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1
Introduction
Multiple decisions were made in RAN1#48 regarding PDCCH, among them: 
· Different PDCCH formats are attained by aggregation of multiple control channel elements (lowering the PDCCH coding rate)
· PDCCH is transmitted using QPSK

This document presents link level analysis of the PDCCH with different operating points in terms of coding rate and modulation format. 

2
Analysis
2.1
Simulation Assumptions
The PDCCH transmission is assumed to occupy two TDM symbols (second and third symbols) within a 1ms subframe.

The PDCCH payload size is fixed to 40 bits, including a 16-bit CRC masked by UE MAC ID. See Table 1 in the Annex for a detailed description of the payload. The link analysis is done by changing the number of PHY resources (frequency tones) allocated for the PDCCH transmission. 
Table 1 lists different simulation parameters. The slot format and pilot transmission is in accordance to [1].

	Slot duration
	0.5 ms

	TTI
	1 ms

	Symbols / slot
	7 
(regular CP duration)

	FFT size
	512

	Useful tones
	300

	Tone spacing
	15 KHz

	Flat guard samples 

(Number of symbols)
	29 (4)

28 (3)

	Flat guard period 

(Number of symbols)
	3.78 µs (4)

3.65 µs (3)

	Window length 

(Number of samples)
	1.04 µs (8)

	Guard tones per symbol
	212

	Allocation of pilot tones 
	1 Tx antenna assumed

50 (1st symbol) and 50 (5th symbol)

	Pilot Ec/Ior
	-7.78 dB

	PDCCH Ec/Ior
	varying


Table 1

Evaluation Numerology

Table 2 lists the transmission formats that we have evaluated for the DL PDCCH.

	Modulation
	Coding
	Num of PDCCH tones per TDM symbol
	Number of TDM data symbols used
	Code Rate

	QPSK
	Convolutional K = 9
	{15, 20, 30, 40, 60, 80, 90}
	2

(2nd & 3rd symbols)
	{2/3, ½, 1/3, ¼, 1/6, 1/8, 1/9}

	16QAM
	
	{15, 20}
	
	{1/3, 1/4}


Table 2
Candidate MCS for PDCCH
Other simulation assumptions are as follows:
	Parameter
	Value

	PDCCH tones
	Interleaved

	Channel Estimation Length
	4 TDM pilot symbols

	Receiver
	2 Rx antennas

	Detection Criterion
	MMSE

	Noise and Interference modeling
	White

	Channel Model
	TU30


Table 3
Other simulation parameters
2.2 Simulation Results

Figure 1 shows the link performance of PDCCH for different coding rates. Note that there are two families of code rates, 

· based on rate 1/2 and aggregation thereafter, i.e., code rates: 1/2, 1/4, 1/6, 1/8

· based on code rate 1/3 and aggregation thereafter, i.e., code rates: 1/3, 1/6, 1/9

In addition we simulate code rate 2/3. 
Figure 2 shows the performance for 16QAM PDCCH transmissions. As can be seen from comparing QPSK transmission with rate 2/3 and 16QAM transmission with code rate 1/3, and QPSK transmission with rate 1/2 and 16QAM transmission with rate 1/4, QPSK consistently outperforms 16QAM. 
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Figure 1. Link Level Performance of PDCCH with different transmission formats
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Figure 2. Link Level Performance of PDCCH: QPSK vs. 16QAM
3
Conclusion
Based on the anlaysis, the following recommendations are made:
· Confirming that support of QPSK modulation (only) for PDCCH transmission is adequate
· Recommending aggregation of a base code rate 1/3 PDCCH transmission, that allows: 

· Code rates of 1/6 and 1/9 after aggregation of 2 or 3 control channel elements, respectively.

Annex

Table 4 below shows the foreseen content of the DPCCH. 
	Field
	Bitwidth
	Note

	Resource block (RB) assignment
	9
	Starting VRB ID and number of VRBs thereon [2]

	MCS
	8
	5 bits for base layer + 3 bits for an additional layer

The 3 bits range from 0 to 5 for the transmission of two layers, while -1 and -2 indicate the transmission of one layer on virtual antenna 1 and virtual antenna 2



	Duration of assignment
	1
	Persistency of assignment

	Precoding matrix ID
	3
	Precoding matrix used for the associated shared data channel

	HARQ, redundancy version, new data indication
	3
	

	CRC/UE ID
	16
	CRC masked by MAC ID


Table 4
Payload for DL PDCCH
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