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1 Introduction
As the frequency/time domain channel-dependent scheduling is a basic working assumption for E-UTRA, the CQ reference signals for Channel Quality measurement are necessary for UEs which are ready to be scheduled, including both the current scheduled UEs and non-scheduled UEs. It has been discussed extensively about how to multiplex the reference signal for current scheduled UEs recently, but the final convergence has not been achieved yet. 
In this document we are considering the uplink reference signal structure and how to multiplex DM reference signal for Data de-Modulation and CQ reference signal for both current scheduled UEs and non-scheduled UEs. The uplink reference signal structure is provided in Section 2 and the multiplexing scheme of CQ reference signal and DM reference signal is in Section 3. The conclusions are summarized in Section 4.
2 Uplink Reference Signal Structure
The basic structure of uplink reference signal is illustrated in Figure 1. The sub-carriers in each short block are divided into two comb-shaped sub-carrier sets. One set, i.e., yellow one, is assigned to the DM reference signal and the other set forms CQ reference signal. The CQ reference signal can be further decomposed into sparser comb-shaped sub-carrier subsets to provide channel quality measure for multiple UEs. More details can be found in [1].
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Figure 1. Example of the structure of DM and CQ reference signal
3 Multiplexing of DM and CQ Reference Signals
Based on the above structure we depict a multiplexing scheme of DM reference signal and CQ reference signal in this section. Figure 2 shows an example of 1/2 sub-carrier density in both short blocks (SB1 and SB2 in one sub-frame) for DM reference signals, which are confined in each data bandwidth of localized FDM UEs. The residual frequency resources of SB1 and SB2 are used to transmit the broad-band distributed CQ reference signals for other UEs which have not been scheduled currently. CQ reference signals of different UEs can be multiplexed by sparser FDM (as shown in Figure 2) or CDM. 
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                          Figure 2. DM and CQ reference signals multiplexing 
In this scheme, DM and CQ reference signals are allocated independently with the following considerations:
▪
Different sub-carrier densities can be used for different performance requirements of reference signals. The DM reference signal is allocated denser frequency resources to offer much more precise channel estimation, while the CQ reference signals occupy sparser sub-carriers to offer more opportunities for broadband channel quality measurement. 

▪
Different bandwidths can be used for different purpose of reference signals. The CQ reference signals need to be extend over the whole bandwidth, while the DM reference signal can just constraint its power on the same spectrum as the associated data transmission bandwidth
As a result of independent allocation of DM and CQ reference signals, the current scheduled UE needs another CQ reference signal for channel quality measurement for the following scheduling. This is because, to maintain the single-carrier aspect, we do not expect the current scheduled UEs transmit CQ reference signals together with their DM reference signals in the same SB. In order to enable scheduling, these UEs can transmit their broad band CQ reference signals in a predefined SB as introduced in [2], or just replace one of DM reference signals with CQ reference signal when the current scheduled UE need transmit CQ reference signal at this moment according to its CQ reference signal period. 

As for DM reference signal, it is shown in [3][4] that data demodulation performance loss can be ignored if the sub-carriers density of reference signals is reduced to a certain level (e.g. RPF=4) while keeping the total reference signal transmitting power constant. Therefore, DM reference signal can use the sparser sub-carrier which is confined in the data bandwidth. Simulation results in appendix also show that there is scarcely any performance loss for two sparse sub-carrier DM reference signals (one for each short block) compared to one full-density sub-carrier DM reference signal + one sparse sub-carrier DM reference signal, thus it is feasible to use two sparse sub-carrier DM reference signals for data demodulation.

As for CQ reference signal, it seems that the CQ estimation error is tolerable for scheduling [5], so in order to allow more UEs to transmit CQ reference signals in a short block, the CQ reference signal can have sparser sub-carrier density than DM reference signal. In this case, different UEs’ CQ reference signals are multiplexed by FDM in the residual frequency resources (all the sub-carriers except used by DM reference signals), as shown in Figure 2.  On the other hand, CQ reference signals can also be multiplexed by CDM in the residual frequency resources, when considering the number of available CAZAC sequences for cell planning [6].
We also note that there is another way to design DM reference signal and CQ reference signal jointly as presented in [7][8].  In this case, at least one reference signal is distributed over a wider bandwidth than data transmission bandwidth in a sub-frame in order to provide not only data demodulation but also channel quality measurement. However as the power of reference signal is not concentrated within the data bandwidth, the performance of data demodulation suffers loss, which was demonstrated in [7][9].
4 Conclusion

In this contribution we have proposed a method for multiplexing of DM and CQ reference signals, characterized by the following features:
· Two sparse DM reference signals (one in each short block) are enough for data demodulation compared to one full-density reference signal + one sparse reference signal.
· For a current scheduled UE, it can transmit CQ reference signal in a predefined Short Block of another sub-frame, or replace one of DM reference signals with CQ reference signal when the current scheduled UE need transmit CQ reference signal at this moment according to its CQ reference signal period.
· DM reference signal and CQ reference signal are allocated independently both for the current scheduled UEs and non-scheduled UEs to fulfill their respective purposes and requirements of the two reference signals. 
Reference

[1] R1-060543, Huawei, “TP on uplink reference signals structure”
[2] R1-060542, Huawei, “Multiplexing of uplink reference signals”
[3] R1-061155, LGE, “Uplink reference signal for channel quality measurement”
[4] R1-061398, Huawei, “Uplink Reference Signal Structure with TP”
[5] R1-060985, Huawei, “Impacts of Uplink FDM Pilot Density”
[6] R1-061193, NTT DoCoMo, “Multiplexing Method for Orthogonal Reference Signals for 


E-UTRA Uplink”
[7] R1-061486, Texas Instruments, “Uplink Pilot: Link and System Level Considerations & Text Proposal”
[8] R1-061240, Nokia, “UL reference signal structure and Text Proposal”
[9] R1-06818, Samsung, “Reference signal structure for EUTRA Uplink”
Appendix: simulation results
For FDM structure of reference signal, different values of RPF (Repetition Factor) lead to different sub-carriers densities. In fact the two Short Blocks used as reference signals can have different RPF respectively in the same sub-fame, e.g. RPF=M in SB1 and RPF=N in SB2, which is referred to as 1/M+1/N reference signals in the following text. We obtain the BLER performance of different density settings, and Table 1 lists the simulation assumptions.

Table1 simulation assumptions
	Parameter
	Setting

	Bandwidth
	5 MHz (2.0GHz)

	Channel Model
	6-ray TU,
Velocity=30kmh,120kmh

	Data Channel Turbo Coding
	Rate ½

	Data Modulation
	QPSK,16QAM

	Number of Sub-Carriers
	300 for LB,150 for SB

	Data Channel
	Localized FDMA (RPF=1)

	Reference Signal Channel
	RPF=1,2,4,6

	Antenna 
	1 Tx, 2 Rx

	Channel Estimation
	Time Interpolation
	Linear Average

	
	Frequency Interpolation
	Least Squares

	Reference Signal to Data Channel Power Ratio
	0dB
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Figure 3. BLER performance for QPSK, velocity 30km/h
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Figure 4. BLER performance for 16QAM, velocity 30km/h

We compare the performance loss of different sub-carrier density of reference signals settings to the case of 1+1 reference signals at BLER=1% in Table 2. 

Table 2 BLER performance loss (1%)

	            case

loss(dB)
	1+1
	1/2+1/2
	1/4+1/4
	1/6+1/6
	1+0
	1+1/2
	1+1/4
	1+1/6

	QPSK
	--
	-0.0
	-0.0
	-0.07
	-0.1
	-0.0
	-0.0
	-0.01

	16QAM
	--
	-0.04
	-0.3
	-1.45
	-0.3
	-0.02
	-0.2
	-0.6


Both 1+1/N case and 1/N+1/N case suffer very little loss compared to 1+1 case except for 1/6+1/6 case.  That means we are not necessary to use all sub-carriers of reference signal within the same bandwidth as data for localized data transmission. Owing to the loss increases with the value of N, we recommend that N should not be larger than 6.

We notice that 1/N+1/N case utilizes fewer sub-carriers than 1+1/N case, while offers almost the same performance. This shows the deployment of distributed SB1+distributed SB2 is preferred to that of distributed SB1+localized SB2 for its similar BLER performance but less sub-carrier resource of reference signal consumption.  
On the other hand, for higher velocity, the scheme of 1/2+1/2 reference signals can track the fading variation of the channel better than the scheme of 1+0 reference signals which has the same frequency resource consumption. This is shown in Figure 5 at velocity 120km/h
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Figure 5. BLER performance, velocity 120km/h














































































































































