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1 Introduction

In this contribution, we discuss how to multiplex uplink reference signal for data demodulation and for supporting uplink channel-quality estimation for uplink frequency- and/or time-domain channel-dependent scheduling. Text proposal for reference signal structure for E-UTRA uplink is attached in chapter 5 based on the discussion. 

2 Reference signal for data demodulation
2.1 LFDMA transmission 

In [2], we provided evaluation results for several UL reference signal multiplexing schemes for LFDMA transmission. Based on that, localized FDM outperforms CDM as 2.2 ~ 2.7dB because total power of FDM reference signal which is concentrated to the allocated subband for data transmission is more than that of CDM reference signal which is distributed to the whole bandwidth. 
Based on the observations, RAN1 came to an agreement that FDM is used to multiplex reference-signals from different UEs for demodulation/detection in case of localized data transmission in the last meeting and related text proposal has been included in [1].
2.2 DFDMA transmission 

In case of distributed data transmission, on the other hand, RAN1 is still open to using distributed FDM and/or CDM for demodulation/detection. 
From the performance point of view, FDM in a staggered manner in 2 SBs is equal to or slightly better than CDM if there is no interference from other users. But in that case, CDM restricts number of orthogonal supportable active UEs to 6 or less for TU channel and introducing the second CAZAC sequence accompanies significant performance degradation due to inter-code interference. [3][4]
In view of obtaining channel estimates in the receiver side, CDM always requires additional IFFT and FFT operations in contrast to FDM, in order to transform signals in frequency domain to those in time domain and vice versa after the estimation. It will increase the complexity and latency for channel estimation. 
3 Support of UL scheduling
In this section, we discuss on the support of uplink channel-quality estimation for uplink frequency- and/or time-domain channel-dependent scheduling. This reference signal should be possible to be transmitted by all active UEs regardless of being scheduled or not at a given TTI. We may need the allocation procedure of it, contrary to the reference signal for data demodulation which is supposed to be transmitted whenever data signal is transmitted. This allocation may as well be done when UE enters active mode e.g., by signaling the transmission cycle, resource information and so on.
In order to get an estimate of the channel quality per sub-band, distributed FDM type of reference signal or CDM may be possible for each UE in order to get an estimate of the channel quality per sub-band. But CDM still requires an additional complexity as mentioned above. 
It may be possible to allocate whole or a part of SB/LB to the reference signal for channel quality measurement. 

4 Conclusion
In this contribution, we discussed the reference signals for data demodulation and for channel quality measurement. FDM reference signal has already been agreed for data demodulation in case of LFDMA transmission and it is regarded as strong candidate for the other cases as well. 
Considering that CDM structure does not give noticeable benefit in view of both performance and complexity, we would not see clear motivation for keeping multiple reference signal structures. 

Therefore, we propose a text proposal in the next chapter, removing CDM option. 
5 Text proposal (Section 9.1.1.2.2. in TR 25.814)
-------------------------------------------------------------- Start of Text Proposal ---------------------------------------------------------
9.1.1.2.2


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 9.1.1.2.2-1, 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.


[image: image7.bmp]
Figure 9.1.1.2.2-1 Distributed (left) and localized (right) reference-signal structure
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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 9.1.1.2.2-2 left.” This solution achieves “signal orthogonality in the frequency domain” and applies to both localized and distributed reference-signal structures. This approach is referred to as FDM below.

· 
· Orthogonality in the time domain

· A combination of the methods above




[image: image3]
Figure 9.1.1.2.2-2  Reference-signal orthogonality in frequency domain. 
 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.

Reference-signal for demodulation/detection in case of localized data transmission:

· To multiplex reference-signals from different UEs occupying different data spectrum, FDM is used.
· Localized reference signal occupying the same spectrum as data transmission or
Distributed reference signal confined within the same bandwidth as the data transmission but occupying a fraction of the data spectrum can be used.  
· Multiplexing of reference signals for the case of a UE with multiple antennas or multiple UEs in MU-MIMO is to be studied further.
Reference-signal for demodulation/detection in case of distributed data transmission:

· Reference signal distributed to allow for channel estimation of the distributed data. As mentioned, for FDM, 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 when both the SB1 and SB2 are used for reference-signal for demodulation/detection of distributed data transmission as shown in Figure 9.1.1.2.2-3. 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 9.1.1.2.2-3 An example of Frequency-domain staggering of the reference signals of SB2, relative to SB1
· 


· For multiplexing reference-signals from different UEs within the same Node B, distributed FDM is used. 
Reference-signal for uplink channel-quality estimation (channel sounding):
· Reference signal may occupy at least partly different spectrum than data transmission. 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.
· For multiplexing reference-signals from different UEs within the same Node B, distributed FDM is used.
· Multiplexing of reference signals for the case of a UE with multiple antennas or multiple UEs in MU-MIMO is to be studied further.
· When reference-signal for uplink channel-quality estimation is transmitted with data symbols within the same sub-frame, a part of this reference-signal can also be used for channel estimation for demodulation/detection of the data symbols.
The two SBs can be used for transmission of reference-signals for different purposes listed above.
When the reference signals occupying the different size of the spectrum (FFS) are multiplexed into overlapped frequency band, different sub-carriers should be assigned for the reference signals within the overlapping frequency band in order to achieve orthogonal transmission.
The uplink reference signals are based on CAZAC sequences. Which exact type of CAZAC sequences is FFS.

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