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1 Introduction

At the last RAN1 meeting in London, several contributions are submitted in which channel estimation performance of various DL pilot structures is compared ([2] ~ [9]). In some of those, TDM structure was expected as a promising candidate not only to guarantee reasonable performance up to 350 km/h but support power saving even in a subframe.
We updated our simulation results in this contribution when utilization of pilot symbols in neighbouring subframes is considered. And we also discussed on the other related issues such as control signal multiplexing and orthogonal pilot patterns between cells belonging to same NodeB.
2 Pilot structures

2.1 TDM vs. scattered pilot structure

Figure 1  illustrates two pilot structures considered here. In the first one by the name of ‘TDM structure’, pilot symbols are carried only in one OFDM symbol every subframe. And the other one, ‘Scattered structure’, allows more than 2 OFDM symbols which transmit pilot symbols.
In this contribution, we considered inter subframe interpolation additionally which is supposed to be natural way in downlink as shown in [2]~[8]. 

[image: image1]
Figure 1. TDM vs. scattered pilot
2.2 Simulation parameters 
The simulation parameter set shown in table 1 coincides with DL numerology for evaluation defined in [1]. Estimation for channel response in time and frequency domain is done in 2 steps as follows. 
· Step 1) frequency domain interpolation : DFT-type interpolator
· Step 2) time domain interpolation : (inter or intra subframe) linear interpolation 
	Transmission bandwidth (Mhz)
	5

	Sub-frame duration (ms)
	0.5

	Sampling rate (Mhz)
	7.68

	IFFT size
	512 

	Number of used subcarriers
	300

	Number of CP samples
	37

	Number of OFDM symbols in a TTI
	7

	Channel model
	Vehicular A

	AMC level
	QPSK, code rate = 1/3 (Turbo)

	UE speed (km/h)
	30, 120, 300, 350

	Pilot overhead
	7.14%

	Number of antennas (Tx, Rx)
	(1,1)


Table 1. Basic parameters
2.3 Results
The BLER performance according to various mobile speeds is presented in Figure 2 ~ Figure 5. TDM structure always shows better performance than scattered structure with QPSK modulation. With more than 300km/h speed, gain of TDM structure goes down due to poorer channel tracking ability than scattered structure.  
In case of scattered structure, there is no need to consider inter-subframe interpolation due to the reason that two pilot symbols in the current subframe are enough to estimate channel response with linear interpolation. If more sophisticated estimation method is used, though, we can improve the performance of scattered structure a little more by utilizing additional pilot symbols in nearby subframes as done in [8]. 
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Figure 2. VA 30km/h











Figure 3. VA 120km/h
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Figure 4. VA 300km/h










Figure 5. VA 350km/h

2.4 Control signalling 

Power saving gain of TDM structure is supposed to be obtained when control signal is multiplexed with pilot in the first OFDM symbol or next OFDM symbol, at least, so that UE decodes resource allocation information and goes to power-saving mode if no data is transmitted in current subframe. But in this manner, a bit of performance loss is expected from the following point of view:

· no chance to get time diversity gain 

· a limitation on increasing control signal power to guarantee reliable transmission (in the way of stealing power from
data, for example) 
Especially, power limitation of control signal and coverage loss caused from that could be a serious problem, which should not be overlooked. 
So, we need to consider the trade-off between power saving gain at the UE and performance loss from limitation of TDMed control signal.
3 Orthogonal pilot patterns 
According to the current RAN1 TR related to the Study Item Evolved UTRA [1], the common pilot/reference-signal structure should allow for different pilot signals between different cells/sectors and orthogonal patterns are preferred for the same Node B. We agree to the need of orthogonal pilot patterns for cells belonging to same NodeB to avoid collisions. 
On the assumption of TDM structure the orthogonal patterns can be realized by using orthogonal resources in frequency domain or by using orthogonal sequences while cells in the same Node B occupy the same resource. The former method means to set frequency reuse for pilot more than 1 and the latter method implies that despreading operation is required to obtain the same channel estimation performance as that of the former method. Two methods are expected to show the same CE performance in flat fading channel.

But in frequency selective channel, fluctuation between subcarriers where despreading operation is applied is able to result in performance degradation in case of the latter method. That degradation comes from the loss of orthogonality between sequences and no interpolation/tracking over those subcarriers.The above aspects should be further investigated before making decision on the pilot patterns of the cells belonging to the same Node B.
4 Conclusion
In the channel estimation point of view, we think that TDM structure of which pilot symbols are carried only in one OFDM symbol shows better/similar performance than/to that of scattered structure thanks to inter-subframe interpolation. We believe one exception of 350km/h with QAM modulation is unusual situation and this is in line with other companies’ view. Therefore, we conclude that TDM structure with using only one OFDM symbol to carry the pilot/reference signal is acceptable considering simple receiver operation.
Regarding the benefit of UE power saving, however, further investigation of performance/coverage loss caused from TDMed control signal multiplexing should be carried out. 
Orthogonal pilot patterns between cells belonging to the same Node-B can be realized by either using orthogonal resource or using orthogonal sequence. Selection among two candidates should be made based on further evaluation. We propose to agree on the text proposal below to clarify this way forward. 
5 Text proposal (Section 7.1.x.x. in TR 25.814)
-------------------------------------------------------------- Start of Text Proposal ---------------------------------------------------------
7.1.1.2.2
Downlink pilot structure

The downlink reference/pilot symbols can be used for at least  

-
Downlink-channel-quality measurements for CQI reporting

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

-
Cell search and initial acquisition

The reference/pilot symbols are inserted into the time/frequency grid according to a known pattern. The exact reference/pilot-symbol pattern is TBD, but the density of reference/pilot symbols in the time/and frequency domain should be sufficient to handle the highest time and frequency selectivity expected for E-UTRA. The use of an adjustable pilot density in order to adapt to different channel properties (time/frequency selectivity) should also be considered.

In the downlink, common pilot/reference signals should be defined. Dedicated pilot/reference signals should be considered.

The common pilot/reference-signal structure should allow for different pilot signals between different cells/sectors, where the pilot symbols can be either mutually orthogonal or mutually non-orthogonal, and that enable good system performance. For the same Node B, orthogonal patterns are preferred, which can be realized either using orthogonal resource in time-frequency domain or using orthogonal sequence. 
The downlink common pilot channel signal should be transmitted once per sub-frame.

Scattered pilots should be evaluated as well as pure time or frequency multiplexed pilots.

In order to support advanced antenna solutions such as MIMO, beam-forming etc., multiple orthogonal reference/pilot-symbol patterns should be possible within one cell (different reference/pilot-symbol patterns for different TX antennas, different beams, etc.).
---------------------------------------------------------------- End of Text Proposal --------------------------------------------------------
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