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1. Introduction

At last meeting, it is agreed to send distributed RS in UL for frequency domain scheduling. For localized data transmission, localized reference signal (DM Pilot) for data demodulation occupying the same spectrum as data transmission or distributed reference signal (DM Pilot) confined within the same bandwidth as the data transmission but occupying a fraction of the data spectrum can be used. Distributed sounding RS (CQI Pilot) for uplink channel-quality estimation may occupy at least partly different spectrum than data transmission.

This paper will discuss the uplink reference signal transmission and multiplexing for scheduled uplink.
2. Reference signal density for EUTRA uplink
For localized data transmission, CQI pilot may occupy at least different spectrum than data transmission. This allows for channel-quality estimation also for other frequencies than that used for data transmission and allows for uplink channel dependent scheduling.

In [6], the performances of different values of RPF (Repetition Factor) for DM pilots on two SBs based on FDM method have been compared. For FDM structure of reference signal, different values of RPF lead to different sub-carriers densities in the SB. The simulation results in [6] showed that if we keep the DM pilot transmission power constant per sub-carrier and same with data sub-carriers, the performance loss due to the different reference signal density (RPF=2 and 4) settings are unobvious than the scheme of RPF=1 under the situation that localized transmissions are used at both SBs. 
When the same total energy for DM pilot transmission has been assumed, there is almost no performance degradation for the different reference signal density settings. On the other hand, for higher velocity, the scheme of 1/X+1/X reference signals can track the fading variation of the channel better than the scheme of 1+0 reference signals.

So, it is not necessary that use all sub-carriers of reference signal within the same bandwidth as data for localized data transmission. According to simulation results, we think that the option of 1/2+1/2 or  1/4+1/4 is appropriate for the uplink reference signals setting, which can provide better balance between the reserving more sub-carrier resources in short blocks for CQI pilot transmission and maintaining the similar demodulation performance.
3. Reference signal multiplexing for channel dependent scheduling
As described in many references, the number of CAZAC sequences becomes smaller when FDM is used for CQI pilot and DM pilot, which leads to a problem for inter-cell code-reuse planning. 
For DM pilots, the inter-cell coordination method can be used to mitigate interference, when UEs are at the cell-edge. For CQI pilots, CDM is preferable due to its wide bandwidth. CQI pilots are needed to be planned between cells, however, which are not a problem due to the wide bandwidth. 
In this section, the grouped CQI pilots method is discussed, which can increase the number of orthogonal pilot channels while maintain the number of CAZAC sequences. In following analysis, the 1/4+1/4 reference signals case is assumed.

For uplink 1 Tx antenna, pilots for data demodulation, which occupy the same spectrum as data transmission, are scattered on both SBs and placed every four sub-carriers. The CQI pilot transmitted on both SBs, frequency multiplexing with DM pilot and occupy at least party different spectrum than data transmission, as shown in Figure 1. 
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Figure 1 reference signals for data demodulation and channel-quality measurement
In figure 1, CQI pilots in SB1 and SB2 has been divided into three groups. For every group of CQI pilots, orthogonal CDM with cyclic-shift of a CAZAC sequence is used. On SB1, the red squares denote the first group of CQI pilot, which number of pilot channels is 3 in case of TU channel [5]. Similar, the yellow squares denote another group of CQI pilot, which is distributed on the second SB. The third kind of pilot scattered on both SBs, which is denoted by green squares. As we can see, scheduling should be used for low speed UEs. So on the receiver; we can combine green squares on both SBs into one CQI pilots group, which can be used for CQI estimation. Thus, there are total three groups of CQI pilots, for every group of CQI pilot, CDM for multiplexing UEs have the same identical scheduling bandwidths. Using grouped CQI pilots method can maintain the number of CAZAC sequences for inter-cell code-reuse planning, while has more orthogonal pilot channels for channel dependent scheduling. As shown in figure 2, there are nine orthogonal pilot channels for the case of TU channel.
Based on the proposed scheme above, the structure of reference signals for uplink 2 Tx antennas is also considered. The orthogonality between the 2 Tx antennas reference symbols can be obtained by FDM or CDM. The example of FDM for 2 Tx antennas is shown in Figure 2 where CQI pilots are divided into two groups, and each group of CQI pilot is frequency division multiplexing with DM pilot and code division multiplexing among CQI pilot channels.
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Figure 2 reference signals for data demodulation and channel-quality measurement for uplink 2 Tx antennas
It is not necessary for UE to send CQI pilots every sub-frame. UE sends CQI pilots only when the UE is informed by Node B and instructed to send CQI pilots at which SB and which part of system bandwidth. For UE that is sending data, the DM pilots and CQI pilots can not be sent simultaneously in order to guarantee PAPR, where the CQI pilots can be used to complete both CQI measuring and coherent demodulations.
4. Conclusion

In this paper, we discussed pilot transmission methods for CQI pilot and DM pilot in EUTRA uplink.  A grouped CQI pilot method is proposed which divide CQI pilots into several groups. In the scheme, the same sub-carriers density has been kept for each CQI pilots group, and code division multiplexing is used among CQI pilot channels in a group. It can be found that the option of 1/2+1/2 or 1/4+1/4 is appropriate for the uplink reference signals setting, which can provide better balance between the reserving more sub-carrier resources in short blocks for CQI pilot transmission and maintaining the similar demodulation performance.
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