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9.1.1.2.1 Uplink reference-signal structure

As indicated in Section 9.1.1, uplink reference signals are transmitted within the two short blocks, which are time-multiplexed with long blocks. Uplink reference signals are received and used at the Node B for the following two purposes:

· Uplink channel estimation for uplink coherent demodulation/detection

· Possible uplink channel-quality estimation for uplink frequency- and/or time-domain channel-dependent scheduling

Provided that uplink transmissions are received in a time-aligned fashion (within the cyclic-prefix tolerance), multiple mutually orthogonal reference signals can be created. Multiple such mutually orthogonal uplink reference signals can be allocated to 

· A single multi-transmit-antenna UE to support e.g. uplink multi-layer transmission (MIMO)

· Different UEs within the same Node B

As shown in figure 1, the uplink reference-signal structure should allow for: 

· Localized reference signals occupying a continuous spectrum.

· Distributed reference signals occupying a comb-shaped spectrum.

Note that, due to the use of the short block for the transmission of reference-signals, the “sub-carrier bandwidth”, is twice the “sub-carrier bandwidth” for data transmission in long blocks.
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Figure 1 Distributed (left) and localized (right) reference-signal structure

Orthogonality between uplink reference signals can be achieved using the following methods: 

· By transmitting each uplink reference signal across a distinct set of sub-carriers, as in “Figure 2 left.” This solution achieves “signal orthogonality in the frequency domain” and applies to both localized and distributed reference-signal structures.

· By constructing reference signals that are orthogonal in the “code domain”, with the signals transmitted across a common set of sub-carriers (example with contiguous sub carriers in Figure 2 right). As an example, individual reference signals may be distinguished by a specific cyclic shift of a single CAZAC sequence.

· Orthogonality in the time domain

· A combination of the methods above
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Figure 2 
Reference-signal orthogonality in frequency domain (left) and “code” domain (right) respectively. 
 Note that orthogonality in the frequency domain is also possible for a localized reference-signal structure.

The applicability of different reference-signal structures to different transmission structures is as follows.

In case of localized data transmission:

· Localized reference signal occupying the same spectrum as data transmission in both short blocks 

· Distributed reference signal confined within the same bandwidth as the data transmission but occupying a fraction of the data spectrum in both short blocks.  This configuration can be used, for example, to support multiple antenna transmission from a UE, where different antennas could occupy different sets of “comb fingers”. 

· Reference signal occupying at least partly different spectrum than data in at least one short block. This allows for channel-quality estimation also for other frequencies than that used for data transmission and, as a consequence, allows for uplink channel-dependent scheduling

In case of distributed data transmission:

· Reference signal distributed on both short blocks to allow for channel estimation of the distributed data. As mentioned, due to the use of short blocks (SB) for reference-signal transmission, each reference-signal “comb finger” is twice as large as the corresponding “comb-finger” for the distributed data transmissions in the long blocks (LB). Thus to provide better frequency sampling of the channel for the channel estimation, frequency-domain staggering of the reference signals of SB2, relative to SB1 may be applied as shown in Fig. 3. Note that the staggering of distributed reference signals in SB1 and SB2 could also be used in case of localized data transmission.
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Figure 3
· Reference signal that occupies a set of sub-carriers, which may overlap the sub-carriers which are used by the long block (data). An example is portrayed in Figure 4.  
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Figure 4 
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