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[bookmark: _Toc18949630]3.3.9.2	Extended coverage
[bookmark: _Toc18949631]3.3.9.2.1	General
EC-GSM-IoT MS is able to operate in extended coverage in both uplink and downlink, which is defined as improved MS and BTS sensitivity and interference performance. The feature has been designed to improve coverage by 20 dB and also the interference level by 20 dB compared to GPRS/EGPRS.
A predefined number of logical channel specific blind physical layer transmissions is used to support a certain level of extended coverage. For some logical channels, the number of blind physical layer transmissions can vary depending on the coverage extension required. Four different Coverage Classes are defined, each one approximated with a level of extended coverage compared to GPRS/EGPRS (see table 3.3.9.2-1), denoted as CC1, CC2, CC3 and CC4 respectively. In case of significant coverage extension, a fixed predefined number of blind physical layer transmissions is applied per logical channel. This number of blind physical layer transmissions, used by CC2, CC3 and CC4, may differ between logical channels for the same Coverage Class. Different Coverage Classes can be used on uplink and downlink. Logical channels supporting operation in extended coverage are referred to as EC-channels. Also the FCCH channel is considered to be operable in the extended coverage range aimed for by EC-GSM-IoT, and is hence used for synchronization purposes.
Blind physical layer transmissions should on the EC-PDTCH be used together with type II hybrid ARQ to achieve the approximate coverage level shown in Table 3.3.9.2-1.
Blind physical layer transmissions on the EC-PDTCH and EC-PACCH channels are mapped on to either 2 consecutive PDCH resources or 4 consecutive PDCH resources according to broadcast information in EC SI. The use of 2 PDCH resources is foreseen for resource constrained situations, e.g. the base station operates with limited resources due to a low number of TRX or with a limited set of PDCH resources in the PS domain.
Table 3.3.9.2-1. Approximate coverage level per Coverage Class compared to GPRS/EGPRS
	Coverage class
	Approximate extended coverage level compared to GPRS/EGPRS [dB]1

	CC1
	0-6

	CC2
	6-12

	CC3
	12-15

	CC4
	15-20

	NOTE: The values apply for the same maximum output power (33dBm ) of an EC-GSM-IoT MS and a GPRS/EGPRS MS.



The procedures for selection and communication of Coverage Class are described in 3GPP TS 45.008 [15] and 3GPP TS 44.018 [6]. In idle mode, the MS performs Coverage Class selection and communicates the Coverage Class to the network, while in Packet Transfer Mode, the network performs Coverage Class selection and communicates the Coverage Class to the MS. For the purpose of paging, the MS shall communicate changes in the Coverage Class under certain circumstances, see 45.008 [15].
It is mandatory for the EC-GSM-IoT capable MS to support all defined Coverage Classes for all EC-channels. The network shall support at least CC1 and CC4. Support for blind physical layer transmissions over 2 consecutive PDCH resources is mandatory for the EC-GSM-IoT capable MS and optional for a network that supports EC-GSM-IoT.
The set of coverage classes supported on EC-CCCH is broadcasted in System Information (EC SI).

	  1st Modification




[bookmark: _Toc18949632][bookmark: _Toc492807262]3.3.9.2.2	Extended coverage improvement for MS with low output power
An EC-GSM-IoT MS of power class 6 (see 3GPP TS 45.005 [14]) in addition to the Coverage Classes CC1 to CC4 shall support a Coverage Class CC5 for its uplink logical channels, which is suited to operate in further extended coverage beyond the coverage condition covered by CC4. The uplink logical channels in CC5 coverage condition use predefined number of blind physical layer transmissions, where a fixed predefined number of blind physical layer transmissions is applied per logical channel.
In addition to blind physical layer transmissions, dedicated uplink logical channels (EC-PDTCH, EC-PACCH) using CC5 use modified header encoding and burst interleaving schemes (see 3GPP TS 45.002 [11]) to achieve the approximate coverage level shown in Table 3.3.9.2-2. The EC-RACH logical channel uses the Extended Synchronization Access Burst format or Extended Dual slot Access burst format (see 3GPP TS 45.002 [11]) for CC5 operation to achieve the required coverage extension. The burst format of EC-RACH logical channel to be used for CC5 operation is broadcasted in System Information (EC SI).
Table 3.3.9.2-2: Approximate coverage level for Coverage Class 5 (Uplink only) compared to GPRS/EGPRS
	Coverage class
	Approximate extended coverage level compared to GPRS/EGPRS [dB]1

	CC5
	[20-23TBD]

	NOTE1: The value applies for the same maximum output power (23dBm) of an EC-GSM-IoT MS and a GPRS/EGPRS MS.



The support of CC5 is optional for the network and the support for CC5 on uplink logical channels (EC-RACH, EC-PDTCH/U and EC-PACCH/U) is broadcasted in System Information (EC SI).

	  2nd Modification



[bookmark: _Toc18949734]6.5.7.2.1	Mapping on the multiframe structure
Figure 19 shows the mapping of the uplink access bursts and downlink TA-messages on groups of eight 52-multiframes:
-	the TAI value shows the position where a slot is reserved for a MS to send an access burst (e.g. T1 means 52-multiframe number n and idle slot number 2). TAI value defines the used PTCCH sub-channel.
-	every second PDCH multiframe starts a downlink TA-message.
52-multiframe number n:
uplink			TAI=0							TAI=1
	B0
	B1
	B2
	0
	B3
	B4
	B5
	1
	B6
	B7
	B8
	2
	B9
	B10
	B11
	3


downlink		TA_message 1						TA message 1
52-multiframe number n + 1:
uplink			TAI=2							TAI=3
	B0
	B1
	B2
	4
	B3
	B4
	B5
	5
	B6
	B7
	B8
	6
	B9
	B10
	B11
	7


downlink		TA message 1						TA message 1
52-multiframe number n + 2:
uplink			TAI=4							TAI=5
	B0
	B1
	B2
	8
	B3
	B4
	B5
	9
	B6
	B7
	B8
	10
	B9
	B10
	B11
	11


downlink		TA message 2						TA message 2
52-multiframe number n + 3:
uplink			TAI=6							TAI=7
	B0
	B1
	B2
	12
	B3
	B4
	B5
	13
	B6
	B7
	B8
	14
	B9
	B10
	B11
	15


downlink		TA message 2						TA message 2
52-multiframe number n + 4:
uplink			TAI=8							TAI=9
	B0
	B1
	B2
	16
	B3
	B4
	B5
	17
	B6
	B7
	B8
	18
	B9
	B10
	B11
	19


downlink		TA message 3						TA message 3
52-multiframe number n + 5:
uplink			TAI=10							TAI=11
	B0
	B1
	B2
	20
	B3
	B4
	B5
	21
	B6
	B7
	B8
	22
	B9
	B10
	B11
	23


downlink		TA message 3						TA message 3
52-multiframe number n + 6:
uplink			TAI=12							TAI=13
	B0
	B1
	B2
	24
	B3
	B4
	B5
	25
	B6
	B7
	B8
	26
	B9
	B10
	B11
	27


downlink		TA message 4						TA message 4
52-multiframe number n + 7:
uplink			TAI=14							TAI=15
	B0
	B1
	B2
	28
	B3
	B4
	B5
	29
	B6
	B7
	B8
	30
	B9
	B10
	B11
	31


downlink		TA message 4						TA message 4

B0 - B11 = Radio blocks
Idle frames are numbered from 1 to 31 ([odd numbers)]
PTCCH frames are numbered from 0 to 30 ([even numbers)]

[bookmark: _Ref379083318]Figure 19: Mapping of the uplink access bursts and downlink timing advance signalling messages (the figure applies also for the reduced TTI since the same 52-multiframe allocation of PTCCH and idle frames applies also for the reduced TTI configuration)
The BTS shall update the timing advance values in the next TA-message following the access burst. To illustrate this, an MS that transmits an access burst in frames numbered 0, 2, 4, or 6 receives its updated timing advance value in TA message 2. This MS can also find this updated timing advance value in subsequent TA messages 3, 4, and 1, but only has to read these if TA message 2 was not received correctly.
An MS entering the Transfer state shall ignore the TA-messages until the MS has sent its first access burst. This is to avoid the use of timing advance values, derived from access bursts sent by the MS that previously used the same TAI.

	  End of Modifications        





