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1. Introduction
In the RAN1#44bis meeting, the multiplexing method for uplink orthogonal reference signals from different UEs was extensively discussed. We consider that CDMA has a very important merit such that CDMA can generate a much larger number of reference signal sequences than FDMA when we consider multiplexing reference signals within the same short block (SB) or long block (LB) (note that in both localized and distributed FDMA, the number of available reference signal sequences deceases according to the decrease in the transmission bandwidth assigned to each UE). In this paper, we present our modified uplink reference signal structure considering both the reference signal for sounding, i.e., channel-quality measurement, and that for demodulation, i.e., channel estimation, taking into account simplicity (less options), channel estimation accuracy, and the number of reference signal sequences. In particular, we considered simplicity of implementation from the requests of some manufactures. 
2. Summary of Our Original Proposal on Reference Signals: Hybrid of FDMA and CDMA within the Same SB
This section briefly summarizes our proposed multiplexing method for uplink orthogonal reference signals, hybrid use of distributed FDMA and orthogonal CDMA within the given SB for reference signal transmission [1].  The features of the hybrid method of FDMA and CDMA are as follows.

· Multiplexing UEs with Different Transmission Bandwidths Using Distributed FDMA

We use distributed FDMA in the frequency domain to multiplex UEs with different transmission bandwidths. This is because orthogonality among UEs with different transmission bandwidths is not maintained using CDMA in general. However, distributed FDMA can achieve orthogonality among UEs with different transmission bandwidths.

· Multiplexing UEs with Identical Transmission Bandwidth Using Orthogonal CDMA

We use mainly orthogonal CDMA transmission based on cyclic-shift of CAZAC sequence for multiplexing UEs with identical transmission bandwidth, i.e., sampling rate. The reason we prioritize CDMA is to increase the number of reference signal sequences as described in [2].

Figure 1 shows our original proposal on the method for multiplexing the reference signal for demodulation and that for sounding. In the method, the demodulation reference signal and sounding reference signal are multiplexed into the same SB. Since these reference signals have different transmission bandwidths, distributed FDMA is used to multiplex them. Meanwhile, multiple sounding reference signals with the same transmission bandwidth from different UEs are multiplexed using orthogonal CDMA in the same SB.
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Figure 1 – Originally proposed multiplexing method for uplink reference signals
However, this original method has the following technical concerns.
· Complex processing: Since the demodulation reference signal and sounding reference signals are multiplexed into the same SB, the transmission bandwidth of the first SB in the example in Fig. 1 is changed whether the SB is used for sounding as well as channel estimation or only for channel estimation. This is true in the case where the sounding reference signal is transmitted in advance from the resource block (RB) in which different UE transmit a shared data channel. Thus, an adaptive transmission bandwidth is necessary as long as the sounding reference signal and demodulation reference signal coexist in the same SB. Some manufactures raised concerns regarding this function from the implementation viewpoint.
· A wideband reference signal that is also used for sounding (green reference signal in Fig. 1) may degrade the channel estimation accuracy for the cell edge UE.
· Distributed FDMA multiplexing reduces the number of reference signal sequences for demodulation to half.
Therefore, in this contribution, we propose a modified reference signal structure in the uplink to address the aforementioned concerns.
3. Modified Reference Signal Structure 
In [3]-[5], the use of LB to transmit the sounding reference signal is proposed as shown in Fig. 2. We agree that this method has the following advantages compared to our original proposal.

· Simpler processing since the demodulation reference signal and sounding reference signal use completely separated time-frequency resources
· Better channel estimation accuracy than the method where sounding and demodulation reference signals coexist, since the four SBs are solely used for demodulation purposes
· Double the number of reference signal sequences for demodulation is generated compared to the method where sounding and demodulation reference signals coexist, since distributed FDMA is not applied to SBs
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Figure 2 – LB usage for transmission of sounding reference signals

Therefore, our modified structure is based on this. However, when one LB is used for the sounding reference signal every 1-msec TTI, the overhead of the reference signals for sounding and demodulation becomes 21.4%. Therefore, we propose to use one LB for the sounding reference signal every other TTI as shown in Fig.3. By using this configuration, the overhead for the reference signals is suppressed to 18% (i.e., less than 20%).
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Figure 3 – Proposed LB allocation for sounding reference signals
Next, we explain the proposed multiplexing method for multiple sounding reference signals within the LB. We showed in [6] that a narrower transmission bandwidth for the sounding reference signal for a cell-edge UE is beneficial in improving the CQI measurement accuracy and for reducing the inter-cell interference. Therefore, we use multiple transmission bandwidths for the sounding reference signals according to the UE capability and the path-loss between Node B and the UE. We currently consider defining three bandwidths for the sounding reference signal: 10 MHz, 5 MHz, and 1.25 MHz. Considering our basic proposal described in Sec. 2, our proposal on the multiplexing method for multiple sounding reference signals within a LB is summarized below and Fig. 4 shows an example.

· 10-MHz, 5-MHz, and 1.25-MHz sounding reference signal bandwidths are defined.
· The bandwidth of sounding reference signal depends on the UE capability and the path loss between Node B and the UE.
· Sounding reference signals with different bandwidths are multiplexed within the same LB using distributed FDMA.
· In the multiplexing of sounding reference signals with the same transmission bandwidth, we use orthogonal CDMA within the LB (If the bandwidth of the sounding reference signal is narrower than the system bandwidth, localized FDMA can of course be additionally used).
· For a UE with a 20-MHz transmission bandwidth capability, frequency hopping of a 10-MHz sounding reference signal is used to measure the CQI over 20 MHz when the transmission bandwidth of the cell site is 20 MHz.
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Figure 4 – Proposed sounding reference signal multiplexing method

4. Alternative Method

In this section, our alternative reference signal structure is explained, which basically uses only SB for the reference signal. Figure 5 shows the alternative structure.
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Figure 5 – Alternative reference signal structure

This alternative method is similar to the proposal in [7]. Features of this alternative method are as follows.

· Basically, reference signals for demodulation and sounding are transmitted using SBs only ( Overhead is 14%.
· The second (or third) SB in a TTI is exclusively used for the sounding reference signal and the remaining three SBs are exclusively used for the demodulation reference signals.
· Compared to the original proposal as shown in Fig. 1, the number of available sequences for the demodulation reference signal is doubled since distributed FDMA is not used.
· A potential problem for this configuration is degraded channel estimation accuracy similar to Fig.1. An additional reference signal for demodulation may be needed especially for the UE at the cell edge with intra-TTI frequency hopping as shown in Fig. 5.
· The multiplexing method for multiple sounding reference signals is the same as in Sec. 2.
5. Conclusion

In this paper, we presented our updated views on the uplink reference signal structure and multiplexing method. We presented a modified reference signal structure as well as an alternative.
· Modified proposal: Use of LB belonging to every other TTI for sounding reference signals and SBs for demodulation reference signals

· Use one LB at every other TTI for the sounding reference signal to reduce the reference signal overhead to approximately 18%.
· Adopt multiple transmission bandwidths for sounding reference signals.
· Sounding reference signals with different bandwidths are multiplexed using distributed FDMA within the same LB.
· Sounding reference signals with the same bandwidth are multiplexed using orthogonal CDMA within the same LB (If the bandwidth of the sounding reference signal is narrower than the system bandwidth, localized FDMA can of course be additionally used).
· Alternative: Use only SBs for sounding and demodulation reference signals

· The second (or third) SB in a TTI is exclusively used for the sounding reference signal and the remaining three SBs are exclusively used for demodulation reference signals.
· An additional optional reference signal for demodulation may be needed especially for the UE at the cell edge with intra-TTI frequency hopping.
· The multiplexing method of multiple sounding reference signals is the same as that in the modified proposal.
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