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1
Introduction
During the entire SI phase of E-UTRA, the design of DL reference signal structure has been rather contentious. 3GPP TR 25.814 describes a hybrid pilot structure that was agreed upon after an extensive debate on the topic with simulations from a large set of companies.
Three classes of DL pilot structures were analyzed during the SI:

· Scattered structure

· Pilot tones scattered uniformly in time and frequency in all OFDM symbols within a sub-frame

· TDM structure

· Pilot tones present in 1 OFDM symbol – either the 1st or 2nd symbol in a sub-frame

· Hybrid structure

· Pilot tones present in 2 OFDM symbols – 1st and 5th symbols in a sub-frame
From our viewpoint, the DL pilot simulations presented during the SI phase more or less capture the design viewpoint from all companies. 
In this document, we look at the overall impact of the DL reference signal structure in the context of a larger set of issues for coherent demodulation.
2
Discussion
2.1
Link Performance
The link performance comparison between the three schemes in different scenarios was shown in [1][2][3][4]. In all scenarios, it was seen that a scattered pilot structure was very robust, in terms of link degradation due to channel estimation, especially in the presence of high doppler. A snap-shot of the observed link performance at 1% BLER is shown in Table 1. 
	Modulation
	Code Rate
	Scattered

(dB)
	TDM
(dB)
	Hybrid
(dB)

	QPSK
	0.33
	+1.0
	+1.4
	+1.2

	
	0.50
	+0.7
	+1.1
	+1.1

	16-QAM
	0.33
	+0.7
	+1.1
	+0.9

	
	0.50
	+0.3
	+1.3
	+0.8


Table 1
Channel Estimation Loss – 120 kph
2.2
DL Control Structure
The proponents of the TDM pilot structure couple it to a TDM control structure, wherein the DL and UL associated control information is also sent in the 1st or 2nd OFDM symbols. In [5][6], we argue why this is not always possible, especially when one considers the impact of SDMA as well.

If we adopt an FDM control structure, i.e a control structure that spans the entire sub-frame and has the benefits of improved coverage, there is no reason to retain a TDM pilot structure.
2.3
MIMO / SDMA
During the SI phase, it was agreed that the DL pilot from different Tx antennas is transmitted in FDM, leading to orthogonal pilot transmission. This implies that the pilot overhead scales with the number of Tx antennas.

For a scattered pilot, the pilot overhead can be minimized by spreading the pilot scattering pattern in time and still retain the same pilot bandwidth overhead. In other words, we can use the time dimension to keep a small pilot overhead and still have no impact on the channel estimation performance.

With a TDM pilot, the pilot overhead increases since we cannot use the time dimension (otherwise, the hypothetical benefits of a DRX procedure within a sub-frame diminish even further).
In a 4x4 example for 5 MHz, we need:

· Scattered pilot = 16% overhead

· 48 tones per symbol

· 4x time/freq scattered structure

· TDM pilot = 19% overhead
· 400 tones in 1st and 2nd symbols
2.4
Multiplexing with SFN E-MBMS
Consider a scenario wherein SFN based E-MBMS is multiplexed with unicast in the same sub-frame in a synchronous network.

To preserve an SFN operation, bandwidth split between unicast and multicast must be the same across the entire network. This in itself does not have any impact on the arguments between scattered and TDM pilot structures, but has implications on cell identification.
2.5
Power Savings

We envision two approaches for efficient power-saving modes in E-UTRA:
· Macro-sleep mode for E-MBMS

· Channel structure and control signaling allows for very high TDM data bursts over short TTIs

· Allows the UE to wake up only when necessary over large timescales (1000ms)
· DTX/DRX procedures for unicast

· Continuous Packet Connectivity (CPC) mode for E-UTRA

· Enabling a fraction of the HARQ interlaces in DL and UL for a given UE
Such procedures should be considered as baseline power-save modes in E-UTRA. The benefit of any other mode should be considered as an increment over such schemes.
3
Proposal
Based on all the discussions in sections 2.1, 2.2 and 2.3, we observe the following:

· Scattered pilot structure offers the most robust link performance and attractive scaling of overhead with MIMO

· Apart from the hypothetical “micro-sleep” benefits, there seem to be no other benefits whatsoever with a TDM pilot structure – in fact, the link performance is less robust at high doppler and the overhead is higher as the number of Tx antennas increases
In the past, it has been proposed that with a TDM pilot structure, additional pilot tones may be used when high speed UEs and/or MIMO UEs are scheduled. However, this leads to increased overhead when data transmission to different classes of UEs (low/medium + high speed, SIMO + MIMO) are multiplexed within the same sub-frame. Besides, the use of a cumbersome speed dependent or MIMO order dependent common pilot structure is unnecessary, when a simpler scattered pilot structure option is available.
Therefore, we propose to use a scattered pilot structure for E-UTRA downlink.
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