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Extended Coverage for GSM, Realizing extended coverage through Coverage Classes
[bookmark: _Ref396137062]Introduction
[bookmark: _Ref396236523]One of the main objectives in the FS_IoT_LC study [1] is to extend coverage. For the Extended Coverage for GSM concept (EC-GSM), earlier referred to as GSM Evolution, the concept of Coverage Classes (CC) is fundamental when realizing extended coverage through blind repetitions. In short each CC will in an incremental fashion provide increasing coverage up to 20 dB beyond legacy GPRS. This paper is intended to provide an overview of the concept of CCs, and introduce a method for estimation of CCs.
Coverage classes 
In EC-GSM coverage extension is provided by means of blind repetitions, and in case of the new proposed control channels EC-CCCH/D, EC-PACCH/D and EC-PACCH/U for the EC-GSM concept, see [6] and [7], also through more robust encoding. Note that all EC-GSM logical channels have been given an EC- prefix to distinguish them from the legacy GSM channels. It was shown in [2] that a doubling of the number of blind transmission will improve coverage by roughly 3 dB. This suggests a tight coupling between the CC definition and the number of blind transmissions used to provide certain coverage. In Figure 1 an example of this coupling is illustrated using three levels of CCs with different number of blind transmissions for each CC.
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[bookmark: _Ref409724794]Figure 1 Illustration of coupling between CC and number of blind transmissions.
Beyond the number of blind transmissions, the CC chosen will be dependent on a number of factors such as the device output power and receiver performance as well as the BS output power and performance. It will also be dependent on the logical channel, as exemplified in Table 1 where the maximum number of needed transmissions, expressed in blind and HARQ transmission, are listed for each logical EC-channel. It has also been concluded that the UL is the limiting link for legacy GPRS [1], and with this in mind it is e.g. clear that different number of repetitions may be needed in UL and DL, hence different CC may be applicable in UL and DL for a given device.
[bookmark: _Ref409704387][bookmark: _GoBack]Table 1 Number of transmissions needed to reach 20 dB coverage improvement beyond legacy GPRS performance [8].
	Logical Channel
	Coverage improvement [dB]
	Number of blind and HARQ transmissions

	EC-SCH
	20
	14 blind transmission

	EC-BCCH
	20
	16 blind transmission

	EC-RACH (EC-CCCH/U)
	20
	32 blind transmission

	EC-PCH/ EC-AGCH (EC-CCCH/D)
	20
	32 blind transmission

	EC-PACCH/D/U
	20
	16 blind transmission

	EC-PDTCH/U
	20
	16 blind transmission, 4 HARQ transmissions.

	EC-PDTCH/D
	20
	16 blind transmission, 4 HARQ transmissions.



Table 1 lists the number of blind transmissions for each logical channel in the context of the highest CC reaching 20 dB beyond legacy GPRS performance, while the lowest CC (i.e. CC1 see section 3) typically corresponds to normal coverage and a single transmission. The total number of coverage classes needed in EC-GSM is still to be determined, and one important factor when making this decision is how accurate a device can estimate its UL and DL CCs. In section 3 a possible methodology to establish the UL and DL CCs are outlined using an example of total six CCs.
[bookmark: _Ref409774383]Estimation of coverage class 
When an EC-GSM device wakes up, it first attempts to synchronize to a cell via the FCCH and EC-SCH as described in [3] and [5], and reads the EC-BCCH e.g. in case the EC-SCH signals an update of the system info via the BCCH_CHANGE flag before it continue to e.g. register to the network via the EC-RACH. 
In order not to waste radio resources the device needs to estimate its UL CC before accessing the NW. The EC-RACH is also intended to convey information on the UL and DL CCs [9] to be used by the BSS when e.g. deciding the number of blind transmissions needed to convey the EC-PCH and EC-AGCH. 
There are various means to estimate the UL and DL CCs during the synchronization procedure. In the following the feasibility of doing so is illustrated by a procedure where the number of blind transmissions needed for the device to decode the EC-SCH is used to assess the UL and DL CCs. 
Figure 2 shows the EC-SCH performance for different number of blind transmissions, when following the simulation assumptions agreed in [1], and the frame mapping introduced in [10]. Seven or less blind transmissions are mapped onto a single 51-multiframe, while 8 and more blind transmissions are mapped over two 51-multiframes. The significant performance difference between seven and 8 blind transmissions are explained by the time diversity gained when spreading the transmissions over two 51-mutliframes.
In the following MCL is defined as follows;

Where the output power POUT and the noise figure NF follows the assumptions in [1], unless otherwise explicitly stated.
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Figure 2 EC-SCH performance for different number or blind transmissions.
To associate an UL CC to DL EC-SCH performance, in a first step the estimated number of blind transmissions needed on the DL EC-SCH needs to be compared to the number of EC-RACH blind transmissions needed to achieve extended coverage in the UL. Figure 3 depicts EC-RACH performance for one to 32 blind transmissions following the simulation assumptions agreed in [1], and the frame mapping introduced in [10].
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[bookmark: _Ref410119009]Figure 3 EC-RACH performance for different number or blind transmissions.
To derive a DL CC also the EC-PCH performance needs to be considered. Figure 4 depicts EC-PCH performance for one to 32 blind transmissions, again following the simulation assumptions agreed in [1], and the frame mapping introduced in [10].
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[bookmark: _Ref410119334]Figure 4 EC-PCH performance for different number or blind transmissions.
Based on the performance in Figure 2, Figure 3 and Figure 4, Table 2 can be constructed where the performances of the EC-SCH, EC-RACH and EC-PCH are listed at the 10% BLER cross over point for each number of blind transmissions. In essence the rows of Table 2 is an attempt to group EC-SCH, EC-PCH and EC-RACH performance so that the performance spread at 10% BLER between the channels are minimized, with the prerequisite that the EC-SCH MCL does not exceed the EC-PCH and EC-RACH MCL.
[bookmark: _Ref409772570]Table 2 Exemplified coverage class mapping table at BS power 43 dBm and device power 33 dBm.
	DL CC
	EC-SCH
	EC-PCH
	UL CC
	EC-RACH

	
	#TX
	CL
	#TX
	CL
	
	#TX
	CL

	1
	
	
	1
	148.5
	1
	1
	150

	2
	1
	151.5
	2
	151.5
	2
	2
	152.5

	3
	2
	154
	4
	154.5
	3
	4
	155.5

	4
	4
	157
	8
	157.5
	4
	8
	158.5

	5
	7
	160
	16
	163
	5
	16
	161.5

	5
	8
	162
	16
	163
	6
	32
	164

	6
	14 
	164.5
	32
	166.5
	6
	32(1)
	165.5


(1) EC-RACH reaches 165.5 dB MCL at 15% BLER.
A device may use Table 2 as a lookup table with the number of blind transmissions needed to decode the EC-SCH as input, to identify the DL and UL CC, or the number of blind transmissions needed on the EC-PCH and EC-RACH, respectively. To exemplify, if a device requires four blind transmissions on the EC-SCH to synchronize to a cell it can expect 8 blind transmissions when being paged via the EC-PCH, or use 8 blind transmissions when accessing the network over the EC-RACH.
It can be observed that the entry of seven blind transmissions on the EC-SCH provides added granularity in the assessment of the UL CC, while this is not the case for the DL where 16 EC-PCH blind transmissions maps to seven as well as 8 blind transmissions on the EC-SCH.
One can also conclude that Table 2 provides a coarse estimate of the CC. It is for example not possible to determine that a device is within normal coverage, and UL and DL CC1, based only on the fact the cell synchronization is achievable over a single EC-SCH transmission. This is no surprise as already today the SCH is more robust than the PCH and RACH, but exemplifies why further investigations are needed on how the described method can be fine-tuned.
When constructing Table 2 a device output power of 33 dBm and BS output power of 43 dBm was assumed. In case these assumptions changes also the relations of Table 2 will change. To exemplify this Table 3 depicts a situation where the BS power is lowered 3 dB to 40 dBm while the device power remains at 33 dBm, resulting in a shift of the relations between the UL and DL CCs. In order for a device to take the BS power into account, it is necessary that the BSS conveys this information in the SI as proposed in [11].
[bookmark: _Ref410121266]Table 3 Exemplified coverage class mapping table at BS power 40 dBm and device power 33 dBm.
	DL CC
	EC-SCH
	EC-PCH
	UL CC
	EC-RACH

	
	#TX
	CL
	#TX
	CL
	
	#TX
	CL

	1
	
	
	1
	145.5
	1
	1
	147

	2
	1
	148.5
	2
	148.5
	1
	1
	149.5

	3
	2
	151
	4
	151.5
	2
	2
	152.5

	4
	4
	154
	8
	154.5
	3
	4
	155.5

	5
	7
	157
	16
	160
	4
	8
	158.5

	5
	8
	159
	16
	160
	5
	16
	161

	6
	14 
	161.5
	32
	163.5
	6
	32
	164



It can finally be noted that in order to provide a complete CC estimate the tables above needs to be expanded to cover all UL and DL EC channels listed in Table 1. This is, along with the investigation to refine the granularity of the described method is for further study. The ambition is to provide updated results at GERAN#65.  
Summary
This paper provides an initial insight on the concept of coverage classes for EC-GSM, and exemplifies how a device may estimate its DL CC based on the EC-SCH reading, and map this estimate onto a UL CC using its own and the BS output power as input. Further and more detailed input on this matter will be provided to GERAN#65.
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