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1. Introduction

In the RAN1#47 meeting, it was agreed that multiple control channels are used with each control channel separately coded using convolutional coding.  In addition, at least two (modulation and coding) formats for control signaling are supported [4].  In this contribution, tail-biting coding performance for control channel is evaluated.  It is seen that tail-biting can significantly reduce control channel overhead while incurring only a marginal increase in decoding complexity and slight performance degradation on the order of 0.5 dB at the 1% BLER operating point.  The details of tail-biting are described in [5].
2. Control Channel Coding Scheme
In [1], a simple downlink L1/L2 non-persistent control channel design has been proposed based on fixed size control channel elements which are combined in a predetermined manner to achieve different effective coding rates.  One approach is to define a set of control channel elements (CEs) all of the same size with one coding rate set for DL scheduling grants and another for UL scheduling grants.  Aggregation of multiple control elements is then used to reduce effective coding rate.  An UE attempts UL and DL CCH detection for different pre-determined aggregation candidates which are, for example, signaled via Layer 3.  In [2], a proposal for L1/L2 control channel information fields and bit requirements are provided.  In that contribution, example payloads of 38 and 46 bits were given for UL and DL non-persistent scheduling grants, respectively which is also reflected by Table 1.  Table 1 illustrates examples of different effective coding rates achieved via aggregation for the UL and DL grants for the 5 MHz carrier where 13 control channel elements each of size 36 sub-carriers are defined. Note that reliable cell edge coverage requires an effective coding rate of ~ R=1/9 [3]. 

Table 1 – 5 MHz Example: Predefined Effective coding rates for L1/L2 CCHs
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Aggregated UL Non-Persistent DL Non-Persistent

(36 RE each)

(N

payload

=38 bits) (N

payload

=46 bits)

1 0.528 0.639

2 0.264 0.319

3 0.176 0.213

4 0.132 0.160

5 0.106 0.128

6 0.088 0.106

7 Not Used 0.091

Effective Encoding Rate (R) for CCHs

UL MCS    

R ~1/2 Aggregation of CEs 

to achieve lower 

Effective R

     DL MCS,  R ~ 2/3            


Because each control channel is individually coded, inclusion of tail bits can add significant overhead to the control channel given its relatively small size.  For instance, with 8 tail bits, the overhead is approximately 17-20% for the DL and UL grant examples shown above.  As a result, tail-biting convolutional code should be used.    Tail-biting coding introduces some additional decoding complexity and incurs small performance loss.  However, the additional decoding complexity is marginal in light of the overall E-UTRA receiver complexity and therefore not expected to be an issue.  Figure 1 compares the coding performance with and without tail bits.  The comparison is based on payload of 46 bits (DL non-persistent grant example) using QPSK modulation and coding rate of R=1/2 and R=1/3.  Other pertinent simulation parameters are provided in Table 2.  From the figure, it is seen that performance degrades by approximately 0.3 - 0.5 dB at the 1% BLER operating point under TU (3 km/h) channel. This performance degradation is small relative to the large overhead of tail bits.
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Figure 1.  Tail-biting convolutional coding performance comparison.
3. Conclusions 
In this contribution, tail-biting is proposed for control channel coding.  It is seen that tail-biting can significantly reduce control channel overhead while incurring only a marginal increase in decoding complexity and slight performance degradation on the order of 0.5 dB.
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Table 2.  Simulation parameters.

	Parameter
	Assumption

	Carrier Bandwidth
	5 MHz

	TTI Duration
	1 ms

	FFT size
	512

	Resource Block BW
	180 kHz (12 sub-carriers)

	No of Resource Blocks
	25

	Control & Pilot Overhead
	2 OFDM symbols

	Propagation channels
	TU (3 km/h)

	Channel estimator
	Non-Ideal

	Modulation
	QPSK

	Turbo Code Rate
	R=1/3, 1/2

	# of TX antennas
	2 (with cyclic shift diversity)

	# of RX antennas
	2

	Convolutional Coder
	R=1/3, K=9
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				#CE		Effective Encoding Rate (R) for CCHs

				Aggregated		UL Non-Persistent		DL Non-Persistent

				(36 RE each)		(Npayload=38 bits)		(Npayload=46 bits)

				1		0.528		0.639		DL MCS,  R ~ 2/3

		UL MCS    R ~1/2		2		0.264		0.319				Aggregation of CEs to achieve lower Effective R

				3		0.176		0.213

				4		0.132		0.160

				5		0.106		0.128

				6		0.088		0.106

				7		Not Used		0.091

												UL MCS

						MCS

						1

						2

						3

						4

						4

						4

						5






