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1
Introduction

1.1
Background Information

A study on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things was approved at GERAN#62, see [1]. The study allows both for an evolution of GSM, to comply with the objectives of the study, and non-backwards compatible solutions by a new system design. 
1.2
Reason for change

The set of extended DRX (eDRX) cycles proposed for EC-GSM at maximum covers 1/4 of the entire TDMA FN space (i.e. a quarter hyperframe) such that it is sufficient for T1' sent as part of the EC-SCH to be reduced to 9 bits (i.e. cover a range of 0 to 511 superframes). This 2 bit reduction in T1' compared to legacy operation (where an 11 bit T1 field is included in the SCH) needs to be further clarified and corrected regarding how the 2 most significant bits (MSBs) of the legacy T1 field not included in T1' are eventually provided to an EC-GSM device as part of the resource assignment information sent to it on the EC-AGCH.
1.3
Summary of change

Section 6.2.2.2.1 of  the TR 45.820 is updated to provide a corrected and clarified description of how the 2 most significant bits (MSBs) of  the legacy T1 field not included in T1' are eventually provided to an EC-GSM device as part of the resource assignment information sent to it on the EC-AGCH.
1.4
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	First modification (existing sub-clause)


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'' will be determined through the mapping of the FCCH onto specific TDMA frames within 51-multiframes sent on TS0 and will be an element in the set {0, 10, 20, 30, 40}.

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.

	End of modifications
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