	
3GPP TSG RAN WG6 #4 	R6-170163
Hangzhou, P.R. China, May 15-19, 2017	 
	CR-Form-v11.1

	CHANGE REQUEST

	

	
	45.003
	CR
	0146
	rev
	-
	Current version:
	14.1.0
	

	

	For HELP on using this form: comprehensive instructions can be found at 
http://www.3gpp.org/Change-Requests.

	



	Proposed change affects:
	UICC apps
	
	ME
	X
	Radio Access Network
	X
	Core Network
	



	

	Title:	
	Introduction of ESAB

	
	

	Source to WG:
	Ericsson LM

	Source to TSG:
	  R6

	
	

	Work item code:
	CIoT_EC_GSM_radio_enh-Core
	
	Date:
	[bookmark: _GoBack]2017-05-15

	
	
	
	
	

	Category:
	B
	
	Release:
	Rel-14

	
	Use one of the following categories:
F  (correction)
A  (mirror corresponding to a change in an earlier release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)
Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
	[bookmark: OLE_LINK1]Use one of the following releases:
Rel-8	(Release 8)
Rel-9	(Release 9)
Rel-10	(Release 10)
Rel-11	(Release 11)
Rel-12	(Release 12)
Rel-13	(Release 13)
Rel-14	(Release 14)
     Rel-15	(Release 15)
Rel-16	(Release 16)

	
	

	Reason for change:
	Introduction of new coding scheme of ESAB for EC-RACH CC5

	
	

	Summary of change:
	  New coding scheme of ESAB are added in the affected clauses for EC-RACH CC5

	 
	

	Consequences if not approved:
	Coding scheme of ESAB for EC-RACH CC5 will not be supported 

	
	

	Clauses affected:
	2.1, 5.3.2, 5.3a, Annex B

	
	

	
	Y
	N
	
	

	Other specs
	X
	
	 Other core specifications	
	TS 43.064 CR XXXX
TS 45.001 CR XXXX
TS 45.002 CR XXXX 
TS 45.004 CR XXXX 
TS 45.005 CR XXXX
TS 45.008 CR XXXX
TS 44.018 CR XXXX

	affected:
	X
	
	 Test specifications
	TS 51.021 CR XXXX

	(show related CRs)
	
	X
	 O&M Specifications
	TS/TR ... CR ... 

	
	

	Other comments:
	


[bookmark: _Toc463270827][bookmark: _Toc453686547]






	  1st Modification        


[bookmark: _Toc476321973][bookmark: _Toc476320546]2.1	General organization
Each channel has its own coding and interleaving scheme. However, the channel coding and interleaving is organized in such a way as to allow, as much as possible, a unified decoder structure.
Each channel uses the following sequence and order of operations:
‑	the information bits are coded with a systematic block code, building words of information + parity bits;
‑	these information + parity bits are encoded with a convolutional code or a turbo code, building the coded bits;
‑	reordering and interleaving the coded bits, and adding a stealing flag, gives the interleaved bits.
All these operations are made block by block, the size of which depends on the channel. However, most of the channels use a block of either 456 coded bits or 1368 coded bits, corresponding to 456 coded symbols, which is interleaved and mapped onto bursts in a very similar way for all of them. This block of 456 coded symbols is the basic structure of the channel coding scheme. Figures 1a, 1b, 1c, 1d, 1ea, 1eb, 1f, 1g, 1h, 1i, 1j, 1k, 1l, 2 and 2aa give diagrams showing the general structure of the channel coding.
In the case of full rate speech TCH, a block of 456 coded bits carries the information of one speech frame. In case of control channels, it carries one message.
In the case of half rate speech TCH, the information of one speech frame is carried in a block of 228 coded bits.
In the case of the Enhanced full rate speech the information bits coming out of the source codec first go through a preliminary channel coding. Then the channel coding as described above takes place.
In the case of 8-PSK modulated speech TCH, the information of one speech frame is carried in a block of 1368 coded bits (456 coded symbols) for full rate channels or 684 coded bits (228 coded symbols) for half rate channels.
In the case of a packet switched channel the block of 456, 1096, 1384, 1848, 2200, 2312 or 2748 coded bits carries one RLC/MAC block.
In the case of E-TCH/F28.8 or E-TCH/F43.2, the block of 1368 coded bits (456 coded symbols) carries one radio interface data block. In the case of E-TCH/F32.0, the block of 1392 coded bits (464 coded symbols) carries one radio interface data block.
In the case of FACCH, a coded message block of 456 bits is divided into eight sub‑blocks. The first four sub‑blocks are sent by stealing the even numbered bits of four timeslots in consecutive frames used for the TCH. The other four sub‑blocks are sent by stealing the odd numbered bits of the relevant timeslot in four consecutive used frames delayed 2 or 4 frames relative to the first frame. Along with each block of 456 coded bits there is, in addition, a stealing flag (8 bits), indicating whether the block belongs to the TCH or to the FACCH. In the case of SACCH, BCCH, CCCH or CTSCCH, this stealing flag is dummy. In the case of a packet switched channel, these bits are used to indicate the coding scheme used.
In the case of E-FACCH/F, a coded message block of 456 bits is divided into four sub-blocks. The four sub-blocks are sent by stealing all symbols of four timeslots in consecutive frames used for the E-TCH and using GMSK modulation. The indication of the E-FACCH/F is based on the identification of the modulation.  Along with each block of 456 coded bits there is, in addition, a stealing flag (8 bits), indicating whether the block belongs to the E-FACCH, FACCH or TCH.
Some cases do not fit in the general organization, and use short blocks of coded bits which are sent completely in one timeslot. They are the random access messages of:
-	the RACH;
-	or PRACH, CPRACH and MPRACH;
on uplink and the synchronization information broadcast on the SCH or CSCH on the downlink. In CTS, they are the access request message of the CTSARCH on uplink and the information broadcast on the CTSBCH-SB on downlink.
In the coding/multiplexing unit of FLO, error detection, forward error correction and rate matching is applied to each transport channel independently. However the transport channels share a common multiplexing, TFCI mapping, interleaving and burst mapping. All these operations are made every transmission time interval and the number of coded bits produced by the coding/multiplexing unit depends on the basic physical subchannel. In the case of full rate GMSK basic physical subchannel, blocks of 464 bits are produced. In the case of half rate GMSK basic physical subchannel, blocks of 232 bits are produced. In the case of full rate 8PSK basic physical subchannel, blocks of 1392 bits are produced. In the case of half rate 8PSK basic physical subchannel, blocks of 696 bits are produced.
For EC-GSM-IoT, the same nine modulation and coding schemes as for EGPRS are defined for the extended coverage packet data traffic channels (EC-PDTCH). In addition three modulation and coding schemes employing MCS-1 and blind physical layer transmissions are defined for EC-PDTCH. For extended coverage common control channels in downlink (EC-CCCH/D) and the extended coverage packet associated control channel (EC-PACCH/U and EC-PACCH/D), three coding schemes having the same structure, differing mainly in message size and puncturing, are defined. The encoded bits are mapped onto a single burst, which is transmitted using blind physical layer transmissions. The extended coverage broadcast control channel (EC-BCCH) uses the same coding scheme as the broadcast control channel (BCCH) with subsequent blind physical layer transmissions. The extended coverage synchronization channel (EC-SCH) uses the same coding scheme as the synchronization channel (SCH), with subsequent blind physical layer transmissions and cyclic bit shifting. The extended coverage random access channel (EC-RACH) uses the same coding scheme as the random access channel (RACH) for CC1 to CC4 and a new coding scheme for CC5, with subsequent blind physical layer transmissions. Figures 1m, 1n, 2ab, 2ac, 2ad, 2ae and,  2af (EC-RACH using CC1, CC2, CC3 or CC4) and 2ag (EC-RACH using CC5) give diagrams showing the general structure of the channel coding for EC-channels.




Figure 2af: Channel Coding and Interleaving Organization for EC-RACH (M=1, 4, 16, 48)


Figure 2ag: Channel Coding Organization for EC-RACH (M=66)


	*** For Information ***


[bookmark: _Toc476322814]5.3.2	Extended Packet Access Burst
[bookmark: _Toc476322815]5.3.2.1	Block constitution
The burst carrying the extended packet random access uplink message contains 11 information bits d(0),d(1),...,d(10). 
5.3.2.2	Parity bits
Six parity bits p(0),p(1),...,p(5) are defined in such a way that in GF(2) the binary polynomial:
	d(0)D16 +...+ d(10)D6 + p(0)D5 +...+ p(5), when divided by D6 + D5 + D3 + D2 + D + 1 yields a remainder equal to D5 + D4 + D3 + D2 + D + 1.
5.3.2.3	Addition of BSIC
An MS that has not enabled PEO or EC operation shall use the six bit BSIC of the BTS to which the access burst is intended. The six bits of the BSIC, {b(0),b(1),...,b(5)}, are added bitwise modulo 2 to the six parity bits, {p(0),p(1),...,p(5)}.
This results in six colour bits, C(0) to C(5) defined as C(k) = b(k) + p(k) (k = 0 to 5) where:
b(0) = MSB of PLMN colour code
b(5) = LSB of BS colour code.
This defines {u(0),u(1),..., u(20)} by:
u(k) = d(k)		for k = 0,1,...,10
u(k) = C(k‑11)	for k = 11,12,...,16
u(k) = 0			for k = 17,18,19,20 (tail bits)
An MS that has enabled PEO or EC operation shall use the nine bit BSIC of the BTS to which the access burst is intended . The first six bits of the BSIC, {b(0),b(1),...,b(5)}, are added bitwise modulo 2 to the six parity bits while the last three bits of the BSIC {b(6),b(7),b(8)} are added bitwise modulo 2 to the three last information bits d(8), d(9) and d(10). The bitwise modulo 2 operation results in nine colour bits, C(0) to C(8), defined as C(k) = b(k) + p(k) (for k = 0 to 5) and C(k) = b(k) + d(k+2) (for k = 6 to 8) where:
b(0) = MSB of PLMN colour code
b(8) = LSB of Radio frequency colour code.
This defines {u(0),u(1),..., u(20)} by:
u(k) = d(k)		for k = 0,1,...,7
u(k) = C(k-2)		for k = 8,9,10
u(k) = C(k‑11)	for k = 11,12,...,16
u(k) = 0			for k = 17,18,19,20 (tail bits)
5.3.2.4	Convolutional code
The coded bits {c(0),c(1),..., c(41)} are obtained by the same convolutional code of rate ½ as for TCH/FS, defined by the polynomials:
G0 = 1 + D3 + D4
G1 = 1 + D + D3 + D4
and with:
c(2k) = u(k) + u(k‑3) + u(k‑4)
c(2k+1) = u(k) + u(k‑1) + u(k‑3) + u(k‑4)		for k = 0,1,...,20 ; u(k) = 0 for k < 0
The code is punctured in such a way that the following coded bits:
c(0), c(2), c(5), c(37), c(39), c(41) are not transmitted.
This results in a block of 36 coded bits, {e(0), e(1),...,e(35)}.
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[bookmark: _Toc476322819]5.3a	Extended coverage random access channel (EC-RACH/M)
[bookmark: _Toc476322820]5.3a.0	General
Channel encoding for the random access message in EC operation containing 11 information bits is depicted in the following sub-clauses 5.3a.1 to 5.3a.4. Sub-clause 5.3a.5 deals with the channel encoding for the random access message in EC operation containing 30 information bits.
[bookmark: _Toc476322821]5.3a.1	Block constitution
The message delivered to the encoder has a fixed size of 11 information bits {d(0),d(1),...,d(10)}.
[bookmark: _Toc476322822]5.3a.2	Coding
For M=1, 4, 16, 48, Tthe message is encoded as for the 11 information bit access defined in subclause 5.3.2, resulting in a block of 36 coded bits {e(0), e(1),...,e(35)}.
For M=66, i.e. EC-RACH/66 using ESAB, the message is encoded with the method defined in subclause 5.3a.3, resulting in a block of 102 coded bits {e(0), e(1),...,e(101)}.
5.3a.3	Coding of EC-RACH/66

[bookmark: _Toc476322816]5.3a.3.1	Parity bits
Six parity bits p(0),p(1),...,p(5) are definedobtained, refer to 5.3.2.2.
[bookmark: _Toc476322817]5.3a.3.2	Addition of BSIC
The first six bits of the BSIC, {b(0),b(1),...,b(5)}, are added bitwise modulo 2 to the six parity bits while the last three bits of the BSIC {b(6),b(7),b(8)} are added bitwise modulo 2 to the three last information bits d(8), d(9) and d(10). The bitwise modulo 2 operation results in nine colour bits, C(0) to C(8), defined as C(k) = b(k) + p(k) (for k = 0 to 5) and C(k) = b(k) + d(k+2) (for k = 6 to 8) where:
b(0) = MSB of PLMN colour code
b(8) = LSB of Radio frequency colour code.
This defines a block of 17 bits {u(0),u(1),..., u(16)} by:
u(k) = d(k)		for k = 0,1,...,7
u(k) = C(k-2)		for k = 8,9,10
u(k) = C(k‑11)	for k = 11,12,...,16
[bookmark: _Toc476322818]5.3a.3.3	Tail-biting convolutional code
The six last bits are added before the block of 17 bits, the result being a block of 23 bits {c(‑6),…,c(0),c(1),...,c(17-1)} with six negative indices:
c(k)		= u(23+k)		for k = -6,...,-1
c(k)		= u(k)			for k = 0, 1,...,17-1
The block of 23 bits is encoded with 1/6 rate convolutional mother code defined by the polynomials:
G4 = 1 + D2 + D3 + D5 + D6
G4 = 1 + D2 + D3 + D5 + D6
G7= 1 + D + D2 + D3 + D6
G5 = 1 + D + D4 + D6
G6 = 1 + D + D2 + D3 + D4 + D6
G6 = 1 + D + D2 + D3 + D4 + D6
This results in a block of 17*6 coded bits {e(0), e(1),...,e(101)} defined by:
e(6k)     = c(k) + c(k‑2) + c(k‑3) + c(k‑5) + c(k‑6)
e(6k+1) = c(k) + c(k‑2) + c(k‑3) + c(k‑5) + c(k‑6)
e(6k+2) = c(k) + c(k‑1) + c(k‑2) + c(k‑3) + c(k‑6)
e(6k+3) = c(k) + c(k‑1) + c(k‑4) + c(k‑6)
e(6k+4) = c(k) + c(k‑1) + c(k‑2) + c(k‑3) + c(k‑4) + c(k‑6)
e(6k+5) = c(k) + c(k‑1) + c(k‑2) + c(k‑3) + c(k‑4) + c(k‑6)	for k = 0,1,...,16 ;
[bookmark: _Toc476322823]5.3a.43	Blind physical layer transmissions
The block is transmitted M times, where M=1, 4, 16 or 48 for 1 TS EC-RACH, and M=4, 16 or 48 for 2 TS EC-RACH, resulting in the repeated bursts R(m,B,j)=e(j) for m=0,…,M-1, B=0 and j=0,…,35, and .M=66 for EC-RACH CC5 using ESAB burst, resulting in the repeated ESAB bursts R(m,B,j)=e(j) for m=0,…,65, B=0 and j=0,…,101.
[bookmark: _Toc476322824]5.3a.54	Mapping onto physical channel(s)
[bookmark: _Toc476322825]5.3a.54.1	1 TS EC-RACH
Burst R(m,B,j), B=0, j=0…,35, is mapped onto burst B’ of the timeslot carrying the EC-RACH, where
B’ = m
NOTE:	The burst number B’ denotes the relative transmission order of the bursts on the timeslot. The mapping to absolute TDMA frame number is specified in 3GPP TS 45.002 [8].
[bookmark: _Toc476322826]5.3a.54.2	2 TS EC-RACH
For EC-RACH CC2 to CC4, bBurst R(m,B,j), B=0, j=0…,35, is mapped onto burst B’ of timeslot number tn of the timeslots carrying the EC-RACH, where
B’ = m div 2
tn = m mod 2
NOTE 1:	The burst number B’ denotes the relative transmission order of the bursts on the timeslot. The mapping to absolute TDMA frame number is specified in 3GPP TS 45.002 [8].
NOTE 2:	tn denotes the relative timeslot number within the timeslot pair on which the EC-RACH is mapped. The absolute timeslot number depends on the configuration, see 3GPP TS 44.018 [4].
For EC-RACH CC5, burst R(m,B,j), B=0, j=0…,101, is mapped onto ESAB burst B’’ on timeslot pair tn’ carrying the EC-RACH CC5, where
B’’ = m
NOTE 3:	The burst number B’’ denotes the relative transmission order of the ESAB bursts on 2 timeslots. The mapping to absolute TDMA frame number is specified in 3GPP TS 45.002 [8].
NOTE 4:	tn’ denotes the relative timeslot pair number on which the EC-RACH CC5 is mapped. The absolute timeslot pair depends on the configuration, see 3GPP TS 44.018 [4].

[bookmark: _Toc476322827]5.3a.65	EC-RACH carrying 30 information bits
In case of performing the Multilateration Timing Advance procedure using the Extended Access Burst method in        EC operation, i.e. the mobile station has selected Coverage Class 1 for the uplink and the downlink, the MS sends a random access message carrying 11 information bits using the encoding according to the above sub-clauses, and after access grant by the network sends a subsequent random access message carrying 30 information bits. The encoding of the 30 information bits follows the one for (EC-)RACH specified in subclause 4.6.2.
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[bookmark: _Toc476322843]Annex B (informative):
Summary of Polynomials Used for Convolutional Codes and Turbo Codes
G0 = 1+ D3 + D4	TCH/FS, TCH/EFS, TCH/AFS, TCH/WFS, TCH/AHS, TCH/F14.4, TCH/F9.6, TCH/H4.8, SDCCH, BCCH, PCH, SACCH, FACCH, E-FACCH, AGCH, RACH, SCH, CSCH, EC-SCH, CTSBCH-SB, CTSPCH, CTSARCH, CTSAGCH, PDTCH (CS-1, CS-2, CS3, CS-4), PACCH,PBCCH, PAGCH, PPCH, PTCCH, PRACH, CPBCCH, CPAGCH, CPPCH, MPRACH, EC-RACH (M=1, 4, 16, 48), EC-BCCH

G1 = 1 + D + D3 + D4	TCH/FS, TCH/EFS, TCH/AFS, TCH/WFS, TCH/AHS, TCH/F14.4, TCH/F9.6, TCH/H4.8, SACCH, FACCH, E-FACCH, SDCCH, BCCH,PCH, AGCH, RACH, SCH, CSCH, EC-SCH, TCH/F4.8, TCH/F2.4, TCH/H2.4,PDTCH(CS-1, CS-2, CS-3, CS-4), PACCH, PBCCH, PAGCH, PPCH, PTCCH, PRACH, CPBCCH, CPAGCH, CPPCH, MPRACH, EC-RACH (M=1, 4, 16, 48), EC-BCCH

G2 = 1 + D2 + D4	TCH/AFS, TCH/WFS, TCH/F4.8, TCH/F2.4, TCH/H2.4

G3 = 1 + D + D2 + D3 + D4	TCH/AFS, TCH/WFS, TCH/F4.8, TCH/F2.4, TCH/H2.4

G4 = 1 + D2 + D3 + D5 + D6	TCH/HS, TCH/AFS, TCH/AHS, O-TCH/AHS, O-TCH/WFS, O-TCH/WHS, E-TCH/F43.2, E-TCH/F32.0, E-TCH/F28.8, PDTCH(MCS-1, MCS-2, MCS-3, MCS-4, MCS-5, MCS-6, MCS-7, MCS-8, MCS-9, UAS-7, UAS-8, UAS-9, UAS-10, UAS-11, UBS-5, UBS-6, UBS-7, UBS-8, UBS-9, UBS-10, UBS-11, UBS-12), SACCH/TP, O-FACCH/H, O-FACCH/F, EC-CCCH/D, EC-PACCH, EC-RACH (M=66)

G5 = 1 + D + D4 + D6	TCH/HS, TCH/AFS, TCH/AHS, O-TCH/AHS, O-TCH/WFS, O-TCH/WHS, E-TCH/F32.0, PDTCH(MCS-1, MCS-2, MCS-3, MCS-4, MCS-5, MCS-6, MCS-7, MCS-8, MCS-9, UAS-7, UAS-8, UAS-9, UAS-10, UAS-11, UBS-5, UBS-6, UBS-7, UBS-8, UBS-9, UBS-10, UBS-11, UBS-12), O-FACCH/H, O-FACCH/F, EC-CCCH/D, EC-PACCH, EC-RACH (M=66)

G6 = 1 + D + D2 + D3 + D4 + D6	TCH/HS, TCH/AFS, TCH/AHS, O-TCH/AHS, O-TCH/WFS, O-TCH/WHS, O-FACCH/H, O-FACCH/F, EC-RACH (M=66)

G7= 1 + D + D2 + D3 + D6	O-TCH/AHS, O-TCH/WFS, O-TCH/WHS, E-TCH/F43.2, E-TCH/F32.0, E-TCH/F28.8, PDTCH(MCS-1, MCS-2, MCS-3, MCS-4, MCS-5, MCS-6, MCS-7, MCS-8, MCS-9, UAS-7, UAS-8, UAS-9, UAS-10, UAS-11, UBS-5, UBS-6, UBS-7, UBS-8, UBS-9, UBS-10, UBS-11, UBS-12), SACCH/TP, O-FACCH/H, O-FACCH/F, EC-CCCH/D, EC-PACCH, EC-RACH (M=66)

G8 = 1 + D2 + D3	PDTCH(DAS-5, DAS-6, DAS-7, DAS-8, DAS-9, DAS-10, DAS-11, DAS-12, DBS-5, DBS-6, DBS-7, DBS-8, DBS-9, DBS-10, DBS-11, DBS-12)

G9 = 1 + D + D3	PDTCH(DAS-5, DAS-6, DAS-7, DAS-8, DAS-9, DAS-10, DAS-11, DAS-12, DBS-5, DBS-6, DBS-7, DBS-8, DBS-9, DBS-10, DBS-11, DBS-12)
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