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EC-GSM – Block format for EC-PACCH 
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 when coverage is to be extended based on an existing system design is to make use of blind repetitions.
Another means to improve performance is to lower the code rate of the block, consequently also lowering the payload size.
In this contribution, a design of the EC-PACCH is shown that relies on both block repetition and increased redundancy to reach the target of 20 dB coverage improvements.
Current PACCH block format
The PACCH block is the associated control channel to the packet data traffic channel, PDTCH.
The PACCH uses the original coding of SACCH, see [2], and the block is mapped onto four bursts onto four consecutive TDMA frames, see [3], and Table 1 and Figure 1.
The block contains 184 information bits.
[bookmark: _Ref409875905]Table 1. Current PACCH mapping.
	Channel 
designation
	Dir.
	Allowable 
timeslot 
ass.
	Allowable 
RF ch. 
ass.
	Burst 
type
	Repeat 
length 
TDMA 
frames
	Interleaved block 
TDMA frame mapping

	PACCH
	D
	0…7
	C0,…,Cn
	NB
	51
	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)
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[bookmark: _Ref409875912]Figure 1. Current PACCH mapping.
New EC-PACCH block format
Choice of block format
The block format chosen on both DL and UL is a 1-burst format that is mapped onto the frame in the same way as the current 4-burst PACCH block.
Hence, the design is similar to the EC-AGCH and EC-PCH blocks, see  [4], and the mapping is the same as for the current PACCH, see Table 2.
[bookmark: _Ref409876758]Table 2. EC-PACCH mapping.
	Channel designation
	Dir.
	Allowable 
timeslot 
ass.
	Allowable 
RF ch. 
ass.
	Burst 
type
	Repeat length 
TDMA frames
	Coverage 
class
(CC)
	Interleaved block 
TDMA frame mapping

	EC-PACCH

	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 2: A PACCH 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 PACCH 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.



Details
The new EC-PACCH format contains 80 bits on DL and 64 bits on UL, and is mapped according to Table 2. For more details, see [5].
An 18 bit CRC as defined today for MCS-0 is applied and tail biting coding as currently defined for example for the RLC/MAC Header, is used.
The details of the channel coding is provided according to the nomenclature and description used in [2].
Packet control channels in extended coverage (EC-PACCH)
The detailed description of the block format is provided in [4] with N= 80 for PACCH/D and N=64 for PACCH/U. 
In the puncturing of the block, space for Stealing Flags need to be considered on the DL and hence the puncturing is defined as:
	EC-PACCH/D
	{C(k) for k = floor(linspace(0, (N+18)*3-1 , (N+18)*3-114)) (Matlab syntax used)

	EC-PACCH/U
	{C(k) for k = floor(linspace(0, (N+18)*3-1 , (N+18)*3-116)) (Matlab syntax used)



USF bits are also mapped onto the block for PACCH/D as defined for MCS-1-4 to allow for legacy MSs to be UL scheduled when receiving an instance of the EC-PACCH block on the DL, see [6]. 
Conclusions
A new block format for EC-PACCH has been described that uses a smaller payload size compared to the current block format, but is still mapped onto 4-burst block format to allow for a consistent block format with PDTCH and allow legacy mobiles to monitor the EC-PACCH channel for Stealing Flag reading and USF monitoring. The detailed channel coding is the same as for EC-PCH and EC-AGCH with the difference of the size of the payload content.
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