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Pseudo CR 45.820 – EC-GSM, Miscellaneous corrections and clarifications
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 candidate EC-GSM is described at length in the TR with multiple earlier pseudo CRs being approved to incorporate both the description of the concept and the performance evaluation of it. Part of the description should be clarified to reflect the latest status based on the GERAN discussions. Also, some clean-up of the text would be beneficial for the reading of the concept description.
1.3
Summary of change

Apart from small corrections and clarifications, the following changes have been done worth noticing:
· A note is removed on the feasibility of a controlled phase in the subclause on overlaid CDMA (6.2.3.1.3). This has been shown to be feasible in GERAN Ad Hoc #3 based on input [2] and [3] and the related discussion at the meeting. It is clarified that depending on the MS implementation either both Hadamard codes, or Hadamard or Fourier codes can be used. The same type of note is removed from subclause 6.2.6.9 due to the same reason.
· An Editor’s note is removed from the subclause on exception report latency evaluation which seems to have been incorrectly implemented based on the agreed pCR in [4]
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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, with an exception for the EC-RACH that can be mapped on TS0 and/or TS1. Re-using existing physical layer design ensures no impact on the radio units supporting GSM already deployed in the field, as explained in subclause 6.2.6.11. 
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 for the control channels and, for the data channels, a combination of blind repetitions of the lowest MCS supported in EGPRS today, i.e. MCS-1 and HARQ retransmissions. 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 will be EGPRS, MCS-1-4. Additionally, the device will 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 will 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 6.2.1.4-1.

Table 6.2.1.4-1. 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. For EC-GSM, 33 dBm is expected to be the maximum output power level to be used by the 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, and hence its corresponding reduction in output power implies an equal reduction in maximum UL coverage. It also implies that the same numbers of coverage classes are defined both for devices using 23 dBm maximum output power and for devices using 33 dBm maximum output power.

6.2.2
Downlink physical layer design

6.2.2.1
Basic transmission scheme


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 TS 45.001 [10].

-
Channel mapping, burst building, and burst multiplexing, see TS 45.002 [11].

-
Coding, reordering and partitioning, and interleaving, see TS 45.003 [12].

-
Differential encoding, and modulation, see TS 45.004 [13].

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, 88 bits and 80 bits have been defined for use on EC-CCCH/D and EC-PACCH/D respectively. For the UL a payload size of 64 bits has been defined for use on EC-PACCH/U.
The payload is protected with an 18 bit CRC field, and a 1/3 convolutional mother code to generate 114 and 116 punctured bits for EC-PACCH/D and EC-CCCH/D respectively. Eight less punctured bits for EC-PACCH/D are used to cater for the currently defined Stealing Flags and provide backwards compatibility with existing GPRS and EGPRS implementations. For the EC-PACCH/U, 116 punctured bits are generated.
The punctured bits are for EC-CCCH/D repeated over two burst, while the EC-PACCH/D and EC-PACCH/U are repeated over four bursts to utilize the equivalent resources of a CS-1 4-burst radio block.

EC-PCH, EC-AGCH and the EC-PACCH/D 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 TS 45.003 [12]. 

6.2.2.1.2.2.1
Packet control channels in extended coverage (EC-CCCH/D, EC-PACCH)

6.2.2.1.2.2.1.1
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

6.2.2.1.2.2.1.2
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.
The parity bits are added after the block of N bits, the result being a block of N+18 bits, {b(0),…,b(N+18-1)}, defined as:

b(k)
= d(k)

for k = 0,1,...,N-1

b(k)
= p(k‑N)
for k = N,...,N+18-1
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+24 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)


6.2.2.1.2.2.1.3
Mapping on a Burst

6.2.2.1.2.2.1.3.1
EC-CCCH/D and EC-PACCH/U

The mapping is given by the rule:

For B = 0 and 1

e(B, j)

= C(j)


for j = 0,1,...,115

6.2.2.1.2.2.1.3.2
EC-PACCH/D
The mapping is given by the rule:

For B = 0, 1, 2 and 3



e(B, j)

= C(j)


for j = 0,1,...,113
6.2.2.2
Physical layer procedure


6.2.2.2.1
Cell detection

The cell detection for a CIoT device is based on detecting FCCH and decoding EC-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 Extended Coverage SCH (EC-SCH) is decoded. The EC-SCH is 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 EC-SCH reduced frame number (RFN) information will be considered.

The SCH contains per its current definition a 19 bit RFN defined as follows in TS 45.002 [11];

"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. (T3-T2) mod 26 defines the position of the 51-multiframe within the T1 superframe. T3 finally determines the frame position within the 51-multiframe.

Primarily a device needs to acquire the RFN to identify the occurrence of its paging group. Considering that the set of extended DRX (eDRX) cycles proposed for EC-GSM at maximum covers 13312 51-multiframes (~52 minute eDRX cycle), or 1/4 of the entire TDMA FN space (i.e. a quarter hyperframe), it is sufficient for T1' to cover a range of 0 to 511 superframes.

T1' (9 bits) range 0 to 511= 9 least significant bits of T1 = T1 mod 512
T1MSB (2 bits) range 0 to 3 = 2 most significant bits of T1 = T1 div 512)

Immediately after accessing the network, the device will receive an immediate assignment containing an indication of in what quarter hyperframe the last part of the assignment message is received, thereby providing it with the missing two most significant bits of T1 (i.e. T1MSB)  not provided by the 9 bit T1' field but required to determine the position of a GSM superframe (26 51-multiframes) within a hyperframe as per the legacy T1 field. Note that a device will be able to determine the case where it receives an immediate assignment message in a quarter hyperframe that occurs immediately after the quarter hyperframe in which it acquired EC-SCH information thereby allowing it to correctly determine the T1 value applicable to when it acquired the EC-SCH information.
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' as follows;

T2'(4 bits) range 0 to 12= (FN –T1*26*51) div 102

With these redefinitions devices need an indication T2'' 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 the value for T2'' (i.e. indicating if an EC-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 attempting to read EC-SCH bursts on TS1 will be able to determine FN within a quarter hyperframe accuracy, denoted FNQH as follows;

FNQH =(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'' has a value in the range {0, 1, 2, …50} and will be determined by the device through the known mapping of the FCCH onto specific TDMA frames within the 51-multiframe

An alternative design of the EC-SCH has also been considered where a single instance of the EC-SCH is repeated over four consecutive 51-multiframes. In this case devices need an indication of over which 51-multiframe border the EC-SCH information is changing. To cater for this, a circular shift is used of the encoded bits of the EC-SCH message. The shift is written as: circ_shift(encoded_bits,N), where N is applied as in figure 6.2.4.2-1a. 

With the alternative design, a device will be able to determine FN within a quarter hyperframe accuracy, denoted FNQH as;

FNQH = (51 x 52 x T1') + (4 x 51 x T2' + 51 x T2'') + T3''

where

T1' (8 bits) range 0 to 255 = 8 least significant bits of T1 = T1 mod 256

Note: T1' identifies one of 256 pairs of SFs within a quarter hyperframe)

T2' (4 bits) range 0 to 12 = (FN div (51*4)) mod 13 

Note: T2' identifies a specific set of four contiguous 51-multiframes in a pair of superframes)

T2'' (2 bits) range 0 to 3. Signalled through the cyclic shift pattern

T3'' see above.

To conclude,  after the decoding of EC-SCH to determine FNQH, the MS will have knowledge about the overall frame structure except the two most significant bits of T1, and the Base transceiver station identity code (BSIC). The two most significant bits of T1 are acquired when receiving an immediate assignment and then prepended to T1' to form T1 which is then used to determine the actual FN, denoted FNACT, as follows;

FNACT = (51 x 26 x T1) + (2 x 51 x T2' + 51 x T2'') + T3''

For more details, see Tdoc GPC150208 [6.2-4].After acquisition of EC-SCH, the device acquires the CIoT specific System Information contained in the EC-BCCH. It should finally be noted that an EC-GSM device in normal coverage may optionally read the legacy SCH to optimize the RFN acquisition time.

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


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 TS 45.001 [10].

-
Channel mapping, burst building, and burst multiplexing, see TS 45.002 [11].

-
Coding, reordering and partitioning, and interleaving, see TS 45.003 [12].

-
Differential encoding, and modulation, see TS 45.004 [13].

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. Orthogonality 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).
The overlaid CDMA technique is evaluated for EC-PDTCH/U in subclause 6.2.6.7. It is found that four users can be multiplexed with a CDMA code length of four while multiplexing of eight users (using a code length of 16) gives a performance degradation. To reduce complexity, the use of CDMA is therefore restricted to code lengths of up to four, applied to bursts within a TDMA frame. Restricting the overlaid CDMA code to be applied within a TDMA frame also has the advantage that overlaid CDMA can be applied on frequency hopping channels. In case more than four burst repetitions are used across multiple TDMA frames, the same CDMA code word will be repeatedly used per TDMA frame.
NOTE:
Whether MS and BSS support of overlaid CDMA is mandatory or optional is FFS.

NOTE:
Overlaid CDMA requires a controlled phase shift between bursts. A controlled phase might not be possible to realize in all legacy GPRS devices. Depending on the MS modulator implementation code sequences chosen from the Hadamard matrix may be preferable (phase shift of 0 or 180 degrees) compared to using the Fourier matrix (phase shift of 0, 90, 180 or 270 degrees). 

6.2.3.2
Physical layer procedure


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 TS 45.002 [11] and TS 45.003 [12], and is transmitted on TS1 in the UL. Extended coverage is achieved by blind transmission up to 32 times.  

The coding of the NB follows the definition in subclause 6.2.2.1.2.2 with the difference that 40 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 TS 45.003 [12], 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 subclause 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 Tdoc GP-020645 [6.2-1]. 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.

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 TS 44.060 [14]. 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 6.2.4.2-1.

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 TS 44.060 [14]. In extended coverage, full power is always used.

6.2.4
 Link layer aspects

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 will 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. 


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.
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Figure 6.2.4.2-1. EC-SCH mapping.
An alternative EC-SCH design is, by default, transmitted on TS1 with the same burst content over 28 instances during 4 consecutive 51-multiframes.
[image: image2.png]0

2

N — mod(# 51 mf.4)




Figure 6.2.4.2-1a. Alternative EC-SCH mapping.

6.2.4.2.4
EC-BCCH

Considering the significant reduction possible in SI content for CIoT devices, see subclause 6.2.5.3, 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.
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Figure 6.2.4.2-2. 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 6.2.4.2-3 and Table 6.2.4.2-1.
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Figure 6.2.4.2-3. 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 6.2.4.2-4 and Table 6.2.4.2-1. 
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Figure 6.2.4.2-4. 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 two 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.
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Figure 6.2.4.2-5. 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 6.2.4.2-1, 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 6.2.4.2-6. 
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Figure 6.2.4.2-6. 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.
An EC-GSM device will not be able to interpret a legacy DL PACCH block since it will attempt to decode DL PACCH blocks using a new block format defined for EC-PACCH as described in [3]. In addition, an EC-GSM device will expect the stealing flags to indicate CS-3 whenever a EC-GSM DL PACCH block is sent whereas the stealing flags will indicate CS-1 or MCS-0 whenever a legacy DL PACCH block is sent. Similarly, a legacy device will not be able to interpret an EC-GSM DL PACCH block since its stealing flags will indicate CS-3 and it is coded differently from both legacy PACCH blocks and legacy data blocks. 

Legacy devices use T3190 to verify the ongoing arrival of downlink RLC data blocks such that the extended absence of RLC data blocks is what leads to an abnormal release of a DL TBF (i.e. when T3190 expires). As such, the inability of a legacy device to interpret one or more DL radio blocks resulting from the BSS transmitting EC-GSM DL PACCH blocks on timeslots it is monitoring will not result in any operational problem.

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 6.2.4.2-6 and Table 6.2.4.2-1. 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 TS 45.002 [11] is used. Table 6.2.4.2-1 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 6.2.4.2-1. 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

	Alt. EC-SCH
	D
	1
	C0
	SB
	204
	-
	B0(0,1,2,3,4,5,6 +51 N), N=0,1,2,3

	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)

	
	
	
	
	
	102
	6
	B0(0,…,15 + 51N),B1(16,…,31 + 51N),B2(32,…,47 + 51N) , N=0,1

	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

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 will be a subset of EC-PCHCC5.
This is illustrated in table 6.2.4.3-1 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 6.2.4.3-1. For more information on the mapping of logical channels onto physical channels, see subclause 6.2.4.2.5.

Table 6.2.4.3-1. 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 6.2.4.3-2 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 6.2.4.3-2 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 6.2.4.3-2. 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 6.2.4.3-1 (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 6.2.4.3-1. Coverage Class Specific Paging Groups per Example 1

As can be seen in Figure 6.2.4.3-1, 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 ex
6
.2.4.3.2a
Realizing Extended DRX Cycle Lengths

6.2.4.3.2a.1
Time Coordinated Cells – Radio Interface

Realizing extended DRX (eDRX) requires the coordination of paging occasions across the radio interface of multiple cells thus mitigating the potential for missed pages. This means that each paging occasion of a device needs to occur at approximately the same time over the radio interface for each cell in the set of cells used for paging that device. As such, the largest difference in radio interface synchronization between any two cells in the set cells used for paging (e.g. the cells in a routing area) shall not exceed 4 seconds.
6.2.4.3.2a.2
Realizing Time Coordinated Cells – SGSN (subject to ongoing SA2 investigation)
Realizing eDRX requires the SGSN to have knowledge of when the paging occasion of a device is approaching within the set of cells comprising its paging area. This can be realized as follows:

· A BSS should send the SGSN information that can be used for determining the “time remaining until the next paging occasion”.

·  The legacy Routing Area Update (RAU) procedure can be modified so that it can be used as an opportunity for the SGSN to provide the BSS with the information it needs to calculate the “time remaining until the next paging occasion”.

· The SGSN includes IMSI, eDRX cycle and Coverage Class information within the BSSGP PDU used to send the RAU Accept from the SGSN to the BSS.

· The BSS retains these TLLI specific parameters (IMSI, eDRX cycle and Coverage Class) for a certain minimum amount of time (e.g. 10 seconds).

· If it receives an uplink LLC PDU (containing a RAU Complete) having a TLLI for which it still has these TLLI specific parameters it will calculate the “time remaining until the next paging occasion” and include it along with the received uplink LLC PDU within the BSSGP PDU it sends to the SGSN.

· The SGSN uses the negotiated eDRX cycle length and “time remaining until the next paging occasion” to determine the occurrence of ongoing paging occasions for that device..

· The value of the eDRX cycle timer remains valid for the device (unless modified due to reception of new eDRX cycle information or a new value for “time remaining until the next paging occasion”) regardless of whether an SGSN actually triggers the transmission of a page to that device using any of the ongoing paging occasions.

· Paging requests are buffered in the SGSN until shortly before expiration of the device specific eDRX cycle timer or the device enters the Ready state. i.e. The SGSN needs to take into account the largest difference in radio interface synchronization between the cells used for paging.
Upon receiving a paging request the BSS calculates the precise paging occasion on the radio interface using IMSI + eDRX cycle length + coverage class information included within paging request.
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 6.2.4.3-2. 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 6.2.4.3-1).

·  
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. 
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.

See subclause 6.2.6.3 for link performance evaluation of the multiplexing/de-multiplexing principles.

6.2.4.5
Retransmission schemes

Hybrid ARQ together with incremental redundancy, as defined for EGPRS today, should be used by the network and will 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.
To lower device complexity, and to align design in both DL and UL, incremental redundancy is only utilized for MCS-3 and MCS-4, which due to its high code rate show significant gains in performance by reducing the code rate after multiple transmissions. However, little or no gain is seen by using all three puncturing schemes currently defined for those MCSs, and hence only 2 puncturing schemes are used. For MCS-1 and MCS-2, no additional gains are seen by using incremental redundancy compared to chase combining, see subclause 6.2.6.5, and hence only one puncturing scheme is used for these MCSs.

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 6.2.4.2-1 for details. For each UL CC there will be an associated TSC which will 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, will be supported by the device, and implicitly signalled to the network by using the new access format. 

All access options are summarized in table 6.2.4.6-1.
Table 6.2.4.6-1: 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

- 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

- MS ID included for faster contention resolution

- Used by CIoT devices in extended coverage

	NOTE 1: See Table 6.2.4.2-1 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 (~4 km cell radius, when indicated in SI) 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 will 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 6.2.4.6-2. 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 will, 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 6.2.4.6-3. 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 will 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.

A device that determines it has low or no mobility and is operating in a large cell will make at least one AB based system access request and successfully complete the corresponding uplink transmission (report) to determine the Timing Advance (TA) to apply when attempting a subsequent NB based system access in its current cell.

Once a device has acquired cell specific TA information, it is able to attempt NB based system access requests (i.e. a device that has determined it has low or no mobility will retain knowledge of TA received in a large cell for future NB based system access attempts in that cell).

A device that is unable to successfully perform a NB based system access, irrespective of the state of the flag in SI indicating small cell, will revert back to using AB based system access until it successfully completes another uplink transmission.

6.2.4.6.3
Training Sequence Codes

EC-GSM devices are required to support the 11bit AB format as well as the NB format and TSC's will be used for indicating the burst format used in the access attempt. To also support the legacy 8 bit AB format on TS0 a separate TSC will be allocated. Each coverage class will be allocated a TSC to distinguish between different coverage class users trying to access the EC-RACH on TS1. Different TSC´s will also be used to indicate the supported capabilities for the device i.e. a MCS-1-4 capable device or a MCS-1-9 capable device but there is no need for an extended coverage class device to indicate anything else than MCS-1-4 support. The RACH on TS0 only supports coverage class 1 devices and there will therefore be no need to indicate UL coverage class.

The TSC usage on TS0 for EC-GSM devices is therefore proposed to be:

· 1 TSC for 8 bit access (legacy devices only) 

· 1 TSC for NB access 

· 1 TSC for AB access MCS-1-4  

· 1 TSC for AB access MCS-1-9  

 The TSC usage on TS1 for EC-GSM devices is proposed to be:

-
3 TSC's for CC1: 

-
1 TSC for NB access

-
1 TSC for AB access + MCS-1-4 support 

-
1 TSC for AB access + MCS-1-9 support

-
10 TSC's for CC2 to CC6: 

-
1 TSC per coverage class for AB access 

-
1 TSC per coverage class for NB access

This results in a maximum TSC usage of 4 for TS0 and 13 for TS1. It is important to differentiate TSC usage with TSC detection. By coupling the TSC usage with coverage class only one TSC can be used per coverage class. In addition, each device can only send its bursts using TDMA frames specific to its coverage class. This leads to a very reasonable BTS implementation regarding TSC detection complexity as it will be four TSC's to detect on TS0, a maximum of three on TS1 for CC1 devices and a maximum of two on TS1 for each of CC2 through CC6.  

6.2.4.6.4
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 signalling), or enhanced AB based contention resolution, see subclause 6.2.4.6.8.

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.

6.2.4.6.5
System Access Procedure

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 will 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 will 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 6.2.4.2-5. 

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. 

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.
6.2.4.6.6
Adjusting the Estimated Coverage Class

A device that supports EC-GSM may estimate its coverage as necessary (implementation specific) except while in packet transfer mode or while in a power saving state.  It uses its estimated coverage class when attempting either an AB or NB based system access.  
·   If a device is unable to perform an AB based system access after sending the maximum number of allowed EC-RACH retransmissions, it may determine that its current estimation of coverage class is incorrect (i.e. too optimistic) or it may decide trigger the cell re-selection procedure (implementation specific). 
·  If it decides that its currently estimated coverage class is too optimistic it shall increment it and then attempt another AB based system access using AB. If the system access is successful the use of NB may then also be possible for subsequent system access attempts (see discussion above). 
 If after incrementing its coverage class the device remains unable to perform an AB based system access (after sending the maximum number of allowed EC-RACH retransmissions) it may repeat the process of incrementing its coverage class or it may decide to trigger the cell re-selection procedure (implementation specific).
6.2.4.6.7
Overload Control 

The EC-SCH supports payload space that can be used for conveying information in addition to the TDMA frame reference information within the hyperframe. Since the EC-SCH will be read prior to attempting system access, and since its repetition period is always chosen to cater for devices in the worst case coverage scenarios, it serves as a convenient logical channel from which CIoT devices can read an Implicit Reject Status (IRS) field that determines the type of access barring in effect at any point in time. In addition, the EC-SCH content can be changed as often as once every two 51-multiframes (~470ms) thereby allowing for a near real time mechanism for setting IRS in response to any access loading problem that may be detected. For EC-GSM overload control IRS is seen as consisting of a 2 bit field having the following meaning: 

· 00 - no barring

· 01 - bar all roamers (homers and exception reporting are enabled)

· 10 - bar homers and roamers (only exception reporting is enabled)

· 11 - bar all devices (homers, roamers and exception reporting are all barred)

Homers:  Devices operating in a home PLMN (HPLMN).

Roamers: Devices operating in a visited PLMN (VPLMN).

Exception Reporting: Devices that want to send an exception report

A device not attempting exception reporting and that considers itself to be in a HPLMN will first read IRS prior to attempting system access. 

-
If IRS = 10 the device will immediately consider itself as barred and will then read system information to determine which specific home PLMN(s) are barred and proceed as follows: 

-
If system information does not indicate its specific HPLMN is barred it will proceed with its system access attempt. In this case it will at most experience a few seconds of delay in attempting its system access (due to SI acquisition) but this is not considered to be a major concern for these devices.

-
Otherwise, it will start a timer TBAR and will not re-attempt system access until this timer expires. TBAR is similar to legacy timer T3236 (range 10 to 200 seconds with .1 second granularity) but may have a different set of values from which a device draws a value according to a uniform probability distribution.

-
If IRS = 11 the device will  start a timer TBAR and will not re-attempt system access until this timer expires. 

A device not attempting exception reporting and that considers itself to be in a VPLMN will first read IRS prior to attempting system access. 

-
If IRS = 01, 10 or 11 the device will start a timer TBAR and will not re-attempt system access until this timer expires. 

A device attempting exception reporting will first read IRS prior to attempting system access. If IRS = 11 the device will start a timer TBAR and will not re-attempt system access until this timer expires. 

·  Note that the barring of devices attempting exception reporting is not expected to occur frequently but is supported given the potential for excessive exception reporting due to poor device configuration practices wherein certain types of reporting are incorrectly marked as falling into the exception reporting category. 

·  In addition, to allow for emergency related exception reporting (e.g. public safety related) to take precedence over non-emergency exception reporting, allowing for IRS = 11 is seen to be essential. 

·  To mitigate the impact of a false positive for the EC-SCH that results in a device with a pending exception report falsely concluding that exception reports have been barred (i.e. IRS = 11), a reduced value for TBAR can be associated with the exception reporting case.
6.2.4.6.8
Enhanced AB Based Contention Resolution

6.2.4.6.8.1
TLLI Inclusion in One Data Block
To minimize the overhead of TLLI inclusion, a device may optionally only include the TLLI in the first RLC block it sends during an uplink transmission. To minimize the risk of collision between devices, a supplementary short TLLI can be included in the subsequent blocks. Upon receiving an uplink resource assignment within an Immediate Assignment message a device will include the 4 least significant bits of its TLLI, i.e. a reduced TLLI (rTLLI), in the RLC data block header for all but the first radio block it transmits during the corresponding uplink data transmission (see Figure 6.2.4.6-1). To support the introduction of the reduced TLLI (rTLLI) four spare bits in the uplink RLC data block header are re-defined as shown in Figure 6.2.4.6-2.
	MS
	BSS

	1. EGPRS Packet Channel Request [RACH]

	2. Immediate Assignment [AGCH]

	3. Uplink RLC Data Block (BSN=0, TFI, TLLI) [PDTCH]

	4. Uplink RLC Data Block (BSN=1, TFI, rTLLI) [PDTCH]

	5. Uplink RLC Data Block (BSN=2, TFI, rTLLI) [PDTCH]

	6. Uplink RLC Data Block (BSN=3, TFI, rTLLI) [PDTCH]

	7. Uplink RLC Data Block (BSN=4, TFI, rTLLI) [PDTCH]

	8. Packet Uplink Ack/Nack (TFI, TLLI, FAI=1) [PACCH]

9. Packet Control Ack [PACCH]




Figure 6.2.4.6-1: Enhanced AB  Based Contention Resolution (5 RLC data blocks sent)
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Figure 6.2.4.6-2: rTLLI in MCS-1, MCS-2, MCS-3 and MCS-4 data blocks
6.2.4.6.8.2
Access Collisions Handling
Including a 3 bit random field in the EC-RACH burst and a 4 bit rTLLI in the RLC/MAC header results in about 0.8% probability of collision based on these two parameters alone. However, it needs to be understood that this 0.8% probability is conditioned by the fact that 2 devices have used the same set of EC-RACH slots to send their respective access requests on the EC-RACH. The 11 bit REQUEST_REFERENCE field included in the assignment message sent on the EC-AGCH provides information identifying the set of EC-RACH slots used by the BSS to receive the access request it is responding to and hence can be used to assist in contention resolution. 
A simulation has been run to estimate the collision probability of two devices using the same set of EC-RACH slots on the EC-RACH at different arrival rates. Figure 6.2.4.6-3 shows the probability of collision per coverage class where, for each coverage class, an arrival rate of 6.8 users/sec is experienced.  
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Figure 6.2.4.6-3. Coverage Class Specific Collision rate on EC-RACH at 6.8 Users/sec
For this arrival rate, a collision probability of around 0.05 % is seen for CC1, based on the 216 slots/sec provided by the EC-RACH. The risk of collision (i.e. the same set of EC-RACH slots are selected) is the worst for CC6 devices where the rate is 27.5 %. However, the use of CC6 by all devices is not seen as a realistic representation of the collision rate since their percentage of the overall population of MTC devices is small and as such the potential for collision by 2 CC6 devices would be far less than that shown for 6.8 uses/sec arrival rate shown in Figure 6.2.4.6-3. The majority of users in the network would still belong to CC1, also with the aggressive building penetration loss model used in the study.

To get some estimate on the collision rate when having a mix of coverage classes, all coverage classes can be assumed to occur in the general population of devices with equal probability (i.e. each coverage class has a corresponding arrival rate of about 1.1 users/sec). This is again a pessimistic assumption considering that the majority of users are in coverage class 1 and that the number of users in a given coverage class reduces with the increase of the coverage class. In this case the overall collision rate (i.e. two users of a given coverage class have picked the same set of EC-RACH slots) is at 2.1 % for the case of 6.8 users/sec. 

It should be noted that if users are of different coverage classes, and they collide, this will be sufficient to resolve contention (i.e. the DL coverage class value indicated in the received access request is echoed in the corresponding immediate assignment and will allow one of the devices to realize its access request was not received). 

Hence, for the targeted arrival rate of 6.8 users/sec (~1.1 users/sec contributed by each coverage class), the risk of having more than two users of the same coverage class transmitting in the same EC-RACH slots, using the same random field, and using the same rTLLI, could (with a pessimistic assumption) be estimated to be ~ 0.021*0.008 = 0.017 %.
For the sake of simplicity the following is assumed for the case of a rTLLI collison that occurs subsequent to an EC-RACH collision where 2 users use the same 3 bit random field and the same set of EC-RACH slots:

· The BSS will receive all expected data blocks but will not have a Frame Check Sequence (FCS) correct LLC PDU (i.e. the SGSN will discard the LLC PDU it receives from the BSS since it will have been constructed by the BSS using at least 1 data block from each device). In this case the device that does not receive a PUAN with a matching TLLI will make another access attempt and the device that receives a PUAN with a matching TLLI will still make another access attempt due to the SGSN discarding the LLC PDU (i.e. the device that receives a PUAN with a matching TLLI will not receive an application layer ack).

· For the case where the first data block is lost the first PUAN will indicate rTLLI (not TLLI) causing both devices to continue to transmit additional uplink data blocks as indicated by the PUAN. However, regardless of which device eventually has its first data block received by the BSS (indicated by a subsequent PUAN) the outcome will be the same as described above (i.e. the BSS is not expected to have a FCS correct LLC PDU due to receiving at least 1 data block from each device). 
· For the case where there is no rTTLI collision the probability of a BSS being able to capture all uplink radio blocks from one of two devices is considered to be the same as when two devices include their respective TLLIs in each of the data blocks they transmit prior to PUAN reception (as per legacy procedures). As such, the case where two devices use different rTLLI values is assumed to always result in the BSS eventually receiving all required data blocks from one of the devices (i.e. data block reception performance by the BSS will in this case be as robust as legacy mode).
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 TS 44.060 [14], applies to CIoT devices. 

In order to reduce overall device complexity and implementation effort, the following also applies:

-
Only RLC Acknowledged mode is supported.

-
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 will 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 will be supported (today EGPRS supports a buffer size up to 1024).

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

In addition to the RLC procedures in clause 9 of [14] the following also applies:

-
Open and close ended fixed uplink allocations are 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 6.2.4.9-1 and 6.2.4.9-2 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 6.2.4.9-1. EGPRS downlink RLC data block header for MCS-1, MCS-2, MCS-3 and MCS-4.
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Figure 6.2.4.9-2. 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.

6.2.4.9.2.3
Polling (P)

The legacy RRBP, S/P fields are merged to create a single 2 bit P field used to indicate when a device has been polled and if polled where it is to begin transmitting the corresponding UL EC-PACCH message. However, further investigation of a suitable size for P is foreseen.

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 6.2.4.2-1, 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 6.2.4.2-1.


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 TS 44.060 [14].
One exception is the CPS field for MCS-1-4 in Header type 3 which can be reduced in EC-GSM operation to what is shown in table 6.2.4.9-1, due to the removal of puncturing schemes, see subclause 6.2.4.5 and 6.2.6.5.

Table 6.2.4.9-1. CPS field for Header type 3 for EC-GSM.

	bits
321
	CPS

	000
	MCS-4/P1 

	001
	MCS-4/P2 

	010
	MCS-3/P1 

	011
	MCS-3/P2 

	100
	MCS-3/P1 with padding

	101
	MCS-3/P2 with padding

	110
	MCS-2/P1 

	111
	MCS-1/P1 


6.2.4.9.2.7
Follow-On Indicator (FOI)

This field is added to support the open-ended fixed uplink allocations whereby a device can inform the BSS that it needs to send an additional set of RLC data blocks after making use of all transmission opportunities provided by the previous fixed uplink allocation: 

· The UL TBF request message sent on the EC-RACH or EC-PACCH (part of the EC-PDAN) to trigger a Fixed UL Allocation (FUA) based transmission indicates how many UL RLC data blocks in total a device has to send for a pending uplink delivery session (i.e. up to 16 per uplink delivery session).

·  When sending the last UL RLC data block of the current FUA based uplink delivery session, where there is no additional UL payload to send, a device sets FOI = 0. The Block Count field will in this case be set to '0000'.

· Otherwise, the device sets FOI = 1 and the number of UL RLC data blocks to be sent in the next FUA based uplink delivery session is indicated by the Block Count field as shown in Figure 2.

·  Upon receiving an EC-PUAN indicating the reception status of the current FUA based uplink delivery session a device is also informed of the set of pre-allocated UL radio blocks it is to use for the pending uplink delivery session.

· This process is repeated as often as required to complete the transmission of all uplink payload pending at the device.

6.2.4.9.2.8
Block Count

This field is used to indicate the number of additional UL RLC data blocks (based on MCS-1 coding) the device has to transmit for the pending uplink delivery session and only has meaning if the preceding FOI field = 1. Note that the same field is used in the access request sent on the EC-RACH/RACH to trigger the initial fixed uplink allocation, see subclause 6.2.4.6.2.   When FOI = 0 this field becomes spare and can assume any value if called for by future functionality.

6.2.4.9.2.9
Pending Downlink Transmission (PDT)

This field allows a device to inform the BSS when it expects to receive downlink payload shortly after the completion of the current FUA based uplink delivery session. When PDT = 1 in one or more of the RLC data blocks sent during the current uplink delivery session the corresponding EC-PUAN needs to indicate if the device should wait for the pending DL TBF assignment on the DL EC-PACCH or on the EC-AGCH. In this case the EC-PUAN can also indicate the specific amount of time the device is to wait before it starts to monitor the DL EC-PACCH or the EC-AGCH for the pending DL TBF assignment.
6.2.4.9.2.10
Final Block Indicator (FBI)

The network initiates the release of a downlink TBF by sending the last RLC data block of a downlink transmission with the Final Block Indicator (FBI) set to '1' and polling the device for a EC-PDAN in the same RLC data block.
6.2.4.9.2.11
Spare bits

In the RLC/MAC DL header, seven 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, seven (or eleven for the case for FOI = 0) spare bits are defined for future use. Also for the UL, an extended TFI identifier space could be catered for. Also, the use of Enhanced AB Based Contention Resolution, will result in using four of these spare bits, see subclause 6.2.4.6.8.
6.2.4.9.3
RLC Control Block header (EC-PACCH)

6.2.4.9.3.1
Header format

The EC-PACCH block is coded according to description in subclause 6.2.2.1.2 with a payload content of 8 octets in the UL and 10 octets in the DL. The number of header fields are reduced compared to legacy operation due to the reduced RRC functionality required to support a device in EC-GSM packet transfer mode (see Figures 6.2.4.9-2 and 6.2.4.9-3). 
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Figure 6.2.4.9-2: EC-GSM Uplink RLC/MAC control block together with its MAC header
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Figure 6.2.4.9-3: EC-GSM Downlink RLC/MAC control block together with its MAC header

6.2.4.9.3.2
Retry (R)

This field is maintained as per legacy operation (see TS 44.060).

6.2.4.9.3.3
Polling (P)

The legacy RRBP, S/P fields are merged to create a single 2 bit P field used to indicate when a device has been polled and if polled where it is to begin transmitting the corresponding UL EC-PACCH message. However, further investigation of a suitable size for P is foreseen.

6.2.4.9.3.4
USF 

This field is maintained as per legacy operation.

6.2.4.9.3.5
Power Reduction (PR), TFI 

These fields are maintained as per legacy operation (see TS 44.060).

6.2.4.9.3.6
Reduced Block Sequence Number (RBSN) 

This field can be maintained as per legacy operation since a DL EC-PACCH message will require a maximum of two EC-PACCH blocks. 

6.2.4.9.3.7
Spare bits

In the UL EC-PACCH header 7 spare bits are available for future use. In the DL EC-PACCH header 2 spare bits are available for future use.

6.2.5
Radio resource management


6.2.5.1
(EC-)CCCH mapping on TS0 and TS1

A Cellular IoT device, regardless of coverage class (CC), is required to synchronize to the network via the FCCH and the EC-SCH. The EC-SCH contains a single bit flag directing CC1 devices to access the network using the legacy RACH on TS0 or the EC-RACH on TS1. Since the EC-SCH is repeated over two consecutive 51-multiframes, this flag can, for example, be toggled every 102 TDMA frames to spread device accesses evenly over CCCH/U and EC-CCCH/U.

In addition to the load sharing between the RACH on TS0 and EC-RACH on TS1, it is proposed to support the same functionality between the AGCH and EC-AGCH. I.e. in case a device attempting Mobile Autonomous Reporting has determined its access to be on the RACH on TS0 it will monitor the corresponding DL resource on the AGCH on TS0 for a response to its access request, and the same principle would apply on EC-RACH and EC-AGCH on TS1.

Regarding the case of Network Command it is assumed that the load on the EC-PCH channel will be modest. No load balancing between the PCH on TS0 and EC-PCH on TS1 is therefore foreseen to be needed and as such all attempts to send a page response by EC-GSM devices will be based on using the EC-RACH.

CC2 and higher devices will always make use of the EC-CCCH on TS1.

All CC1 devices attempting Mobile Autonomous Reporting are expected to make use of the EC-GSM overload control mechanism regardless if they make use of the RACH or the EC-RACH.

Table 6.2.5.1-1: (EC-)CCCH resource handling for EC-GSM devices
	Logical channel
	Coverage class 
	Resource

	FCCH
	All
	TS0

	SCH1
	All
	TS1

	EC-BCCH
	All
	TS1

	(EC-)RACH1 
	1

>1
	TS0 or TS1

TS1

	(EC-)AGCH1 
	1

>1
	Same as used for (EC-)RACH

TS1

	EC-PCH 
	All
	TS1

	NOTE: 
Including both regular and EC-channels with the understanding that regular channels make use of TS0 and EC-channels make use of TS1.


6.2.5.2
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.

6.2.5.3
System Information

The BCCH space requirements for EC-GSM 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:

-
No support of CS related functionalities, hence no need to support DTM, CS domain access control, Voice Broadcast Service and Voice Group Call Service etc.

-
COMPACT GSM information not supported.

-
PS Handover nor Idle mode measurement reporting not supported (no measurement reporting).

-
Inter-RAT mobility (to and from EC-GSM) not supported.

-
Cell reselection supported but limited to EC- GSM neighbour cells and legacy type GSM neighbour cells.

-
Cell Change Notification not supported.

-
Multiple PLMNs up to 4 additional PLMNs supported.

-
MBMS not supported.

-
Access Barring control (PS domain centric), on a PLMN specific basis, 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 the same periodicity within the cell. 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).

An example of a detailed analysis of legacy GSM System Information together with its intended purpose and applicability to EC-GSM based systems is provided in Tdoc GP-140603 [6.2-3] where the conclusions are provided in Table 6.2.5.3-1 below.

Table 6.2.5.3-1. Legacy GSM SI Content Mapped to EC-GSM BCCH Space
	GSM SI message
	Equivalent Information Needed for Cellular IoT BCCH?
	Projected Cellular IoT BCCH space per cycle

	SI 1
	Yes
	33 (Note)

	SI 2
	Yes
	10

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

	SI 2n
	No
	0

	SI 3
	Yes
	14

	SI4
	No
	0

	SI 5, SI 5bis, SI 5ter ,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
	Yes
	13

	SI 23
	No
	0)

	SI New
	Yes
	1

	Total:
	
	78

	Note:
33 octets represent a worst case scenario when 32 non-contiguous ARFCNs in the value range 513 to 1024 are included in the Cell Allocation list. However, it is expected that most cells will broadcast a CA list that will require much less space (e.g. if only contiguous ARFCNs are included in the CA list).


As indicated in Table 6.2.5.3-1, about 78 octets will be required to transmit a full cycle of system information which translates to 4 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 5 or 6 CS-1 coded radio blocks can be used if needed for future enhancements. Using 4 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 each of the following three CS-1 coded radio block during the next 48 consecutive 51-MF.  As such, a device in the worst coverage class will receive a full cycle of BCCH information about once every 16 seconds.

-
The 16 second acquisition time can be reduced to 8 seconds by allowing a 2nd radio block on TS1, similar to BCCH extended supported by current GSM operation, within each 51-MF to send EC-BCCH information.

6
.2.5.4
Void

6.2.5.5
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 attempting system access on TS0 supports: 

-
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 AGCH signaling (i.e. new AGCH messages)  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 6.2.4.2-1) 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).

6.2.5.6
EC-PACCH Message Set

A reduced functionality is expected for managing EC-GSM devices in EC-Packet Transfer mode considering that the prime activity performed will be the transfer of a limited number of RLC data blocks using Acknowledged mode without the need for measurement reporting, PS Handover, RR connection establishment, multiple TBFs, ongoing uplink and downlink TBFs etc. As such, a substantially simplified set of EC-PACCH messages with reduced content (compared to legacy PACCH messages) will be needed as described below:

6.2.5.6.1
EC Packet Access Reject – DL EC-PACCH

This EC-PACCH message will only be sent for the case where PDAN indicates all DL data blocks have been received and the device requires the establishment of an UL TBF (indicated within the PDAN) but the BSS cannot allocate the requested UL resources. If this occurs the device will simply return to the EC-Packet Idle state and use the EC-RACH/RACH to re-attempt UL TBF establishment.  
	< EC-Packet Access Reject message content > ::=


< Message Type : bit (6) >


< DOWNLINK_TFI : bit (5) >


< USED_DL_COVERAGE_CLASS : bit (3) >


{ 0 | 1
< WAIT_INDICATION : bit (8) >





< WAIT _INDICATION_SIZE : bit (1) > } ;


6.2.5.6.2
EC Packet Downlink Ack/Nack – UL EC-PACCH

This EC-PACCH message will only be sent by a device when polled to do so by the BSS. 

	< EC-Packet Downlink Ack/Nack message content > ::=


< Message Type : bit (6) >


< DOWNLINK_TFI : bit (5) >


< MS OUT OF MEMORY : bit (1) >

< START_OF_WINDOW : bit (5) > 


< EGPRS Ack/Nack Description : bit (8) > 


{ 0 | 1
< Channel Request Description : < Channel Request Description struct > > } ;
< Channel Request Description struct > ::=


< PRIORITY : bit (1) >


< NUMBER_OF_UL_DATA _BLOCKS : bit (4) > ;


6.2.5.6.3
EC Packet Upink Ack/Nack – DL EC-PACCH

. This EC-PACCH message will only be sent to a device after the BSS has attempted to receive each of the pre-allocated UL data blocks indicated by the EC-AGCH Uplink Assignment message or EC-PUAN message that allocates the UL TBF resources. 

	< EC-Packet Uplink Ack/Nack message content > ::=


< Message Type : bit (6) >


< UPLINK_TFI : bit (5) >


< USED_DL_COVERAGE_CLASS : bit (3) >


< START_OF_WINDOW : bit (5) > 


< EGPRS Ack/Nack Description : bit (8) >


< TBF_CONTROL : bit (2) > 


{ 0 | 1
< CONTENTION_RESOLUTION_TLLI : bit (32) > }


{ 0 | 1


-- additional fixed uplink allocation provided




< NUMBER_OF_UL_DATA _BLOCKS : bit (4) >




< OFFSET_TO_PACCH_BLOCK : bit (4) >




{ 0 | 1 < OFFSET_TO_DATA _BLOCK : bit (3) > } * (val(NUMBER_OF_UL_DATA _BLOCKS – 1))




< RESEGMENT : bit (1) > 




{ 0 | 1


-- updated TBF information provided






{ 0 | 1
< EGPRS Modulation and Coding Scheme : bit (4) > }






{ 0 | 1
< Packet Timing Advance : bit (6) > }






{ 0 | 1
< Power Control Parameters : < Power Control Parameters IE > > }






{ 0 | 1
< TIMESLOT_ALLOCATION_UL : bit (8) > }

	




{ 0 | 1
< UL_COVERAGE_CLASS : bit (3) > }






{ 0 | 1
< DL_COVERAGE_CLASS : bit (3) > }




}


} ;

< Power Control Parameters IE > ::=


< ALPHA : bit (4) >


{ 0 | 1 < GAMMA_TN0 : bit (5) > }


{ 0 | 1 < GAMMA_TN1 : bit (5) > }


{ 0 | 1 < GAMMA_TN2 : bit (5) > }


{ 0 | 1 < GAMMA_TN3 : bit (5) > }


{ 0 | 1 < GAMMA_TN4 : bit (5) > }


{ 0 | 1 < GAMMA_TN5 : bit (5) > }


{ 0 | 1 < GAMMA_TN6 : bit (5) > }


{ 0 | 1 < GAMMA_TN7 : bit (5) > } ;




6.2.5.6.4
EC Packet Control Ack – UL EC-PACCH

This message will only be sent by a device in response to receiving a PUAN indicating the successful completion of an UL TBF when the TBF_CONTROL field in the PUAN message indicates a Packet Control Ack is required. 

	< EC-Packet Control Acknowledgement message content > ::=


< Message Type : bit (6) >


{ 0 < UPLINK_TFI : bit (5) > | 1 < TLLI : bit (32) > }


< CTRL_ACK : bit (2) > ;


6.2.5.6.5
EC Packet Downlink Dummy Control Block – DL EC-PACCH

The BSS may choose to send this EC-PACCH message as a filler block using resources assigned for any downlink TBF.

	< EC-Packet Downlink Dummy Control Block message content > ::=


< Message Type : bit (6) > 


< USED_DL_COVERAGE_CLASS : bit (3) > ;


6.2.5.6.6
EC Packet Power Control/Timing Advance – DL EC-PACCH

This EC-PACCH message allows a BSS to transmit adjust power level/timing advance if necessary during a TBF even though the potential for needing to do so is expected to be low given the short duration of UL transmissions made by CIoT devices (e.g. 100 octets). It can also be sent to a device during a DL TBF if needed.  
	< EC-Packet Power Control/Timing Advance message content > ::=


< Message Type : bit (6) >


{ 0 < UPLINK_TFI : bit (5) > | 1 < DOWNLINK_TFI : bit (5) > }


< USED_DL_COVERAGE_CLASS : bit (3) >


{ 0 | 1 < Global Power Control Parameters : < Global Power Control Parameters IE >> }


{ 0 | 1 < Global Packet Timing Advance : < Global Packet Timing Advance IE > > }


{ 0 | 1 < Power Control Parameters : < Power Control Parameters IE > > }


{ 0 | 1 < Packet Extended Timing Advance : bit (2) > } ;

< Global Power Control Parameters IE > ::=


< ALPHA : bit (4) >


< T_AVG_W : bit (5) >


< T_AVG_T : bit (5) >


< Pb : bit (4) >


< PC_MEAS_CHAN : bit (1) >


< N_AVG_I : bit (4) > ;

< Global Packet Timing Advance IE > ::=


{ 0 | 1
< TIMING_ADVANCE_VALUE : bit (6) > }


{ 0 | 1
< UPLINK_TIMING_ADVANCE_INDEX : bit (4) >





< UPLINK_TIMING_ADVANCE_TIMESLOT_NUMBER : bit (3) > }


{ 0 | 1
< DOWNLINK_TIMING_ADVANCE_INDEX : bit (4) >





< DOWNLINK_TIMING_ADVANCE_TIMESLOT_NUMBER : bit (3) > } ;

< Power Control Parameters IE > ::=


< ALPHA : bit (4) >


{ 0 | 1 < GAMMA_TN0 : bit (5) > }


{ 0 | 1 < GAMMA_TN1 : bit (5) > }


{ 0 | 1 < GAMMA_TN2 : bit (5) > }


{ 0 | 1 < GAMMA_TN3 : bit (5) > }


{ 0 | 1 < GAMMA_TN4 : bit (5) > }


{ 0 | 1 < GAMMA_TN5 : bit (5) > }


{ 0 | 1 < GAMMA_TN6 : bit (5) > }


{ 0 | 1 < GAMMA_TN7 : bit (5) > } ;




6.2.5.6.7
EC Packet Downlink Assignment – DL EC-PACCH

This EC-PACCH message is used for the case where header information within RLC data blocks sent during an UL TBF indicates the device expects a DL response (e.g. application layer ack) shortly after completion of UL transmission. The BSS sends this message to establish the DL TBF within a limited time period after sending the PUAN confirming that all RLC data blocks of the UL TBF have been received or after receiving a Packet Control Ack message confirming device reception of the corresponding PUAN. 

	< EC-Packet Downlink Assignment message content > ::=


< Message Type : bit (6) >


< UPLINK_TFI : bit (5) >


< USED_DL_COVERAGE_CLASS : bit (3) >


< DOWNLINK_TFI : bit (5) >


{ 0 | 1


-- updated TBF information provided




{ 0 | 1
< EGPRS Modulation and Coding Scheme : bit (4) > }




{ 0 | 1
< Packet Timing Advance : bit (6) > }




{ 0 | 1
< Power Control Parameters : < Power Control Parameters IE > > }




{ 0 | 1
< TIMESLOT_ALLOCATION_DL : bit (8) > }

	


{ 0 | 1
< UL_COVERAGE_CLASS : bit (3) > }




{ 0 | 1
< DL_COVERAGE_CLASS : bit (3) > }


} ;




6.2.5.5.8
EC Packet Uplink Assignment – DL EC-PACCH 

This EC-PACCH message is used for the case where information within a PDAN sent during a DL TBF indicates the device has uplink payload to send and an UL TBF is therefore requested. The BSS sends this message to establish the UL TBF within a limited time period after receiving the PDAN confirming that all RLC data blocks of the DL TBF have been received. 

	< EC-Packet Uplink Assignment message content > ::=


< Message Type : bit (6) >


< DOWNLINK_TFI : bit (5) >


< USED_DL_COVERAGE_CLASS : bit (3) >


< UPLINK_TFI : bit (5) >


< NUMBER_OF_UL_DATA _BLOCKS : bit (4) >


< OFFSET_TO_PACCH_BLOCK : bit (4) >


{ 0 | 1 < OFFSET_TO_DATA _BLOCK : bit (3) > } * (val(NUMBER_OF_UL_DATA _BLOCKS – 1))


{ 0 | 1


-- updated TBF information provided




{ 0 | 1
< EGPRS Modulation and Coding Scheme : bit (4) > }




{ 0 | 1
< Packet Timing Advance : bit (6) > }




{ 0 | 1
< Power Control Parameters : < Power Control Parameters IE > > }




{ 0 | 1
< TIMESLOT_ALLOCATION_UL : bit (8) > }

	


{ 0 | 1
< UL_COVERAGE_CLASS : bit (3) > }




{ 0 | 1
< DL_COVERAGE_CLASS : bit (3) > }


} ;


6.2.5.7
Fixed Uplink Allocation

Fixed Uplink Allocation (FUA) is used on the uplink of an EC-PDTCH by providing a device with a fixed starting point to transmit each one of the set of RLC data radio blocks required to send its buffered user plane payload, as shown in Figure 6.2.5.7-1. 

· The key principle of FUA is that a device is pre-allocated (in an EC-AGCH Resource Assignment message) a set of radio blocks over up to 4 timeslots where it sends one or more RLC data blocks where each is repeated according to value for NTX, UL indicated by the assignment message. 

· The set of radio blocks are allocated so that all repetitions of a specific RLC data block are sent contiguously but without requiring that each of the RLC data blocks sent are sent contiguous to each other.

· After the transmission of its allocated radio blocks the device waits for a corresponding PUAN which occurs within a variable amount of time after it transmits the last allocated radio block. The PUAN provides an Ack/Nack bitmap and another set of pre-allocated uplink radio blocks (if necessary) to continue its uplink transmission.

· The sequence of signaling events shown in Figure 6.2.5.7-1 are those associated with an IoT device with an uplink coverage class requiring NTX, UL repetitions, a downlink coverage class requiring NTX, DL repetitions and requiring X MCS-1 coded RLC data blocks to send its user plane payload. 

· Due to the half-duplex nature of FUA no simultaneous downlink reception will occur during the time of an uplink transmission. 

The principles of Fixed Uplink Scheduling are summarized in Table 6.2.5.7-1.

Table 6.2.5.7-1: UL scheduling principles

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

	Normal
	Normal
	USF / Fixed UL allocation1,2

	Normal
	Extended
	Fixed UL allocation 

	Extended
	Normal
	USF / Fixed UL allocation1,2

	Extended
	Extended
	Fixed UL allocation

	NOTE1: 
In case the UL user is a non CIoT device, USF based scheduling is always used.
NOTE2:    In case the UL user is a CIoT device, fixed UL allocation is always used.
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Figure 6.2.5.7-1 – Uplink Small Data Transmission

6.2.5.8
EC-AGCH Fixed Uplink Allocation 1 message

The EC-AGCH Fixed Uplink Allocation 1 message is sent on the EC-AGCH of TS1 to assign uplink resources to a device. The uplink resources consist of a fixed uplink allocation.

The message is sent to a device in response to an access request on the EC-RACH on TS1 using Access Burst (AB). The device is addressed with the CIoT_REQUEST_REFERENCE.
Table 6.2.5.8-1 EC-AGCH Fixed Uplink Allocation 1 information elements
	< Message Type : bit (6) >

< Fixed Uplink Allocation 1 message content > ::=

< PAGE_MODE : bit (2) >


< QUARTER_HYPERFRAME_INDICATOR : bit (2) >


< USED_DL_COVERAGE_CLASS : bit (3) >

-- # repetitions used when transmitting this message


< CIoT_REQUEST_REFERENCE : bit (11) >


< TIMING_ADVANCE_VALUE : bit (6) >


< TSC : bit (3) >


< SI_FP_index : bit (3) >


-- reference to frequency parameters in System Information


< UL Fixed allocation : < UL Fixed Allocation struct > >

< DL_COVERAGE_CLASS_ASSIGNMENT : bit (3) >;
-- DL coverage class for PUAN

<UL Fixed Allocation struct > ::= 


< TIMESLOT_NUMBERS_UL_ASSIGNMENT : bit (8) >

-- indication of what TNs that are part of the allocation

< UPLINK_TFI_ASSIGNMENT : bit (5) >

< CDMA_CODE : bit (2) >

-- to be used during the uplink transfer


< UL_COVERAGE_CLASS_ASSIGNMENT : bit (3) >


< NUMBER_OF_UL_ALLOCATED_RLC_DATA_BLOCKS : bit (4) > 


< START_FN_FIRST_UL_ RLC_DATA _BLOCK : bit (5) > 


{ 0

< START_FN_NEXT_ UL_ RLC_DATA _BLOCK : bit (3) >
-- relative to end of previous UL RLC Data block


 | 1 }
-- next UL radio block starts directly after end of previous UL radio block
This part is repeated (NUMBER_OF_UL_ALLOCATED_RLC_DATA_BLOCKS – 1) times


{ 0

-- MCS-1 to be used during the data transfer


 | 1    < MCS_VALUE : bit (3) > }    -- indicates what MCS to use, if different from MCS-1 (for devices in normal coverage)


	QUARTER_HYPERFRAME_INDICATOR (2 bits) 
The Quarter Hyperframe Indicator IE indicates what quarter hyperframe the last part of the assignment message is received in.

USED_DL_COVERAGE_CLASS (3 bits) 
The Used DL Coverage Class IE indicates the number of repetitions that are used when transmitting this specific message. The IE is intended for other devices, with a downlink coverage class that requires fewer repetitions, which are listening to the same EC-AGCH blocks. Those devices can use this IE to determine that they can stop listening to the channel for some time.
SI_FP_index (3 bits) 
The SI_FP_index IE specifies what frequency parameters set, as defined in the System Information on the EC-BCCH, that applies for the assignment.


6.2.5.9
EC-AGCH Fixed Uplink Allocation 2 message

The EC-AGCH Fixed Uplink Allocation 2 message is sent on the EC-AGCH of TS1 to assign uplink resources to a device. The uplink resources consist of a fixed uplink allocation. The message is sent to a device in response to an access request on the EC-RACH on TS1 using Normal Burst (NB). The device is addressed with the last 17 bits of the MS_ID included in the access request.
Table 6.2.5.9-1 EC-AGCH Fixed Uplink Allocation 2 information elements
	< Message Type : bit (6) >

< Fixed Uplink Allocation 2 message content > ::=

< PAGE_MODE : bit (2) >


< QUARTER_HYPERFRAME_INDICATOR : bit (2) >


< USED_DL_COVERAGE_CLASS : bit (3) >

-- # repetitions used when transmitting this message


< MS_ID : bit (17) >         


    -- could e.g. be the last 17 bits of the TLLI 


< TSC : bit (3) >


< SI_FP_index : bit (3) >


-- reference to frequency parameters in System Information


< UL Fixed allocation : < UL Fixed Allocation struct > >

< DL_COVERAGE_CLASS_ASSIGNMENT : bit (3) >;
-- DL coverage class for PUAN

<UL Fixed Allocation struct > ::= 


< TIMESLOT_NUMBERS_UL_ASSIGNMENT : bit (8) >

-- indication of what TNs that are part of the allocation

< UPLINK_TFI_ASSIGNMENT : bit (5) >

< CDMA_CODE : bit (2) >

-- to be used during the uplink transfer


< UL_COVERAGE_CLASS_ASSIGNMENT : bit (3) >


< NUMBER_OF_UL_ALLOCATED_RLC_DATA_BLOCKS : bit (4) > 


< START_FN_FIRST_UL_ RLC_DATA _BLOCK : bit (5) > 


{ 0

< START_FN_NEXT_ UL_ RLC_DATA _BLOCK : bit (3) >
-- relative to end of previous UL RLC Data block


 | 1 }
-- next UL radio block starts directly after end of previous UL radio block
This part is repeated (NUMBER_OF_UL_ALLOCATED_RLC_DATA_BLOCKS – 1) times


{ 0

-- MCS-1 to be used during the data transfer


 | 1    < MCS_VALUE : bit (3) > }    -- indicates what MCS to use, if different from MCS-1 (for devices in normal coverage)


	QUARTER_HYPERFRAME_INDICATOR (2 bits) 
The Quarter Hyperframe Indicator IE indicates what quarter hyperframe the last part of the assignment message is received in.

USED_DL_COVERAGE_CLASS (3 bits) 
The Used DL Coverage Class IE indicates the number of repetitions that are used when transmitting this specific message. The IE is intended for other devices, with a downlink coverage class that requires fewer repetitions, which are listening to the same EC-AGCH blocks. Those devices can use this IE to determine that they can stop listening to the channel for some time.
SI_FP_index (3 bits) 
The SI_FP_index IE specifies what frequency parameters set, as defined in the System Information on the EC-BCCH, that applies for the assignment.


6.2.5.10
AGCH Fixed Uplink Allocation Assignment message

The AGCH Fixed Uplink Allocation Assignment message is sent on the AGCH of TS0 to assign uplink resources to a device. The uplink resources consist of a fixed uplink allocation.

The message is sent to a device in response to an access request on the RACH on TS0 using either Access Burst (AB), with a 11 bit format starting with ‘100’, or Normal Burst (NB). The device is addressed either with the Request_reference and Request_FN_info, in case the access request was performed using AB, or with the 30 last bits of the MS_ID included in the access request, in case the access request was performed using NB.
Table 6.2.5.10-1 EC-AGCH Fixed Uplink Allocation 1 information elements
	IEI
	Information element
	Type / Reference
	Presence
	Format
	length

	
	L2 Pseudo Length
	L2 Pseudo Length
10.5.2.19
	M
	V
	 1

	
	RR management Protocol Discriminator
	Protocol Discriminator
10.2
	M
	V
	1/2

	
	Skip Indicator
	Skip Indicator
10.3.1
	M
	V
	1/2

	
	Fixed Uplink Allocation Assignment Message Type
	Message Type
10.4
	M
	V
	1

	
	Page Mode
	Page Mode
10.5.2.26
	M
	V
	1/2

	
	Feature Indicator
	Feature Indicator
10.5.2.76
	M
	V
	1/2

	
	FUAA Rest Octets
	FUAA Rest Octets
10.5.2.xx
	M
	V
	19


6.2.5.11
EC-AGCH Assignment Reject message

The EC-AGCH Assignment Reject message is sent on the EC-AGCH of TS1 to up to four devices to reject their access requests. The device(s) is/are addressed with the CIoT_Request_Reference, in case the access request was performed using Access Burst (AB), or with the last 17 bits of the MS_ID included in the access request, in case the access request was performed using Normal Burst (NB).

Table 6.2.5.11-1 EC-AGCH Assignment Reject information elements
	< Message Type : bit (6) >

< Assignment Reject message content > ::=

< PAGE_MODE : bit (2) >


< USED_DL_COVERAGE_CLASS : bit (3) >

-- # repetitions used when transmitting this message


-- First rejected device


{ 0  < CIoT_Request_Reference_1 : bit (11) >       -- Identity for access request performed using AB       


  | 1  < MS_ID_1 : bit (17) > }    -- Identity for access request performed using NB


< WAIT_INDICATION_1 : bit (5) >     -- waiting time for first device


-- Second rejected device


{ 0  < CIoT_Request_Reference_2 : bit (11) >       -- Identity for access request performed using AB       


  | 1  < MS_ID_2 : bit (17) > }    -- Identity for access request performed using NB


< WAIT_INDICATION_2 : bit (5) >     -- waiting time for second device


-- Third rejected device


{ 0  < CIoT_Request_Reference_3 : bit (11) >       -- Identity for access request performed using AB       


  | 1  < MS_ID_3 : bit (17) > }    -- Identity for access request performed using NB


< WAIT_INDICATION_3 : bit (5) >     -- waiting time for third device


-- Fourth rejected device


< CIoT_Request_Reference_4 : bit (11) >       -- Identity for access request performed using AB       


< WAIT_INDICATION_4 : bit (5) >     -- waiting time for fourth device


	USED_DL_COVERAGE_CLASS (3 bits) 
The Used DL Coverage Class IE indicates the number of repetitions that are used when transmitting this specific message. The IE is intended for other devices, with a downlink coverage class that requires fewer repetitions, which are listening to the same EC-AGCH blocks. Those devices can use this IE to determine that they can stop listening to the channel for some time.
WAIT_INDICATION (5 bits) 
The Wait Indication IE provides the time the device shall wait before attempting another request.


6.2.5.12
Flexible Downlink Allocation

Flexible Downlink Allocation (FDA) is used on the downlink of an EC-PDTCH by sending a device a Downlink Assignment message that indicates the earliest possible starting point at which the device is to start looking for the possible arrival of downlink payload on its assigned DL EC-PDTCH resources as shown in Figure 6.2.5.12-1. 

-
The key principle of FDA is that a device is told to expect (in an EC-AGCH Resource Assignment message) a variable number of DL RLC data blocks over up to 4 timeslots where each RLC data block is repeated according to value for NTX, DL indicated by the assignment message.

-
The BSS sends all repetitions of a specific RLC data block contiguously but may not send each of the RLC data blocks contiguous to each other. As such, a device will not know the precise starting point of any of the RLC data blocks after receiving the assignment message (other than knowing they will be sent according to its NTX, DL) but will know that each will be sent by the BSS using contiguous radio blocks.

-
The point at which a device stops attempting to receive RLC data blocks is determined according to where it is polled to send a PDAN on the UL EC-PACCH. In other words, the number of additional RLC data blocks it receives after receiving the first one is variable but any additional RLC data blocks will arrive prior to where it is polled to send a PDAN (i.e. it will not look for additional DL RLC data blocks while completing the PDAN transmission).

-
When searching for the first radio block used to send any given RLC data block a device examines fixed sets of EC-PDTCH blocks based on NTX, DL. For example, a device using NTX, DL = 2 (i.e. 2 blind repetitions) will only look at fixed pairs of EC-PDTCH blocks in an attempt to receive an RLC data block. As such, it will view each 52-multiframe on a monitored TS as potentially containing 6 pairs of EC-PDTCH blocks, where any one of these pairs may potentially contain an expected RLC data block.
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Figure 6.2.5.12-1 – Downlink Small Data Transmission

6.2.5.13
EC-AGCH Downlink Allocation message

The EC-AGCH Downlink Allocation message is sent on the EC-AGCH of TS1 to assign downlink resources to a device. The device is addressed with the TLLI.
Table 6.2.5.13-1 EC-AGCH Downlink Allocation information elements
	< Message Type : bit (6) >

< Downlink Allocation message content > ::=

< PAGE_MODE : bit (2) >


< QUARTER_HYPERFRAME_INDICATOR : bit (2) >


< USED_DL_COVERAGE_CLASS : bit (3) >

-- # repetitions used when transmitting this message


< TLLI : bit (32) >        


< TSC : bit (3) >


< SI_FP_index : bit (3) >


-- reference to frequency parameters in System Information

< DL_COVERAGE_CLASS_ASSIGNMENT : bit (3) >; 
-- DL Coverage Class used during TBF


< TIMESLOT_NUMBERS_DL_ASSIGNMENT : bit (8) >

-- indication of what TNs that are part of the allocation

< DOWNLINK_TFI_ASSIGNMENT : bit (5) >


< MINIMUM_WAIT_TIME : bit (5) >     -- indicates if the device can wait before starting to read the assigned PDTCH


< UL_COVERAGE_CLASS_ASSIGNMENT : bit (3) >          -- to be used for subsequent UL signaling


	QUARTER_HYPERFRAME_INDICATOR (2 bits) 
The Quarter Hyperframe Indicator IE indicates what quarter hyperframe the last part of the assignment message is received in.

USED_DL_COVERAGE_CLASS (3 bits) 
The Used DL Coverage Class IE indicates the number of repetitions that are used when transmitting this specific message. The IE is intended for other devices, with a downlink coverage class that requires fewer repetitions, which are listening to the same EC-AGCH blocks. Those devices can use this IE to determine that they can stop listening to the channel for some time.
SI_FP_index (3 bits) 
The SI_FP_index IE specifies what frequency parameters set, as defined in the System Information on the EC-BCCH, that applies for the assignment.


6.2.5.14
EC-PCH Paging Request message

The EC-PCH Paging Request message is sent on EC-PCH of TS1 and may identify up to two mobile stations.  It may be sent to a mobile station in packet idle mode to transfer MM information (i.e. trigger of cell update procedure) or to trigger mobile station in idle mode to trigger channel access. The mobile station is identified by its IMSI or P-TMSI. 
Table 6.2.5.14-1. EC-PCH Paging Request Information Elements

	< Message Type : bit (6) >

< Page Mode : bit (2) >

< USED_DL_COVERAGE_CLASS : bit (3) >




-- # repetitions used when transmitting this message

{
0






















-- Single IMSI included



< IMSI : bit (64) >


| 1



















-- One or two P-TMSIs included
 

< P-TMSI : bit (32) >



{ 0 | 1 < P-TMSI  : bit (32) > }

} ;


	USED_DL_COVERAGE_CLASS (3 bits) 
The Used DL Coverage Class IE is used to indicate the number of repetitions that are used when transmitting this specific message. The IE is intended for other devices, with a downlink coverage class that requires fewer repetitions, which are listening to the same EC-PCH blocks. Those devices can use this IE to determine that they can stop listening to the channel for some time.

Page Mode (2 bits)

Bits

2 1

0 0
Normal paging.

0 1
Extended paging.

1 0
Paging reorganization.

1 1
Same as before.

NOTE:
The value "same as before" has been defined instead of "reserved" to allow the use of this coding with another meaning in an upwards compatible way in later phases of the GSM system.




6.2.5.15
EC-GSM Cell Selection and reselection

6.2.5.15.1
Idle mode

6.2.5.15.1.1
PLMN Selection

At power on the device will make use of the legacy procedure for PLMN selection wherein the NAS layer will indicate to the lower layers what PLMN to choose and the device will then start the cell selection procedure for that PLMN. 

6.2.5.15.1.2
Initial cell selection

At power on the EC-GSM device will initiate cell selection based on the legacy procedure for an initial band search to identify the strongest BCCH carrier, and if suitable (not barred etc.) start camping on that cell. The method of BCCH carrier evaluation will take coverage class into account i.e. this will be different from legacy. 

6.2.5.15.1.3
Cell selection and reselection

It is proposed that no serving nor neighbor cell measurements are performed when a device is in a Power Saving State,(PSM or eDRX), i.e. the device performs serving cell measurements in idle mode whenever leaving the Power Saving State for periodic reporting / eDRX cycles.  A device should first assume that the same serving cell as previous used for transmission of a report can be used when starting a short sync procedure and attempting to read the FCCH/EC-SCH. Within this document a short sync refers to when the device remain within the same coverage (or better) and camps on the same cell and therefore will be able to sync by reading the FCCH /EC-SCH of the cell. If short sync fails a long sync might be initiated meaning a rescan of all frequencies or frequencies according to some list e.g. the BA last for EC-GSM Devices. EC-GSM devices should only need to be attempted to cell reselection to neighbor cells that are indicated as supporting EC-GSM (which might be a subset of the GSM neighbor cells). The neighbor cells supporting EC-GSM would then be the ones indicated in the SI broadcasted on EC-BCCH.

· Short sync success

If the short sync is successful and with no indication of changed coverage according to some carrier signal strength measurements, no neighbor cell measurements or cell reselection procedure will be initiated and, if there is a pending uplink transmission, the device will continue by sending the access request in the existing cell using the same coverage class as indicated during the last uplink transmission. It should be noted that how the carrier signal strength is measured is FFS. Due to fluctuations in the surroundings e.g. temporarily obstacles as trains, trucks etc., the initial cell selection procedure might result in that a device camps on a cell that is non-optimal in a coverage sense. To avoid that devices in extended coverage, i.e. devices in a coverage class other than coverage class one, camps on a cell using a coverage class that is higher than necessary (e.g. when the use of a better coverage class may be possible in the serving cell or in a neighbor cell at a later point in time), serving cell and neighbor cell measurements should be performed at a periodic interval (i.e. in addition to when the short synchronization procedure fails). 

If the synchronization to the serving cell is successful but the access attempt to the network fails for a given coverage class, i.e. if maximum allowed number of retries for a given access attempt is reached, the coverage class may be increased by 1 until a successful access attempt is experienced or neighbor cell measurements can be triggered, potentially resulting in cell reselection. When an increase of coverage class is made in the serving cell, serving and neighbor cell measurements may be initiated  to make sure that the device is not using a to high coverage class and/or camping on a non-optimal cell. 

· Short sync failure

If the short sync fails (e.g. if the carrier signal measurements indicates a decrease in strength) the device will need to do serving and neighbor cell measurements and a possible cell reselection.

A new cell should only be selected if it is suitable from a carrier signal strength perspective and its estimated coverage class is lower than or equal to the coverage class of the serving cell.

The EC-GSM cell selection and reselection procedure should be based on the legacy GSM procedure but with adaptations for extended coverage devices with respect of averaging intervals and other values optimized for legacy devices.

6.2.5.15.2
Packet transfer mode

When the device enters packet transfer mode no measurements are performed by the device, i.e. the device will not attempt to decode the full BCCH data of the serving cell nor will it attempt to check the BSIC for each of the strongest non serving cells at a periodic interval. It is assumed that the number of blocks needed to transmit a periodic or exception report is fairly small and thus potential measurements will result in no or very little gain to improve the reliability of sending the report.  Failure to transmit a report due to entering worse coverage will result in TBF failure which will trigger a cell reselection upon returning to idle mode. Once a suitable cell is identified and a corresponding downlink coverage class is identified a new attempt to transmit the report is performed. 

6.2.5.15.2.1

Ready state

When the device leaves the packet transfer mode and enters Ready State it might need to do a short sync before reading the PCH/AGCH according to its DRX cycle. If this sync fails and/or the carrier signal strength values are decreased below some known threshold, serving cell and neighbor cell measurements should be made to trigger a possible update of the cell and coverage class.

6.2.5.16
DL signal level and coverage class estimation

For purposes of cell selection/reselection and coverage class estimation, it is necessary for an EC-GSM MS to measure the downlink signal level of the broadcast carriers of the serving cell and neighbor cells. In extended coverage, this poses a challenge since the received signal levels are sometimes below the thermal noise. A straightforward signal strength measurement will therefore give an overestimation of the actual received signal level of the broadcast carrier.

Figure 6.2.5.16-1 illustrates the problem of measuring received signal level in extended coverage. The figure shows the power spectral density of a normal burst (red) and a frequency correction burst (green) in relation to the noise floor (black) at the MCL level (corresponding to Eb/N0 = -6.3 dB for EC-GSM). Clearly, a straightforward signal strength measurement would measure the noise level rather than the wanted signal level. 
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Figure 6.2.5.16-1: PSDs of normal burst and FCCH burst compared to noise floor.

Different ways to measure the signal level of the wanted signal (a BCCH carrier) can be considered, for instance:

· Detecting and measuring signal level of FCCH bursts (5 per 51-multiframe as per legacy GSM)

· Measuring the signal level of EC-SCH after coherently combining all repeated bursts (7 per 51-multiframe according to the current EC-GSM design)

· Measuring the signal level of EC-AGCH/EC-PCH blocks (all blocks are based on a 1-burst design and at least repeated twice)

Combinations of the above mentioned methods can be used to improve accuracy.

6.2.5.16.1

DL signal level measurements on FCCH

The network synchronization process of EC-GSM is described and evaluated in subclause 6.2.2.2.1 and subclause 6.2.6.1. This process includes detecting the FCCH to determine time and frequency synchronization. During this process, the signal level of the FCCH bursts can also be determined. At extended coverage, several FCCH bursts will typically have to be detected to get a reliable synchronization. By averaging the estimated signal level of all detected FCCH bursts, an estimate of the average signal level of the broadcast carrier can be derived.
6.2.6
Concept evaluation

6.2.6.1
Network synchronization

6.2.6.1.1
Simulation methodology

In this clause the network synchronization performance is evaluated according to the methodology specified in clause 5.6 and the simulation assumptions in Annex C. 

For more details on methodology and results, see GPC150437 [6.2-6].
In the simulator a continuous BCCH carrier signal is generated. Frequency correction bursts (FB) are transmitted at the appropriate positions (i.e., on TN=0, FN=0,10,20,30,40). EC-SCH bursts are transmitted either according to the current or alternative EC-SCH design. All other bursts are normal bursts (NB). The signal is randomly offset in time with a uniform distribution between 0 and 235.4 ms (one 51-multiframe).

6.2.6.1.2
Receiver processing

The signal is first filtered with a regular RX filter (180 kHz) and down-sampled to symbol rate. Next, the signal is de-rotated by [image: image15.png]—1/2



 to shift the nominal center frequency of the FB to 0 Hz. At this stage, the useful FCCH signal energy may be either at -18 kHz or +18 kHz due to the frequency offset. Signal energy outside this range is filtered out with a narrow filter.

The signal is then processed one 51-multiframe length at a time, searching for FB using a hypothesis testing method. Coherent combining is not used but detected energy peaks (potential FB) are compared in time and frequency to discard false detections. Valid peaks are used to estimate the frequency offset and the multiframe structure.

If the multiframe start point is detected, the receiver attempts receive and decode the next occurrence of  EC-SCH, using the frequency offset and time offset estimates from FCCH. During the same multiframe, the device also receives additional FCCH bursts to improve its frequency offset estimate (and timing estimate) in case EC-SCH decoding fails. If EC-SCH decoding fails, the EC-SCH bursts and FCCH bursts of one more multiframe are received, etc.
For reception of EC-SCH the receiver may use combination of coherent accumulation of I/Q samples (before demodulation) and chase combining (after demodulation).
If EC-SCH has not been successfully decoded after 12 multiframes, the synchronization is considered unsuccessful (i.e., a missed detection has occurred).

NOTE: 
The number of multiframes searched before considering synchronization unsuccessful impacts the missed detection ratio and false detection ratio. It also impacts the time before synchronized to the network in case a cell reconfirmation attempt is unsuccessful (either due to a missed detection  or due to mobility during sleep) and the device consequently starts to search other frequencies. The value 12 provides a reasonable trade-off between missed detection ratio, false detection ratio, and synchronization time (see clause 6.2.6.1.4).
6.2.6.1.3
Simulation assumptions

6.2.6.1.3.1
Signal to noise ratio

Results are presented at SNRs ranging from -6.3 dB to 3.7 dB, corresponding (see [6.2-5]) to coupling losses ranging from 164 dB (MCL) to 154 dB (GPRS reference level + 10 dB). 

6.2.6.1.3.2
EC-SCH 

Whether a EC-SCH block is decoded or not is based on an embedded EC-SCH object that correctly follows the channel propagation in time, and is simultaneously collected with the FCCH. 

For the original EC-SCH design, the receiver uses coherent accumulation of I/Q samples of EC-SCH bursts within a 51-multiframe (i.e., of the EC-SCH bursts in seven consecutive TDMA frames) and chase combining between 51-multiframes. For the alternative EC-SCH design, the receiver uses only chase combining.
6.2.6.1.4
Simulation results

One of the most important metrics of its performance is the time elapsed until synchronized. This is investigated in clause 6.2.6.1.4.1.

Other important metrics (see clause 5.6) are the distribution of the residual frequency offset, presented in clause 6.2.6.1.4.2, and the missed detection ratio and false detection ratio, shown in clause 6.2.6.1.4.3 and 6.2.6.1.4.4.

6.2.6.1.4.1
Synchronization time

Figure 6.2.6.1-2 shows CDFs of the synchronization time (i.e., from starting to search for the FCCH until the EC-SCH is decoded), and the average synchronization time versus SNR.
Synchronization times for both the original EC-SCH, see figure 6.2.4.2-1, and the alternative EC-SCH design, see figure 6.2.4.2-1a have been simulated. 
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Figure 6.2.6.1-2: CDFs of synchronization time (left) and average synchronization time (right) for 1.2 km/h (top) and 30 km/h (bottom).

It should be noted that the synchronization time at the low end of the coupling loss range (i.e., at high SNR) can likely be reduced significantly by decoding the legacy SCH in addition to the EC-SCH. 

6.2.6.1.4.2
Residual frequency offset after synchronization

The residual frequency offset at MCL = 164 dB is safely modeled by a normal distribution with mean 0 Hz and standard deviation of 10 Hz, see figure 6.2.6.1-2a. 
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Figure 6.2.6.1-2a. Distribution of residual frequency offset.

6.2.6.1.4.2a
Residual time offset after synchronization

The distribution of the residual time offset at MCL = 164 dB for the case when EC-SCH is decoded based on either the original EC-SCH design or the alternative EC-SCH design is shown in Figure 6.2.6.1-3. 
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Figure 6.2.6.1-3: Distribution of residual time offset.

The residual offset is within ±1 symbol 99.7 % of the time. Note that part of this offset is due to the varying time dispersion of the TU channel.
6.2.6.1.4.3
Missed detection ratio

The missed detection ratio shown in table 6.2.6.1-1. Note that due to the simulation length, lower ratios than 5*10-5 cannot be measured. 
	Case
	1.2 km/h
	30 km/h

	GPRS+10 dB (original)
	0
	0

	GPRS+10 dB (alternative)
	0
	0

	GPRS+20 dB (original)
	0.0019
	0.0006

	GPRS+20 dB (alternative)
	0.0034
	0.0008


Table 6.2.6.1-1: Summary of missed detection ratio.

6.2.6.1.4.4
False detection ratio

In order to make a false detection (i.e., the device believes to have made a successful synchronization attempt when there is no BCCH carrier received) with the described RX algorithm, the device first (incorrectly) finds the multiframe start point, and further decode the non-existent EC-SCH without a CRC failure.

To measure the false detection ratio, the FCCH simulator was run with noise as input signal. 
In the simulations, seven and eight false detection were registered during 20000 synchronization attempts, for the original and alternative EC-SCH designs, respectively.
6.2.6.1.5
Conclusions

When performing cell re-confirmation at the MCL of 164 dB, the average synchronization time is 521 ms and 577 ms for the original and alternative EC-SCH design respectively. The residual frequency offset has a standard deviation of (less than) 10 Hz. At a coupling loss of 154 dB, the average synchronization time is reduced to around 300 ms. This value can be expected to decrease if the legacy SCH bursts are utilized in addition to the EC-SCH bursts.

The missed detection ratio was found to be less than 0.5 % at 164 dB coupling loss and (close to) 0 at 154 dB coupling loss.

The false detection ratio was found to be approximately 0.05 %.

6.2.6.2
EC-RACH

6.2.6.2.1
Link level evaluations

6.2.6.2.1.1
False detection

A high false detection of the random access will waste resources in the network, and hence it is of interest to ensure that a low false detection rate, as low as GSM can be kept also for EC-GSM. 

The performance of the EC-RACH channel has thus been evaluated using thermal noise as input to the receiver, and the falsely detected RACH bursts are recorded. The simulation assumptions as described in GP-150155[6.2-7]. has been followed with the addition of assumptions listed in table 6.2.6.2-1.

Table 6.2.6.2-1. Simulation assumptions for EC-RACH false detection and blind TSC detection

	Parameter
	Setting

	Logical channel
	RACH NB, see subclause 6.2.3.2.1,
RACH AB 8 bit or
RACH AB 11 bit.

	TSC
	1 NB TSCs and 3 AB TSCs for CC 1.
1 NB and 1 AB for other coverage classes.

	Number of unique bursts
	1e6

2e4 for investigation in 6.2.6.2.1.2

	Blind TSC Detection
	On

	Overlaid CDMA
	Not used


In GSM today there is a false detection requirement on the RACH defined in 3GPP TS 45.005 (see [5]) of 0.02%.

"For a BTS on a RACH or PRACH with a random RF input, the overall reception performance will be such that less than 0,02 % of frames are assessed to be error free."
This target false detection rate is aimed for also in the case of EC-GSM.

Furthermore, it can be noted that the false detection rate is effectively increased by the support of extended coverage classes since the BTS will have to attempt to decode more than one coverage class (sometimes up to six) in some of the received timeslots, see figure 6.2.4.2-5.

The false detection rate (FDR) per coverage class, as well as the total false detection rate, is shown in table 6.2.6.2-2. As can be seen, the minimum requirement on 0.02 % is met.

Table 6.2.6.2-2. False detection rate on EC-RACH.

	Coverage Class (Number "repetitions")
	FDR [%]

	Coverage Class 1 (1)
	0.001

	Coverage Class 2 (2)
	0.002

	Coverage Class 3 (4)
	0.001

	Coverage Class 4 (8)
	0.001

	Coverage Class 5 (16)
	0.001

	Coverage Class 6 (32)
	0.003

	Total
	0.009


6.2.6.2.1.2
Blind TSC detection

In current GSM systems a BTS need to detect between three different TSCs on the RACH, an 8-bit access, and two different 11-bit accesses. With EC-GSM, this increases to four TSCs on TS0 with the introduction of normal burst RACH, while on TS1 three different TSCs are at most used (8-bit access not supported), see subclause 6.2.4.6.6.

Simulations have been run to ensure the performance degradation due to the additional blind TSC detection is within acceptable limits.

The simulation assumptions in subclause 6.2.6.2.1.1 have been followed, and the results on blind TSC detection (BTD) are shown in table 6.2.6.2-3. As can be seen, the negative impact on performance is limited to 0.2 dB for coverage class 1, and 0.1 dB for other coverage classes.

Table 6.2.6.2-3. Blind TSC detection degradation.

	Coverage Class (Number "repetitions")
	BTD [dB]

	Coverage Class 1 (1)
	0.2

	Coverage Class 2 (2)
	0.1

	Coverage Class 3 (4)
	0.1

	Coverage Class 4 (8)
	0.1

	Coverage Class 5 (16)
	0.1

	Coverage Class 6 (32)
	0.1


6.2.6.2.1.3
BLER performance

To be included
6.2.6.2.1.4
Timing Advance estimation

The Timing Advance (TA) performance for EC-RACH in extended coverage has been evaluated by means of simulation. Timing advance is evaluated in terms of time synchronization performance. Synchronization has been evaluated according to the settings in Table 6.2.6.2-4. Only demodulations for which the CRC passed are considered. This would reflect the case when the BTS has received the system access request, and hence can assign the device a timing advance value.

Table 6.2.6.2-4. Simulation assumptions for timing advance performance evaluation
	Parameter
	Setting

	Logical channel
	EC-RACH, 11bit access burst

	Propagation model
	Typical Urban

	MS speed
	1.2 km/h

	Frequency hopping
	No

	Receiver mode
	2 Rx antennas, MRC

	Repetition combining
	I/Q accumulation (within 51-multiframe) with frequency offset compensation and chase combining (between 51-multiframes).

	TSC
	RACH TSC 1 

	Number of repetitions
	32

	Number of unique bursts
	10000 
(Given k repetitions, k x 10000 bursts are transmitted)

	SNR
	-14.3 dB (corresponding to MCL 164 dB)

	Interfering bursts
	None

	Frequency error
	Drawn from a normal distribution with mean 0Hz and standard deviation 10 Hz independent for carrier and all interferers. New realization after each completed repetition interval. The frequency is drifting with 22.5 Hz/s during transmissions and 9 Hz/s when not transmitting.  


The results of the EC-RACH synchronization simulation are shown in Figure 6.2.6.2-1. Figure 6.2.6.2-1 shows that 96.46% of the received EC-RACHs are synchronized perfectly and 99.97% synchronized to within +/- 1 symbol of the true synchronization position. 87% of the received EC-RACHs passed CRC. 
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Figure 6.2.6.2-1: EC-RACH synchronization performance

There is no explicit requirement in the specifications today (see 3GPP TS 45.010 [26] for time synchronization requirement) for the TA estimation. From subclause 5.4 the behavior of the BTS is described as: 

“When the BTS detects an access burst transmission on RACH or PRACH, it shall measure the delay of this signal relative to the expected signal from an MS at zero distance under static channel conditions. This delay, called the timing advance, shall be rounded to the nearest normal symbol period and included in a response from the BTS when applicable.”
The simulations here have been run under a TU channel propagation condition, and hence are more challenging than the static reference case required by the standard. Still, the accuracy is seen to be close to 100% with a symbol offset within 1 symbol period. Considering that the TU channel will introduce offsets in the sync position due to a delay spread exceeding the symbol period in GSM, these results are considered more than sufficient for EC-RACH TA performance in extended coverage.
6.2.6.2.2
System level evaluations

To be included

6.2.6.3
Resource multiplexing

To allow for full resource multiplexing of traffic channels between legacy GPRS and EGPRS devices and EC-GSM devices, see more description in subclause 6.2.4.4, the potential issue of impact to DL data performance to an EC-GSM device using repetitions on the DL, while dynamically changing the USF value in the same DL radio block to schedule GPRS or EGPRS devices on the UL has been investigated, see GP-150064 [6.2-8], showing no visible performance degradation of the DL data block. The results are shown in figure 6.2.6.3-1.
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Figure 6.2.6.3-1. RLC data block performance in extended coverage when varying USF value in each radio block period.

Another aspect of potential performance impact is the overriding of USF bits in the newly defined EC-PACCH block on the DL, see subclause 6.4.4 for description, and subclause 6.2.2.1.2 for the design of the block format. By overriding USF bits, the data block performance is potentially impacted which need to be taken into account when evaluating the performance of EC-PACCH/D in extended coverage. The performance impact has been evaluated in GP-150140 [6.2-9] and is reproduced in figure 6.2.6.3-2.
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Figure 6.2.6.3-2. EC-PACCH/D – CC6, impact on overriding USF bits.

As can be seen, the impact on performance is limited to around 0.2-0.3 dB, which is seen as an acceptable performance degradation, and as can be seen, the coverage improvement target of 20 dB compared to GPRS is still met (black dashed line, defined at -14.3 dB in the UL for EC-GSM). Still, the performance degradation is not ignorable, and overriding of USF bits should be used as baseline configuration in performance evaluations of EC-PACCH, as for example have been done in subclause GP-150155[6.2-7]

For all simulations, the assumptions in Annex C have been followed.

It is hence concluded that full multiplexing of data traffic channels between legacy GPRS and EGPRS devices and EC-GSM devices can be realized without any, or very limited, performance degradation.
6.2.6.4
Sensitivity to frequency offset

All simulation assumptions from 6.2.6.1 have been followed; with the difference that the assumption on F_est_error has been changed to test how sensitive the performance is to frequency errors, see table 6.2.6.4-1.

Table 6.2.6.4-1. Frequency error parameters, see table C.1.

	Parameter
	Setting

	F_est_error
	N(0,10) Hz1
N(0,20) Hz

N(0,40) Hz

	NOTE1: Assumed minimum frequency offset after EC-SCH acquisition 


For the worse case setting it can be noted that 2.5% of the realizations end up outside of the current requirement on frequency accuracy of 0.1 ppm (90 Hz in the 900 MHz band).

The results are presented in Figure 6.2.6.4-1.
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Figure 6.2.6.4-1. MCL for each logical channel

As can be seen, the maximum coupling loss (MCL) aimed at by the study, 164 dB, is achieved in all cases with only noticeable degradation for EC-PACCH/DL in the case of the highest frequency offset assumed with a degradation of 0.4 dB. 

6.2.6.5
Incremental redundancy and chase combining

The performance of MCS-1 to MCS-4 has been compared either using chase combining or incremental redundancy at different number of HARQ transmissions.

To simplify the interpretation of the results a radar chart is used where up to 6 HARQ transmissions are included in the analysis. The radar chart shows the gain with IR compared to chase combining at 1 % residual BLER for the different combinations of channel diversity simulated, and separately for UL and DL.

For all simulations, the assumptions in Annex C have been followed. Both a non-hopping channel and a channel using ideal frequency hopping have been evaluated to capture the performance of both chase combining and incremental redundancy at two largely varying diversity conditions.

The results are shown for the UL PDTCH in figure 6.2.6.5-1. Similar results are visible in the DL, see [6.2-12] for more details.
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Figure 6.2.6.5-1. Gain with IR compared to chase combining, PDTCH UL, ideal FH (left), no FH (right).

The maximum gain for MCS-1 is 0.3 dB, and for MCS-2 0.8 dB. MCS-3 shows a maximum gain of 1.6 dB while MCS-4 stands out in the set of MCSs with a maximum gain of 4.3 dB. In all cases the gain of IR vs chase combining is decreased with the number of HARQ transmissions used.

In Table 6.2.6.5-1 the performance difference between using 2 or 3 puncturing schemes for MCS-3 and MCS-4 at different number of HARQ transmissions are shown.

Table 6.2.6.5-1. Performance difference between using 2 and 3 PS for MCS-3 and MCS-4 at different HARQ transmissions.

	FH
	MCS
	HARQ

	
	
	1st (1)
	2nd (1)
	3rd
	4th
	5th
	6th

	no FH
	MCS-3
	0
	0
	0.2
	0.1
	0.0
	0.0

	no FH
	MCS-4
	0
	0
	0.6
	0.2
	0.3
	0.2

	ideal FH
	MCS-3
	0
	0
	0.3
	0.1
	0.1
	0.1

	ideal FH
	MCS-4
	0
	0
	1.1
	0.2
	0.3
	0.3

	NOTE1: No performance difference since only PS1 and PS2 will be used in both options


It can be seen that the performance difference at different HARQ transmissions is very small, with one exception of the  3rd HARQ transmission with a visible difference of 0.6 dB in the case of no FH and 1.1 dB in the case of ideal FH.

6.2.6.6
EC-GSM Battery Lifetime Estimation

The setup used to estimate the energy consumption during a Mobile Autonomous Reporting (MAR) interval is based on a device transmitting 50 or 200 bytes of data on top of SNDCP layer plus an extra of 10 bytes for SNDCP/LLC headers, this is in accordance with sub-clause 5.4. The evaluation is done for two different power levels and for two different types of bursts for the access attempt, i.e. Access burst and Normal Burst access.  The reports are transmitted according to two different MAR intervals, once every second hour or once per 24 hours. The assumed transactions needed are illustrated in Figure 6.2.6.6-1 where the duration of deep sleep is the MAR interval.
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Figure 6.2.6.6-1 Illustration of message transactions with 1 HARQ retransmission

As illustrated in Figure 6.2.6.6-1 there are four different energy consuming levels, each with different operating current and active time intervals. The values for the operating currents used in the battery lifetime estimation are presented in Table 6.2.6.6-1 and the time intervals for the different energy consuming activities are explained in the respective subchapter. The legacy use of PacketControlAck is optional in EC-GSM and not included in the calculations. 

Table 6.2.6.6-1 Typical values of average current during different Modem operations in an MS.
	Operation
	Specification
	Operating current (µA)

	Transmission (Tx)
	Tx (GMSK) (33 dBm) (1)
	1 227 431

	
	Tx (GMSK) (23 dBm)
	152 543

	Reception (Rx)
	Rx with Baseband processing
	30 000

	Phase Locked Loop
	To keep phase coherency
	30 000

	Power Saving States
	Light sleep
	1000

	
	Deep sleep 
	4.54

	Note 1 External PA with 50% PA efficiency (including Tx/Rx switch insertion loss) plus 60 mW for other circuitry.
Note 2 Internal PA with 45% PA efficiency (including Tx/Rx switch insertion loss) plus 60 mW for other circuitry.


	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



The operating voltage used for the calculations is 3.3V and the burst period is 577µs as for legacy GSM. It is important to maintain phase coherency between Tx and Rx burst for some of the EC-GSM logical channels. The operating current to keep the Phase Locked Loop, PLL, running is assumed to be equal to the Rx operating current, this is believed to be a conservative value and lowering this operating current would improve the battery lifetime. An example of active PLL bursts can be seen in Figure 6.2.6.6-5.

6.2.6.6.1
Deep Sleep

Prior to any mobile autonomous reporting the device will be in deep sleep and need to wake up and synch to the BCCH carrier in the cell. It is here assumed that the device will be in the same cell as when the previous report were sent and therefore knows what BCCH carrier to sync to. 

The time in deep sleep mode is taken to be the entire reporting interval. This is somewhat pessimistic since part of the interval is not in deep sleep but used for reporting. The energy added in this estimation when the device is actually in transfer mode is regarded as negligible. The energy consumed is calculated as:

EDS = IDSVTDS

Joules 
Where EDS, IDS, V, TDS are the Energy for deep sleep, Current used for deep sleep, operating voltage and time in deep sleep (reporting interval) respectively, see Table 6.2.6.6-2.

Table 6.2.6.6-2 Deep Sleep
	Mode of Operation
	Number of frames 
	TDS

	Deep Sleep
	The entire reporting interval
	2 h / 24 h


	
	
	

	
	
	2 


6.2.6.6.2
Network synchronization
Depending on Coverage Class, CC, of the device the sync process will need more or less time to find the FCCH/SCH and consequently use different amount of energy. All CIoT devices, regardless of CC, are required to read the EC-SCH. In the GPRS reference case the energy evaluation of average network synchronization is done by first reading the FCCH. The FCCH occurs in every 10th or 11th TDMA frame (out of 5 FCCH instances, 4 will be separated by 10 TDMA frames and one by 11) on TS0 and hence the device will on average need to listen to 5.1 TDMA frames ((4*10+11)/(5*2)). 

It is assumed that CC1 devices will then read the SCH on TS0 to quickly acquire the frame structure and therefore know where to start to listen for the EC-SCH. On average, there will approximately 20 TDMA frames ((0+10+20+30+40)/5=20) waiting time after SCH is read until an instance of EC-SCH on TS1 can be read, and the total number of frames needed to sync a CC1 device is 26 TDMA frames (5.1+1+20 = 26.1) or equivalently approximately 120 ms (120.5 ms). During this time the device receives approximately 43 bursts (5.1*8+1+1 = 42.8) and is in light sleep for around 167 bursts, 7 bursts after the received FCCH burst plus ((0+10+20+30+40)*8)/5= 167).

Table 6.2.6.6-3 Sync GPRS reference case
	Mode of Operation
	#Burst Rx
	#Burst Light Sleep

	Sync
	43
	167


	
	
	

	
	
	


For a device in +20 dB extended coverage the time to read and synchronize to the FCCH and EC-SCH is, see sub-chapter 6.2.6.1, on average 577 ms. It is assumed that the receiver is active the entire time even though light sleep could be used between any two consecutive 51-multiframes. 
For the GPRS reference case +10 dB the FCCH and EC-SCH sync time is approximately 300ms, see sub-chapter  in 6.2.6.1. It is assumed that the receiver is active the entire time even though light sleep could be used between any two consecutive EC-SCH 51-multiframes. 

For all three coverage cases the energy consumed for synchronization is calculated according to:


ESync = IRXVTRX + ILSVTLS
Joules
Where IRx and ILS are currents used for receiving and in light sleep (normal coverage) and T is the time used in each mode. 

The current used for deep sleep, light sleep and reception can be found in Table 6.2.6.6-1.

6.2.6.6.3
Light Sleep
Between expected reception and transmission opportunities the device will use the power saving mode of light sleep to save energy. In some parts it will be in light sleep the entire duration and in some part it needs to receive on some timeslots and use light sleep in the others. The estimated duration of the reception versus light sleep sections according to Figure 6.2.6.6-1 can be found in Table 6.2.6.6-4 and some explanation to each section can be found in the bullet list below: 

· The number of TDMA frames between sync complete to the start of an access attempt will for the +20 dB case be approximately 44 TDMA frames. The sync procedure will always end by reading the 7 EC-SCH burst in an odd 51-MF, see [4]. Therefore, the first access opportunity for a +20 dB device will be the first burst in the next even 51-MF. For the + 0 dB GPRS reference case and the + 10 dB case there is nothing in the EC-RACH channel allocation that prevents the device from starting its access attempt immediately after acquiring sync. However, it is assumed for these both cases that an idle time of 60 ms is used before starting the access attempt. Note that between sync and access request the device will not listen to any DL TS

· EC-RACH allocations for CC6 devices (GPRS reference case +20 dB) are time separated with the EC-AGCH allocations with approximately three TDMA frames. On average, a CC6 user will need to wait 89 TDMA frames before the first EC-AGCH opportunity occurs. The average is calculated by using the six different EC-RACH opportunities, (pairs of 16 burst segments over two 51-MF), that occurs during one CC6 EC-AGCH period, (4 51-MF, see Figure 6.2.6.6-3). Using the first EC-RACH pair, (TDMA frame 0-15) in #51-MF equal to 0 and 1 mod(#51-MF,4) it will be 35 TDMA frames until the end of the second 51-MF in the pair, plus to full 51-MF, (MF 2 and 3 mod(#51-MF,4) plus 19 TDMA frames before the start of the first burst in the first EC-AGCH allocation, see Figure 6.2.6.6-2 and Figure 6.2.6.6-3 below. Doing this for all six available EC-RACH pairs the average can be calculated as ((35+2*51+19)+(19+2*51+19)+(3+2*51+19)+(35+19)+(19+19)+(3+19))/6  = 89 TDMA frames. It is here assumed that the first possible EC-AGCH allocation is allocated to EC-AGCH and not EC-PCH. Due to the EC-AGCH allocations, the device does not need listen on TS1 for the entire duration since this is the first possible EC-AGCH. For the + 0 dB GPRS reference case and + 10 dB case there is nothing in the EC-AGCH channel allocation that prevents the device from receiving the EC-AGCH message upon completing the transmission of an access request on the EC-RACH. However, it is assumed for these both cases that an idle time of 60 ms occurs prior to reception of a matching EC-AGCH message and that the device therefore needs to listen and keep the phase coherency for its expected allocation for the entire 60ms.

· The alignment between the 51-MF EC-AGCH allocations and 52-MF EC-PDCH allocations indicates that a fixed allocation could be assigned to the devices within a few TDMA frames. However it is assumed that an average time of 80ms between the assignment received on the EC-AGCH to the first allocated resource of the fixed uplink allocation is needed. Between the assignment message and the start of the fixed allocation, the device will not listen to any DL TS.

· The logical channels EC-PACCH and EC-PDTCH are mapped in the same way and it is assumed that one CC6 EC-PDTCH/EC-PACCH block is elapsed between the last data transmission of a fixed uplink allocation to the reception of the first corresponding DL EC-PACCH block (PUAN), i.e. 17 TDMA frames or equivalently 80ms is the time in light sleep for the + 20 dB case. After each fixed uplink transmission the device will listen for PUAN on the assigned resources. For the + 0 dB GPRS reference case and + 10 dB case, this time is estimated to be 60 ms. The device needs to maintain its phase reference while listening for the PUAN on the DL.

· Due to the aligned mapping between EC-PACCH and EC-PDTCH the time between the assignment received in the PUAN message to the first allocated resource of the new fixed uplink allocation (i.e. the PUAN identifies the uplink resources to be used to resend missing RLC data blocks) is taken to be the same as the time between the last data transmission to the reception of the PUAN. For each PUAN, (except the last including FAI), the device will need to wait for its allocated resources, no reception during this time.

· It is agreed, see 5.4, that a 1000ms delay should be used as the time between the last allocated UL data resource to the start of the reception of the application layer acknowledgment. It is assumed in this paper that the device is listening on its allocated time slots during the entire time period i.e. for the +20dB case it will mean that it will be in Rx mode for 500 ms and in light sleep for 500 ms. It first listens for the DL assignment and then for the application acknowledgment. No consideration is taken regarding possible multiplexing delays since it is assumed that the probability for multiplexing delays is fairly small and the impact on batter lifetime would be small. More efficient solutions are considered where the device is reachable at certain periods and thus energy savings could be achieved.
· It is also agreed, see 5.4, that a ready state timer of 20 seconds shall be applied in the calculations of the battery lifetime estimation. 

Table 6.2.6.6-4 Light sleep durations
	Transaction mode
	#TDMA Frames
	Time in Rx (ms)

	Time in light sleep (ms)

	
	+0, +10 dB
	+20dB
	+0, +10 dB
	+20dB
	+0, +10 dB
	+20 dB

	Between Synch and access request on EC-RACH
	44
	13
	0
	0
	200
	60

	Between last EC-RACH burst to the start of receiving Immediate Assignment
	89
	13
	0
	30
	410
	30

	Between assignment to the start of first transmission opportunity
	17
	17
	0
	0
	80
	80

	Between last data transmission to the start of receiving PUAN(s)1
	17
	13
	80
	60
	0
	0

	Between additional PUAN(s) and HARQ retransmission1
	17
	13
	0
	0
	80
	60

	Rx + light sleep time for application ACK
	215
	215
	500
	250
	500
	750

	Note 1, The number of actual retransmission used need to be taken into account


	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	



6.2.6.6.4
Random Access

The access request will transmit the number of burst according to the device coverage class. In the GPRS reference case it will use one EC-RACH burst and in the GPRS reference case + 20dB it will need to transmit 32 EC-RACH bursts. The device will have the PLL running to maintain the phase reference during the time slots that does not belong to the EC-RACH, see Figure 6.2.4.2-5 and Figure 6.2.6.6-2 as illustrative example. For the GPRS reference case + 10 dB, four repetitions are needed to meet a BLER of 10%. The energy consumption for the RACH is calculated according to:
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Joules
Where ITx and IPLL are the transmission current and PLL current respectively and TTx is the time needed to transmit the required number of burst depending on coverage class. For the GPRS reference case + 20dB case the time the PLL is running is the non EC-RACH TS between two adjacent RACH burst. All TDMA frames between two EC-RACH opportunities in a 51-MF pair, see Figure 6.2.4.2-5, use the light sleep mode. The burst activity is summarized in Table 6.2.6.6-5.

Table 6.2.6.6-5 Summary of EC-RACH activities.
	GPRS reference case
	#Transmitted bursts
	#Light sleep burst
	# PLL burst

	+ 10dB
	4
	4*7 = 28
	3*7 = 21

	+ 20dB
	32
	32*7 + 35*8 = 504
	30*7 = 210


	
	
	
	

	
	
	
	

	
	
	
	




6.2.6.6.5
Immediate Assignment
The energy consumed for receiving the Immediate Assignment message will be calculated according to the EC-AGCH mapping, see Figure 6.2.4.2-4. This implies that in the GPRS reference case the device needs to listen to two EC-AGCH bursts and keep the PLL running in between these two bursts. For the GPRS reference case + 20dB it will need to listen to a total of 64 burst over four 51 multi-frames, keeping the PLL running between burst belonging to the same EC-AGCH block while being in light sleep in all other burst  i.e. it will be in light sleep in between EC-AGCH blocks in two consecutive 51-MF as indicated in Figure 6.2.4.2-4. 



For the GPRS reference case + 10 dB four repetitions, (eight bursts), are needed to meet a BLER of 10%. The EC-AGCH active and light sleep bursts are summarized in Table 6.2.6.6-6 and the energy consumed by receiving the immediate assignment message is calculated by:
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The definitions of the different contributions are similar as the above equations and IPLL and ILS is the operating current for the phase locked loop and light sleep respectively.
Table 6.2.6.6-6 Summary of EC-AGCH activities.
	GPRS reference case
	#Received bursts
	#Light sleep burst
	# PLL burst

	+ 10dB
	8
	4*7=28
	4*7 = 28

	+ 20dB
	64
	32*7 + (35*8)*3 = 1064
	32*7 = 224


	
	
	
	

	
	
	
	

	
	
	
	


6.2.6.6.6
Data Transmission with HARQ retransmissions

Data transmissions in EC-GSM rely on HARQ retransmissions for devices in extended coverage. For the uplink GPRS reference case + 20dB we allow for up to three HARQ retransmissions to complement the original transmission. The average number of burst needed to successfully transmit the number of bytes that are considered for the battery lifetime evaluation (i.e. 50 and 200 bytes + overhead) and the PACCH signaling in response are generated through simulations and are shown in Table 6.2.6.6-7. Table 6.2.6.6-7 includes the number of burst used both for ASAP based access (Normal Burst, NB, including TLLI) and legacy Access Burst, AB, based access (TLLI included in all RLC blocks until contention resolution is complete). Included in the simulations is also the number of Tx burst needed to transmit the PDAN as a response to the DL application acknowledgment. Added to this evaluation that is not included in Table 6.2.6.6-7, are the number of burst in light sleep and when the PLL is running, see Figure 6.2.6.6-2 as an example. 

 The device will be allocated resources according to Figure 6.2.4.2-6. 


EC-PACCH signaling is mapped in the same way as with PDTCH. A PUAN will be received (could be based on one or more transmissions, depending on the EC-PACCH performance) after each fixed uplink allocation and will include both the ACK/NACK bitmap and the allocation bitmap (i.e. an additional fixed uplink allocation if Nack is present). The average number of bursts needed to transmit the PUAN’s for a report of size of 50 or 200 bytes plus overhead is shown in Table 6.2.6.6-7. 

It is agreed in that the size of the application acknowledgment is zero i.e. for the energy evaluation it is only the header size of either 29 or 65 bytes that should be used. In this evaluation a header size of 65 bytes is used and the average number of burst needed is shown in Table 6.2.6.6-7  below.

The energy consumed by the access attempt is:
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Joules
  It is assumed in the energy calculations that the PLL is active for all TS’s within a block of blind repetitions that are to be I/Q accumulated. See Figure 6.2.6.6-5 for an example of active PLL bursts.
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Figure 6.2.6.6-1 PLL Activity for CC6 on DL / UL EC-PDTCH.

Table 6.2.6.6-7 Summary of EC-PDTCH / EC-PACCH activities. 
	Coverage
	Scenario
	Resources
EC-PDTCH
[avg. bursts/message]
	Resources
EC-PACCH
[avg. bursts/message]

	
	
	NB
	AB
	NB
	AB

	GPRS+20 dB (33 dBm) – UL
	UL MAR 50 bytes
	319
	432
	133
	149

	
	UL MAR 200 bytes
	1117
	1304
	187
	199

	
	DL application ACK
	360
	360
	124
	124

	GPRS+10 dB (33 dBm) – UL
	UL MAR 50 bytes
	31
	42
	12
	13

	
	UL MAR 200 bytes
	110
	133
	15
	16

	
	DL application ACK
	36
	36
	10
	10

	GPRS+10 dB (23 dBm) – UL
	UL MAR 50 bytes
	319
	427
	17
	18

	
	UL MAR 200 bytes
	1082
	1309
	23
	25

	
	DL application ACK
	36
	36
	75
	75

	GPRS+ 0 dB (23 dBm) – UL
	UL MAR 50 bytes
	32
	42
	6
	6

	
	UL MAR 200 bytes
	110
	133
	7
	7

	
	DL application ACK
	17
	17
	9
	9


	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


6.2.6.6.7
Ready State

At the end of each uplink transmission (including the reception of a corresponding application layer ack on the downlink) the device will enter EC-GSM Idle mode and remain in the ready state for the duration of its ready timer. It is here assumed that the non-DRX timer is set to zero, the duration of the ready timer is 20 seconds, each device looks for two DRX opportunities while the ready timer is running and the rest of the time is spent in deep sleep, see 6.2.4.3.3. At the expiration of the ready state timer the device enters deep sleep (i.e. the current reporting interval ends and a new timer is started according to the MAR interval in use). In addition, when leaving deep sleep additional energy contribution to re-synchronize to the network is also needed.

Over 20 seconds we have 20 / 0,000577 ~= 34 662 bursts. CC1 devices read 4 of 34662 bursts, CC4 devices read 16 of 34662 and CC6 devices read 128 of 34662.

Table 6.2.6.6-8 Summary of Ready state activities for 20 seconds. 
	GPRS reference case
	#Bursts read
	Average number of burst for network synchronizations
	#PLL Burst
	#Deep sleep burst

	0dB
	2*2 = 4
	41
	1*7*2 = 14
	34 662 - 4 -14-41 = 34 603 

	+ 10dB
	8*2 = 16
	520
	7*7*2 = 98
	34 662 - 16 -98-520 = 34 028 

	+ 20dB
	64*2 = 128
	1000
	63*7*2 = 882
	34 662 - 128 -882-1022 = 32 652 


	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


The energy consumed in Ready State is calculated as:

ERS=IRXVTRX +IPLLVTPLL + IDSVTDS + Esync         Joules
6.2.6.6.8

Battery lifetime with Device output power of 33 dBm

When the device output power is 33 dBm, and the operating current approximately 1,23A the resulting battery lifetime in years are presented in Table 6.2.6.6-9. The estimated lifetime in years are presented for two different packet sizes, two reporting intervals and at different coverage. It can be seen that EC-GSM reach the battery target of 10 years for most evaluation points, i.e. except for GPRS reference cases + 20 dB with more frequent reporting  and GPRS reference cases + 10 dB with more frequent reporting and a packet size of 200 byte.  For these three cases EC-GSM reach a battery lifetime between 1.2 and 8.6 years.

Table 6.2.6.6-9  Results in years, 33 dBm, normal burst access
	Packet size, reporting interval
	Loss = GPRS reference MCL +0dB
	Loss = GPRS reference MCL +10 dB
	Loss = GPRS reference MCL +20 dB

	50 bytes, 2 hours
	17,6
	14,1
	2,8

	200bytes, 2 hours
	12,9
	8.6

	1,2

	50 bytes, 1 day
	34,7
	33,4
	18,7

	200 bytes, 1 day
	32,8
	29,7
	10,9


	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


6.2.6.6.9

Battery lifetime with Device output power of 23 dBm

 An EC-GSM device with output power of 23 dBm can make use of higher coverage classes to reach the wanted coverage extension. There is no restriction that the same coverage class needs to be assumed for DL and UL since EC-GSM supports separate coverage classes to be used in each direction. For example, comparing using 33 dBm output power of the device and 23 dBm output power, the same DL coverage class can be used for a certain level of coverage extension while the UL coverage class needs to be increased when using 23 dBm compared to 33 dBm. See Table 6.2.6.6-7 for the average number of burst used on the EC-PDCH.

The battery lifetime in years are presented in Table 6.2.6.6-10. 

Table 6.2.6.6-10 Results in years, 23 dBm, normal burst access and alternative EC-SCH design 
	Packet size, reporting interval
	Loss = GPRS reference MCL +0dB
	Loss = GPRS reference MCL +10 dB

	50 bytes, 2 hours
	24
	11,1

	200bytes, 2 hours
	21,1
	6,5

	50 bytes, 1 day
	36,3
	31,6

	200 bytes, 1 day
	35,7
	27,2


	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


The estimated lifetime in years are presented for the same packet sizes and reporting intervals as for the 33 dBm case and for the +0dB GPRS reference cases and +10dB case. It can be seen that EC-GSM devices reach the battery target of 10 years for almost all evaluation points except for the GPRS reference cases + 10 dB with more frequent reporting and a packet size of 200 byte.  For this case EC-GSM reach a battery lifetime of 6.5 years. Even though a 23dBm device operating at GPRS reference MCL+0dB uses the same number of repetitions as a 33dBm device operating at GPRS reference MCL+10dB on the UL it experiences a longer battery lifetime due to substantially better DL coverage, effectively reducing reception time. This effect is not as evident for a 23dBm device operating at GPRS reference MCL+10dB since a larger portion of the overall battery consumption will be taken by the transmission, applicable for both power levels.

6.2.6.6.10

Battery lifetime with Device output power of 33 dBm using Access Burst
When using the Normal Burst format for the access attempt it is possible to include the TLLI of four byte for contention resolution. When using the Access Burst format the TLLI needs to be included in each RLC/MAC block until contention resolutions is complete. Using Fixed Uplink Allocation, FUA, this means that the TLLI of four bytes need to be included in every radio block since contention resolution will not be complete until the first PUAN is received. For both evaluation points of 200 and 50 Bytes, this result in that two or one extra radio block needs to be transmitted, respectively. When the device output power is 33 dBm and the operating current approximately 1,23A the resulting battery lifetime in years are presented in Table 6.2.6.6-11. It can be seen that EC-GSM reach the battery target of 10 years for most evaluation points, i.e. except for GPRS reference cases + 20 dB with more frequent reporting and GPRS reference cases + 10 dB with more frequent reporting and a packet size of 200 byte.  For these cases EC-GSM reach a battery lifetime between 1.1 and 9.9 years.
Table 6.2.6.6-11 Results in years, 33 dBm, Access Burst and alternative EC-SCH design
	Packet size, reporting interval
	Loss = GPRS reference MCL +0dB
	Loss = GPRS reference MCL +10 dB
	Loss = GPRS reference MCL +20 dB

	50 bytes, 2 hours
	16,8
	12,9
	2,40

	200bytes, 2 hours
	12
	7,7
	1,1

	50 bytes, 1 day
	34,4
	32,8
	16,9

	200 bytes, 1 day
	32,3
	28,7
	9,9



	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


6.2.6.6.11

Battery lifetime with Device output power of 23 dBm using Access Burst
The estimated lifetime in years are presented for the same packet sizes and reporting intervals as for the 33 dBm case. It can be seen that EC-GSM devices reach the battery target of 10 years for almost all evaluation points except for the GPRS reference cases + 10 dB with more frequent reporting and a packet size of 200 byte.  For this case EC-GSM reach a battery lifetime of 6.1 years. 
The battery lifetime in years for 23 dBm, using the Access Bust format is presented in Table 6.2.6.6-12. 

Table 6.2.6.6-12 Results in years, 23 dBm, Access Burst and alternative EC-SCH design
	Packet size, reporting interval
	Loss = GPRS reference MCL +0dB
	Loss = GPRS reference MCL +10 dB

	50 bytes, 2 hours
	23,8
	10,8

	200bytes, 2 hours
	20,5
	6,1

	50 bytes, 1 day
	36,2
	31,5

	200 bytes, 1 day
	35,5
	26,5


	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


6.2.6.7
Overlaid CDMA

This subclause contains a performance evaluation of EC-PDTCH/U with overlaid CDMA.

6.2.6.7.1
Simulation assumptions

The simulation assumptions follow the agreements listed in Annex C. Assumptions specific to this evaluation are summarized below. For more details, see GP-150355 [6.2-11].

The candidate specific frequency offset is assumed to have a normal distribution with zero mean and standard deviation 10 Hz.

Two SCPIR models are tested. In the first model (denoted “average” in the figure legends), the power levels of the subchannels (wanted and interferers) are uniformly distributed in the range -10 dB to + 10 dB, after which all levels are equally adjusted to place the level of the wanted signal at its original level. In the second model (denoted “worst case”) the power level of all interfering subchannels are set at +10 dB relative to the wanted signal.

The CDMA code length is aligned with the number of burst repetitions (4, 8 or 16).

A SIC receiver with 2 RX antennas (MRC) has been used.

A controlled phase shift between bursts in the transmitter and receiver has been assumed in the simulations.
6.2.6.7.2
Simulation results

In this section simulation results of overlaid CDMA are shown.

6.2.6.7.2.1
Block error rate

Figure 6.2.6.7-1 shows BLER versus Eb/N0 with different number of multiplexed subchannels and 4, 8 and 16 repetitions, respectively. The following observations can be made:

· When two users are multiplexed, there is no visible impact to BLER performance (blue curves compared to black).

· When four users are multiplexed (green curves)

· In the case of 4 repetitions, there is a performance loss of 0.7 dB in the average SCPIR scenario and about 2.9 dB in the “worst case” SCPIR scenario.

· In case of 8 or 16 repetitions, there is no visible impact.

· When eight users are multiplexed (red curves; only simulated with 16 repetitions), there is a significant impact to BLER performance.
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Figure 6.2.6.7-1: BLER for  overlaid CDMA.

6.2.6.7.2.2
User throughput

The throughput experienced by an individual user on the channel is approximated by [image: image45.png]Tynax(1— BLER)



, where
the peak throughput
 [image: image47.png]


 for MCS-1 with 4, 8 and 16 repetitions is 8.8 kbps, 4.4 kbps and 2.2 kbps, respectively. 

The simulations results are shown in Figure 6.2.6.7-2 for 4, 8 and 16 repetitions, respectively.
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Figure 6.2.6.7-2: User throughput for overlaid CDMA.

6.2.6.7.2.3
Channel throughput

The channel throughput is the total throughput of all users sharing the channel. To show the relative gain of overlaid CDMA the channel throughput is normalized by [image: image50.png]


 , the peak channel throughput without overlaid CDMA. The normalized channel throughput is approximated by [image: image51.png](1 — BLER)N, .,



 where [image: image53.png]


 is the number of users multiplexed on the channel.
The normalized channel throughput is shown in Figure 6.2.6.7-3 for 4, 8 and 16 repetitions, respectively. Only the “average” SCPIR scenario is shown here since the scenario that all subchannels on a channel are 10 dB below all the others is unrealistic.
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Figure 6.2.6.7-3: Normalized channel throughput for overlaid CDMA.

It can be seen that the channel throughput scales almost linearly with the number of multiplexed users. 

6.2.6.7.2
Conclusions

With a repetition factor of 4, 8 or 16, the evaluated scheme and a SIC receiver can be used to multiplex up to four users on a channel with small or no degradation to the user throughput, compared to not using user multiplexing. Eight users can be multiplexed with some degradation in user throughput if a repetition factor of 16 is used. 

Consequently, the channel throughput scales roughly linearly with the number of multiplexed users. The use of a SIC receiver (or similar) at the BTS is already supported by current GSM base stations from the VAMOS feature. The complexity of the CDMA SIC is comparable to the VAMOS SIC.

It is proposed to adopt a maximum of four users for the overlaid CDMA functionality for EC-GSM. This also implies that the code length can be spread within a TDMA frame (coverage class 4, 5 and 6 all map the logical PDTCH channel to 4 consecutive TSs). In case of transmission over multiple TDMA frames (coverage class 5 and 6) the code is repeated.

It should be noted that even larger subchannel power imbalances than for the evaluated “worst case” SCPIR model are possible. It is the responsibility of the scheduling function in the network not to simultaneously schedule MS that differ too much in received signal level. 

6.2.6.8
DL signal level measurements on FCCH

Simulations have been performed to evaluate the accuracy of FCCH burst based signal level measurements.

6.2.6.8.1
Assumptions

The simulation assumptions are the same as in subclause 6.2.6.1 unless otherwise stated. The derived signal level estimate is based on all detected FCCH bursts until synchronization is successful.

6.2.6.8.2
Results

Figure 6.2.6.8-1 shows CDFs of the measured SNR for different actual average SNRs. The mean and standard deviation of the distributions are plotted in Figure 6.2.6.8-2. Both are based on 1000 synchronization attempts per SNR value.
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Figure 6.2.6.8-1: CDFs of measured SNR at different actual SNR.
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Figure 6.2.6.8-2: Mean and standard deviation of measured SNR versus actual SNR.

6.2.6.8.3
Conclusions

The DL signal level can be estimated with acceptable accuracy based on FCCH bursts during the network synchronization process. The measurements have a standard deviation of 2-4 dB, which is mainly due to the fading of the channel, i.e. not a variation specific to CIoT operating at low signal levels. At negative SNRs, the signal level is overestimated due to that the FCCH bursts received during the fading dips are detected with a lower probability. However, the overestimation is moderate and can be compensated for.

NOTE:
Due to the spread of the DL signal level measurements, an MS may sometimes be assigned a suboptimal coverage class or select a suboptimal cell.
NOTE: 
In the simulations, measurements on the serving cell during network synchronization have been evaluated. During WI phase, further study is needed on neighbour cell measurements for cell reselection.
6.2.6.9
Coverage improvement target according to MCL methodology

The Maximum Coupling Loss (MCL) is derived using the methodology described in subclause 5.1, using the assumptions in table 5.1-2. The occupied bandwidth is assumed to be 13e6/48(270.8 kHz, reflecting the symbol rate in GSM, and hence the required SINR is defined in Es/N0.

The EC-GSM channels that the methodology applies to are: EC-PACCH, EC-PDTCH, EC-AGCH, EC-PCH.

For network synchronization and random access evaluation at the MCL, see subclause 6.2.6.1 and 6.2.6.2.

For all simulations, the assumptions in Annex C have been followed. 

The possible residual timing offset, for example shown in 6.2.6.1.4.2a after EC-SCH acquisition, is taken into account by a synchronization window in the receiver, well covering the expected residual timing offset. 

For the candidate specific frequency model (see table C.1) the model in table 6.2.6.9-1 has been followed.

Table 6.2.6.9-1. Frequency error parameters, see table C.1.

	Parameter
	Setting
	Comment

	F_est_error
	N(0,10) Hz
	Following the assumption on minimum frequency error. From simulations EC-GSM has shown to provide better accuracy than this, which implies that the minimum assumption for the study can be used.

	F_drift_inactive
	0.01 ppm/s
	See table C.1.

	T_inactive
	U(0.0012, 0.1442) s
	After reading the SCH the first available RACH transmission occurs after 2 TS. If 32 RACH repetitions are needed then it may in worst case take 31 TDMA frames + 2 TS before a RACH opportunity emerges. See figure 6.2.4.2-5 for details of organization of RACH channel.

	F_drift_active
	0.025 ppm/s
	See table C.1.

	t
	U(0, 0.7385) s
	Assuming that a UL transfer contains between 1 and 220 bytes, implies that CS-1 requires 1-10 radio blocks. At full allocation 10 radio blocks can be transmitted over 160 TDMA frames using 16 repetitions.


Frequency hopping has not been assumed, in order to reflect the worst case performance scenario.

The output power level for the BS is assumed to be 43 dBm and the output power of the device 33 dBm or 23 dBm.

The used repetitions factors for each logical channel, and the mapping of logical channels onto physical channels follows the description in subclause 6.2.4.2 for the highest coverage class (CC6).
A controlled phase has been assumed between blind repetitions. This might not be possible to support in all legacy GPRS devices.
For control channels (EC-CCCH/DL, EC-PACCH, EC-BCCH) a target BLER of 10% is used.

The assumption on 1 Hz Doppler with Typical Urban channel propagation has been used as a baseline, modeling stationary devices, unless otherwise stated.

EC-GSM supports two access burst formats, Normal Burst, NB, and Access Burst, AB, see subclause 6.2.4.6. In case the enhanced procedure for AB based access attempt is used, see sub-chapter [6.2.4.6.8], the results for NB applies, since the same number of radio blocks is used.
For traffic data channels (EC-PDTCH) the model, as described in subclause 5.2 has been used, resulting in a throughput for 90% of the reports of 354(NB) and 327(AB) bps for the exception report on the UL and 382 bps for the application ACK on the DL. 

The traffic data channel performance at 30 km/h result in a throughput for 90% of the exception reports on the UL of 389 bps where some gain is observed due to the time diversity introduced by the higher Doppler spread.

An SNR of -14.3 dB and -6.3 dB on the UL and DL respectively has been used as input to the model to derive the respective throughput.
On the UL, for EC-PDTCH and EC-PACCH, no power reduction due to multislot transmission is assumed. 

The results are presented in table 6.2.6.9-2 and table 6.2.6.9-3.
Table 6.2.6.9-2. EC-GSM, coverage summary DL

	Logical channel name
	EC-

PDTCH/D
	EC-

PACCH/D
	EC-

CCCH/D
	EC-

BCCH

	Data rate(kbps)
	382
	-
	-
	-

	Transmitter
	
	
	
	

	(1) Tx power (dBm)
	43
	43
	43
	43

	Receiver
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5
	5

	(4) Interference margin (dB)
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	271000
	271000
	271000
	271000

	(6) Effective noise power
= (2) + (3) + (4) + 10 log ((5))  (dBm)
	-114.7
	-114.7
	-114.7
	-114.7

	(7) Required SINR (dB)
	-6.3
	-6.4
	-8.8
	-6.5

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-121
	-121.1
	-123.5
	-121.2

	(9) Rx processing gain
	0
	0
	0
	0

	(10) MCL  = (1) ((8) + (9) (dB)
	164
	164.1
	166.5
	164.2


Table 6.2.6.9-3. EC-GSM, coverage summary UL

	Logical channel name
	EC-

PDTCH/U
	EC-

PDTCH/U
	EC-

PACCH/U
	EC-

PACCH/U

	Data rate(kbps), Normal Burst or enhanced AB based solution
	354
	447
	-
	-

	Data rate(kbps), Access Burst
	327
	395
	
	

	Transmitter
	
	
	
	

	(1) Tx power (dBm)
	33
	23
	33
	23

	Receiver
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	3
	3
	3
	3

	(4) Interference margin (dB)
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	271000
	271000
	271000
	271000

	(6) Effective noise power
= (2) + (3) + (4) + 10 log ((5))  (dBm)
	-116.7
	-116.7
	-116.7
	-116.7

	(7) Required SINR (dB)
	-14.3
	-14.3
	-14.3
	-14.3

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-131.0
	-131.0
	-131.0
	-131.0

	(9) Rx processing gain
	0
	0
	0
	0

	(10) MCL  = (1) ((8) + (9) (dB)
	164.0
	154.0
	164,0
	154,0


Table 6.2.6.9-4. EC-GSM, coverage summary DL, 30 km/h

	Logical channel name
	EC-

PACCH/D
	EC-

CCCH/D
	EC-

BCCH

	Data rate(kbps)
	-
	-
	-

	Transmitter
	
	
	

	(1) Tx power (dBm)
	43
	43
	43

	Receiver
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5

	(4) Interference margin (dB)
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	271000
	271000
	271000

	(6) Effective noise power
= (2) + (3) + (4) + 10 log ((5))  (dBm)
	-114.7
	-114.7
	-114.7

	(7) Required SINR (dB)
	-9.0
	-8.9
	-7.5

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-123.7
	-123.6
	-122.2

	(9) Rx processing gain
	0
	0
	0

	(10) MCL  = (1) ((8) + (9) (dB)
	166.7
	166.6
	165.2


Table 6.2.6.9-5. EC-GSM, coverage summary UL, 30 km/h

	Logical channel name
	EC-

PDTCH/U
	EC-

PDTCH/U
	EC-

PACCH/U
	EC-

PACCH/U

	Data rate(kbps)
	389
	508
	-
	-

	Transmitter
	
	
	
	

	(1) Tx power (dBm)
	33
	23
	33
	23

	Receiver
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	3
	3
	3
	3

	(4) Interference margin (dB)
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	271000
	271000
	271000
	271000

	(6) Effective noise power
= (2) + (3) + (4) + 10 log ((5))  (dBm)
	-116.7
	-116.7
	-116.7
	-116.7

	(7) Required SINR (dB)
	-14.3
	-14.3
	-14.3
	-14.3

	(8) Receiver sensitivity = (6) + (7) (dBm)
	-131.0
	-131.0
	-131.0
	-131.0

	(9) Rx processing gain
	0
	0
	0
	0

	(10) MCL  = (1) ((8) + (9) (dB)
	164.0
	154.0
	164,0
	154,0


Editor’s note: Coherent reception and transmission has been assumed in the simulations. This might not be supported by all legacy GPRS devices... 

As can be seen, the maximum coupling loss (MCL) aimed at by the study, 164 dB, is achieved by all logical channels at 1 Hz Doppler if the current output power level of the device is kept as today, i.e. at 33 dBm. The same applies for the case of 30 km/h (25 Hz Doppler). In case a 23 dBm device output power is used, the UL coverage on the data traffic channel is limited to 154 dB.

6.2.6.10
 Latency Analysis

6.2.6.10.1
EC-GSM Exception Report Latency 

The exception report latency evaluation has been performed according to the agreed frame work in sub-clause 5.3 wherein the latency is measured starting from when a device first decides to send a report (UL application layer payload) and includes the time to synchronize to the network, the time to perform an access attempt and the time for a BSS to successfully detect reception of the UL application layer payload i.e. the measured period of latency ends at the point where the BSS determines that all UL RLC data blocks have been received. In addition, the transmitted payload consists of 95 Bytes (without header compression) and the latency evaluation is done for both the EC-GSM supported access burst formats, i.e. Normal Burst, NB, and Access Burst, AB. When the Access Burst format is used, four bytes of TLLI are included in each radio block until contention resolution is complete. This leads to an increased number of radio blocks that need to be transmitted i.e. additional TTI must be added to the latency. 

Furthermore, fixed uplink allocation of radio blocks is used on UL PDTCH resources in the interest of avoiding USF based uplink transmissions for devices operating in extended coverage, and to reduce RX monitoring time for the sake of battery savings has been assumed.  

The sequence of signaling events in extended coverage assuming 4 HARQ transmissions (1 initial transmission + up to 3 retransmissions) for successful transfer of an exception report is illustrated in Figure 6.2.6.10-1. 

For the GPRS reference case retransmission of 1 RLC data block has been assumed.
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Figure 6.2.6.10-1, Illustration of the sequence of signaling events for transmission of data with a total of 4 HARQ transmissions.

The latency evaluation is done for two different device output powers, 33 dBm and 23 dBm. An EC-GSM device with output power of 23 dBm can make use of a higher coverage class to reach the wanted coverage extension. There is no restriction that the same coverage class needs to be assumed for DL and UL since EC-GSM supports separate coverage classes to be used in each direction. For example, comparing using 33 dBm output power of the device and 23 dBm output power, the same DL coverage class can be used for a certain level of coverage extension while the UL coverage class needs to be increased when using 23 dBm compared to 33 dBm.

The network synchronization times are taken from simulations, see section 6.2.6.1. In addition, for each coverage class the reaction times in the BSS and MS during packet transfer, tMS and tBSS, are assumed to be equal to one  BTTI for that particular coverage class. Similarly the time for transferring a given message is calculated based on the channel mapping, see section 6.2.4.2.  
Furthermore, simulations have shown that for a device with output power of 33 dBm in + 10 dB and + 20 dB extended coverage cases, 99% of the exception reports are transferred to the BSS within less than 0.7 and 2.9 seconds, respectively, using the methodology described in subclause 5.2, using approach 1. When all additional timing constraints are considered (i.e. in addition to the time required for data block transmission known as tHARQ) the total latency for exception reports is 1.2 and 5.5 sec for the + 10 dB and + 20 dB extended coverage cases, respectively. 

For a device with output power of 23 dBm, latency is evaluated for GPRS reference case + 0 dB and + 10 dB and simulations have shown that 99% of the exception reports are transferred to the BSS within less than 0.6 and 2.3 seconds, respectively. The total latency for exception reports is 0.9 and 3.0 sec for the + 0 dB and + 10 dB extended coverage cases.

The calculated latency for delivering an exception report of 95 bytes at different coverage conditions and device output powers are summarized in Table 6.2.6.10-1 and Table 6.2.6.10-2. 

Table 6.2.6.10-1 Exception report latency versus coverage condition with device output power of 33 dBm and normal burst access and alternative EC-SCH design
	Coverage condition
	Exception report latency (sec)

	GPRS reference MCL
	0.43

	GPRS reference MCL + 10 dB
	1.2

	GPRS reference MCL + 20 dB
	5.5


Table 6.2.6.10-2 Exception report latency versus coverage condition with device output power of 23 dBm and normal burst access and alternative EC-SCH design
	Coverage condition
	Exception report latency (sec)

	GPRS reference MCL
	0.9

	GPRS reference MCL + 10 dB
	3.0


The latency evaluation when using the Access burst format follows the same reasoning as for the use of Normal Burst format and can be found in Table 6.2.6.10-3 and Table 6.2.6.10-4. 

Table 6.2.6.10-3 Exception report latency versus coverage condition with device output power of 33 dBm using AB access and alternative EC-SCH design
	Coverage condition
	Exception report latency (sec)

	GPRS reference MCL
	0.45

	GPRS reference MCL + 10 dB
	1.3

	GPRS reference MCL + 20 dB
	5.64


Table 6.2.6.10-4 Exception report latency versus coverage condition with device output power of 23 dBm using AB access and alternative EC-SCH design
	Coverage condition
	Exception report latency (sec)

	GPRS reference MCL
	0.92

	GPRS reference MCL + 10 dB
	3.3



6.2.6.11
Impact on GSM/EDGE BTS hardware

The modifications required to GSM/EDGE BTS functionality to support EC-GSM can be divided into modifications to the receiver side and to the transmitter side.

For both the transmitter and the receiver, a continuous phase trajectory is needed over consecutive bursts being subject to blind retransmissions. This is not considered to have an impact on the BTS. Continuous phase trajectory is not expected between bursts using different frequency in case of frequency hopping.
For the transmitter side the main modifications can be summarized as:

-
Introduction of a negative modulation index for GMSK in case of EC-SCH

-
Support of a new single burst DL packet control channel format for PCH, AGCH and PACCH.

The justification of these changes and the expected impact foreseen for each of the modifications are listed in table 6.2.6.11-1.

Table 6.2.6.11-1. New functionality in the EC-GSM transmitter.

	Functionality
	Justification
	Impact

	EC-SCH with negative GMSK modulation index
	Support of GMSK with negative modulation index for EC-SCH allows for blind detection of even and odd 51-multiframes to facilitate a compressed Reduced Frame Number to be conveyed. See subclause 6.2.2.2.1.
	GMSK with negative modulation index   can be implemented by applying the complex conjugate to the output from the legacy GMSK modulator.



	New DL packet control format
	A new packet control format for PCH, AGCH and PACCH is defined to support extended coverage. See subclause 6.2.2.1.2.
	New burst formats are supported by existing EGPRS 1/3 mother code and CRC polynomial (see TS 45.003 [12]).

Reusing already supported code formats secure that minimal impact is achieved.


The timeslot structure using timeslot length of 156 and 157 symbol duration, see 3GPP TS 45.010, subclause 5.7 is mandated to be used by the BTS. 
For the receiver side the modifications can be summarized as;

-
Use of only chase combining for MCS-1 and MCS-2 and reduced RLC window size.

-
Blind IQ combination of received burst samples.

-
Detection and compensation of frequency offset.

-
Introduction of Overlaid CDMA to support improved UL capacity.

-
Introduction of unique training sequence codes per coverage class (CC), and normal burst for the Random access.

The justification of these changes and the expected impact foreseen for each of the modifications are listed in table 6.2.6.11-2.

Table 6.2.6.11-2. New functionality in the EC-GSM receiver.

	Functionality
	Justification
	Impact

	Reduced RLC window size and MCS-1/2 chase combining 
	EGPRS supports a RLC window size up to 1024 and IR for all MCS. The expected small message sizes for IoT application supports a reduced window size of 16 RLC blocks. See subclause 6.2.4.9.1.

In extended coverage IR performance has been shown to provide small gains compared to chase combining. See subclause 6.2.4.5.
	The impact from reducing the window size and support of IR to chase combining is a reduced memory requirement of ~600 kbits and ~1.9 Msofts. 

 

	Blind IQ combination
	The EC-GSM receiver performs blind IQ combination until the SNR has improved to the point where the legacy receiver chain, i.e. estimation and equalization blocks, can be activated. This is a fundamental mechanism for EC-GSM to achieve extended coverage. See 6.2.1.2.


	During the blind IQ combination process the legacy receive chain remains inactive and processing as well as memory capacity is made available. To understand the resources made available consider that;

A legacy receiver capable of e.g. EGPRS-2A supports 223,000 operations per TS only for the trellis equalizer.

A legacy receiver capable of e.g. VAMOS FR supports an interleaving memory of at least 2x12x58=1392 soft bits per TS.

In comparison to these considerations the actual IQ accumulation introduces a marginal effort, as it is merely a complex addition of the number of complex samples representing a burst.

	Detection and compensation of frequency offset
	To secure that consecutive IQ bursts are combined coherently a method for detecting and correcting UL frequency offsets is needed.


	A simplistic, yet efficient, method for frequency offset estimation between a pair of burst requires 1246 additions or multiplications. This can be considered minimal in relation to computational power made available due to the low duty cycle of EC-GSM, as mentioned in the previous row.

Memory wise at most the storage of 16 EC-RACH bursts, i.e. 16x156 = 2496 IQ samples is needed to facilitate the frequency estimation. In relation to the memory made available due to inactivity of the legacy receive chain, and made available due to reduced RLC window size this can be considered as constituting a minimal overhead.

	Overlaid CDMA
	An overlaid CDMA technique is used to increase UL capacity, by multiplexing up to 4 users on the same ARFCN, frame number and TS. Orthogonality between multiplexed users is achieved through orthogonal code. See subclause 6.2.3.1.3.
	After IQ accumulation, the equalization of the multiplexed users is facilitated since at most 4 parallel users are supported. A legacy receiver should already today support equalization of two users multiplexed on VAMOS sub-channels. In addition to this the load sharing over multiple TS is possible, due to low EC-GSM duty rate.

Only GMSK modulated MCSs are considered for extended coverage, significantly reducing the equalization effort and soft buffer sizes needed to be maintained. MCS-1 interleaving memory for 3 users equalized in parallel will require 3x4x116 = 1392 soft bits, i.e. no more than what the legacy receiver already today supports for VAMOS on a single TS. Then taking the receiver low duty cycle into account it is clear that 4 OL CDMA users can be supported with minimal impact on the legacy receiver. 

	Unique training sequence codes per coverage class (CC) for the Random access
	Each coverage class will be allocated a TSC to distinguish between different users trying to access the system. Different TSC´s will also be used to indicate the supported capabilities for the device i.e. a MCS-1-4 capable device or a MCS-1-9 capable. See subclause 6.2.4.6.3.
	By assuming three coverage classes supported on the EC-RACH the complexity compared to the legacy baseline is, estimated to;
-    Expected number of access decoding attempts will vary from +15% to -85%.

-    Expected number of access TSC detection and synchronization attempts will vary from +10% to --90%.

The variation is dependent on if CC1 devices are supported on TS0 or not.
The impact on the overall system access load can hence be considered minimal.


Based on the summary provided in tables 6.2.6.11-1 and 6.2.6.11-2 it can be conclude that the impact from EC-GSM on GSM/EDGE BTS computational complexity and memory requirements are justified, can be considered minimal and that no impact on GSM/EDGE BTS hardware is foreseen.

For details on the information summarized in the above tables see GP-150429, "EC-GSM, On the impact to legacy GSM/EDGE Base stations", source Ericsson LM, GERAN#66 [6.2-10].
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6.2.6.12
Co-existence simulations with GSM aggressor EC-GSM victim

6.2.6.12.1
Simulation assumptions

Table 6.2.6.12-1 shows the four simulated cases. The 4/12 frequency reuse is intended to capture a BCCH layer, while the 3/9 reuse is intended to capture a TCH traffic layer. Both the GSM aggressor, and EC-GSM victim is assumed to use same frequency reuse.

Table 6.2.6.12-1. Simulation cases.

	Cases
	Aggressor
	Victim
	Link direction
	EC-GSM frequency reuse

	1
	GSM
	EC-GSM
	Downlink
	4/12

	2
	GSM
	EC-GSM
	Uplink
	4/12

	3
	GSM
	EC-GSM
	Downlink
	3/9

	4
	GSM
	EC-GSM
	Uplink
	3/9


In general, the agreed assumptions in Annex G.1 have been followed. Table 6.2.6.12-2 highlights some of the most important agreed parameters, as well as presents a few new parameters specific for the case of GSM and EC-GSM coexistence.

Table 6.2.6.12-2. Simulation assumptions
	Parameter
	Setting

	BS maximum transmit power 
	GSM. 43 dBm
EC-GSM: 43 dBm

	BS Minimum transmit power 
	GSM: 24 dBm (only applicable to TCH layer)
EC-GSM: Not applicable since no power control was applied

	MS maximum transmit power 
	GSM: 33 dBm
EC-GSM: 23 dBm

	MS minimum transmit power 
	GSM: 5 dBm
EC-GSM: 5 dBm

	MS antenna gain 
	GSM: 0 dBi
EC-GSM: -4 dBi

	Frequency reuse
	GSM: 4/12: BCCH layer or 3/9: TCH layer
EC-GSM: Same as for GSM.

	Frequency deployment
	GSM: 1 carrier per cell, both in case of 4/12 and 3/9 reuse.
EC-GSM: Same as for GSM.

	DL Power Control
	GSM: Active in 3/9 reuse, inactive in 4/12 reuse.

EC-GSM: Same as for GSM.

	UL Power Control
	GSM: Active in 3/9 and in 4/12 reuse.

EC-GSM: Inactive.

	Building Penetration Loss
	GSM: None
EC-GSM: Scenario 1 with inter-site correlation coefficient 0.5

	System load
	GSM: Fully loaded system, i.e. all TS occupied.
EC-GSM: 
Alt 1: Fully loaded system, i.e. all TS occupied.
Alt2: Lightly loaded system, only one TS occupied. 

	ACLRadj 
	ACLR for GSM & EC-GSM BS and MS are derived from 3GPP TS 45.005 [5]
ACLR for the base station includes wideband noise emissions as well as IM products.

	ACSadj-x 
	ACSadj-1  = 18 dB
ACSadj-2  = 50 dB
ACSadj-x  = 58 dB, (x≥3)
ACS for GSM & EC-GSM BS and MS are derived from 3GPP TS 45.005 [4].

	Frequency deployment
	GSM and EC-GSM independent deployments adjacent to each other with a single 200 kHz channel guard band.


It can be noted that a pessimistic modelling of intermodulation products (IM) is taken based on the IM3 requirements in TS 45.005 [4]. The ACRL is never allowed to go beyond 60 dB. The minimum BS transmit power is also increased from the agreed 10 dBm to 24 dBm, meaning that the IM emissions will never be modelled at a level lower than -36 dBm. This pessimistic approach was only assumed to minimize the implementation effort in the co-existence simulator.
Two types of load in the victim EC-GSM system have been assumed. In the first step, a fully loaded system is assumed to provoke maximum absolute outage. In the second step the scenarios displaying maximum outage, have been re-simulated with a low load, i.e. only one TS occupied by EC-GSM. This will reduce the total absolute outage level but instead provoke maximum increase in relative outage increase when activating the GSM aggressor system.
6.2.6.12.2
Results

Table 6.2.6.12-3 and Table 6.2.6.12-4 summarize the results from the uncoordinated and coordinated deployment scenarios, respectively. The relative performance degradation, i.e., increase in outage, of EC-GSM performance when exposed to an uncoordinated GSM aggressor is at most 0.3 percentage points for the UL when EC-GSM is fully loaded. Negligible degradation for the DL is observed. When the EC-GSM load is reduced to a single TS the relative outage degradation increases, but the levels never go above 1 percent-unit. 

The absolute outage levels are low for the DL, but are as expected somewhat impacted in the UL due to the reduction in MS output power to 23 dBm. In absolute terms at most 2.7% outage is observed in the performed set of simulations.

Table 6.2.6.12-3. Summary of EC-GSM performance loss due to interference from a GSM aggressor in case of uncoordinated deployment.

	Cases
	Aggressor
	Victim
	Link direction
	EC-GSM frequency reuse
	EC-GSM system load
	Outage [%]
	Relative outage degradation 
[%-points]

	1
	GSM
	EC-GSM
	Downlink
	4/12
	8TS
	0.2
	0.1

	2
	GSM
	EC-GSM
	Uplink
	4/12
	8TS
	2.7
	0.3

	2’
	GSM
	EC-GSM
	Uplink
	4/12
	1TS
	2.4
	0.9

	3
	GSM
	EC-GSM
	Downlink
	3/9
	8TS
	0.1
	0

	4
	GSM
	EC-GSM
	Uplink
	3/9
	8TS
	2.7
	0.1

	4’
	GSM
	EC-GSM
	Uplink
	3/9
	1TS
	2.4
	0.4


Table 6.2.6.12-4. Summary of EC-GSM performance loss due to interference from a GSM aggressor in case of coordinated deployment.

	Cases
	Aggressor
	Victim
	Link direction
	EC-GSM frequency reuse
	EC-GSM system load
	Outage [%]
	Relative outage degradation 
[%-points]

	1
	GSM
	EC-GSM
	Downlink
	4/12
	8TS
	0.1
	0

	2
	GSM
	EC-GSM
	Uplink
	4/12
	8TS
	2.6
	0.3

	3
	GSM
	EC-GSM
	Downlink
	3/9
	8TS
	0.1
	0

	4
	GSM
	EC-GSM
	Uplink
	3/9
	8TS
	2.6
	0.1


6.2.6.12.3
Conclusions

This contribution presents the impact on EC-GSM system capacity from an adjacent GSM deployment, assuming one channel guard band. The results indicate that the impact from the aggressor on EC-GSM ranges between 0.1 and 0.9 percentage points in outage. 

Based on this observation it can be concluded that the impact from GSM onto EC-GSM can be considered minimal.
For more details on the investigation and the results, see [6.2-13]
� Measured at the RLC/MAC layer.
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