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1. Introduction

In RAN1#42 in London and RAN1#42bis in San Diego, at London, over 25 contributions addressing OFDMA reference/pilot symbol design were submitted.  The TR 25.814 was updated after San Diego to reflect agreement that there may be primary and secondary reference signals (RS). 

To make further progress, agreement can be reached on:

· OFDM symbol location for the first RS

· OFDM symbol location for the second RS

· Whether second RS is staggered (in frequency) relative to first RS

· Frequency separation of RS subcarriers 2, 4, 6, or 8 (one antenna)

· 2 and 4 antenna support, via time, frequency, or “code” (phase shift) orthogonality

· Clarification of when RS are available to all UE for channel estimation (“common”) or not (“not common”)

It may be noted that the 2nd RS should be in 1 other symbol (good performance, same low-complexity channel estimation), and that the uplink has inset (2nd from ends) reference symbols for better channel estimation performance. Per symbol MSE channel estimation data allows useful evaluation of RS symbol locations. 

This contribution proposes additional reference/pilot symbol text based on the discussion and contributions from RAN1#42bis.

------------------------------------------- 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 sequences used for reference signals should have good properties (e.g., constant modulus, low PAPR in the time domain, good cross-correlation properties to interfering sectors/cells). 

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

Within this OFDM symbol, every second sub-carrier is allocated as first reference symbol, leading to an effective maximum frequency resolution of 30 kHz (every other sub carrier) in case of a single transmit antenna and 60 kHz (every fourth sub carrier) in case of  two transmit antennas, see further below. Alternatively, an effective maximum frequency resolution of 45 kHz (every third subcarrier) in case of a single transmit antenna and 90 kHz (every 6th subcarrier) may be considered.  
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a) pilot on every other subcarrier                b) pilot on every third subcarrier
Figure A. Format for first reference signal for one or two transmit antennas. ‘P’ = pilot (or first reference symbol), ‘D’ = non-first reference (e.g., data, control, other reference, etc.). 

Multiple mutually orthogonal reference signals are needed to 

· Support multiple TX antennas within one cell

· Allow for orthogonal reference signals between cells/beams of the same Node B

In case of two TX antennas, orthogonality between the reference signals of the two antennas may be achieved in either the frequency domain or the “code” domain.

In case of frequency-domain orthogonality, the antennas transmit on alternating reference symbols, i.e. each antenna transmit a reference symbol on every fourth sub-carrier, leading to an effective frequency resolution of 60 kHz. 

In case of “code”-domain multiplexing, both transmit antennas transmit on every reference symbol (every other sub-carrier). Orthogonality is achieved by the second transmit antenna transmitting the same reference sequence as the first transmit antenna modulated with a cyclic shift across frequency, i.e., +1, -1, +1, -1, … etc. 

Including or defining additional reference signals for a 3rd or 4th antenna using the first reference symbols is FFS., as may be determined in MIMO and control channel studies.

Similar to reference signals for multiple antennas within one cell, orthogonal reference signals between cells/beams of the same Node B can also be created by means of frequency multiplexing or “code multiplexing

In addition to the first reference symbols, additional, selectively transmitted, reference symbols (a.k.a. ”Second reference symbols”) may also be transmitted and are then alsolocated in the next to last OFDM symbol of the subframe other OFDM symbols of a sub-frame, see also Figure B.

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

The first reference symbols are always transmitted from one or multiple TX antennas. 

It is currently FFS if the second reference symbols are

· always transmitted,

· selectively transmitted, or

· never transmitted (i.e. there are no second reference symbols)

In the case of selectively transmitted second reference symbols, Tthe transmission of second reference symbols could be based on e.g.

· The possibility for inter-sub-frame interpolation between first reference symbols (second reference symbols e.g. only transmitted when inter-sub-frame interpolation between first reference symbols is not possible, e.g. when some sub-frames are used for Single-Frequency-Network- based broadcast)

· Doppler, in case of common channels the highest anticipated Doppler (second reference symbols only transmitted at high Doppler)

· Scheduling decision (second reference symbols only transmitted in resource blocks being scheduled)

· Selected ”transport format”  (second reference symbols only transmitted e.g. in the case of higher-order modulation)

· Number of TX antennas used for transmission (second reference symbols only transmitted in case of transmission from more than a certain number of TX antennas)

For example, the second reference signal may be used for high Doppler by repeating the pilot sequence from antennas 1 or 2 from the first reference signal. As another example, the reference signals for antennas 3 and 4 may be transmitted on the second reference symbol, and be made orthogonal in the same way as for antennas 1 and 2. This may be appropriate if antennas 3 and 4 are not needed for a control channel located at the beginning of the frame.
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(a) Same sub-carrier location                             (b) Staggered location (Different sub-carrier)
Figure B: Example of 2nd reference signal located in the 6th OFDM symbol (short cyclic prefix subframe format). The frequency pattern also depends on how many Tx antennas are used..
The first reference symbols are available to all UEs for channel estimation (i.e., “common”). The second reference symbols are in general “not common”, as it is either UE-specific or not known to be available to all UE. In some cases where the presence or absence of a second reference symbols are known a priori to all UE, it can be used by all UE for channel estimation. 

Additional UE-specific reference signals are to be considered for dynamic beam forming

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