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Burst Mapping in RTTI Configuration
1 Introduction

Several discussion papers were presented in previous meetings, discussing the mapping of USF in RTTI configuration [1][2]. However, how the bursts map on the PDCH pair is not very clear. This paper compares two mapping methods and chooses a better one.
2 Burst Mapping
After channel coding, the bursts that are obtained at the output of the encoder need to be mapped onto the PCDHs forming the PDCH-pair. There are two mapping methods shown in figure 1 (b) and (c).
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Figure 1

Mapping method A: map the 0th and 1st bursts on lower numbered PDCH, and map the 2nd and 3rd bursts on higher numbered PDCH;

Mapping method B: map the 0th and 2nd bursts on lower numbered PDCH, and map the 1st and 3rd bursts on higher numbered PDCH.

If the block is sent without frequency hopping, the performances of two methods are the same;

If the block is sent with frequency hopping, the performances of two methods are the same for MCS-1 to MCS-7 as the RLC block is interleaved on 4 bursts; however, there is some difference for MCS-8 and MCS-9. For MCS-8 and MCS-9, the first RLC block is interleaved in the 0th and 1st bursts, while the second RLC block is interleaved in the 2nd and 3rd bursts. For mapping method A, there is frequency hopping as 0th and 1st bursts, 2nd and 3rd bursts are in different TDMA frames. However, for mapping method B, it is like having no frequency hopping as 0th and 1st bursts, 2nd and 3rd bursts are in the same TDMA frames. For the coding schemes with coding rate close to 1, it is performed better with no frequency hopping than with frequency hopping.

Simulation results in Figure 2 show mapping method B has 0.8dB gain for MCS-8 and 1.3dB for MCS-9 at BLER equal to 0.1 when frequency hopping. 
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Figure 2
3 Mapping of USF

In [3], the mapping of USF is discussed. However, it is based on the burst mapping method A. It is better to adopt burst mapping method B to get a better performance.

For MCS-1 to MCS-4, the precoded USF consists of 12 bits. The uL(0), …, uL(11) and uH(0), …, uH(11) are the bits of precoded USF to be transmitted on the PDCH with lower and higher timeslot number respectively. If u1’(0), …, u1’(11) and u2’(0), …, u2’(11) are the bits of precoded USF to be send respectively in the first and second 10ms RTTI block of 20ms radio block period, then they shall be defined as follows:
u1’(0) = uL(0)
u1’(4) = uL(4)
u1’(8) = uL(8)
u1’(1) = uH(0)
u1’(5) = uH(4)
u1’(9) = uH(8)
u1’(2) = uL(1)
u1’(6) = uL(5)
u1’(10) = uL(9)
u1’(3) = uH(1)
u1’(7) = uH(5)
u1’(11) = uH(9)

and

u2’(0) = uL(2)
u2’(4) = uL(6)
u2’(8) = uL(10)
u2’(1) = uH(2)
u2’(5) = uH(6)
u2’(9) = uH(10)
u2’(2) = uL(3)
u2’(6) = uL(7)
u2’(10) = uL(11)
u2’(3) = uH(3)
u2’(7) = uH(7)
u2’(11) = uH(11)

For MCS-5 to MCS-9, the precoded USF consists of 36 bits. The uL(0), …, uL(35) and uH(0), …, uH(35) are the bits of precoded USF to be transmitted on the PDCH with lower and higher timeslot number respectively. If u1’(0), …, u1’(35) and u2’(0), …, u2’(35) are the bits of precoded USF to be send respectively in the first and second 10ms RTTI block of 20ms radio block period, then they shall be defined as follows:
u1’(0), …, u1’(8)   =  uL(0), …, uL(8)
u1’(9), …, u1’(17)  =  uH(0), …, uH(8)
u1’(18), …, u1’(26) =  uL(9), …, uL(17)
u1’(27), …, u1’(35) =  uH(9), …, uH(17)

and

u2’(0), …, u2’(8)   =  uL(18), …, uL(26)
u2’(9), …, u2’(17)  =  uH(18), …, uH(26)
u2’(18), …, u2’(26) =  uL(27), …, uL(35)
u2’(27), …, u2’(35) =  uH(27), …, uH(35)

The detailed explanation is discussed on Annex. The analysis is similar as shown in [3]. The changes of the text are highlighted in green.

4 Conclusion

The simulation results show the benefits of RTTI burst mapping method B. It is proposed to adopt mapping method B for RTTI configuration.
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Annex A – USF precoding for BTTI USF sent in RTTI blocks (MCS-1 to MCS-4)

As shown in [2], the bits of the precoded USF u’(0), …, u’(11), after interleaving, end up in the following positions:

i(B,0) = u’(0)
i(B,51) = u’(4)
i(B,100) = u’(8)

i(B+1,98) = u’(1)
i(B+1,35) = u’(5)
i(B+1,84) = u’(9)

i(B+2,82) = u’(2)
i(B+2,19) = u’(6)
i(B+2,68) = u’(10)

i(B+3,66) = u’(3)
i(B+3,3) = u’(7)
i(B+3,52) = u’(11)

If u1’(0), …, u1’(11) are the bits of the precoded USF for the RTTI block to be sent in the first 10 ms of a 20 ms radio block period, and if u2’(0), …, u2’(11) are the bits of the precoded USF for the RTTI block to be sent in the second 10 ms of a 20 ms radio block period, then after interleaving as described in section 2, we have:

For the PDCH with the lower timeslot number:

i(B,0) = u1’(0)
i(B,51) = u1’(4)
i(B,100) = u1’(8)

i(B+1,82) = u1’(2)
i(B+1,19) = u1’(6)
i(B+1,68) = u1’(10)
i(B+2,0) = u2’(0)
i(B+2,51) = u2’(4)
i(B+2,100) = u2’(8)

i(B+3,82) = u2’(2)
i(B+3,19) = u2’(6)
i(B+3,68) = u2’(10)
For the PDCH with the higher timeslot number:

i(B,98) = u1’(1)
i(B,35) = u1’(5)
i(B,84) = u1’(9)
i(B+1,66) = u1’(3)
i(B+1,3) = u1’(7)
i(B+1,52) = u1’(11)

i(B+2,98) = u2’(1)
i(B+2,35) = u2’(5)
i(B+2,84) = u2’(9)
i(B+3,66) = u2’(3)
i(B+3,3) = u2’(7)
i(B+3,52) = u2’(11)

After the bit swapping
, we end up with the following mapping:

For the PDCH with the lower timeslot number:

Swap i(B + 1,82) with i(B + 1,98)

Swap i(B + 1,19) with i(B + 1,35)

Swap i(B + 1,68) with i(B + 1,84)
Swap i(B + 2,0) with i(B + 2,82)

Swap i(B + 2,51) with i(B + 2,19)

Swap i(B + 2,100) with i(B + 2,68)

Swap i(B + 3,19) with i(B + 3,3)

Swap i(B + 3,68) with i(B + 3,52)

Swap i(B + 3,82) with i(B + 3,66)
resulting in:

i(B,0) = u1’(0)
i(B,51) = u1’(4)
i(B,100) = u1’(8)

i(B+1,98) = u1’(2)
i(B+1,35) = u1’(6)
i(B+1,84) = u1’(10)
i(B+2,82) = u2’(0)
i(B+2,19) = u2’(4)
i(B+2,68) = u2’(8)

i(B+3,66) = u2’(2)
i(B+3,3) = u2’(6)
i(B+3,52) = u2’(10)
For the PDCH with the higher timeslot number:

Swap i(B,35) with i(B,51)

Swap i(B,84) with i(B,100)

Swap i(B,98) with i(B,0)
Swap i(B + 1,3) with i(B + 1,35)

Swap i(B + 1,52) with i(B + 1,84)

Swap i(B + 1,66) with i(B + 1,98)

Swap i(B + 2,98) with i(B + 2,82)

Swap i(B + 2,35) with i(B + 2,19)

Swap i(B + 2,84) with i(B + 2,68)
resulting in:

i(B,0) = u1’(1)
i(B,51) = u1’(5)
i(B,100) = u1’(9)
i(B+1,98) = u1’(3)
i(B+1,35) = u1’(7)
i(B+1,84) = u1’(11)

i(B+2,82) = u2’(1)
i(B+2,19) = u2’(5)
i(B+2,68) = u2’(9)
i(B+3,66) = u2’(3)
i(B+3,3) = u2’(7)
i(B+3,52) = u2’(11)

If uL(0), …, uL(11) are the bits of the precoded USF to be transmitted on the PDCH with the lower timeslot number during the 20 ms radio block period, and if uH(0), …, uH(11) are the bits of the precoded USF to be transmitted on the PDCH with the higher timeslot number during the 20 ms radio block period, then we need to make the following mapping:

u1’(0) = uL(0)
u1’(4) = uL(4)
u1’(8) = uL(8)

u1’(2) = uL(1)
u1’(6) = uL(5)
u1’(10) = uL(9)
u2’(0) = uL(2)
u2’(4) = uL(6)
u2’(8) = uL(10)

u2’(2) = uL(3)
u2’(6) = uL(7)
u2’(10) = uL(11)
and 

u1’(1) = uH(0)
u1’(5) = uH(4)
u1’(9) = uH(8)
u1’(3) = uH(1)
u1’(7) = uH(5)
u1’(11) = uH(9)

u2’(1) = uH(2)
u2’(5) = uH(6)
u2’(9) = uH(10)
u2’(3) = uH(3)
u2’(7) = uH(7)
u2’(11) = uH(11)

from which the final mapping can be derived:

u1’(0) = uL(0)
u1’(4) = uL(4)
u1’(8) = uL(8)

u1’(1) = uH(0)
u1’(5) = uH(4)
u1’(9) = uH(8)

u1’(2) = uL(1)
u1’(6) = uL(5)
u1’(10) = uL(9)
u1’(3) = uH(1)
u1’(7) = uH(5)
u1’(11) = uH(9)

and 

u2’(0) = uL(2)
u2’(4) = uL(6)
u2’(8) = uL(10)

u2’(1) = uH(2)
u2’(5) = uH(6)
u2’(9) = uH(10)

u2’(2) = uL(3)
u2’(6) = uL(7)
u2’(10) = uL(11)
u2’(3) = uH(3)
u2’(7) = uH(7)
u2’(11) = uH(11)

This is how the precoded USF bits should be defined for the RTTI blocks if the insertion of the USF bits is to be done before the interleaving and burst mapping.

Annex B – USF precoding for BTTI USF sent in RTTI blocks (MCS-5 to MCS-9)

For the coding schemes using 8-PSK modulation, the bits of the precoded USF u’(0), …, u’(35), after interleaving, end up in the following positions:

e(B,j) = u’(9B+j-168)  for j = 168,169,...,173

e(B,j) = u’(9B+j-170)  for j = 176,177,178
for B=0,1,2,3. In other words:
	
	
	bits

	
	
	168
	169
	170
	171
	172
	173
	176
	177
	178

	blocks
	B=0
	u’(0)
	u’(1)
	u’(2)
	u’(3)
	u’(4)
	u’(5)
	u’(6)
	u’(7)
	u’(8)

	
	B=1
	u’(9)
	u’(10)
	u’(11)
	u’(12)
	u’(13)
	u’(14)
	u’(15)
	u’(16)
	u’(17)

	
	B=2
	u’(18)
	u’(19)
	u’(20)
	u’(21)
	u’(22)
	u’(23)
	u’(24)
	u’(25)
	u’(26)

	
	B=3
	u’(27)
	u’(28)
	u’(29)
	u’(30)
	u’(31)
	u’(32)
	u’(33)
	u’(34)
	u’(35)


Note that e(B,174) and e(B,175) are the positions of the stealing flags. So 6 bits are on the left of the training sequence, while 3 bits are on the right of the training sequence.
If u1’(0), …, u1’(35) are the bits of the precoded USF for the RTTI block to be sent in the first 10 ms of a 20 ms radio block period, and if u2’(0), …, u2’(35) are the bits of the precoded USF for the RTTI block to be sent in the second 10 ms of a 20 ms radio block period, then after the mapping on the bursts as described in subclause 5.1.9.1.6 of TS 45.003 we have:

For the block to be transmitted in the first 10 ms period:

	
	
	bits

	
	
	168
	169
	170
	171
	172
	173
	176
	177
	178

	blocks
	B=0
	u1’(0)
	u1’(1)
	u1’(2)
	u1’(3)
	u1’(4)
	u1’(5)
	u1’(6)
	u1’(7)
	u1’(8)

	
	B=1
	u1’(9)
	u1’(10)
	u1’(11)
	u1’(12)
	u1’(13)
	u1’(14)
	u1’(15)
	u1’(16)
	u1’(17)

	
	B=2
	u1’(18)
	u1’(19)
	u1’(20)
	u1’(21)
	u1’(22)
	u1’(23)
	u1’(24)
	u1’(25)
	u1’(26)

	
	B=3
	u1’(27)
	u1’(28)
	u1’(29)
	u1’(30)
	u1’(31)
	u1’(32)
	u1’(33)
	u1’(34)
	u1’(35)


For the block to be transmitted in the second 20 ms:

	
	
	bits

	
	
	168
	169
	170
	171
	172
	173
	176
	177
	178

	blocks
	B=0
	u2’(0)
	u2’(1)
	u2’(2)
	u2’(3)
	u2’(4)
	u2’(5)
	u2’(6)
	u2’(7)
	u2’(8)

	
	B=1
	u2’(9)
	u2’(10)
	u2’(11)
	u2’(12)
	u2’(13)
	u2’(14)
	u2’(15)
	u2’(16)
	u2’(17)

	
	B=2
	u2’(18)
	u2’(19)
	u2’(20)
	u2’(21)
	u2’(22)
	u2’(23)
	u2’(24)
	u2’(25)
	u2’(26)

	
	B=3
	u2’(27)
	u2’(28)
	u2’(29)
	u2’(30)
	u2’(31)
	u2’(32)
	u2’(33)
	u2’(34)
	u2’(35)


After the mapping on the bursts on the blocks that have been obtained, we have:

For the block PDCH with the lower timeslot number:

	
	
	bits

	
	
	168
	169
	170
	171
	172
	173
	176
	177
	178

	blocks
	B=0
	u1’(0)
	u1’(1)
	u1’(2)
	u1’(3)
	u1’(4)
	u1’(5)
	u1’(6)
	u1’(7)
	u1’(8)

	
	B=1
	u1’(18)
	u1’(19)
	u1’(20)
	u1’(21)
	u1’(22)
	u1’(23)
	u1’(24)
	u1’(25)
	u1’(26)

	
	B=2
	u2’(0)
	u2’(1)
	u2’(2)
	u2’(3)
	u2’(4)
	u2’(5)
	u2’(6)
	u2’(7)
	u2’(8)

	
	B=3
	u2’(18)
	u2’(19)
	u2’(20)
	u2’(21)
	u2’(22)
	u2’(23)
	u2’(24)
	u2’(25)
	u2’(26)


For the PDCH with the higher timeslot number:

	
	
	bits

	
	
	168
	169
	170
	171
	172
	173
	176
	177
	178

	blocks
	B=0
	u1’(9)
	u1’(10)
	u1’(11)
	u1’(12)
	u1’(13)
	u1’(14)
	u1’(15)
	u1’(16)
	u1’(17)

	
	B=1
	u1’(27)
	u1’(28)
	u1’(29)
	u1’(30)
	u1’(31)
	u1’(32)
	u1’(33)
	u1’(34)
	u1’(35)

	
	B=2
	u2’(9)
	u2’(10)
	u2’(11)
	u2’(12)
	u2’(13)
	u2’(14)
	u2’(15)
	u2’(16)
	u2’(17)

	
	B=3
	u2’(27)
	u2’(28)
	u2’(29)
	u2’(30)
	u2’(31)
	u2’(32)
	u2’(33)
	u2’(34)
	u2’(35)


We want these to be equal to:

	
	
	bits

	
	
	168
	169
	170
	171
	172
	173
	176
	177
	178

	blocks
	B=0
	uL’(0)
	uL’(1)
	uL’(2)
	uL’(3)
	uL’(4)
	uL’(5)
	uL’(6)
	uL’(7)
	uL’(8)

	
	B=1
	uL’(9)
	uL’(10)
	uL’(11)
	uL’(12)
	uL’(13)
	uL’(14)
	uL’(15)
	uL’(16)
	uL’(17)

	
	B=2
	uL’(18)
	uL’(19)
	uL’(20)
	uL’(21)
	uL’(22)
	uL’(23)
	uL’(24)
	uL’(25)
	uL’(26)

	
	B=3
	uL’(27)
	uL’(28)
	uL’(29)
	uL’(30)
	uL’(31)
	uL’(32)
	uL’(33)
	uL’(34)
	uL’(35)


and:

	
	
	bits

	
	
	168
	169
	170
	171
	172
	173
	176
	177
	178

	blocks
	B=0
	uH’(0)
	uH’(1)
	uH’(2)
	uH’(3)
	uH’(4)
	uH’(5)
	uH’(6)
	uH’(7)
	uH’(8)

	
	B=1
	uH’(9)
	uH’(10)
	uH’(11)
	uH’(12)
	uH’(13)
	uH’(14)
	uH’(15)
	uH’(16)
	uH’(17)

	
	B=2
	uH’(18)
	uH’(19)
	uH’(20)
	uH’(21)
	uH’(22)
	uH’(23)
	uH’(24)
	uH’(25)
	uH’(26)

	
	B=3
	uH’(27)
	uH’(28)
	uH’(29)
	uH’(30)
	uH’(31)
	uH’(32)
	uH’(33)
	uH’(34)
	uH’(35)


respectively. Hence the bits need to set and shown in section 3.


































































































































































































� Note that, due to some inaccuracies, this is different with respect to the scheme proposed in � REF _Ref167519844 \w \h ��[1]�.
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