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1. Introduction
At the RAN1 adhoc meeting (Sophia Antipolis), a joint contribution on radio access was presented for the Evolved UTRA [1]. In the contribution, we proposed single-carrier based FDMA radio access prioritizing provision of wide area coverage owing to the low peak-to-average power ratio (PAPR) feature. Following contributions supporting single-carrier FDMA radio access in the uplink in RAN1 adhoc and #42 meetings, we submitted joint text proposal on single-carrier FDMA radio access based on DFT-Spread OFDM in the uplink [2]. This contribution proposes an orthogonal pilot channel structure associated with intra-Node B coordination such as intra-node B transmission timing control and orthogonal radio resource assignment for single-carrier FDMA based radio access in the Evolved UTRA uplink. 
2. Motivation for Proposal

In the downlink, orthogonality among simultaneous UEs in the same cell is very beneficial to improving the quality or increasing the achievable data rate as in W-CDMA. Furthermore, we proposed a cell (Node B)-specific scrambling code and a sector-specific orthogonal sequence for the common pilot channel (CPICH) in OFDM-based radio access to achieve orthogonality among simultaneous CPICHs belonging to different sectors in the same Node B [3]. Meanwhile, focusing on the uplink, the received timings of signals from simultaneously accessing UEs are asynchronous in general due to the difference in propagation time delays. In W-CDMA, uplink synchronization by performing adaptive transmission timing control was proposed [4]. However, in the scheme, strict transmission timing control is necessary, in which the received timing is aligned within one-chip duration. Furthermore, orthogonality is maintained only within the same propagation paths, and then, inter-path interference remains. In this contribution, we propose intra-Node B orthogonal pilot channel for single-carrier FDMA radio access in the uplink. The proposed scheme differs from the strict transmission timing alignment in W-CDMA in that the received timings of simultaneous UEs have only to be aligned within cyclic prefix (CP) duration and that the orthogonality among UEs are frequency domain and/or code domains. 
3. Proposed Intra-Node B Orthogonal Pilot Channel 

Naturally, we assume that the OFDM symbol timings of all cells in the same Node B are synchronized perfectly and the uplink transmission frame timing is generated based on the downlink received frame timing. The proposed intra-Node B orthogonal pilot channel is achieved through the followings.
(1) Adaptive transmission timing control within the same Node B

Adaptive transmission timing controls of simultaneous UEs are performed over all cells within the same Node B, so that the received timings of all UEs in the same Node B are aligned within the CP duration

(2) Scrambling code

Both the Node B-specific scrambling code and user-specific scrambling code are applicable.

(3) Orthogonal radio resource assignment using intra-Node B coordination

Intra-Node B orthogonal pilot channel is achieved by assigning orthogonal radio resource to pilot channel of each UE in the same Node B. In the case, one orthogonal radio resource is uniquely assigned to intra-Node B macro diversity (handover) UE as shown in Fig. 1. Meanwhile, the same orthogonal radio recourse is simultaneously assigned to multiple UEs with one-link connection in the different sector beams as shown in Fig. 1. The orthogonal radio resource assignment is easily conducted by the coordination within the same Node B. 
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Figure 1 – Intra-Node B orthogonal radio resource assignment

(4) Intra-Node B orthogonality among UEs
There are three methods to achieve intra-Node B orthogonal pilot channels: frequency, code and time domain. Among them, to achieve orthogonality in the time domain, accurate transmission timing control within the CP achieves orthogonality among the UEs. The orthogonality in the time domain is accompanied by an increase in the peak transmission power in a very short time, which is a problematic. Therefore, we believe that orthogonality among the UEs in the frequency domain is the most promising scheme. Furthermore, distributed FDMA, i.e., comb-shaped spectrum, is more promising than localized FDMA to achieve orthogonality among simultaneously accessing UEs. Orthogonality in the code domain is an alternative candidate which is achieved by employing the CAZAC sequence [5]-[7] or block-spreading [8] etc. 

4. Intra-Node B Orthogonal Pilot Channel for Single-Antenna Transmission

4.1. Intra-Node B orthogonal pilot channel in frequency domain 

As mentioned above, distributed FDMA is more promising than localized FDMA, since the same signal bandwidth as that of the following shared data channel or control channel is achieved.


Figure 2 illustrates the time and frequency domain signal expression for an orthogonal pilot channel employing distributed FDMA. In the distributed FDMA, orthogonality among UEs is maintained by using different combs. Accurate channel estimation is possible using the same entire signal bandwidth as those of the following shared data channel and of the following shared control channels of multiplex UEs (note that we assume that the pilot, shared control channels, and shared data channel are multiplexed by TDM within the same sub-frame). Figure 3 shows the channel estimation method using interpolation of successive orthogonal pilot channels belonging to the same sub-frame. Note that when one packet has multiple sub-frame lengths, the same interpolation method using pilot channels belonging to different sub-frames is possible. As shown in the figure, the more accurate channel estimation is possible by interpolating different frequency combs. 
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Figure 2 – Orthogonal pilot channel employing distributed FDMA
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Figure 3 – Channel estimation by interpolation of orthogonal pilot channels employing distributed FDMA (Different comb-spectrum are assigned to two pilot blocks)


Figure 4 shows the time and frequency domain signal notation using localized FDMA. Figure 5 shows the interpolation method of channel estimation using different localized FDMA signals in two successive pilot blocks within the same sub-frame. Even with localized FDMA, the channel estimation over the entire transmission bandwidth of data and control channels is possible by assigning the different frequency components to the successive pilot blocks and by interpolating the respective channel estimates.  However, we see that distributed FDMA is more promising than the localized FDMA since it can achieve accurate channel estimation over the bandwidth of Shared data channel and control channels. 
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Figure 4 – Orthogonal pilot channel employing localized FDMA
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Figure 5 – Channel estimation by interpolation of orthogonal pilot channels employing localized FDMA (Different localized-spectrum are assigned to two pilot blocks)

Figures 6(a) and 6(b) show an example of an orthogonal pilot channel sequence using the distributed FDMA for four or eight UEs. As long as the received timings of the multiple UEs are aligned within the CP length, the orthogonality among UEs is maintained even among UEs belonging to different sectors.
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(a) 4 UEs
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(b) 8 UEs

Figures 6 – Examples of orthogonal pilot channel sequence using distributed FDMA

4.2. Orthogonal pilot channel in code domain 
Orthogonality in the code domain is achieved using constant amplitude zero autocorrelation (CAZAC) sequence [5]-[7] and block-spreading [8] in the same sub-frame and frequency band. The CAZAC sequence has good autocorrelation characteristics. The cyclic-shifted CAZAC sequence was proposed in [9]. By using the cyclic-shifted CAZAC sequence, the orthogonal pilot channel is achieved in the code domain [9] as shown in Fig. 7.  Furthermore, by using a block-sequence [8], the orthogonal pilot channel is achieved for a single-carrier in the code domain as shown in Fig. 8. The difference of block-spreading and symbol repetition in Interleaved FDMA (IFDMA) are given in Fig. 9. In the block-spreading, however, the CP is necessary at each block. Accordingly, the CP overhead becomes large. 
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Figure 7 – Orthogonal pilot channel employing CDMA using cyclic-shifted CAZAC
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Figure 8 – Orthogonal pilot channel employing CDMA using block spreading
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Figure 9 – Example of pilot sequence in block-spreading

5. Orthogonal Pilot Channel for MIMO Channel Transmission
As presented in Section 4, we believe that the orthogonality among simultaneously accessing UEs in the frequency domain is the most promising candidate. Thus, we assume an orthogonal pilot channel using distributed FDMA. Three types of orthogonal pilot channel structures for multiple antennas in MIMO channel transmission are assumed: time, code, and further frequency domain.

5.1. Orthogonality in time domain for antennas 
Figures 10 show the orthogonal pilot channel using the time domain for antennas and the frequency domain for UEs. In the scheme, the pilot channels from different antennas are multiplexed by TDM. We believe that this combination is a promising, since orthogonality is maintained perfectly. One of the major problems of the TDMA pilot is the increased peak power. However, an increase in peak power can be avoided by using additional dedicated pilot channels.
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Figures 10 – Orthogonal pilot channel in MIMO (time domain orthogonality for antennas)

5.2. Orthogonality in code domain for antennas 
Figures 11 show the orthogonal pilot channel using the code domain for antennas and the frequency domain for UEs. In the scheme, orthogonality among antennas is destroyed because the delayed paths exceed the cyclic-shift of the CAZAC sequence.
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Figures 11 –  Orthogonal pilot channel in MIMO (code domain orthogonality for antennas)

5.3. Orthogonality in frequency domain for antennas 
Figures 12 show the orthogonal pilot channel using the frequency domain both for antennas and UEs. In the scheme, the channel estimation accuracy is degraded due to the increasing decimation interval in the frequency domain. However, the degradation is mitigated by using additional dedicated pilot channels.
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Figures 12 – Orthogonal pilot channel in MIMO (frequency domain orthogonality for antennas)

6. Conclusion

In this document, we proposed intra-Node B orthogonal pilot channels within the same Node B for the uplink single-carrier FDMA radio access. The proposed orthogonal pilot channel is achieved by the following.
(1) Adaptive transmission timing control within the same Node B

(2) Orthogonal radio resource assignment using intra-Node B coordination

(3) Intra-Node B orthogonality among UEs by frequency, code and time domains
We believe that the orthogonality among UEs employing distributed FDMA in the frequency domain is the most promising scheme. Furthermore, in MIMO channel transmission, orthogonality of the antennas in the time, code, and frequency domains is applicable to the intra-Node B orthogonality using distributed FDMA in the frequency domain. 

7. Text Proposal (Section 9.1.1.2 in TR25.814)

---------------------------------  Start of Text Proposal  -----------------------------------------------------

9.1.1.2 Multiplexing including pilot structure

For the uplink pilot structure, the orthogonal pilot channels among sectors in the same Node B should be employed. The orthogonal pilot channel is achieved by
(1) Synchronization of OFDM symbol timing (frame timing) in the downlink
(2) Transmission timing control within the same Node B

(3) Node B-specific scrambling code or User-specific scrambling code

(4) Orthogonality among UEs

The orthogonality among UEs in the frequency domain is the most promising scheme particularly using the distributed FDMA. Furthermore, in MIMO channel transmission, orthogonality of the antennas in the time, code, and frequency domains is applicable to the orthogonality of simultaneously accessing UEs in the frequency domain. 

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