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1. Introduction

At the RAN1 Ad Hoc meeting on LTE in Sophia Antipolis, it was decided to evaluate six basic L1 concepts in TR 25.814 and the text proposals for those concepts were agreed for inclusion in TR 25.814 v0.1.1 [1]. However, many contributions on technical details have not been discussed due to lack of time and postponed to this RAN WG1 #42 meeting [2].

We believe that the future version of TR 25.814 will include more detailed description of technical aspects of E-UTRA physical layer, such as channel structure etc. This contribution proposes the assignment of orthogonal sequence to a pilot channel for the use of OFDMA downlink. In particular, the proposed scheme takes applicability to multi antenna transmission in MIMO environment into account, and is fully compatible between single antenna and multiple antenna transmission.

2. Background of the proposal
There were some contributions proposing scrambling code and pilot channel structure for E-UTRA OFDMA downlink, an example of the detailed text proposal can be found in R1-050589 [3] and R1-050704 [4]. E-UTRA is expected to support advanced antenna solutions such as MIMO. In section 7.1.1.2.2 of TR 25.814 [1], it is described that “multiple orthogonal reference/pilot-symbol patterns should be possible within one cell”. It also states possibility of defining different reference/pilot-symbol patterns for different TX antennas.

R1-050589 [3] and R1-050704 [4] have proposed pilot channel structure and scrambling code including the case of applying to MIMO. The proposal in these included combined usage of two-dimensional cell-specific scrambling code for cell search and interference randomization and sector-specific orthogonal sequence for sector selection, and TDM and/or FDM based multiplexing of pilot channel with particular example of mapping to OFDM symbols.

SHARP basically supports these proposed concepts, and proposes to adopt sector-specific orthogonal sequence and allocation of pilot symbols generated by the sequence to each antenna in MIMO transmission for inclusion in the section 7.1.1.2.2 of TR 25.814.

3. Sector-Specific Orthogonal Sequence and Pilot Symbols
In general, pilot symbols should enable the functions of UE to:
· select the optimum sector and perform the channel estimation.

· evaluate receiving powers from other sectors during receiving data from the serving sector.

· be flexible to estimate the channel with or without despreading pilot symbols, depending on the interference condition from adjacent sectors (e.g., located at the center of the sector or at the sector boundary).

· estimate each channel for each TX antenna separately in case of MIMO.

These aspects and time/frequency domain multiplexing of reference/pilot symbols have already been covered in the section 7.1.1.2.2 of TR 25.814.

Since SHARP supports sector-specific orthogonal sequence for avoiding inter-sector interference as discussed in the above section, we also would like to focus on an allocation of orthogonal sequence to each TX antenna of multiple antennas such as MIMO.

When considering an applicability of orthogonal sequence and generated pilot symbols to MIMO transmission, the following aspects are preferable to be additionally supported.

· Node B scheduler should be flexible enough to select the usage of MIMO or non-MIMO sector by sector in the same cell.

· UE can conduct the same processing method of pilot symbols regardless of the slot (TTI, chunk, etc.) is transmitted by MIMO or non-MIMO.

· UE can distinguish whether a slot is MIMO or not by evaluating the pilot symbols without any prior knowledge. There are two cases; no information indicating MIMO in the system, UE cannot receive or is not required to use the information.
Then, preference is given to FDM by OFDM sub-carrier mapping of pilot symbols for different TX antennas, preserving orthogonality of pilot symbols among sectors.

4. Proposed Structure of Sector-Specific Orthogonal Sequence
To satisfy the functional requirements discussed above, this section proposes the aspects of sector-specific orthogonal sequence to be applied to OFDM downlink under the following assumption.
Assumptions:

· Number of sectors is 3 (as one typical example).

· Length of orthogonal sequence is 8, which corresponds to a number of OFDM sub-carriers assigned for pilot symbols in one unit of repetition or a part of combination.
· FDM based mapping of pilot symbols to OFDM sub-carriers.

· Number of TX antenna is 2, reflecting a requirement described in TR25.914 [5] stating “a maximum of 2 Tx antennas at the Node B”.
Proposed orthogonal sequence:

· One sequence is assigned to particular sector (sector-specific).

· The same pilot symbol patterns for MIMO and non-MIMO. That enables UE to perform the same processing method of pilot symbols (the same OFDM sub-carrier symbols referred to) for both cases.

· Every two symbols are allocated to the same TX antenna in case of two TX antennas (4 pilot symbols per antenna).

· All of 8 pilot symbols are transmitted from single antenna in non-MIMO.

· The sequence is orthogonal each other in whole 8 symbols.

· The part (4 symbols) of sequence (every two allocated for one antenna) is also orthogonal among sectors.

According to the above concept, two examples of orthogonal sequences are shown. In these figures, sub-carriers for other information than pilot symbols are assumed to be located between pilot symbols. However, mapping of pilot symbols to consecutive OFDM sub-carriers is also possible.
[image: image1.emf]Sector #1

Sector #2

Sector #3

MIMO

Sector #1

Sector #2

Sector #3

Non-MIMO

Despread Despread

Antenna #1

Antenna #2

1 1 1 1

1 1 -1 -1

1 1 1 1

Frequency

Frequency

Frequency

Frequency

Frequency

1 1 1 1

-1 -1 1 1

-1 -1 -1 -1

Frequency

Despread Despread

Despread Despread

Same sequence

1 1 1 1 -1 -1 -1 -1

1 1 1 1

1 1 -1 -1

1 1 1 1

-1 -1 1 1

Despread Despread

Despread Despread

Despread Despread

Despread


Fig. 1 Example of Sector-Specific Orthogonal Sequence (1).

The example shown in Fig.1 always requires that the channel within 8 pilot symbol sub-carriers is nearly flat. The sequence is orthogonal in every two symbols allocated to one antenna in MIMO as well as in all the 8 symbols. UE can performs despreading of pilot symbols mapped to sub-carriers alternately the same way as that for one antenna in MIMO. Either of 4 pilot symbols (to be allocated for antenna #1 or antenna #2 in MIMO) can be used for processing. By comparing results of channel estimation by both sequences of pilot symbols, it may be possible to make a distinction of MIMO or non-MIMO transmission evaluating the difference.

UE can also have a choice to despread all the 8 pilot symbols, when it has distinguished that MIMO is not used for the channel.
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Fig. 2  Example of Sector-Specific Orthogonal Sequence (2).
Another example is shown in Fig.2. This example is different from Fig.1 in that consecutive 4 symbols from the top or at the end of the sequence are also orthogonal. In case of non-MIMO, UE can select to use consecutive 4 pilot symbols or alternate 4 pilot symbols for processing with avoiding inter-sector interference. This property of the sequence basically requires that the channel for only 4 pilot symbol sub-carriers within 8 pilot symbol sub-carriers is nearly flat. Then, even if a coherent bandwidth isn’t wide enough, orthogonality of 4 pilot symbol sub-carriers might still remain. As a benefit of this example, UE might improve performance for soft-combining between 2 sectors assuming that the orthogonal sequence is also used for spreading user data.
5. Proposal
According to the above discussion, proposed actions to be taken by RAN1 are composed of two stages according to a level of details the TR will describe:

  - Proposed text modification in general meaning is given below.

  - If more detailed text is needed for inclusion to TR 25.814, the description given in the 4 including examples with necessary modification is the proposed candidate.

-------------------------------  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.

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.). A particular case for those patterns is the use of sector-specific orthogonal sequences that makes reference/pilot-symbol patterns orthogonal among these sectors. A single common set of orthogonal reference/pilot-symbol patterns should be preferable for both single TX antenna (non-MIMO) and multiple TX antennas (MIMO) cases, where the orthogonal sequence is structured so that the reference/pilot-symbol patterns from an antenna can be orthogonal among sectors, when allocating each reference/pilot-symbol to different TX antennas in MIMO.
---------------------------------  End of Text Proposal  -----------------------------------------------------

6. Conclusions

This document has proposed sector-specific orthogonal sequence for pilot symbols considering an allocation of those symbols to each TX antenna in MIMO. The proposal makes the orthogonal sequence for pilot symbols to be common and compatible between single TX antenna and multiple (two) TX antennas cases. This property of the proposal makes processing in UEs easier and more flexible, and gives a possibility to be free from a need of prior knowledge of MIMO usage.
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