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1. Introduction

At the RAN1 #42 meeting in London, pilot channel structure for OFDMA Downlink was discussed and the text proposal in R1-050991 has been agreed for adoption to the section 7.1.1.2.2 of TR 25.814 [1]. However, many contributions on pilot structure have not been discussed due to lack of time and thus not yet been reflected to the text, even though those included important aspects on designing pilot structure for Evolved UTRA Downlink. In the email discussion subsequent to the London meeting, some of those aspects were discussed very actively, but it still needs more discussion to reach compromised solution in terms of updating the text in TR 25.814.

We believe that the objective in the first phase of TR 25.814 is to define technical solutions for consideration and comparison in the next step as stated in the scope section of the TR. This contribution reviews email discussion of proposals on pilot, and proposes that the UE power saving property be taken into consideration in designing pilot structure. Additionally, pilot patterns compatible between single antenna and multiple antenna transmission in MIMO is also proposed, which is the same proposal as submitted to RAN1#42 meeting in R1-050796 [4]. Particular scheme of this proposal is provided for the assignment of sector-specific orthogonal sequence to a pilot channel. The corresponding text proposal for updating the section 7.1.1.2.2 of TR 25.814 is also given in this contribution.
2. Basics of multiplexing pilot
2.1 TDM, FDM, or scattered
Through the email discussion, a couple of basic multiplexing schemes are proposed and compared, they are TDM, FDM, and scattered. Assuming a same number of pilot symbols are multiplexed within one TTI to maintain the same overhead of pilot, TDM pilot format provides a benefit of better interpolation property in frequency domain since it is able to allocate pilots closer sub-carriers. On the other hand, scattered scheme moves some pilot symbols to different position in time domain introducing better estimation of time variant channel.

Observing the proposals accompanied by simulation results from several companies, Sharp believes that scattered pilot pattern may provide better channel estimation characteristics in particular in the case of high mobility speed such as 350km/h [6][7][14][16][17].

Requirements in TR 25.913 [18] stated that Evolved UTRA should be optimized for low mobility speed and high performance in mid to high mobility speed, scattered pilot cannot necessary to be mandated and can be an optional enhancement to support very high speed, such as dedicated pilots.
2.2 Other proposed schemes
Other proposed candidate pilot formats are Frequency Hopping pilots [8], Space Time Coding of pilots considering applicability to MIMO [9] and an adaptive control of the number of pilot symbols [10]. Although these schemes are quite unique technology and seem to have particular benefits under some conditions, further study is needed to evaluate a gain as well as complexity and impact to the system design.

Thus, Sharp is in an opinion that we should agree on the basic format as described in the above section 2.1, leaving these novel schemes for further investigation for later stage.

3. Property of UE power saving
It is also being discussed in the mailing list that the power saving of UE should be important to consider in designing pilot structure. As pointed out by Nokia in R1-050815[3] and some others, it is beneficial if Idle mode UE can only wake up for cell search and monitoring control channel at the beginning of a sub-frame. 

UE can perform decoding of control channel signals in the fraction of time during TTI, preferably one or a few OFDM symbol time only, where pilot symbols and associated control channel are allocated. Then, UE is able to go immediately to sleep mode for the rest of time until the next sub-frame, when no paging or no information directed to the UE are indicated in the control channel signal. This scenario is applicable not only to Idle mode but also to Discontinuous Reception (DRX) methods in active mode. From the UE manufacturer’s viewpoint, power saving is always very important concern and this aspect of OFDMA downlink should be utilized for much reduction of UE power consumption.

Considering above described property, the first preference is given to TDM based common pilot structure [11] [12]. However, even if the scattered pilot is adopted for OFDMA downlink, this feature can be preserved so that UE may only receive and process pilot symbols and associated control channel mapped to the beginning of TTI for checking a presence of data to the UE. Pilot symbols in another OFDM symbol position of scattered pilot are left as dedicated pilots or optional usage. Then, this property should be stated in the text of the TR to be taken into consideration for common pilot structure design.
4. Allocation of pilot symbols to TX antennas in case of MIMO
This section discusses an allocation of orthogonal sequence to each TX antenna of multiple antennas such as MIMO, which is an excerpt from R1-050796 [4] submitted to the RAN1#42 meeting in London.

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.

4.1 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 [15].

· Number of TX antenna is 2, reflecting a requirement described in TR25.913  [18] 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.
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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. Text proposal
The proposal made in this contribution is summarized as the following three points.

· TDM based common pilot structure

· When scattered pilot format is applied, UE should be enabled to process pilot symbols and associated control channel at the beginning of TTI (sub-frame) for monitoring a presence of data directed to the UE in the sub-frame.

· The same pilot symbol patterns for MIMO and non-MIMO mutually orthogonal for each TX antenna among different sectors within the same Node B.

Reflecting these, text proposal for the section 7.1.1.2.2 of TR 25.814 is given below.
-------------------------------  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. 

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.
A benefit of UE power saving (in Idle and/or DRX mode) should also be considered for reference/pilot-symbol pattern design, such that UE is able to look up only a few OFDM symbols at the beginning of TTI (top of a sub-frame) to monitor a presence of data directed to the UE in the sub-frame.
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.). 
Compatibility/commonality of reference/pilot-symbol patterns should be considered between single TX antenna (non-MIMO) and multiple TX antennas (MIMO) cases.
In case of mutually orthogonal patterns among different cells/sectors within the same Node B, 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. The orthogonal sequence should be structured so that the reference/pilot-symbol patterns from a TX antenna can be orthogonal among cells/sectors, when allocating each reference/pilot-symbol to different TX antennas in MIMO.
---------------------------------  End of Text Proposal  -----------------------------------------------------

6. Conclusions

This contribution has proposed TDM based common pilot format for OFDMA Downlink considering a benefit of UE power saving, where UE is possible to become active only monitoring pilot symbols and control channel at the beginning of TTI. When scattered pilot format is applied taking a gain for very high mobility speed, Sharp has also proposed that the same UE power saving as that in TDM based pilot can be preserved.

Additionally, considering pilot format for MIMO case, compatible pilot patterns for single TX antenna and MIMO multiple TX antennas cases has also been proposed, which 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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