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1
Introduction
In [1], we discussed and evaluated the benefits of using a low duty cycle CPICH in certain scenarios. This naturally prompts the question as to how do we envision the system operation when the system is partially loaded.

In this document, we answer the question in two ways:
· Overhead comparison of common RS (CPICH) and dedicated RS (DPICH)

· Link performance evaluation with DPICH

2
Dedicated RS
As stated in [1], we do not believe it is necessary to transmit the CPICH in every subframe of the 10ms radio frame. It was shown that the cell edge performance can be improved significantly, if the neighbor cells reduce the CPICH duty cycle.

When the CPICH duty cycle is very low in a lightly loaded cell, we need to define RS for those users who are infrequently scheduled in that cell. 

For this purpose, we define the notion of dedicated RS in the downlink – the concept is identical to the uplink, wherein a UE transmits RS only when necessary and RS transmissions are always coupled with data.

DL dedicated RS (DPICH) are special RS that are embedded within a physical RB. Given that the DL waveform is OFDM, the DPICH and data modulation symbols can be transmitted in the same symbol. This is unlike uplink, wherein RS and data are time multiplexed in separate symbols.
Figure 1 outlines the usefulness of DPICH as a function of CPICH duty cycle, fractional system load and DPICH overhead within each RB.

The x-axis represents the CPICH duty cycle with 4.76% overhead in frequency domain – 1/6 spacing in 1st and 5th OFDM symbols in a subframe.

The y-axis represents the system load in frequency domain –25% load refers to a scenario wherein 25% of the RB are occupied in the system.

Each curve corresponds to a specific DPICH overhead within each RB:

· Overhead of 1/7 implies that with a 1ms TTI and 12 tone RB, 24 tones within a 12x14 grid are allocated to dedicated RS
Note that the uplink overhead is exactly 1/7 if both short blocks within the subframe are reserved for RS.

The use of DPICH leads to a lower overhead when:
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Figure 1

Dedicated RS Usage

The region below each curve indicates the region where DPICH leads to a lower overhead.

For example, with 1/7 DPICH overhead (identical to what is assumed in the uplink) and 10% CPICH duty cycle (once every 5ms), the use of DPICH leads to lower overhead for a less than 30% loaded system.

3
Link Performance
3.1
Numerology
The link performance is evaluated using the following reference numerology.
	TTI
	1 ms

	Symbols / Subframe
	7

	FFT size
	512

	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


Table 1

Numerology
3.2
Channel Estimation

Channel estimation is done in a localized manner using DPICH only:
· RB Grid
· Size = 12x14

· 12 localized tones over 14 OFDM symbols
· Number of interleaved grids for an encoded TB = 4
· Number of pilot tones per grid = 24

· 6 tones in the 1st and 5th OFDM symbols in each subframe 

· Pilot overhead = 1/7
· 2D MMSE channel estimation per grid
· No interpolation across grids
3.3
Numerology

The rest of the simulation assumptions are outlined below:

· Dual Rx antennas
· Interference and noise modeled as bandlimited noise process

· GSM TU channel – 30 kph 
3.4
MCS Setup
The TB size, modulation and number of data tones are kept a constant during the simulation run. No re-transmissions are allowed.
	Modulation
	TB Size
	Number of Tones per

OFDM symbol
	Data Tones 

per TTI
	Pilot Tones 

per TTI
	Code Rate

	QPSK
	384
	48
	576
	96
	0.33

	
	576
	
	
	
	0.5

	
	768
	
	
	
	0.67

	16-QAM
	768
	
	
	
	0.33

	
	1152
	
	
	
	0.50

	
	1536
	
	
	
	0.67

	64-QAM
	1728
	
	
	
	0.50


Table 2

Candidate MCS
4
Results
In Figures 4-6, we compare the FER vs. Es/Nt per antenna for each scenario. 

It is seen that the channel estimation losses can be kept very minimal (less than 1 dB at 10% BLER) in all scenarios.
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Figure 4
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Figure 5

16-QAM
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Figure 6

64-QAM
5
Summary

In this document, we have highlighted scenarios where the sole use of DPICH for demodulation, coupled with a low duty cycle CPICH, make the system operation highly efficient. Contrary to some of the statements made in R1, we have shown that not only does DPICH reduce the overall overhead in partial loading scenarios, the link performance indicates that channel estimation performance is also very reasonable.
The notion of self-contained RS within a TTI would anyway have to be defined for TDD. From a commonality viewpoint, this implies that the specifications will contain a RS structure which is not necessarily a 100% duty cycle “common” RS.

We propose to extend this further and define such RS to be self-contained within each PRB.
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