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1
Introduction
In this document, we analyze the performance of DL PDCCH and ACKCH. 
The PDCCH and ACKCH span occupy two TDM symbols (second and third symbols) within a 1ms subframe.
The PDCCH payload size is 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.
2
Proposal Summary

PDCCH

· Single encoding entity

· 16-bit CRC masked by UE MAC ID
· BCH indicating the location and MCS format used for the different PDCCHs

· More details on BCH contents in [3]

· Resource Usage Indication

· Starting point and number of VRBs

· Mapping from VRB to PRB known from BCH [2]

DL ACK

· Allocation of 4 tones over 2 OFDM symbols

· Implicit mapping from PUSCH VRB
Both PHY channels can be efficiently power controlled based on the CQI reports of the target UE. 
3
Simulation Setup

3.1
Subframe Format and Numerology

The evaluation is performed using the sub-frame structure outlined in TR 25.814 [1].

	Slot duration
	0.5 ms

	TTI
	1 ms

	Symbols / slot
	7

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

	Pilot Ec/Ior
	-7.78 dB


Table 2

Evaluation Numerology

3.2
Waveform Evaluation

The following waveform was evaluated.

	Parameter
	

	Pilot tones
	Hybrid TDM/FDM [1]

	Data tones
	Interleaved

	Channel Estimation Length
	{2, 4} TDM pilot symbols

	Receiver
	MMSE


Table 3
Waveform Comparison
3.3
MCS

In this set of simulations, the modulation and number of data tones are kept constant during the simulation run. No re-transmissions are allowed. The Ior/Ioc is varied, while the pilot Ec/Ior is fixed to -7.78 dB (no pilot power boosting).

	
	Modulation
	Coding
	Num of ACK tones per TDM symbol
	Num of TDM data symbols used
	Num of TDM pilot symbols used
	Data Ec/Ior
	Code Rate

	ACKCH
	BPSK
	Repetition
	2
	2

(2nd & 3rd symbols)
	{2, 4}
	-21.76 dB
	1/4

	
	
	
	4
	
	
	-18.75 dB
	1/8

	
	
	
	8
	
	
	-15.74 dB
	1/16

	
	
	
	12
	
	
	-13.98 dB
	1/24


Table 4
Candidate MCS for DL ACKCH
	
	Modulation
	Coding
	Num of PDCCH tones per TDM symbol
	Number of TDM data symbols used
	Num of TDM pilot symbols used
	Data Ec/Ior

(dB)
	Code Rate

	PDCCH
	QPSK
	Convolutional K = 9
	30
	2

(2nd & 3rd symbols)
	{2, 4}
	-10 dB
	1/3


Table 5
Candidate MCS for PDCCH
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Miscellaneous Assumptions
Other simulation assumptions are as follows:

· Bandlimited white interference and noise

· GSM TU channels – 3 kmph and 30kmph

· Two Rx antennas at the UE
5
Results
Figures 1-4 and Table 6 show the performance of DL ACKCH. The decoder is assumed dual-state (i.e., threshold = 0).
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Figure 1:

DL ACKCH – TU3 – 2 TDM pilots
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Figure 2:

DL ACKCH – TU30 – 2 TDM pilots
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Figure 3:

DL ACKCH – TU3 – 4 TDM pilots
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Figure 4:

DL ACKCH – TU30 – 4 TDM pilots
	Num TDM pilots used
	Num ACK tones / TDM symbol
	ACK ( NACK 

	
	
	TU3
	TU30

	
	
	1%
	0.1%
	1%
	0.1%

	2
	2
	1 dB
	5.1 dB
	1 dB
	5 dB

	
	4
	-2.9 dB
	0.4 dB
	-2.6 dB
	0.1 dB

	
	8
	-4.8 dB
	-2.2 dB
	-5 dB
	-2.4 dB

	
	12
	-6.2 dB
	-3.6 dB
	-6.1 dB
	-3.6 dB

	4
	2
	-0.1 dB
	3.3 dB
	-0.1 dB
	3.5 dB

	
	4
	-3.8 dB
	-1.4 dB
	-4 dB
	-1.1 dB

	
	8
	-6.3 dB
	-3.6 dB
	-6.3 dB
	-3.8 dB

	
	12
	-7.5 dB
	-5.1 dB
	-7.5 dB
	-5.3 dB


Table 6
Minimum Es/Nt per antenna for a given BER target DL ACKCH

Figures 5-6 and Table 7 show the performance of DL PDCCH. 
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Figure 5:

PDCCH –  2 TDM pilots
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Figure 6:

PDCCH –  4 TDM pilots

	Num TDM pilots used
	FER 

	
	TU3
	TU30

	
	10%
	1%
	10%
	1%

	2
	0.5 dB
	2.5 dB
	0.5 dB
	2.5 dB

	4
	-0.3dB
	1.8 dB
	-0.4 dB
	1.7 dB


Table 7
Es/Nt per Antenna – PDCCH
6
Conclusions

In this contribution, we evaluated the link performance of the E-UTRA DL PDCCH and ACKCH.
For the ACKCH, the diversity gain significantly improves when increasing the number of tones used. The gain is more than 3 dB from 2 tones to 4 tones; and this gain is smaller when we increase the used tones further. It suggests that 4 tones over 2 OFDM symbols should be used for ACKCH with this TDM transmission structure.
Performance degradation from using 4 TDM pilot symbols to 2 TDM pilot symbols is quite large; about 1.3 dB – 1.5 dB for ACKCH and about 0.7 dB – 0.9 dB for PDCCH. This has an implication on UE micro-sleep operation.
As seen, there is a small performance difference between TU3 and TU30 channels.

References
[1] TR 25.814, “Physical layer aspects for evolved UTRA”.

[2] R1-070662, “Subband allocation for frequency selective and frequency diverse scheduling”, Qualcomm Europe.

[3] R1-070817, “BCH design and Physical Channel Mapping”, Qualcomm Europe.

Annex

Table 1 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 1
Payload for DL PDCCH
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