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Mapping of USF in RTTI configurations
1 Introduction

In previous contributions (e.g. [1], [2]), the issue of the mapping of the USF for Reduced Transmission Time Interval (RTTI) has been discussed. In this contribution, the changes required to the existing EGPRS coding schemes for the introduction of RTTI are discussed. This paper expands and complements some of the concepts already discussed in [1].

With the introduction of RTTI, in the downlink the following possibilities apply:

· radio blocks could be sent in either BTTI configuration or RTTI configuration;

· the USF could be sent in either BTTI USF mode or BTTI USF mode.

So there are 4 possible combinations of TTI configuration and USF mode. As will be shown in this contribution, if all the (four) combinations are allowed, the changes required to the existing coding schemes could be considerable. Hence, some proposals to simplify the impact of RTTI on TS 45.003 [4] are made.
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. The mapping chosen for RTTI is shown in Figure 1.
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Figure 1
Two data blocks are encoded, and the resulting 4 bursts (indicated as A0 to A3 and B0 to B3, respectively) are mapped to the TDMA frames are shown in the figure. Comparing the mapping for RTTI with the mapping for BTTI, it can be seen that bursts A0 and A1 are in the same position, and also bursts B2 and B3 are in the same position; on the other hand, bursts B0 and A2 have exchanged position, and so have done busrst B1 and A3. This is the mapping that minimises the changes for an RTTI configuration with respect to the BTTI configuration. This is also the mapping that had been proposed in [5]. However, the mapping given in the changes proposed in [7] to Table 6 of Clause 7 was not consistent. This has been corrected in [8].

3 Impact on channel coding
In this section, the different combinations between USF mode and TTI configuration are discussed, together with their impact on the channel coding description in TS 45.003.
3.1 BTTI USF in BTTI blocks

If TBFs in RTTI configuration are multiplexed (in the uplink) with TBFs in BTTI configuration, then the BTTI USF mode needs to be used. When a BTTI USF is sent in a BTTI block, the coding is unchanged with respect to the normal EGPRS coding schemes.
3.2 BTTI USF in RTTI blocks

In this case, two values of the USF (one for either PDCH of the corresponding downlink PDCH-pair) are delivered to the encoder during each 20 ms period. On the other hand, a data block is delivered to the encoder every 10 ms. All the USF bits are already available to the encoder when the encoding of the data block is performed.
In this case, each RTTI block contains two USF halves, each belonging to the two USFs (one for each PDCH), as shown in Figure 2. The precoding of the USF for PDCH i and PDCH j is done before the beginning of a 20 ms period, resulting in 12 bits for each PDCH; then in each RTTI block, only six of these bits are transmitted for each PDCH.
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Note that, in this case, both RTTI blocks sent in the two 10 ms periods which are part of the same 20 ms period need to be transmitted with the same modulation. This restriction does not apply to the case of RTTI USF in RTTI blocks (see section 3.4).
In this case, there are two options for the insertion of the USF:

1. The precoded USF bits are inserted before interleaving and burst mapping
2. The precoded USF bits are inserted after interleaving and burst mapping

While these two options could be equally valid from an implementation point of view, one of them needs to be chosen for specification in TS 45.003. In [6], the first option is chosen, as it is consistent with what is already done in the specification for the MCS coding schemes.

For this case, how the USFs are delivered to the channel coding unit requires further consideration. This is discussed in section 4.
3.2.1 MCS-1 to MCS-4

Let’s first consider the case of MCS-1 to MCS-4. The precoded USF consists of 12 bits. Let uL(0), …, uL(11) be 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 uH(0), …, uH(11) be the bits of the precoded USF to be transmitted on the PDCH with the higher timeslot number during the 20 ms radio block period. 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 they should be defined as follows:
u1’(0) = uL(0)

u1’(4) = uL(4)

u1’(8) = uL(8)

u1’(1) = uL(1)

u1’(5) = uL(5)

u1’(9) = uL(9)

u1’(2) = uH(0)

u1’(6) = uH(4)

u1’(10) = uH(8)

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) = uL(3)

u2’(5) = uL(7)

u2’(9) = uL(11)

u2’(2) = uH(2)

u2’(6) = uH(6)

u2’(10) = uH(10)

u2’(3) = uH(3)

u2’(7) = uH(7)

u2’(11) = uH(11)

The reasons for this mapping are explained in Annex A. The mapping can also be described by the following equations:
u1’(i) = uL(i)

for i = 0,1,4,5,8,9
u1’(i) = uH(i‑2)

for i = 2,3,6,7,10,11
and:

u2’(i) = uL(i+2)
for i = 0,1,4,5,8,9
u2’(i) = uH(i)

for i = 2,3,6,7,10,11.
3.2.2 MCS-5 to MCS-9

Let’s now consider the case of MCS-5 to MCS-9. The precoded USF consists of 36 bits. Let uL(0), …, uL(35) be 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 uH(0), …, uH(35) be the bits of the precoded USF to be transmitted on the PDCH with the higher timeslot number during the 20 ms radio block period. 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 they should be defined as follows:

u1’(0), …, u1’(8)
=
uL(0), …, uL(8)

u1’(9), …, u1’(17)
=
uL(9), …, uL(17)

u1’(18), …, u1’(26)
=
uH(0), …, uH(8)

u1’(27), …, u1’(35)
=
uH(9), …, uH(17)

and

u2’(0), …, u2’(8)
=
uL(18), …, uL(26)

u2’(9), …, u2’(17)
=
uL(27), …, uL(35)

u2’(18), …, u2’(26)
=
uH(18), …, uH(26)

u2’(27), …, u2’(35)
=
uH(27), …, uH(35)
The reasons for this mapping are explained in Annex B. The mapping can also be described by the following equations:
u1’(j) = uL(j)

j=0…17

u1’(j) = uH(j-18)
j=18…35

and

u2’(j) = uL(j+18)
j=0…17

u2’(j) = uH(j)

j=18…35.
3.3 RTTI USF in BTTI blocks
This case is not applicable, as already agreed as part of the working assumptions endorsed at GERAN#34 (see in particular working assumptions 19 and 22 of [3]).

Further arguments as to why this case should not be supported can be found in Annex C.

3.4 RTTI USF in RTTI blocks

In this case, for a PDCH-pair, both one USF value and one data block are delivered to the encoder during every 10 ms period. So the USF bits are already available to the encoder when the encoding of the data block is performed; hence the precoded USF bits can be inserted in a block after the data encoding but before the interleaving. In fact, in this case the USF can be delivered to the channel coding unit as part of the header of the RTTI blocks. This is shown in Figure 3.
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In [1] it is proposed that bit swapping is performed also in this case, so that the positions of the USF bits are the same regardless of whether the USF is sent in BTTI mode or RTTI mode. The benefit of this proposal is that the position of the USF bits in RTTI blocks is the same regardless of how the USF is sent (i.e. of the USF mode); so an MS having a DL-only TBF does not have to know how the USF is sent, and for DL-only TBFs no USF mode information is needed in the DL TBF assignment message.
Therefore, bit swapping should be performed also in this case.
It is worth noting that, since the USF mapping shown in Figure 3 is not compatible with the mapping shown in Figure 2, mobiles with an UL TBF operating in RTTI configuration need to know the USF mode in order to be able to decode the USF, and the network has to send information about the USF mode in the UL TBF assignment or reconfiguration messages. On the other hand, mobiles with an UL TBF operating in BTTI configuration can assume that the USF is sent in BTTI USF mode, so no USF mode information needs to be provided in the assignment or reconfiguration messages
.
3.5 Summary

To summarize, the following scenarios can be identified (this refers to what type of TBFs are multiplexed on a given PDCH):

· BTTI TBFs only:



BTTI USFs in BTTI radio blocks

· RTTI and BTTI TBFs multiplexing:

BTTI USFs in RTTI radio blocks

· RTTI TBFs only (both in UL and DL):
RTTI USFs in RTTI radio blocks

Correspondingly, as shown in the previous sections, this has the following consequences for the coding schemes and the USF mapping:
· BTTI USF in BTTI block – no changes to TS 45.003 required
· BTTI USF in RTTI block – changes to TS 45.003 required, see section 3.2
· RTTI USF in BTTI block – not allowed
· RTTI USF in RTTI block – changes to TS 45.003 required, see section 3.4
4 Delivery of the USF to the channel coder

Regarding the case of BTTI USF in RTTI blocks, two values of the USFs (one per PDCH) are delivered to the channel coder every 20 ms. There are two possible options of how they are delivered, which is also linked to how often the data blocks are delivered to the encoder.

1) Two RTTI blocks are delivered to the channel coder every 20 ms. In this case, the USFs can be sent in the headers of these blocks: one contains USF(L) (the USF to be transmitted on the PDCH with the lower timeslot number) and the other USF(H) (the USF to be transmitted on the PDCH with the higher timeslot number).
2) One RTTI block is delivered to the CCU every 10 ms. In this case, USF(L) and USF(H) need to be delivered separately from the data blocks. The USF bits in the header are set to an unspecified value (implementation dependent); these bits will not be used in the channel coding process.

The disadvantage of option 1 is that, during the channel coding procedure, when encoding one block some bits of the other block need to be known. This breaks the principle which is currently followed in TS 45.003 that each data message is a self-contained unit, and can be encoded independently of any other data message. It has also the disadvantage that the RTTI block to be sent in the second 10 ms period must be available before the beginning of the first 10 ms period, even if it is only the USF bits that are needed. And this adds to the latency. If the USFs are decoupled from the data blocks, then the data block to be sent in the second 10 ms period could be delivered later, and the latency could be reduced (even if by only 10 ms).

Despite the disadvantages of option 1, it would be useful to allow this option in the specifications, as it may be easier to upgrade existing networks to support this option than option 2. For this reason, the CR to TS 45.003 [6] has been written in such a way that both options are allowed. The choice of the particular option is left to implementation.
5 Conclusions

In this contribution, some issues related to the mapping of the USF bits when transmitting radio blocks in RTTI configurations have been discussed. The proposed solutions have been used a guidance while writing the Change Request to TS 45.003 contained in [6].
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7 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 rearranging the bursts 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+1,98) = u1’(1)

i(B+1,35) = u1’(5)

i(B+1,84) = u1’(9)

i(B+2,0) = u2’(0)

i(B+2,51) = u2’(4)

i(B+2,100) = u2’(8)

i(B+3,98) = u2’(1)

i(B+3,35) = u2’(5)

i(B+3,84) = u2’(9)

For the PDCH with the higher timeslot number:

i(B,82) = u1’(2)

i(B,19) = u1’(6)

i(B,68) = u1’(10)

i(B+1,66) = u1’(3)

i(B+1,3) = u1’(7)

i(B+1,52) = u1’(11)

i(B+2,82) = u2’(2)

i(B+2,19) = u2’(6)

i(B+2,68) = u2’(10)

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+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+3,35)
with
i(B+3,3)

Swap
i(B+3,84)
with
i(B+3,52)

Swap
i(B+3,98)
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’(1)

i(B+1,35) = u1’(5)

i(B+1,84) = u1’(9)

i(B+2,82) = u2’(0)

i(B+2,19) = u2’(4)

i(B+2,68) = u2’(8)

i(B+3,66) = u2’(1)

i(B+3,3) = u2’(5)

i(B+3,52) = u2’(9)

For the PDCH with the higher timeslot number:

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

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

Swap
i(B,82)
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)

resulting in:

i(B,0) = u1’(2)


i(B,51) = u1’(6)

i(B,100) = u1’(10)

i(B+1,98) = u1’(3)

i(B+1,35) = u1’(7)

i(B+1,84) = u1’(11)

i(B+2,82) = u2’(2)

i(B+2,19) = u2’(6)

i(B+2,68) = u2’(10)

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’(1) = uL(1)

u1’(5) = uL(5)

u1’(9) = uL(9)

u2’(0) = uL(2)

u2’(4) = uL(6)

u2’(8) = uL(10)

u2’(1) = uL(3)

u2’(5) = uL(7)

u2’(9) = uL(11)

and 

u1’(2) = uH(0)

u1’(6) = uH(4)

u1’(10) = uH(8)

u1’(3) = uH(1)

u1’(6) = uH(5)

u1’(11) = uH(9)

u2’(2) = uH(2)

u2’(6) = uH(6)

u2’(10) = 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) = uL(1)

u1’(5) = uL(5)

u1’(9) = uL(9)

u1’(2) = uH(0)

u1’(6) = uH(4)

u1’(10) = uH(8)

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) = uL(3)

u2’(5) = uL(7)

u2’(9) = uL(11)

u2’(2) = uH(2)

u2’(6) = uH(6)

u2’(10) = uH(10)

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.

8 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 and mapping on a burst, 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’(9)
	u1’(10)
	u1’(11)
	u1’(12)
	u1’(13)
	u1’(14)
	u1’(15)
	u1’(16)
	u1’(17)

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

	
	B=3
	u2’(9)
	u2’(10)
	u2’(11)
	u2’(12)
	u2’(13)
	u2’(14)
	u2’(15)
	u2’(16)
	u2’(17)


For the PDCH with the higher timeslot number:

	
	
	bits

	
	
	168
	169
	170
	171
	172
	173
	176
	177
	178

	blocks
	B=0
	u1’(18)
	u1’(19)
	u1’(20)
	u1’(21)
	u1’(22)
	u1’(23)
	u1’(24)
	u1’(25)
	u1’(26)

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

	
	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)


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 3.2.2.
9 Annex C – Reasons not to allow RTTI USF in BTTI blocks
Working assumptions #19 and #22 in [3] state that:

#19
If RTTI TBFs are not multiplexed with legacy (i.e. BTTI) TBFs, USFs will be coded using the same 4 bursts used for a DL RTTI block. […]
#22
If RTTI TBFs are multiplexed with legacy (i.e. BTTI) TBFs, a MS in RTTI TBF mode will read:

· the USF allowing UL transmission in the first 10 ms of the next 20 ms time unit during 4 TDMA frames (i.e. legacy USF decoding) on the first timeslot of the “corresponding DL PDCH-pair”

· the USF allowing UL transmission in the second 10 ms of the next 20 ms time unit during 4 TDMA frames (i.e. legacy USF decoding) on the second timeslot of the “corresponding DL PDCH-pair”

According to these working assumptions, the RTTI USF mode can be used only if all the TBFs (both on the uplink PDCH-pair and the corresponding downlink PDCH-pair) operate in RTTI configuration; if some of the downlink TBFs on the corresponding downlink PDCH-pair operate in BTTI configuration, the BTTI USF mode needs to be used 
.

In theory, if there are only TBFs in RTTI configuration on an uplink PDCH-pair, the RTTI USF mode could be used on the corresponding downlink PDCH-pair, regardless of the operation of the downlink TBFs on those PDCHs; with this assumption, it could be possible that the RTTI USF mode is used when transmitting a downlink block in BTTI configuration. But this would require further changes to the coding schemes.
For example, for the case of RTTI USF in BTTI blocks, one value of the USF per corresponding downlink PDCH-pair is delivered to the encoder every 10 ms. On the other hand, a data block per PDCH is delivered to the encoder only every 20 ms. This means that the USF for the second 10 ms period is not available when the encoding of the data blocks is performed
. Because of this, in this scenario the precoded USF bits could not be inserted before the interleaving and burst mapping, but they would need to be inserted in the bursts after interleaving and burst mapping. This is not in accordance with the way the coding schemes are currently specified in TS 45.003.
If the case of RTTI USF sent in BTTI blocks is not considered, the changes required to TS 45.003 are greatly simplified. Given that this case is not considered to bring real benefits, the additional complexity is not justified. Therefore, it is felt that there is no need to change the current working assumptions. In [6], the case of RTTI USF in BTTI blocks is not considered.

Furthermore, some of the BTTI blocks could be control message blocks, encoded using CS-1. The USF bits sent in 10ms would substitute 12 bits of the CS-1 block, which would adversely impact the performance of CS-1.
As a further justification, RTTI will be used mainly for VoIP or other real-time services, for which the TBFs can be assumed to be symmetrical; hence, if all the uplink TBFs are in RTTI mode, we can expect also all the downlink TBFs to be in RTTI mode
.







































































































































































































































� Obviously this applies only to Rel-7 mobiles that support RL-EGPRS.


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


� Note that this is not in agreement with what had been written in � REF _Ref167522528 \w \h ��[7]�, and the CR has been modified accordingly � REF _Ref167524944 \w \h ��[8]�.


� The alternative would be to deliver to the encoder two values once every 20 ms period. Although this would make the channel coding description easier, it is against the spirit of latency reduction (and is also against the working assumption #19 stated in � REF _Ref167769681 \w \h ��[3]�). In theory, the choice could be left as an implementation option; however, the different options would result in a different description of the channel coding in TS 45.003, so a choice has to be made.


�  Note that there is no intention to disallow the case of DL-only or UL-only TBF. With RL-EGPRS it is expected that symmetric TBFs will probably be the most common case (so when multiplexing is not needed in the uplink, it is likely that it is not needed in the downlink either); but the case of unidirectional TBFs should be supported in the specifications.





9

_1241598923.doc


1st half of USFi is sent







2nd half of USFi is sent
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2nd half of USFj is sent
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the precoding of both USFi and USFj is done before the beginning of a 20 ms period
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1st half of USF1 is sent







1st half of USF2 is sent







2nd half of USF1 is sent







2nd half of USF2 is sent
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the precoding of USF1 is done before the beginning of the first 10 ms period
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20 ms







the precoding of USF2 is done before the beginning of the second 10 ms period












