3GPP TSG-RAN WG1 LTE Adhoc Meeting




   
         Tdoc R1-060078
Helsinki, Finland, 23 – 25 Jan. 2006

Agenda item:
5.1.2.2
Source: 
Samsung
Title: 





Pilot structure in E-UTRA downlink
Document for:
Discussion and Decision
1 Introduction

During previous RAN1 meetings, several contributions have been submitted regarding downlink pilot structure but some issues have still been unresolved. 
This contribution deals with three topics, which are detailed pilot design, pilot for multiple tx antennas and pilot structure between sector at the same NodeB. And Text proposal is also attached.
2 Pilot structure design 
In this section, we elaborate on the densities of pilot symbols in time and frequency domain, and propose the detailed structure based on simulation results. 
The proper pilot densities should be designed to guarantee good channel tracking performance at the maximum supportable UE speed and rms delay which relates to the frequency selectivity. We consider them separately in section 2.1 and 2.2 because there seems almost no relation between time and frequency. 

2.1 TDM vs. scattered pilot structure 

Regarding on the density of pilot symbols in time, we have already had several contributions on performance comparison between TDM structure in which 1 OFDM symbol is used for pilot transmission and scattered structure with 2 OFDM symbols for pilot transmission([2]~[4]). 
Considering the following observations from above contributions, using 2 OFDM symbols for pilot transmission is preferred.
· From the performance point of view,
· TDM pilot fails above 150km/h UE speed with no inter-subframe interpolation and no additional dedicated pilot.
· Scattered pilot shows slightly better performance over TDM pilot with high-order modulation even though inter-subframe interpolation is available. 

· Micro-sleep gain of TDM pilot is expected to be negligible according to the evaluation in [5].
· We prefer the scattered structure of control channel as mentioned in [5], so that there is no possibility of reducing latency of decoding of control signal following the first pilot.

· In view of performance, the TDM control channel structure is inferior to scattered structure due to lack of time diversity.
· Scattered pilot is possible to flexibly control the control channel power by adjusting the relative power between channels transmitted in the same OFDM symbol interval, which would be helpful especially for the UEs in cell edge. This feature becomes more critical to guarantee reliable performance of control channel in case that the control channel is transmitted in the first transmission with synchronous H-ARQ.
2.2 Pilot density in frequency domain 

The proper pilot spacing in frequency depends on the frequency selectivity of the channel. We consider Typical Urban model, which is the most selective channel among what are considered. 

The detailed simulation assumption is provided in the Table 1 and the results for 3 AMC levels are shown from Figure 1 to Figure 3. 
	Parameter
	Value

	Transmission bandwidth (Mhz)
	10

	Sub-frame duration (ms)
	0.5

	Sampling rate (MHz)
	15.36

	IFFT size
	1024

	Number of used subcarriers
	600

	Number of CP samples
	74

	Number of OFDM symbols in a TTI
	7

	AMC level
	1 : R = 1/3,  QPSK 

	
	2 : R= 3/4, 16QAM

	
	3 : R = 3/4, 64QAM

	Channel model
	Typical Urban (3km/h)

	Pilot structure / power overhead
	Scattered pilot (1st , 5th symbol), 7.14%

	Channel estimation 


	Length of inter-subframe interpolation : 2 subframes

3rd order Lagrange interpolator in freq. domain

	
	AMC 1 : Freq. -> Time

AMC 2/3 : Time -> Freq. 


Table 1. System Parameters for Link Level Simulation 
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Figure 1. MCS1 : R=1/3, QPSK
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Figure 2. MCS2: R=3/4, 16QAM
[image: image3.png]Block Error rate

TU3 channel : R=3/4, 64QAM

10°
—&- Perfect
—— Spacingd
—~ Spacing8
—2— Spacing12
—— Spacing16

107

107

10° L L L L L L L

16 17 18 19 20 21 22 23 24

Eb/No (dB)




Figure 3. MCS3: R=3/4, 64QAM
In above figures, we observed BLER performance for various pilot spacing in frequency. 
· The effect of pilot spacing to the performance 
· In this simulation, total pilot power in a given OFDM symbol is constant regardless of pilot spacing. As pilot spacing go larger, power level of single pilot symbol increases and, therefore, total pilot SINR used for interpolation also increases because the 3rd order Lagrange interpolator always uses four pilot symbols.

· On the other hand, larger pilot spacing leads to more interpolation error.
· The optimum value of pilot spacing is 8 when trade-off between pilot SINR and interpolation error is considered. 
2.3 Proposed structure 
Based on discussion in section 2.1 and 2.2, we propose downlink common pilot structure as shown in Figure4. 
Pilot is transmitted in 2 OFDM symbols (the 1st and the 5th OFDM symbol) in a staggered manner and in every 8 subcarriers in a given OFDM symbol. 

[image: image4]
Figure 4. Proposed Pilot structure

3 Pilot structure of multiple Tx antennas
There can be two approaches to make pilot from multiple Tx antennas orthogonal, orthogonal pattern based method and sequence based method including both orthogonal sequence and phase shifted sequence [6]. 
The method using orthogonal pattern and orthogonal sequence such as Walsh code are expected to show the same performance in flat fading channel. In the frequency selective channel the former method can interpolate two pilot symbols, but on the other hand the latter method cannot maintain orthogonal property due to channel variation and also cannot track the channel variation over the subcarriers where spreading is applied. 

The other sequence based scheme which makes pilot orthogonal in time domain by applying phase shifted sequence in frequency domain is able to track the channel variation by using DFT type estimator. However, DFT-type estimator in this scheme requires more than N(number of Tx antennas)*M(number of CP samples) pilot symbols in one OFDM symbol and it restricts pilot spacing to equal to or less than 4 subcarriers in conclusion. And some performance degradation is expected owing to existence of guard subcarriers.
Therefore we prefer orthogonal pattern based pilot structure of multiple Tx antennas. The following figure 5 is an exemplary structure. Pilot structure for each antenna is the same as proposed in section 2.3 but just shifted. 

[image: image5]
4 Pilot structure between sectors at the same NodeB 
If we have the same pilot position in the sectors at the same NodeB, some UEs located at the border of sectors should suffer from performance degradation due to collisions between pilots transmitted from other sectors. Pilot power boosting even gives no effect because power of interference is also boosted.

To avoid this, pilot pattern shift in frequency between sectors at the same NodeB is preferred. Data transmission is allowed in the subcarriers occupied by pilot from the other sectors due to reasons as follows:

· The percentage of users having this problem would be small in a sector considering that area of sector borders is not large and antenna of each sector is already sectorized. 
· Relative interference level from data is rather low because pilot power is generally boosted. 

· The amount of resources for data transmission impacts on the cell throughput.  
5 Conclusion 
In this contribution, we have evaluated proper pilot densities in time and frequency based on simulation results and proposed the preferable structure. And we discussed how to realize the orthogonal pilot for supporting multiple Tx antennas and the pilot structure between sectors at the same node B.
Thus, we propose to take the following pilot structure as a baseline for EUTRA downlink:

· Common pilot structure

· 2 OFDM symbols for pilot transmission in a staggered manner

· 8 subcarrier Pilot spacing in a given OFDM symbol
· Orthogonal pattern based pilot structure of multiple Tx antennas
· Pilot pattern shift in frequency between sectors at the same NodeB without nulling of data transmission

And we also propose to adopt the attached text proposal in the TR 25.814.
6 Text proposal (Section 7.1.1.2.2. in TR 25.814)
-------------------------------------------------------------- Start of Text Proposal ---------------------------------------------------------
7.1.1.2.2
Downlink reference-signal structure

The downlink reference signal(s) can be used for at least  

· Downlink-channel-quality measurements

· Downlink channel estimation for coherent demodulation/detection at the UE

· Cell search and initial acquisition

The basic downlink reference-signal structure, consisting of known reference symbols, is illustrated in Figure 7.1.1.2.2-1.

Reference symbols (a.k.a. ”First reference symbols”) are located in the first or second OFDM symbol of a sub-frame. 

Additional reference symbols (a.k.a. ”Second reference symbols”) are located in a second OFDM symbol of the sub-frame.
The first and second reference symbols are staggered in frequency-domain as shown in Figure 7.1.1.2.2-1.
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Figure 7.1.1.2.2-1. Basic downlink reference-signal structure (figure assumes 7 OFDM symbols per sub frame)

The position (in the frequency domain) of the reference symbols (first reference symbols as well as second reference symbols) may vary from sub-frame to sub-frame and between cells.

The first reference symbols are transmitted in every downlink sub frame from one or multiple TX antennas.

The second reference symbols are transmitted in every downlink sub frame from one or multiple TX antennas.

· 
· 
· 
· 
· 


Possible transmission of additional UE-specific downlink reference symbols are to be considered for dynamic beam forming or MIMO.
To support transmission using multiple TX antennas within one cell, the reference symbols of different antennas are transmitted on different OFDM sub-carriers within a given OFDM symbol. There is no data transmission from an antenna in the OFDM sub-carriers occupied by the reference symbols of the other antennas of the same cell.

The reference symbols of different sectors and fixed beams of the same Node B occupy different OFDM sub-carriers within a given OFDM symbol. Data transmission from a sector (or fixed beam) is allowed in the OFDM sub-carriers occupied by the reference symbols of the other sectors (or the other fixed beams) of the same Node B.

· 
· 

Means to have good correlation properties also between reference signals of cells of different Node B should be considered.
---------------------------------------------------------------- End of Text Proposal --------------------------------------------------------
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