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New Uplink Coverage Class CC5 
- EC-PDTCH Message Changes
1. introduction
A new WI on Radio Interface Enhancements for EC-GSM-IoT [1] was approved for Rel-14 at RAN#73. One of the objectives of the work item is to define a new uplink coverage class in order to achieve improved MCL performance for low power devices.

For the EC-PDTCH logical channel, the coverage improvement is achieved by increasing the number of blind physical layer transmissions from 16 to 48. In addition to the increase in blind physical layer transmissions, the channel estimation is also required to be improved. For this purpose known bits are proposed surrounding the training sequence. The design of the EC- PDTCH is given in [2].
2. rlc/mac header for mcs-1’ for cc5
Following two working assumptions in [2] regarding the EC-PDTCH design for the new uplink coverage class CC5 were agreed at RAN6#2.

	WA2: As most of the uplink RLC/MAC Header parameters are fixed or known at base station, for CC5 operations, RLC/MAC Header size can be significantly reduced as indicated in Table 1 of [2] (i.e. it is reduced to 17 bits for CC5).
WA3: New coding scheme MCS-1’ which is a variation of MCS-1 with reduced header size is proposed for CC5 EC-PDTCH channel.


The header type 3 for uplink RLC/MAC Header of MCS-1 for EC-GSM-IoT is given in Figure 1.
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Figure 1: EC-GSM-IoT uplink RLC/MAC Header for MCS-1 (CC1 to CC4).
Due to the fixed uplink allocation scheme, the TFI and BSN expected for the uplink RLC block are known at the BSS. Hence these parameters are not required to be sent. The CPS parameter for CC5 transmission is also not needed, since there is only one puncturing scheme (PS1) for MCS-1 in EC-GSM-IoT. Hence this parameter is also not required. The DCCE parameter which provides the estimated downlink coverage class also can be reduced to 2 bits, because at CC5 coverage condition, DL RXLEV is not expected to be above BT DL Threshold for CC1.
The header type 4 for uplink RLC/MAC Header of MCS-1’ for CC5 transmission is given in Figure 2.
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Figure 2: EC-GSM-IoT RLC/MAC Header for MCS-1’ for CC5 uplink
The size of header type 4 for RLC/MAC Header of MCS-1’ is thus 16 bits.
The channel encoding for RLC/MAC Header of MCS-1’ is provided in table 1. The data part encoding of MCS-1’ remains the same as for MCS-1.
	Parameter
	Bit size

	Header bits
	16

	Parity bits for header
	8

	Coding 
	Tail biting 1/3 Convolutional coding 

	Puncturing 
	24 

	Total encoded bits
	48


Table 1: Channel encoding for RLC/MAC Header of MCS-1’ for CC5 uplink.
	Working Assumption 1: New RLC/MAC Header type proposed in Figure 2 should be used for in uplink RLC Blocks sent using CC5 coverage class.


3. DESCRIPTION OF channel coding scheme for mcs-1’
This section lists the proposed channel encoding, interleaving and burst mapping scheme for MCS-1’ header and data parts and is written as a direct input to TS 45.003. Changes to MCS-1 encoding are highlighted in yellow.
Uplink MCS-1’/48
Block constitution

The block constitution is the same as for MCS-1 UL.
Header coding

a)
Parity bits:


Eight header parity bits p(0),p(1),...,p(7) are defined in such a way that in GF(2) the binary polynomial:

d(0)D23 +...+ d(15)D8 + p(0)D7 +...+ p(7), when divided by:

D8 + D6 + D3 + 1, yields a remainder equal to:

D7 + D6 + D5 + D4 + D3 + D2 + D+1.
b)
Tail biting:


The six last header parity bits are added before information and parity bits, the result being a block of 30 bits {u”(‑6),…,u”(0),u”(1),...,u”(23)} with six negative indexes:

u”(k-6)
= p(k+2)

for k = 0,1,...,5

u”(k)

= d(k)

for k = 0,1,...,15
u”(k)

= p(k‑16)

for k = 16,17,...,23
c)
Convolutional encoder


This block of 30 bits {u”(-6),…,u”(0),u”(1),...,u”(23)} 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 72 coded bits: {C(0),C(1),...,C(71)} defined by:

C(3k)     = u”(k) + u”(k‑2) + u”(k‑3) + u”(k‑5) + u”(k‑6)

C(3k+1) = u”(k) + u”(k‑1) + u”(k‑2) + u”(k‑3) + u”(k‑6)

C(3k+2) = u”(k) + u”(k‑1) + u”(k-4) + u”(k-6)     
for k = 0,1,...,23

The code is punctured in such a way that the following coded bits:


C(2+12j), C(5+12j), C(8+12j), C(11+12j) for j = 0,1,...,5 are not transmitted

The result is a block of 48 coded bits, {hc(0),hc(1),...,hc(47)}.

Data coding

a)
Parity bits:


Twelve data parity bits p(0),p(1),...,p(11) are defined in such a way that in GF(2) the binary polynomial:

d(16)D189 +...+ d(193)D12 + p(0)D11 +...+ p(11), when divided by:

D12 + D11 + D10 + D8 + D5 + D4 + 1, yields a remainder equal to:

D11 + D10 + D9 + D8 + D7 + D6 + D5 + D4 + D3 + D2 + D + 1.

b)
Tail bits:


Six tail bits equal to 0 are added to the information and parity bits, the result being a block of 196 bits 
{u(0),u(1),...,u(195)}:

u(k)
= d(k+16)

for k = 0,1,...,177

u(k)
= p(k‑178)

for k = 178,179,...,189

u(k)
= 0

for k = 190,191,…,195 (tail bits)

c)
Convolutional encoder


This block of 196 bits {u(0),u(1),...,u(195)} 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 588 coded bits: {C(0),C(1),...,C(587)} defined by:

C(3k)     = u(k) + u(k‑2) + u(k‑3) + u(k‑5) + u(k‑6)

C(3k+1) = u(k) + u(k‑1) + u(k‑2) + u(k‑3) + u(k‑6)

C(3k+2) = u(k) + u(k‑1) + u(k-4) + u(k-6)     for k = 0,1,...,195; u(k) = 0 for k < 0


The code is punctured using always P1 as defined below.
	P1
	{C(2+21j), C(5+21j), C(8+21j), C(10+21j), C(11+21j), C(14+21j), C(17+21j), C(20+21j) for j = 0,1,...,27} are not transmitted except {C(k) for k = 73,136,199,262,325,388,451,514} which are transmitted



The result is a block of 372 coded bits, {dc(0),dc(1),...,dc(371)}.

Interleaving

The header and data are put together as one entity as described by the following rule:

c(k) = hc(k)

for k = 0,1,...,47
c(k) = dc(k‑48)

for k = 48,49,...,419
c’(n,k) = c(n,k)

for k = 0,1,...,24

c’(n,k) = c(n,k-1)

for k = 26,27,...,81

c’(n,k) = c(n,k-2)

for k = 83,84,...,138

c’(n,k) = c(n,k-3)

for k = 140,141,...,400
c’(n,k) = c(n,k-4)

for k = 402,403,...,423
c’(n,25) = q(10)

c’(n,82) = q(11)
              c’(n,139) = q(12)              c’(n,401) = q(13)
c(n,k) are the coded bits and q(10),q(11),q(12),q(13) = 0,0,0,0 are four extra stealing flags
The resulting block is interleaved according to the following rule:

i(B,j) = c’(n,k)
for
k = 0,1,...,423




n = 0,1,...,N,N+1,...





B = B0 + 4n + (k mod 4)





j = 2((49k) mod 53) + ((k mod 8) div 4)
Mapping on a burst

The mapping is given by the rule:

e(B,j) = i(B,j)  and  e(B,63+j) = i(B,53+j)

for j = 0,1,...,52
and

e(B+m,53+i) = q(i)  and  e(B+58+i) = q(i+5)   
for m = 0,1,2,3 and i = 0,1,2,...,4
where 
q(0),q(1),..,q(9) = 0,0,0,0,0,0,0,0,0,0.  
	Working Assumption 2: EC-PDTCH for CC5 uses MCS-1’ scheme defined in this section where the number of header bits are reduced compared to MCS-1.


4. summary

A new 16 bit long RLC/MAC Header for uplink coverage class CC5 is proposed in this document, which is obtained by removing the known parameters of the RLC/MAC header at the BSS due to the adoption of fixed uplink allocation.

The sourcing company proposes to agree on the depicted working assumptions provided in this document as basis for the specification work related to EC-PDTCH channel coding and RLC/MAC Header changes for the new uplink coverage class CC5 to be introduced to achieve the targeted UL MCL improvement.
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