, 8 or 16  burst mapping on the same timeslot as shown in Figure 6.2-6. 

[image: image7]
Figure 6.2-6. EC-PACCH mapping. CC1,CC2 (top),CC3, …, CC6 (bottom).

For EC-PACCH transmission on the UL, a more compact burst format than currently used when mapping the four radio blocks onto the physical resources is used. The more compact burst mapping ensures the same burst is transmitted consecutively, with no other bursts transmitted in-between. Using the current burst mapping, this would only apply for CC5 and CC6 where the blind transmissions are spread over more than 1 TTI. For example, for CC5 using the current mapping the first burst is transmitted in TDMA frame N on TS0,1,2,3, and on TDMA frame N+4 on TS0,1,2,3. With the compact mapping the first burst is instead transmitted in TDMA frame N, and N+1 on TS0,1,2,3.
6.2.4.2.9
EC-PDTCH
The same packet data block format as used today for PDTCH is followed also for EC-PDTCH.

The mapping of EC-PDTCH in normal coverage also follows the mapping used by PDTCH/F today. 

When in extended coverage (CC > 1) the same mapping options as for PACCH apply, see figure 6.2-6 and table 6.2-2. Compact burst mapping also applies for CC5 and CC6, see subclause 6.2.4.2.8.
6.2.4.2.10
Mapping table

To show the mapping of the logical channels onto physical channels in a more condense form, the table format in [9] is used. Table 6.2-2 lists the logical channels used by devices supporting extended coverage operation. The channels are denoted with the prefix ‘EC-’. Existing channels used by devices supporting extended coverage are also listed.
Table 6.2-2. Mapping of logical channels onto physical channels.
	Channel designation
	Dir.
	Allowable 
timeslot 
ass.
	Allowable 
RF ch. 
ass.
	Burst 
type
	Repeat length 
TDMA frames
	Coverage 
class

(CC)
	Interleaved block 
TDMA frame mapping

	FCCH1
	D
	0
	C0
	FB
	51
	-
	B0(0),B1(10),B2(20),B3(30),B4(40)

	EC-SCH
	D
	1
	C0
	SB
	102
	-
	B0(0,1,2,3,4,5,6 +51 N), N=0,1

	EC-BCCH Norm
	D
	1,3,5,7
	C0
	NB
	816
	-
	B0(7,8,9,10+51N), N=0,…,15

	EC-BCCH Ext
	D
	1,3,5,7
	C0
	NB
	816
	-
	B0(11,12,13,14+51N), N=0,…,15

	EC-PCH
	D
	1,3,5,7
	C0
	NB
	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

	EC-AGCH
	D
	1,3,5,7
	C0
	NB
	51
	1
	B0(11,12),B1(13,14),…,B19(49,50)

	
	
	
	
	
	51
	2
	B0(11,…,14),B1(15,…,18),…,B9(47,…,50)

	
	
	
	
	
	51
	3
	B0(11,…,18),B1(19,…,26),…,B4(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

	EC-RACH
	U
	1,3,5,7
	C0
	AB, NB
	51
	1
	B0(0),B1(1),..B50(50) 

	
	
	
	
	
	
	2
	B0(0,1),B1(2,3),..B24(48,49)

	
	
	
	
	
	
	3
	B0(0,…,3), B1(4,…,7),...B11(44,…,47)

	
	
	
	
	
	
	4
	B0(0,…,7),B1(8,…,15)…, B5(40,…,47)

	
	
	
	
	
	
	5
	B0(0,…,15),B1(16,…,31),B2(32,…,47)

	
	
	
	
	
	
	6
	B0(0,…,50)

	EC-PACCH,

EC-PDTCH
	D&U
	0…7
	C0…Cn
	NB
	52
	1
	B0(0...3), B1(4...7), B2(8...11), B3(13...16), B4(17...20), B5(21..24), B6(26...29), B7(30...33), B8(34...37), B9(39...42), B10(43...46), B11(47...50)

	
	
	
	
	
	
	2
	B0(0...3), B1(4...7), B2(8...11), B3(13...16), B4(17...20), B5(21..24), B6(26...29), B7(30...33), B8(34...37), B9(39...42), B10(43...46), B11(47...50)

	
	
	
	
	
	
	3
	B0(0...3, 0’...3’), B1(4...7,4’...7’), B2(8...11, 8’...11’), B3(13...16,13’...16’), B4(17...20,17’...20’), B5(21..24,21’..24’), B6(26...29,26’...29’), B7(30...33,30’...33’), B8(34...37,34’...37’), B9(39...42,39’...42’), B10(43...46,43’...46’), B11(47...50,47’...50’)2

	
	
	
	
	
	
	4
	B0(0...3,0’...3’,0’’...3’’,0’’’...3’’’),B1(4...7,4’...7’,4’’...7’’,4’’’...7’’’), B2(8...11, 8’...11’,8’’...11’’, 8’’’...11’’’), B3(13...16,13’...16’,13’’...16’’,13’’’...16’’’), B4(17...20,17’...20’,17’’...20’’,17’’’...20’’’), B5(21..24,21’..24’,21’’..24’’,21’’’..24’’’), B6(26...29,26’...29’,26’’...29’’,26’’’...29’’’), B7(30...33,30’...33’,30’’...33’’,30’’’...33’’’), B8(34...37,34’...37’,34’’...37’’,34’’’...37’’’), B9(39...42,39’...42’,39’’...42’’,39’’’...42’’’), B10(43...46,43’...46’,43’’...46’’,43’’’...46’’’), B11(47...50,47’...50’,47’’...50’’,47’’’...50’’’)3

	
	
	
	
	
	
	5
	B0(0...7,0’...7’,0’’...7’’,0’’’...7’’’),B1(8...11,13…16,8’...11’,13’…16’,8’’...11’’,13’’…16’’,8’’’...11’’’,13’’’,…,16’’’), B2(17...24, 17’...24’,17’’...24’’, 17’’’...24’’’), B3(26...33,26’...33’,26’’...33’’,26’’’...33’’’), B4(34...37,39…42,34’...37’,39’…42’,34’’...37’’,39’’…42’’,34’’’...37’’’,39’’’…42’’’), B5(43..50,43’..50’,43’’..50’’,43’’’..50’’’)3

	
	
	
	
	
	
	6
	B0(0...11,13…16,0’...11’,13’…16’,0’’...11’’,13’’…16’’’,0’’’...11’’’,13’’’…16’’’), B1(17...24,26…33,17’...24’,26’…33’,17’’...24’’,26’’…33’’,17’’’...24’’’,26’’’…33’’’), B2(34...37,39’...50’,34’’...37’’,39’’’...50’’’), B3(34...37,39’...50’,34’’...37’’,39’’’...50’’’)

	NOTE 1: The mapping is identical to FCCH and uses the same resources

NOTE 2: A PDTCH is mapped onto two PDCHs. Number n indicates mapping on the PDCH with the lowest timeslot number in TDMA frame n, whereas number n’ indicates mapping on the PDCH with the highest timeslot number in TDMA frame n.
NOTE 3: A PDTCH is mapped onto four PDCHs. Number n indicates mapping on the PDCH with the lowest timeslot number in TDMA frame n, whereas number n’, n’’, and n’’’ indicates mapping on the PDCH with the second lowest, second highest, and highest timeslot number in TDMA frame n respectively.


6.2.4.3
Operation of channels and channel combinations

6.2.4.3.1
Paging Groups and Coverage Classes

CIoT devices that make use of paging based reachability determine their preferred eDRX cycle length based on a set of supported eDRX cycle lengths wherein each member of the set occurs an integral number of times within the full TDMA FN space (see Table 6.2-3). Within the context of a given eDRX cycle length there will be a set of paging groups that is coverage class specific. 

-
For example, for each instance of an eDRX cycle of ~26 minutes (8 of these eDRX cycles occur within the full TDMA FN space) there will be 6656 51-multiframes which means for a coverage class 4 device (8 blind transmission required) where 16 PCH blocks are supported per 51-multiframe, there will be 13312 paging groups per eDRX cycle. The device IMSI is used to determine which one of these paging groups is the nominal paging group for the device, as per current GSM operation. 

-
The higher the coverage class of a device that uses a given eDRX cycle length the fewer the number of paging groups within that eDRX cycle (e.g. using the example of an eDRX cycle of ~26 minutes there will be 6656 paging groups per eDRX cycle for coverage class 5 devices).
Figure 6.2-7 shows coverage class specific paging groups within the context of 4 consecutive 51-multiframes for the case where a PCH block consists of 2 bursts and each 51-multiframe supports 16 PCH blocks. As such 1, 2, 4, 8, 16 or 32 blind transmissions of a PCH block (i.e. containing the same paging message) are transmitted for coverage classes 1, 2, 3, 4, 5 and 6 respectively within these 4 consecutive 51-multiframes.
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Figure 6.2-7: Radio Blocks per PCH Message as Determined by Coverage Class
When receiving a paging request from the SGSN the BSS determines the nominal paging group for the target device within the context of its eDRX cycle and sends N blind transmissions of a EC-PCH block containing a paging message using the nominal paging group of that device (i.e. determined based on device IMSI). Devices operating on TS0 will be paged using legacy PCH blocks but where the nominal paging group of a device is determined based on its eDRX cycle.
The first EC-PCH block used to send a paging message that addresses devices of different coverage classes must be an EC-PCH block that devices in the different coverage classes monitor as their EC-PCH block of their nominal paging group. For example, the set of four repeated EC-PCH blocks in Figure 6.2-8 in gray for CC3 may include a message that addresses a combination of devices from coverage classes 1, 2 and 3 since devices using these coverage classes may consider any of the four transmitted EC-PCH block to be the first EC-PCH block of their respective nominal paging groups.
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Figure 6.2-8: First PCH Block of a Nominal Paging Group
6.2.4.3.2
Determination of PAGING_GROUP

Table 6.2-3 shows the set of pre-defined eDRX cycle lengths that can be supported in a cell that supports both eDRX based reachability and PSM based reachability. The maximum eDRX cycle length actually supported by a cell is indicated by a parameter called eDRX_MAX included within system information. The reception of this system information implicitly indicates that the corresponding cell supports both eDRX and PSM based reachability. MTC devices that prefer a periodicity of reachability greater than indicated by eDRX_MAX will necessarily operate using PSM based reachability.

When sending a RAU Request, a device includes a parameter called EXTENDED_DRX (see Table 6.2-3) whose corresponding eDRX cycle length does not exceed the maximum allowed in the serving cell (indicated by eDRX_MAX). 
Table 6.2-3. Set of eDRX Cycles Supported
	Extended DRX Cycle Value (EXTENDED_DRX)
	 Target Extended DRX Cycle Length
	Number of 51-MF 
per Extended DRX Cycle (EXTENDED_DRX_MFRMS)
	Extended DRX Cycles per TDMA FN Space

	0
	~30 seconds
	128
	416

	1
	~60 seconds
	256
	208

	2
	~2 minutes
	512
	104

	3
	~4 minutes
	1024
	52

	4
	~6.5 minutes
	1664
	32

	5
	~8 minutes
	2048
	26

	6
	~13 minutes
	3328
	16

	7
	~16 minutes
	4096
	13

	8
	~26 minutes
	6656
	8

	9
	~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


When sending a paging request to a BSS, the SGSN includes the value for EXTENDED_DRX it has stored for the target device along with the corresponding IMSI and coverage class thereby allowing the BSS to determine the eDRX cycle length used by the target device and its nominal paging group within each eDRX cycle as follows:

-
The number of paging groups within a given eDRX cycle is determined based on PCH_BLKS_MFRM (the number of EC-PCH blocks per 51-multiframe available for paging, determined using the Control Channel Description IE as per legacy methods), EXTENDED_DRX_MFRMS (the number of 51-multiframes per eDRX cycle determined as per Table 6.2-3) and CC_BLINDREPS (the number of blind repetitions per coverage class, see table 6.2-2).
-
Considering that a maximum of 16 PCH blocks are allowed per 51-multiframe the PCH_BLKS_MFRM parameter is limited to indicating a maximum of 8  PCH blocks per 51-multiframe (i.e. the value indicated by the legacy PCH_BLKS_MFRM parameter is multiplied by 2 to determine the number of EC-PCH blocks per 51-multifrme) ..
-
N, the number of coverage class specific EC_PCH paging groups per eDRX Cycle = (2*PCH_BLKS_MFRM x EXTENDED_DRX_MFRMS)/CC_BLINDREPS.

-
PAGING_GROUP is the nominal paging group within each eDRX cycle = mod (IMSI, N).
Example 1: If the target Extended DRX cycle length is ~26 minutes (EXTENDED_DRX = 8), CC_BLINDREPS = 8 and PCH_BLKS_MFRM = 4 we get the following:

-
N = (8 * 6656)/8 = 6656
-
IMSI = 00000000  10001001  00110000  00000001 = 4796417

-
PAGING_GROUP = mod (IMSI, N) = 4097 (i.e. the 4097th paging group in each eDRX cycle is the nominal paging group and is comprised of 8 consecutive EC-PCH blocks).
Example 2: If the target Extended DRX cycle length is ~26 minutes (EXTENDED_DRX = 8), CC_BLINDREPS = 16 and PCH_BLKS_MFRM = 8 we get the following:

-
N = (16 * 6656)/16  = 6656
-
IMSI = 00000000  10001001  00110000  00000001 = 4796417

-
PAGING_GROUP = Mod (IMSI, N) = 4097 (i.e. the 4097th paging group in each eDRX cycle is the nominal paging group and is comprised of 16 EC-PCH blocks mapped onto 2 51-multiframes, see figure 6.2-8).
6.2.4.4
Multiplexing/De-multiplexing principles 
The introduction of CIoT devices into an existing operating GSM system will not cause any segregation of radio resources used for traffic channels and their associated control channels, and hence the same multiplexing and de-multiplexing principles for non CIoT devices as in current GSM operation still applies. 
The same frame structure, PDTCH/PACCH block format and mapping of blocks onto the physical resources is used for the EC-PDTCH/EC-PACCH as in current GSM operation. 

A new packet control channel for EC-PACCH is defined, where current Stealing Flags signalling (i.e. channel coding and burst mapping) is still used in order to support USF reception and decoding by non CIoT devices. The new packet control channel will not be decodable by legacy devices, but its content is also not of interest. The situation is as with the introduction of GPRS where the content of MCS-1-4 blocks were not decodable by GPRS devices, but the Stealing Flag signalling of CS-4 was re-used for MCS-1-4 to ensure that GPRS devices could read them, and by that also find the USF bits in the same burst positions as in GPRS CS-4. 

In an EC-PDTCH radio block addressed to a CIoT device, a legacy MS will be able to detect and decode the RLC/MAC header, but find that the TFI is not a valid TFI and hence will not proceed to decode the RLC Data block. Similarly for a CIoT device, a legacy MCS block will be decodable in the sense that it will find in the RLC/MAC Header content a TFI not matching the assigned TFI, and will hence not act on the block.
For CIoT devices on the DL, the same multiplexing and de-multiplexing principles of GSM applies. For the UL, a fixed UL allocation is used based on the content of an assignment message received in response to a resource request sent by the CIoT device, see subclause 6.2.3.2.2 or based on the content of a PUAN sent used to indicate one or more UL radio blocks need to be resent.
6.2.4.5
Retransmission schemes
Hybrid ARQ together with incremental redundancy, as defined for EGPRS today, should be used by the network and shall be supported by the device. 

When fixed UL allocation is used, see subclause 6.2.3.2.2, full knowledge can be obtained by the network on which block is transmitted on which resources by the device. Hence, it is possible for the network to provide incremental redundancy without effectively reading the RLC/MAC header to find the related BSN field during the soft combining process. This provides some performance benefits since the RLC/MAC header performance is, although more robust, similar to the RLC data performance for MCS-1 (the MCS used when in extended coverage). After each HARQ transmission the RLC/MAC header should still be attempted to be decoded to verify that the BSN and TFI match the values assumed during the combining process.
6.2.4.6

Random Access Procedure

6.2.4.6.1
General

An EC-GSM device can access the EC-GSM system by using one of the two different random access channels. If the device is in normal coverage the legacy RACH is used. A device in extended coverage use EC-RACH.

An EC-GSM device needs to estimate its UL Coverage Class, (CC), before accessing the system. If the devices estimates its UL CC to be in extended coverage it will access the system by sending the access request bursts on the allocated frames for that CC. If the device is in normal coverage it can use any frame as per legacy procedure. See Table 6.2-2 for details. For each UL CC there will be an associated TSC which shall be used when sending the access request. An EC-GSM device needs also to inform the BTS of the DL CC used to access the system.

Only one phase access is supported by CIoT devices accessing the network using a Access Burst format, minimizing the signalling overhead.

6.2.4.6.2
Burst types

A CIoT device accessing the system can do this by using two different burst formats, and by that indicate different information to the network. Irrespective of access option used, the optimized functionality associated with CIoT, such as optimized signalling procedures, shall be supported by the device, and implicitly signalled to the network by using the new access format. 

All access options are summarized in table 6.2-4

Table 6.2-4: Random Access – options

	Burst type1
	TS used on C01
	Option

	AB
	0
	- Used only by CIoT devices in normal coverage

	NB
	0
	- When accessing in small cell, or for stationary devices, see subclause 6.2.3.2.1

- MS ID included for faster contention resolution
- Used only by CIoT devices in normal coverage

	AB
	1
	- Used by CIoT devices in extended coverage

	NB
	1
	- When accessing in small cell, or for stationary devices, see subclause 6.2.3.2.1

- MS ID included for faster contention resolution
- Used by CIoT devices in extended coverage

	NOTE1: See table 6.2-2 for mapping onto physical resources.


Burst types:

-
An Access Burst, AB, will follow the existing 11 bit format of the legacy EGPRS Packet Channel Request message but with optimizations in the way of re-used code points. 
-
A Normal Burst, NB, will support substantially more payload space than an AB and will be sent when a device is operating in small cell environment or is otherwise able to determine what Timing Advance to apply at the point of sending the Access Request.
An AB burst sent on RACH shall include:

-
Random bits (3 bits) – used as today to resolve contention in the access

-
A priority indication (1 bit) – used to indicate if the access is of alarm type or not

-
A block count indication (4 bits) - based on MCS-1
Table 6.2-5. RACH - AB format, TS0

< One Phase Access Request : 
100
< Priority : bit (1) >




< RandomBits : bit (3) >




< Block Count (4) > >

An AB burst sent on EC-RACH shall, in addition, include an indication of the estimated DL coverage class (3 bits) - expected to be used by the BTS when sending the matching response on the EC-AGCH.

Table 6.2-6. EC-RACH - AB format, TS1
< One Phase Access Request : 




< Priority : bit (1) >







< RandomBits : bit (3) >






< DL CC : bit (3) >






< Block Count : bit (4) > >

A Normal Burst sent on RACH or EC-RACH shall include a MSID (e.g. using the 32 bits long TLLI). This is to minimize the signalling required for contention resolution and also allow for a faster acquisition of the MS capabilities. In addition, it will also include the information sent in the AB according to the RACH used, except for the random bits, which are not needed due to the inclusion of MS ID.
6.2.4.6.3
Contention Resolution

When an access attempt is made by transmitting an AB burst on the RACH/EC-RACH, contention resolution will be based on legacy 1 phase access (i.e. to minimize control plane signaling).

When an access attempt is made by transmitting an NB burst on the RACH/EC-RACH, contention resolution will be based on an Access Request – Access Response exchange. The Response sent on the AGCH/EC-AGCH will contain the MS ID received by the BSS in the corresponding Access Request.

6.2.4.6.4
System Access Procedure and Overload Control
The EC-GSM device will to a large extent follow legacy RACH behaviour but with adaptations and repetitions according to its estimated UL coverage class. The device shall send the first Access Request message in the first available TDMA frame belonging to the set of EC-RACH bursts corresponding to its estimated UL coverage class. The device may send a maximum number of Access Request messages (retries) according to its UL coverage class on the EC-RACH where the maximum value of retries is broadcasted in the system information on EC-BCCH. If the maximum number of retries N for a given access attempt is reached (where each retry involves transmitting X bursts on the EC-RACH where X is determined according to the estimated uplink coverage class), legacy type behaviour is used whereby a timer is started while waiting for a matching Access Response. However, this timer value shall be updated to account for the Y repetitions expected for the matching Access Response (determined by the estimated downlink coverage class included in the Access Request). 

When sending an Access Request using an AB burst or NB on EC-RACH, a device will look for a matching Access Response within a limited time window that may be different from that associated with legacy operation. The EC-RACH parameter T, used by the CIoT device to get a random wait value before next retry is made for the current access attempt, will be broadcasted on EC-BCCH. Note however that regardless of the parameter T, the CIoT device is only allowed to start any given retry of its current access attempt according to the set of slots specific to its uplink coverage class, see Figure 6.2-5. 
For an Access Request sent on EC-RACH, if a device does not receive a matching Access Response in the expected time window after N re-tries (i.e. a system access attempt failure occurs) then when it performs a subsequent system access attempt it may increment its coverage class (functionality could also be controlled using System Information) and adjust the maximum number of retries allowed for that access attempt (e.g. to N – 1 retries).

SI sent on EC-BCCH will be used to indicate the value by which N should be adjusted and if an increment of coverage class is to be used after an access attempt failure. 

When sending an Access Request using TS1 a device will make use of an EC:SCH based implicit reject overload control (applicable to the PS domain only) with the flexibility of discriminating between devices in their home PLMN and devices in a visited PLMN. 

Regardless of what information an CIoT device provides within a RACH access request, it uses the MS Radio Access Capability IE (included within the RAU Request message) to indicate its full set of capabilities, thereby allowing a BSS to query the SGSN for device capability information while managing a device in the EC-Packet Transfer state.
6.2.4.7
Priority handling
CIoT devices attempting to access the system autonomously (i.e. system access attempts not triggered by the network) on TS0 or TS1 always include a single priority bit in the RACH access request to allow the BSS to distinguish between RACH access requests made for alarm reporting from those made for normal reporting. This allows for prioritizing both the quantity and scheduling of uplink PDTCH resources assigned for alarm reporting given the reduced latency requirements of such reports.
6.2.4.8

Segmentation

6.2.4.8.1
Data

LLC PDUs sent to or received from an IoT device may consist of 100 or more octets and as such RLC data blocks will support the segmentation (and re-assembly) of LLC PDUs using current EGPRS segmentation procedures. However, the use of a modified RLC data block header content (e.g. smaller BSN field) and fixed allocation for IoT devices translates into some differences when segmenting LLC PDUs into multiple RLC data blocks compared to legacy segmentation procedures.
6.2.4.8.2
Control blocks
Control messages sent to or received from an IoT device are always carried within a single control block (PACCH block) and as such segmentation of control messages into multiple control blocks is not supported.
6.2.4.9
RLC procedures
6.2.4.9.1
General

General RLC procedures defined in GSM, see clause 9 of [12], applies to CIoT devices. 
In order to reduce overall device complexity and implementation effort, the following also applies:
-
Only RLC Acknowledged mode is supported.
-
No support for extended UL TBF mode.

-
Only single TBF operation is supported (no support for EMST, EMSR).
-
No Piggy-backed Ack/Nack (PAN) operation is supported.

-
A maximum Sequence Number Space (SNS) of 32 shall be supported, implying a maximum Window Size (WS) of 16 (today GPRS supports a WS of 64 and EGPRS a WS of 1024).

- 
An RLC buffer size of 16 RLC blocks shall be supported (today EGPRS supports a buffer size up to 1024).

-
No compression algorithm of the Ack/Nack bitmap shall be supported.

6.2.4.9.2
RLC/MAC header (EC-PDTCH)
6.2.4.9.2.1

Header format
The RLC/MAC header format is the same as for EGPRS MCSs (i.e. same payload size, channel coding definitions and burst mapping). Due to reduced RLC functionality the content of the header is re-defined.
In figure 6.2-10 and 6.2-11 the format of the RLC/MAC header is shown for MCS-1-4 (Header Type 3) for the DL and UL respectively. In case a CIoT device supports the full EGPRS MCSs set, the same design principles applies to Header Type 1 (MCS-7-9) and Header Type 2 (MCS-5-6).
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Figure 6.2-10. EGPRS downlink RLC data block header for MCS-1, MCS-2, MCS-3 and MCS-4.
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Figure 6.2-11. EGPRS uplink RLC data block header for MCS-1, MCS-2, MCS-3 and MCS-4.
6.2.4.9.2.2
Temporary Flow Identity (TFI)
The TFI field identifies the TBF and is formatted in the same position as in current EGPRS RLC/MAC Headers to provide backwards compatibility (see subclause 6.2.4.4).

The TFI field is 5 bits long and hence can simultaneously address up to 32 devices multiplexed on the same resources. Due to the amount of devices expected in future CIoT scenarios, it can be considered to expand the TFI field beyond 5 bits, which in that case will be catered for by any number of spare bits indicated in Figure 6.2-10. Alternatively the TFI can be expanded by bit-wise modulo two addition of the extended TFI bits to the header parity bits, as currently supported by DLMC configurations.
6.2.4.9.2.3
Polling (P)
In EGPRS, the RRBP field (2 bits) and the ES/P field (2 bits) is used when polling the MS.The current ES/P field indicates whether the MS addressed by the DL block is polled, and the type of bitmap (First Partial Bitmap, or Next Partial Bitmap) expected, as well as a request to include a measurement report in the response.The current RRBP indicates the resources reserved for the UL response in case the ES/P is valid.
For CIoT devices it is assumed:

-
A few response times from the CIoT device could be useful to support

-
Due to the small RLC WS of 16, the full bitmap, as well as a full measurement report, can always be included.
 Hence a polling field (P) of two bits should be able to cater for this purpose.
6.2.4.9.2.4
Block Sequence Number (BSN)
Due to the reduction of the EGPRS WS from at most 1024 to 16 the BSN field is consequently reduced from 11 bits to 5 bits.

6.2.4.9.2.5
Coverage Class (CC)
A 2-bit field is included to signal the coverage class used in the block. 
Due to the repetition of multiple instances of the same DL block, and due to the fact that a lower coverage class is always a partial mapping of a higher coverage class, see table 6.2-2, the CC indication can be used by the lower coverage class CIoT devices monitoring the DL physical channel, i.e. in case CC indicates a higher coverage class, then the lower coverage class devices, need not monitor the rest of the repetition period.
For example, a device in CC1 monitors the DL, decodes the RLC/MAC header on TS0, with an indication that CC5 is used. It need then not to process the DL blocks on TS1,2,3 since a CC5 block will always be mapped onto TS0,1,2,3 in the same TTI, and can stop monitoring the second TTI period, see table 6.2-2.

6.2.4.9.2.6
Coding and Puncturing Scheme (CPS), Uplink State Flag (USF), Split Block (SPB), Stalling Indicator (SI), Retry (R) 
The CPS, USF, SPB, SI and R fields are defined as in current GSM operation, see subclause 10.4 in [12].

6.2.4.9.2.7
Countdown Value (CV)

The Countdown Value in current GSM specification indicates the current number of remaining RLC data blocks for the uplink TBF. Similarly for CIoT devices, a functionality is foreseen to cater for an open ended TBF functionality. I.e. for the device to indicate that the initial RLC block count in the access request shall be extended.
6.2.4.9.2.8
Spare bits
In the RLC/MAC DL header, eight spare bits are defined for future use. The bits could for example cater for an extended TFI identifier space, as mentioned in subclause 6.2.4.9.2.2.
In the RLC/MAC UL header, nine spare bits are defined for future use. Also for the UL, an extended TFI identifier space could be catered for.6.2.4.9.3
6.2.5
Radio resource management

e.g. MS states, system information, mobility procedure in different states, radio resource management ( e.g. bearer addition, modification, release principles, admission control principles, mobility management principles, load balancing principles, interference mitigation principles) etc.

6.2.5.1
MS states

IoT devices operating on TS0 or TS1 support the EC-Idle and EC-Packet Transfer states which are similar to the legacy Idle and Packet Transfer states. However, the set of functions supported in the EC-Idle and EC-Packet Transfer states and the methods for entering/exiting these states are optimized in the interest of power efficient operation.
6.2.5.2
System Information

The BCCH space requirements for GSM Evo based System Information on TS1 is substantially reduced compared to that of legacy GSM networks on TS0 due to the elimination or reduction of the functionality listed below:

-
COMPACT GSM information not supported.
-
PS Handover nor Idle mode measurement reporting not supported (no measurement reporting).
-
Cell reselection supported but limited to GSM evolution neighbour cells or legacy type GSM neighbour cells.
-
Cell Change Notification not supported.
-
DTM not supported.
-
MBMS not supported.
-
Access Barring control (CS domain centric) not supported.
-
Access Barring control (PS domain centric) supported but limited to Implicit Reject type. 
Another simplifying attribute is that all system information is considered to have equal priority and is therefore transmitted with equal priority. This is in contrast to legacy GSM systems where the transmission of some information needs to be prioritized due to service ready requirements (e.g. CS call establishment readiness as soon as possible after power on or cell reselection).
A detailed analysis of legacy GSM System Information together with its intended purpose and applicability to GSM Evo based systems is provided in [15] where the conclusions are provided in Table 6.2-4 below.
Table 6.2-4. Legacy GSM SI Content Mapped to GSM Evolution BCCH Space.

	GSM SI message
	Equivalent Information Needed for Cellular IoT BCCH?
	Projected Cellular IoT BCCH space per cycle

	SI 1
	Yes
	6 or 8

	SI 2
	Yes
	8

	SI 2bis, SI 2ter, SI 2quater
	No
	0

	SI 2n
	No
	0

	SI 3
	Yes
	14

	SI4
	No
	0

	SI 5, SI 6, SI 7, SI 8, SI 9 and SI 10
	No
	0

	SI 13
	Yes
	7

	SI 13alt, SI 14, SI 15, SI 16, SI 17, SI 18,   SI 19, SI 20, SI 21
	No
	0

	SI 22
	No
	0

	SI 23
	No
	0

	SI New
	Yes
	1

	Total:
	
	36/38

	Note: 40 octets of broadcast space is projected to be needed when mapping the applicable content of legacy GSM SI to Cellular IoT BCCH space.


As indicated in Table 3, about 36 or 38 octets will be required to transmit a full cycle of system information which translates to 2 CS-1 coded radio blocks. One or two additional radio blocks can be added to support a full cycle of BCCH information such that a total of up to 3 or 4 CS-1 coded radio blocks can be used if needed for future enhancements. Using 2 CS-1 radio blocks to support the EC-BCCH space requirements wherein each is sent using 16 blind transmissions allows for the following:

-
Using one radio block on TS 1 of the BCCH carrier (constructed using the legacy CS-1 format) within each 51-MF to support the BCCH space allows for 16 blind transmissions of a first CS-1 coded radio block during 16 consecutive 51-MF and 16 blind transmissions of a second CS-1 coded radio block during the next 16 consecutive 51-MF.  As such, a device in the worst coverage class will receive a full cycle of BCCH information about once every 8 seconds.

-
If 4 CS-1 coded radio blocks of system information are eventually needed for the EC-BCCH space then this same 8 second acquisition time can be realized by allowing a 2nd radio block on TS1, as in current GSM operation, within each 51-MF to send EC-BCCH information.

6.2.5.3
Mobility Management
An CIoT device in the EC-Idle state supports cell reselection to other GSM cells supporting CIoT device operation but does not support Cell Change Notification. Reselection to GSM cells that do not support CIoT device operation is optional (e.g. it will only be possible if an IoT device also supports at least the legacy GPRS functionality). An IoT device in the EC-Packet Transfer state does not support PS handover or any measurement reporting.
6.2.5.4
Radio Resource Management
A device indicates it is CIoT capable by:

-
Sending an AB with EGPRS code point ‘100’ or a NB on the RACH of TS0

-
Sending an AB or NB on the RACH on TS1
A CIoT device operating on TS0 in EC-Idle mode supports:

-
An optimized sleep mode procedure (e.g. short sync)

-
AB on the RACH with enhancements to the legacy 11 bit code point format and NB on the RACH with a completely new code point format

-
Optimized PCH/AGCH block coding format (i.e. a 2 burst block)

-
Optimized PCH/AGCH signaling (i.e. new PCH/AGCH messages) 

-
Nominal paging group determination based on eDRX when paging based reachability is required

A CIoT device operating on TS1 in EC-Idle mode supports:

-
An optimized sleep mode procedure (e.g. short sync)

-
AB on the RACH with a completely new 11 bit code point format and NB on the RACH with a completely new code point format

-
Optimized PCH/AGCH block coding format (i.e. a 2 burst block)

-
Optimized PCH/AGCH signaling (i.e. new PCH/AGCH messages) 

-
Nominal paging group determination based on eDRX when paging based reachability is required

A CIoT device operating in EC-Packet Transfer mode supports:

-
EC-PACCH block formats and headers (using 4 bursts per block)

-
EC-PDTCH block formats and headers (e.g. reduced BSN field)

-
EC-PACCH signalling (e.g. a subset of legacy PACCH messages with modified content/new PACCH messages)

-
Uplink EC-PDTCH transmissions made using Fixed Allocation if in extended coverage (indicated by the type of RACH request)

-
Uplink EC-PDTCH transmissions made using Fixed Allocation or USF if in normal coverage (indicated by the type of RACH request)

-
Downlink EC-PDTCH block transmissions made using Flexible DL Allocation (See 6.2.4.4)
-
Uplink EC-PACCH block transmissions made using Fixed Allocation (i.e. RRBP based)
-
Downlink EC-PACCH block transmissions made using Flexible DL Allocation (See 6.2.4.4)

Assignment and paging messages sent to an IoT device on the EC-AGCH/EC-PCH of TS1 are coded using 2 burst radio blocks (see table 6.2-2) and inherently support a content that reflects the optimized functionality associated with CIoT device operation. A simplified and reduced set of PACCH messages is needed for managing CIoT devices operating in the EC-Packet Transfer state in light of the optimized functionality associated with CIoT device operation. 
For the same reason, the amount of signalling payload required per PACCH message is reduced for IoT devices, thereby eliminating the need for PACCH message segmentation in the EC-Packet Transfer state and allowing for a more robust channel coding of PACCH blocks (i.e. less message payload space is required per PACCH block).
3GPP
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