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1. Introduction
The present LTE channel coding specification [1] inherits the bit-reversed ordering of the CRC field on shared transport and control channels from the corresponding UTRAN specifications [2, 3]. In a previous contribution [4], we recalled the reasons for such bit reversal in UTRAN and explained why they may no longer be present in LTE. In this contribution, we present simulation results confirming the earlier conjecture that CRC bit reversal offers no benefit in the LTE physical layer. Since CRC bit reversal incurs some computational overhead, we propose:

· adopting natural CRC bit ordering

in LTE L1 specifications.

2. Simulation Results
In this section, we present simulation results obtained in a number of blind transport format detection scenarios. Not all of the simulated scenarios are actually applicable to LTE. Nevertheless, they are presented to provide an additional level of confidence against future evolution of the standard.

A single result is provided in this section to illustrate every simulated scenario. Further extensive simulation results can be found in an Annex.

The following notation is used:

TBS:
transport block size, the payload to be transmitted across the radio link (excluding CRC) [bits].

CRC:
the length the CRC field [bits].
PR:
the physical resource [bits] allocated for the transmission of the transport block + CRC. Also called NData.
-hyp:
denotes a value that is detected in the receiver based on hypothesis testing.
In the current LTE specification [1], a 24 bit CRC is used for shared channels and a 16 bit CRC is used for the control channel. In order to reduce the simulation time, and without losing generality, we use the UTRAN 12 bit CRC [2] with the shared channels in mind. The 16 bit CRC was used in control channel simulations.

Scenario 1: Blind detection of TBS, known physical resource, no FEC, no errors.
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With the correct knowledge of the physical resource, the receiver tests a number of block sizes around the correct value. Channel coding is absent, and the message is received without error. As shown in the following figure, a high false detection rate is observed with natural CRC bit ordering, if blind detection is performed for block sizes within a search window equal to the CRC length. This confirms the results and analysis of [4][5]. As will be shown later, this is the only scenario identified where reverse CRC bit ordering is beneficial.
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Figure 1  Blind TBS detection, scenario 1.

Scenario 2: Blind detection of TBS, known physical resource, channel/decoding errors.

Tx: 

[image: image8.wmf]K

TBS

=

, 
[image: image9.wmf]L

CRC

=

, 
[image: image10.wmf]L

K

E

PR

+

=

=


Rx: 

[image: image11.wmf]K

K

K

K

TBS

hyp

D

+

D

-

=

K

, 
[image: image12.wmf]L

CRC

=

, 
[image: image13.wmf]L

K

E

PR

+

=

=


FEC:
None simulated; results also applicable to FEC decoding with residual errors.

BER: 
0.03
This is the same as Scenario 1, except that some channel or decoding errors were injected. At the BER of 0.03 and higher, the probability of error-free transmission is negligibly small for a 512-bit block. Under such circumstances, the CRC is expected to fail and reverse bit ordering offers no benefit over natural bit ordering.
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Figure 2  Blind TBS detection, scenario 2.

Scenario 3: Blind detection of TBS, known physical resource, turbo coding, no errors.
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With this scenario, the payload is turbo encoded and rate-matched to the physical resource of size 
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. The correct value of the physical resource is known to the receiver and blind detection of the correct TBS is performed. This means that the receiver de-rate matching and turbo decoding operations are incorrectly parameterized (unless the correct TBS is tested), hence the CRC is expected to fail irrespective of CRC bit ordering, as is confirmed in the following figure.
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Figure 3  Blind TBS detection, scenario 3.

Scenario 4: Blind detection of TBS, known coding rate, turbo coding, no errors.
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With this scenario, the payload is turbo encoded and rate-matched to the physical resource of size 
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. The correct value of the coding rate is known to the receiver and blind detection of the correct TBS is performed. The hypothesized physical resource is proportionally scaled to keep the coding rate unchanged. Again, with such a setup the receiver de-rate matching and turbo decoding operations are incorrectly parameterized (unless the correct TBS is tested), hence the CRC is expected to fail irrespective of CRC bit ordering, as is confirmed in the following figure.
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Figure 4  Blind TBS detection, scenario 4.

Scenario 5: Blind detection of TBS, known physical resource, convolutional coding, no errors.
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This is the same as Scenario 3 except that convolutional coding is used instead of turbo coding. CRC bit ordering has no effect.
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Figure 5  Blind TBS detection, scenario 5.

Scenario 6: Known TBS, blind detection of the physical resource, convolutional coding, no errors.
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This corresponds to the situation where the DL-PCCH is transmitted at an aggregation level i, and the receiver performs blind decoding attempts at aggregation levels ... , i-2, i-1, i, i+1, i+2, .... The simulation was performed by creating enough instances of the DL-PCCH to cover the hypothesized physical resource. For example, if at the Tx 
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, then four different DL-CCH payloads are encoded, rate matched and placed in contiguous memory locations. The resulting buffer is fed into the receiver. When testing at the correct physical resource aggregation level, i.e. 
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 is already covered in scenario 5. Such special treatment is not applied when the hypothesized aggregation level does not match the correct one. As can be verified from the following figure, CRC bit ordering has no effect in scenario 6.
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Figure 6  Blind physical resource detection, scenario 6.

3. Proposal

In line with previous analysis [4], it was verified by simulation that CRC bit reversal is beneficial only under the following circumstances:

· The payload is not protected by FEC coding, and

· the payload does not experience any channel errors, and
· blind transport block size detection is performed in the range of -L...+L bits around the correct size, where L is the CRC length.
Such circumstances will not occur in LTE.

Natural CRC bit ordering leads to a simplified and more efficient implementation in both the transmitter and receiver. Obviously, the need for reversing the CRC field is avoided. The receiver can perform a straightforward CRC check over the entire block (including the CRC); the CRC pass is declared if the result evaluates to 0.

Based on the above discussion and simulation results, we propose simplifying the LTE specification 36.212 by natural CRC bit ordering as follows.

Section 5.1.1:

------------------- start of text proposal -------------------------

The bits after CRC attachment are denoted by 
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for k = 0, 1, 2, …, A-1
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for k = A, A+1, A+2,..., A+L-1.

------------------- end of text proposal -------------------------

Section 5.3.3.2:
(Please note that the proposal is based on 36.212 v2.0.0 wording. It may have to be modified based on the decision on DL-CCH CRC length [6].)

------------------- start of text proposal -------------------------

Error detection is provided on DL-CCH transmissions through a Cyclic Redundancy Check (CRC). 

The entire PDCCH payload is used to calculate the CRC parity bits. Denote the bits of the PDCCH payload by 
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[image: image55.wmf]1

3

2

1

0

,...,

,

,

,

-

L

p

p

p

p

p

. A is the PDCCH payload size and L is the number of parity bits.

The parity bits are computed and attached according to subclause 5.1.1 setting L to [16] bits, resulting in the sequence 
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, where B = A+L. After the attachment, the CRC bits are scrambled with the UE Identity 
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 to form the sequence of bits 
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------------------- end of text proposal -------------------------
Annex A  Simulation Assumptions

The turbo coding chain comprised the following:
· Pseudorandom binary source.

· CRC calculation and attachment.

· Turbo encoding.

· Rate matching.

· De-rate matching.

· Turbo decoding, 8 iterations.

· CRC test.

The convolutional coding chain comprised the following:

· Pseudorandom binary source.

· CRC calculation and attachment.

· CRC scrambling with UE_ID (randomly generated).

· Convolutional encoding.

· Rate matching.

· De-rate matching.

· CRC descrambling with UE_ID.

· Convolutional decoding.

· CRC test.

The turbo and convolutional coding coding as well as rate matching operations complied with 36.212 v2.0.0. Where applicable, transmission errors were modelled using the binary symmetric channel.

Annex B  Further Simulation Results

Scenario 1: Blind detection of TBS, known physical resource, no FEC, no errors.
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Scenario 2: Blind detection of TBS, known physical resource, channel/decoding errors.
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Scenario 3: Blind detection of TBS, known physical resource, turbo coding, no errors.
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Scenario 4: Blind detection of TBS, known coding rate, turbo coding, no errors.
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Scenario 5: Blind detection of TBS, known physical resource, convolutional coding, no errors.
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Scenario 6: Known TBS, blind detection of the physical resource, convolutional coding, no errors.
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