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1. Introduction

In RAN#49, the following agreements were reached regarding the control channel format indicator (CCFI) which conveys the value of n, the number of OFDM symbols used for control signalling -
· n=1,2 or 3
· CCFI indicates the value of n
· Interpretation of CCFI is non-configurable: fixed mapping of CCFI to values of n (1,2,3) in the specification. The use of the fourth value in CCFI is FFS.

· CCFI is transmitted in the first OFDM symbol

· Coding: the 2 bits are mapped onto 4 sequences of length 16 QPSK symbols (to be defined later)

· Spread over the whole system bandwidth

· Cell specific frequency domain mapping. 

· Cell specific hopping FFS.

· Cell specific scrambling, tied to the cell ID

· Same TX diversity scheme as for PDCCH

This contribution presents some options for the coding and transmission of the CCFI and provides recommendations based on performance analysis.
2. CCFI Coding
Because of the small number of information bits carried by the CCFI, possible coding options are limited.  Two different coding schemes are evaluated here –

· Repetition Coding: The CCFI bits are rate-matched then mapped to 16 QPSK symbols.
· Predefined Codewords: Four sequences of length 16 QPSK symbols are pre-defined below.  The codewords have dmin=21 and can be implemented using a look-up table.
Table 1.  Proposed CCFI Codewords.

	n
	Codeword

	1
	00000000000000000000000000000000

	2
	11111111100101011110001001110110

	3
	00110100111011101101111111001101

	Reserved
	11001011011110110011110110111011


For the evaluation, decoding was done using the maximum likelihood detector and non-ideal channel estimation.  Figure 3 illustrates CCFI performance for the two different codes.  Simulation parameters are shown in 
Table 2
. Note that, in this case all four sequences were transmitted.  From the figure, it is seen that predefined codewords with dmin=21 outperform simple repetition by approximately 0.6 dB at the 0.1% BLER.  Since the complexity of the two coding schemes is the same, it is recommended that this set of codewords be adopted for CCFI coding.
Recommendation: CCFI is mapped to four sequences with dmin=21 as defined in Table 1. 

3. CCFI Mapping
In [1], an invariant control channel design for the downlink was presented.  In the proposal, CCEs are constructed from position invariant building blocks (dubbed mini-control channel elements), where each mini-CE is contained within an OFDM symbol but the CCE spans n.  Each mini-CE has 4 REs for control.  The mini-CE size is 6 REs with 2 REs reserved for reference symbols if located in OFDM symbols 0 or 1 and 4 REs if located in OFDM symbol 2.  An example of the mapping of each mini-CE type for n=3 case for 1.25 MHz LTE carrier is shown below in Figure 1.
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Figure 1.  Physical Mapping of mini-CE for 1.25 MHz LTE carrier mode
As per the agreement, CCFI is transmitted over the entire system bandwidth to provide frequency diversity.  Figure 4 shows the performance using the invariance mini-CE design.  Also shown is the performance improvement when the CCFI is distributed over the entire bandwidth versus localized transmission.  It is recommended that CCFI mapping is based on the invariant design with mini-CE as described in [1].
Recommendation: CCFI is transmitted using four mini-CEs based on an invariant control channel design. 
4. CCFI Reserved Codeword
Currently, the CCFI has a fixed mapping of CCFI to values of n=1,2,3. The use of the fourth value in CCFI is FFS.  Figure 5 illustrates performance of the CCFI using either 3 or 4 sequences.  From the figure, it is seen that the performance improvement from using only 3 out of the 4 sequences is marginal (approximately 0.2 dB at the 0.1% BLER operating point).  Therefore it is recommended that all 4 sequences are used with the function of the reserved CCFI sequence FFS.
Recommendation: All four values of the CCFI are used.  The function of the reserved CCFI value is FFS.
5. CCFI Coverage
Figure 2 shows the C/(I+N) CDF for simulation Case 3.  For the figure, it is seen that the C/(I+N) values at the 95% and 98% cell area coverage are approximately -5 and -6.7 dB, respectively.  Using these values, it is seen that CCFI SINR performance at the 1% BLER is insufficient to provide cell edge coverage under Case 3 scenario.  As a result, power boosting of approximately 1.4 and 3.1 dB is required to achieve 95% and 98% cell area coverage.  This corresponds to an overhead increase of 38% and 104% for the CCFI.  Note that the performance requirement for CCFI has not been decided and BLER requirement below 1% will likely be needed.  This will further increase the CCFI overhead.  For instance, an additional 1.8 dB is needed to satisfy 0.1% BLER.  
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Figure 2.  C/I distribution for Case 3 (1732m ISD, 20 dB PL, 10MHz, 40 Watts).

6. Conclusions
Based on the analysis shown, the following proposals regarding the CCFI are recommended –

· CCFI is mapped to four sequences with dmin=21 as defined in Table 1.
· CCFI is transmitted using four mini-CEs based on an invariant control channel design.

· All four values of the CCFI are used.  The function of the reserved CCFI value is FFS.
In some cases, significant power boosting of the CCFI is required to ensure good cell-edge coverage. 
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Table 2.  Simulation parameters.

	Parameter
	Assumption

	Carrier Bandwidth
	5 MHz

	TTI Duration
	1 ms

	Propagation channels
	TU (3 km/h)

	Channel estimator
	DFT-based with Bayesian threshold with              time-domain averaging

	Modulation
	QPSK

	# of TX antennas
	2

	# of RX antennas
	2

	Tx Diversity Scheme
	SFBC

	CCFI Mapping
	4 mini-CEs with invariant design (R1-072556)


[image: image3.emf]-14 -12 -10 -8 -6 -4 -2 0 2

10

-4

10

-3

10

-2

10

-1

10

0

BLER

SNR per antenna (dB)

CCFI - N=2 Bits, QPSK, TU (3 km/h)

Ideal Channel Est

Non-Ideal Channel Est

0022

Repetition Coding

Predefined Codewords (dmin=21)


Figure 3.  CCFI performance (4 sequences), non-ideal channel estimation, TU 3 km/h.
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Figure 4.  CCFI performance (4 sequences) – distributed versus localized transmission with mini-CE mapping, non-ideal channel estimation, TU 3 km/h.
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Figure 5.  CCFI performance - 4 versus 3 sequences, non-ideal channel estimation, TU 3 km/h..





























































































































































































































































