EC-GSM – Mapping of logical channels onto physical channels
Introduction
At GERAN#62 a new feasibility study named Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (WI code: FS_IoT_LC)  was approved, see [1].
One of the main objectives is to increase the coverage compared to existing GPRS services. The most straight forward way to do this based on an existing system design is to make use of blind repetitions. This is what has been proposed for the EC-GSM concept (earlier known as GSM Evolution), see [2].
In this contribution, the mapping of logical channels onto physical channels is described.
Logical channels supporting extended coverage
Firstly, the logical channels needed for the CIoT system need to be identified. As described in [4], the PTCCH, that continuously updates the timing advance during the TBF, need not be supported by the system due to the expected low mobility and small data transmission characteristics. Optional support of timing advance update through the use of PACCH (as also supported today) will still be possible.
It has also been shown in [5], that the current FCCH channel can be used by devices in extended coverage and hence need not be modified or repeated.
All other channels associated with PS domain operation in GSM are extended to support extended coverage, and these channels are denoted as ‘EC’-channels, logical channels supporting Extended Coverage operation.
Mapping of logical channels onto physical channels
In the following section the mapping of logical channels onto physical channels are described for each logical channel.
EC-SCH
In current GSM each instance of SCH is unique since the SCH is containing the reduced 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, see [6].
The EC-SCH is, by default, mapped on TS1 with the same burst content over 14 TDMA frames during 2 consecutive 51 multiframes.
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Figure 1. EC-SCH mapping.
EC-BCCH
Considering the significant reduction possible in SI content for CIoT devices, see [9], 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, see Figure 2.
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[bookmark: _Ref410177662]Figure 2. EC-BCCH Normal (top) Extended (bottom) mapping
EC-PCH
The EC-PCH is using a 2-burst mapping of the paging block (EC-PCH block) described in [7] and is by default mapped onto TS1. During a 51 multiframe a maximum of 16 EC-PCH blocks will be sent and therefore, 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 MF depending on the coverage class, see Figure 3 and Table 1.
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[bookmark: _Ref409866777]Figure 3. EC-PCH mapping. CC1 (top), …, CC6 (bottom).
The instance of the paging block to be monitored 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 [10]. 
EC-AGCH
The EC-AGCH is using a 2-burst mapping of the AGCH block (EC-AGCH block) described in [7] and is by default mapped onto TS1. During a 51 multiframe a maximum of 20 EC-AGCH blocks will be sent and therefore, 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 MF depending on the coverage class, see Figure 4 and Table 1.
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[bookmark: _Ref409867131]Figure 4. EC-AGCH mapping. CC1 (top), …, CC6 (bottom)
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 TDMA frame options. The EC-RACH is repeated up to 32 times, allowing for up to around 6 accesses per second for the worse coverage class device. The highest coverage class, CC6, is mapped onto 2 51-multiframes while all lower coverage classes are mapped within one 51-multiframe.
The EC-RACH is by default mapped onto TS1, but as today in GSM, multiple EC-CCCH operation can be supported, in which case TS3, TS5, and TS7 can also be used for EC-RACH.
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Figure 5. EC-RACH mapping. CC1 (top), …, CC6 (bottom)
EC-PACCH
A new control block format for EC-PACCH is used. 
When in normal coverage, the new control block format is mapped onto the same physical channels as with 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 per coverage class mapping onto the overall TDMA frame structure can be realized in multiple ways, see Table 1.
The new packet control block format used for both the DL and UL is defined in [8]. Each EC-PACCH block uses a 4, 8 or 16 burst mapping on the same timeslot as shown in Figure 6. 
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[bookmark: _Ref409867485]Figure 6. EC-PACCH mapping. CC1,CC2 (top),CC3, …, CC6 (bottom). Each row of TS combinations constitute different mapping alternatives.
EC-PDTCH
The same packet data block format as used today for the four bursts mapped on an instance of 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 and Table 1.
Mapping table
To show the mapping of the logical channels onto physical channels in a more condense form, the table format in [3] is used. 
Table 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.
It should be noted that it is still FFS how many coverage classes that are be defined in EC-GSM.
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[bookmark: _Ref409871107]Table 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

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

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

	EC-PCH
	D
	1,3,5,7
	C0
	NB
	51
	1
	B0(19,20),B1(21,22),…,B15(49,50)

	
	
	
	
	
	51
	2
	B0(19,…,22),B1(23,…,26),…,B7(47,…,50)

	
	
	
	
	
	51
	3
	B0(19,…,26),B1(27,…,34),…,B3(43,…,50)

	
	
	
	
	
	51
	4
	B0(19,…,34), B1(35,…,50)

	
	
	
	
	
	102
	5
	B0(19,…,34 + 51N), B1(35,…,50 + 51N), N=0,1

	
	
	
	
	
	204
	6
	B0(19,…,34 + 51N), B1(35,…,50 + 51N), N=0,1,2,3

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

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

	
	
	
	
	
	51
	3
	B0(11,…,18),B1(19,…,26),…,B4(43,…,50)

	
	
	
	
	
	51
	4
	B0(19,…,34), B1(35,…,50)

	
	
	
	
	
	102
	5
	B0(19,…,34 + 51N), B1(35,…,50 + 51N), N=0,1

	
	
	
	
	
	204
	6
	B0(19,…,34 + 51N), B1(35,…,50 + 51N), N=0,1,2,3

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

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

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

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

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

	
	
	
	
	
	
	6
	B0(0,…,50)

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

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

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

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

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

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

	NOTE 1: The mapping is identical to FCCH and uses the same resources
NOTE 2: A PDTCH is mapped onto two PDCHs. Number n indicates mapping on the PDCH with the lowest timeslot number in TDMA frame n, whereas number n’ indicates mapping on the PDCH with the highest timeslot number in TDMA frame n.
NOTE 3: A PDTCH is mapped onto four PDCHs. Number n indicates mapping on the PDCH with the lowest timeslot number in TDMA frame n, whereas number n’, n’’, and n’’’ indicates mapping on the PDCH with the second lowest, third lowest, and highest timeslot number in TDMA frame n respectively.




Conclusions
The paper has defined the mapping of logical channels onto physical channels for the EC-GSM candidate within the FS_IoT_LC study item.
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