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EC-GSM – Block format for EC-PCH and EC-AGCH
(revision of GPC150060) 
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-PCH and EC-AGCH is shown that relies on both block repetition and increased redundancy to reach the target of 20 dB coverage improvements.
[bookmark: _GoBack]This document is a revision of GPC150060 with changes in section 3.2.1.2, highlighted in red.
Current PCH and AGCH operation
The PCH and AGCH blocks are today mapped onto the CCCH/D which maps onto the physical resources in the BCCH carrier on TS0.
Both PCH and AGCH use 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 and both for AGCH and PCH there are possibilities to include AGCH and PCH to multiple devices in the same block.
[bookmark: _Ref409875905]Table 1. Current PCH, AGCH mapping.
	Channel 
designation
	Dir.
	Allowable 
timeslot 
ass.
	Allowable 
RF ch. 
ass.
	Burst 
type
	Repeat 
length 
TDMA 
frames
	Interleaved block 
TDMA frame mapping

	PCH, AGCH
	D
	0,2,4,6
	C0
	NB
	51
	B0(6..9),
B1(12..15),
B2(16..19) B3(22..25),
B4(26..29),
B5(32..35), 
B6(36..39),
B7(42..45),
B8(46..49)



[image: ]
[bookmark: _Ref409875912]Figure 1. Current PCH, AGCH mapping.
New EC-PCH and EC-AGCH block format
Choice of block format
When supporting users in extended coverage, the multiplexing of multiple users implies that the EC-PCH and EC-AGCH block need to be dimensioned for the user in the worse coverage condition. However, if fewer resources could be used per user, the overall resource utilization could be improved. Also, using a short block would allow for devices to read its paging group and quickly go back to sleep, provided that they are in normal coverage, which the majority of devices still are expected to be.
The new EC-AGCH and EC-PCH block is hence using a 2-burst block format. The block itself is a repeated 1-burst block allowing devices in good coverage to decode the block after just a single burst. The use of a two times repeated EC-AGCH and EC-PCH will also assist devices to synchronize to the cell since two normal bursts are always guaranteed to contain the same information, which for example can be utilized by the device for frequency offset compensation and coverage class estimation.
[bookmark: _Ref409876758]Table 2. EC-PCH and EC-AGCH 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-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



Details
The new EC-PCH and EC-AGCH format contains 88 bits, and is mapped according to Table 2. For more details, see [4].
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-CCCH/D)
[bookmark: _Toc342304219]Block constitution
The message delivered to the encoder on the DL has a fixed size of N information bits {d(0),d(1),...,d(N-1)}, where:
· [bookmark: _Toc342304220]EC-CCCH/D: N=88
[bookmark: _Ref410730155]Data coding
a)	Parity bits:
Eighteen data parity bits p(0),p(1),...,p(17) are defined in such a way that in GF(2) the binary polynomial:
d(0)DN+18-1 +...+ d(N-1)D18 + p(0)D17 +...+ p(17), when divided by:
D18 + D17 + D14 + D13 + D11 + D10 + D8 + D7 + D6 + D3 + D2 + 1, yields a remainder equal to:
D17 + D16 + D15 + D14 + D13 + D12 + D11 + D10 + D9 + D8 + D7 + D6 + D5 + D4 + D3 + D2 + D + 1.
b) Tail-biting convolutional encoder
The six last bits are added before the block of N+18 bits, the result being a block of N+24 bits {c(‑6),…,c(0),c(1),...,c(N+18-1)} with six negative indices:
c(k)		= b(N+18+k)		for k = -6,...,-1
c(k)		= b(k)			for k = 0,1,...,N+18-1
This block of N+24 bits is encoded with the 1/3 rate convolutional mother code defined by the polynomials:
G4 = 1 + D2 + D3 + D5 + D6
G7 = 1 + D + D2 + D3 + D6
G5 = 1 + D + D4 + D6
This results in a block of (N+24)*3 coded bits {C(0),...,C((N+24)*3-1)} defined by:
C(3k)     = c(k) + c(k‑2) + c(k‑3) + c(k‑5) + c(k‑6)
C(3k+1) = c(k) + c(k‑1) + c(k‑2) + c(k‑3) + c(k‑6)
C(3k+2) = c(k) + c(k‑1) + c(k‑4) + c(k‑6)     for k = 0,1,..., N+24-1
The code is punctured in such a way that the following coded bits are not transmitted:
	EC-CCCH/D
	{C(k) for k = floor(linspace(0, (N+24)*3-1 , (N+24)*3-116)) (Matlab syntax used)


Conclusions
A new block format for EC-PCH and EC-AGCH has been described that uses a smaller payload size compared to the current block format, and is mapped onto 2-burst block format to allow for shorter monitoring time and improved resource utilization. Using a 2-burst block format with the burst repeated two times in each instance, will also assist devices in frequency offset estimation on the BCCH carrier, and coverage class determination.
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