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1. Introduction
At the RAN1#40bis (Beijing) and RAN1#41 (Athens) meetings, most companies proposed OFDM based radio access in the downlink. It is anticipated that OFDM-based radio access will be the most promising scheme in the downlink. This contribution proposes a pilot channel structure and sequence for OFDM based radio access in the Evolved UTRA downlink. 
(Note) In this contribution, we define a cell in the same Node B as a sector.

2. Pilot Channel

2.1. Definitions of Pilot Channels

We define the common and dedicated pilot channels as shown in Fig. 1. 
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Figure 1 – Common and dedicated pilot channels

(1) Common pilot channel
The common pilot channel is transmitted by a sectored beam or multi-beam with fixed antenna weights, i.e., fixed beam pattern, using multiple antennas [1].

The proposed functions for the common pilot channel are as follows.

· Identification of cell and sector within the same cell. We have proposed the sector-specific orthogonal sequence and the same cell-specific scrambling code usage among sectors [2],[3].

· Measurement of the reference level of each cell and each sector for cell search and handover

· CQI measurement for link adaptation and channel-dependent scheduling for all transmission beams.

· Channel estimation of physical channels, which are transmitted by sectored beam or multi-beam transmission

(2) Dedicated pilot channel

Dedicated pilot channel is transmitted by sectored beam or multi-beam with fixed antenna weights, i.e., fixed beam pattern, or adaptive beam forming using multiple antennas [1].
The dedicated pilot channel is used in the following two scenarios

· Dynamic assignment in sectored or multi-beam transmission according to user-dependent or environment-dependent channel conditions

· Semi-static assignment in user-dependent adaptive beam forming 

The proposed functions for the dedicated pilot channel are as follows.

· Supplementary channel estimation for physical channels, which are transmitted by sectored beam or multi-beam transmission (basically common pilot channel is used)

· Channel estimation for physical channel, which is transmitted by adaptive beam forming

· Supplementary CQI measurement for physical channel, which is transmitted by adaptive beam forming

2.2. Pilot Channels Used for Each Transmission Beam

(1) Pilot channels used for sectored beam transmission and multi-beam transmission

Pilot channels used for a sectored beam or multi-beam with fixed antenna weights, i.e., fixed beam pattern, using multiple antennas are summarized as follows.

· The common pilot channel is used definitely for demodulation, i.e., channel estimation and received timing synchronization for physical channels with a sectored beam including MIMO transmission and multi-beam transmission.

· In addition, a user-dependent and environment-dependent dedicated pilot channel can be applied to improve the channel estimation accuracy

- In a shared data channel, when one chunk is exclusively used by one or a few users, accurate channel estimation is possible by assigning a dedicated pilot channel in addition to the common pilot channel under special conditions such as high mobility, a large delay spread, or a very low signal-to-interference plus noise power ratio (SINR). 

- In a multicast/broadcast channel, the quality level for a user under the worst conditions can be improved by using the additional MBMS channel-dependent pilot channel from multiple-cell site in addition to the common pilot channel.

· Meanwhile, the reference level measurement of each cell for cell search and handover and CQI measurement for link adaptation and scheduling are conducted using the common pilot channel in principle.

· In a multi-beam transmission, reuse of the orthogonal pilot sequence can decrease the number of orthogonal sequences as shown in Fig. 2, particularly in the case of many beams.
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Figure 2 – Pilot channels used for multi-beam transmission
(2) Pilot channels used for adaptive beam-forming transmission

Figure 3 shows the pilot channels used for adaptive beam forming, which is dedicatedly generated toward a target user.

· A dedicated pilot channel is definitely used for channel estimation, since the beam pattern is adaptively generated toward the direction of each user.

· Furthermore, the common pilot channel may be applicable when the fading correlation between the adaptive antenna array beam and the multi-beam is high, i.e., similar antenna-beam patterns in general, to improve further the channel estimation accuracy.

· Meanwhile, the reference level measurement of each cell for cell search and handover, and CQI measurement for link adaptation and scheduling are conducted using the common pilot channel transmitted by multi-beam transmission in principle. Supplementary CQI measurement using dedicated pilot channel for physical channel, which is transmitted by adaptive beam forming, is also considered.
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Figure 3 – Pilot channels used for adaptive beam forming
2.3. Proposed Pilot Channel Structure
Features of the proposed pilot channel structure are as follows

(1) Multiplexing at every TTI [1]
· The common pilot channel and dedicated pilot channel are multiplexed periodically at every TTI.

(2) Pilot symbol mapping with high density prioritization in the frequency domain rather than the time domain [1]
· More pilot symbols are assigned, i.e., high pilot symbol density, to the frequency domain rather than in the time domain.

· The channel variation in the time domain is slight assuming a short TTI length, while the channel variation in the frequency domain is much larger due to the time dispersion in a frequency-selective multipath fading channel.

· Therefore, it is beneficial to have a high density of pilot symbols in the frequency domain based on the TDM structure rather than a distributed pilot sub-carrier assignment based on the FDM structure.

(3) TDM and/or FDM based multiplexing using staggered mapping from the beginning of a TTI [1]
· The common pilot channel and dedicated pilot channel are multiplexed by TDM and/or FDM into other channels from the beginning using staggered mapping within each TTI as examples shown in Fig. 1. 

· The common pilot channel is mapped before the dedicated pilot channel with high priority.

· The merits for assigning pilot channels at the beginning of each TTI are as follows.

- When control signaling channels are mapped at the beginning of each TTI along with the common/dedicated pilot channel, control signaling channels can be demodulated securely with accurate channel estimation, under various channel conditions with different delay spreads and Doppler frequencies.

 - Mapping of the control signaling channel at the beginning of each TTI is advantageous for efficient intermittent reception at the UE in the case when no traffic data, i.e., only control signaling bits, is conveyed within a chunk.

(4) Discontinuous mapping along the frequency domain in an OFDM symbol 
·  Assuming the mapping method of the common pilot channel and dedicated pilot channel, pilot symbols are assigned discontinuously among other channels both in the frequency and time domains.

· The merits of discontinuous pilot symbol assignment, which is dispersed, in the frequency and time domains are as follows.

- By thinning out the sub-carriers due to decreasing granularity in the frequency domain, the overhead loss of the pilot symbols is decreased, while almost the same channel estimation accuracy is maintained. Then, the granularity in the time domain is reduced. 

- The transmission power of the common pilot channel must be changed according to the target cell radius in a real cellular system. Therefore, by thinning out the pilot symbols in the frequency domain, i.e., pilot symbols are multiplexed with other channels within the same OFDM symbol, the transmission power of the common pilot channel can be flexibly changed while maintaining a constant total transmission power.

(5) Orthogonal sequence usage among sectors in the same cell site
· As described in [2],[3], we have proposed to use a combination of a cell-specific scrambling code and a sector-specific orthogonal sequence for the pilot channel.

· As a result, the pilot channel can avoid interference from the neighboring sectors in the same cell.

· The channel estimation accuracy is improved since inter-sector interference on pilot channel is avoided.

· This improvement in the channel estimation is essential for the effective use of fast sector selection or simultaneous transmission associated with soft-combining.

· Examples of sector-specific orthogonal sequences are given in Figs. 4(a) and 4(b) using the OVSF code and orthogonal sequences with phase rotation, respectively. As shown in the figures, orthogonality among the pilot channels between contiguous sectors, where the transmission beams are overlapped, is achieved regardless of the sub-carrier interval of the pilot channels.
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(a) OVSF code
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(b) Orthogonal sequence with phase rotation
Figure 4 – Examples of sector-specific orthogonal sequences
(6) Adaptive structure of dedicated pilot channel
· We propose adaptive assignment of the user-dependent dedicated pilot channel in addition to the common pilot channel for the shared data channel, to improve the channel estimation accuracy under special conditions such as high mobility, a large delay spread, or a very low SINR as shown in Fig. 5 [1],[4].

· In a multicast/broadcast channel, the quality level for a user under the worst conditions can be improved by using an environment-dependent dedicated pilot channel in addition to the common pilot channel.

· An appropriate pilot channel structure is selected from pre-decided options according to the user-dependent or environment-dependent channel conditions.

· In a few pre-decided options, TDM, frequency division multiplexing (FDM), a hybrid of TDM/FDM, or CDM structures is applicable.
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Figure 5 – Adaptive assignment of user-dependent dedicated pilot channel
(7) Orthogonal pilot mapping for MIMO transmission
· Multiple orthogonal pilot channels are necessary in advanced antenna techniques such as MIMO multiplexing/diversity and adaptive antenna array transmission. 

· Our views on the pilot channel for multiple antennas are as follows.

· The common pilot channel is transmitted from all antennas at the transmitter in MIMO transmission. This is because CQI measurements of all transmission signals are necessary. 

· The total overhead of the common pilot symbols is identical regardless of the number of transmission antennas. This guarantees the cell coverage area corresponding to the data channel using MIMO transmission.

· In MIMO transmission, the channel estimation is improved by additionally using the dedicated pilot channel (the number of common pilot symbols with four-branch MIMO transmission per antenna (stream) is 1/4 that of the single-antenna transmission).

· Adaptive partial pilot symbol mapping for MIMO transmission, i.e., adaptive thinning of the pilot symbols from the sectored-beam transmission mode, in the frequency and time domains should be applied according to the application scenario such as the delay spread and moving speed.

Figures 6 and 7 indicate examples of common pilot channel structures for multi-antenna transmission with two and four antennas. As shown in the figures, orthogonality of the pilot channels from different antennas is achieved by TDM and/or FDM. This is because in MIMO multiplexing/diversity, orthogonality among the pilot channels from different transmission antennas is essential for accurate signal separation. Thus, TDM/FDM achieves a more accurate orthogonal property than CDM.  However, in the TDM and/or FDM, the sub-carrier interval in the TDM case and successive symbol interval in the FDM case become large according to the increase in the number of transmission antennas. Therefore, we use a user-dependent dedicated pilot channel to mitigate the degradation of the channel estimation accuracy.  
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(a) Pattern 1
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(b) Pattern 2
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(c) Pattern 3
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(d) Pattern 4

Figure 6 – Examples of common pilot channel structure for multi-antenna transmission
(Case 1: TDM-based common pilot channel)
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(a) Pattern 1
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(b) Pattern 2
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(c) Pattern 3
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(d) Pattern 4
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(e) Pattern 5
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(f) Pattern 6
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(g) Pattern 7

Figure 7 – Examples of common pilot channel structure for multi-antenna transmission
(Case 2: Staggered common pilot channel)

The orthogonal pilot-channel generation using the proposed inter-sector orthogonal method for multiple transmission antennas is given in Fig. 8. In the figure, pattern 1 in Figs. 6 and 7 is used for TDM and staggered common pilot structures, respectively. As shown in the figure, orthogonality among sectors is achieved by using an orthogonal sequence, i.e., CDM. This is because it is sufficient to use despreading only for an inter-sector user, where two beams from contiguous sectors are overlapped. On the other hand, orthogonality of the pilot channels corresponding to the respective transmitter antennas in the same sector is achieved with higher priority by TDM and/or FDM. Furthermore, the additional dedicated pilot channel is effective for the MIMO transmission using many transmitter antennas.   
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(a-1) TDM common pilot
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(a-2) Staggered common pilot

 (a) Two-antenna MIMO without dedicated pilot channel
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(b-1) TDM-based common pilot
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 (b-2) Staggered common pilot

 (b) Two-antenna MIMO with dedicated pilot channel
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(c-1) TDM-based common pilot
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 (c-2) Staggered common pilot

 (c) Four-antenna MIMO with dedicated pilot channel
Figure 8 – Orthogonal pilot-channel generation using the proposed inter-sector orthogonal method for multiple transmission antennas
3. Conclusion

In this document, we proposed a pilot channel structure and scrambling code assignment for OFDM based radio access in the Evolved UTRA downlink. In the proposed scrambling code assignment, the combination of the same cell-specific scrambling code assignments among sectors in the same cell and the sector-specific orthogonal sequence is employed. Furthermore, we proposed a pilot channel structure in terms of the definitions, usage for each transmission beam, and the pilot symbol mapping schemes.

4. Text Proposal  (Section 7.1.1.2.2 in TR 25.814) 
---------------------------------------- Start of Text Proposal --------------------------------------------------

7.1.1.2.2 Downlink pilot structure

Two types of downlink pilot channel should be defined, i.e., common pilot channel and dedicated pilot channel.

(1) Common pilot channel

The common pilot channel is transmitted by a sectored beam or multi-beam with fixed antenna weights, i.e., fixed beam pattern, using multiple antennas. The functions for the common pilot channel are as follows.

· Identification of cell and sector within the same cell. 

· Measurement of the reference level of each cell and each sector for cell search and handover

· CQI measurement for link adaptation and channel-dependent scheduling for all transmission beams

· Channel estimation of physical channels, which are transmitted by sectored beam or multi-beam transmission

(2) Dedicated pilot channel

The dedicated pilot channel is transmitted by sectored beam or multi-beam with fixed antenna weights, i.e., fixed beam pattern, or adaptive beam forming using multiple antennas. The dedicated pilot channel is used in the following two scenarios

· Dynamic assignment in sectored or multi-beam transmission according to user-dependent or environment-dependent channel conditions

· Semi-static assignment in user-dependent adaptive beam forming 

The functions for the dedicated pilot channel are as follows.

· Supplementary channel estimation for physical channels, which are transmitted by sectored beam or multi-beam transmission (basically common pilot channel is used), in order to improve the channel estimation accuracy under special propagation conditions

· Channel estimation for physical channel, which is transmitted by adaptive beam forming

· Supplementary CQI measurement for physical channel, which is transmitted by adaptive beam forming

---------------------------------------- End of Text Proposal --------------------------------------------------
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