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1 Introduction
In this contribution we first investigate the impacts of sub-carrier’s density of FDM uplink reference signal on BLER performance and then present our preferred structure of FDMed reference signals. Secondly, as stated in the current TR 25.814, the baseline antenna configuration for uplink single-user MIMO is two transmit antennas at the UE and two receive antennas at the cell site [1]. Therefore we also take two uplink transmit antennas into consideration in this document. 
2 BLER Performance with Different Sub-carrier Density  
In [2], we showed the impacts on BLER performance due to different settings of sub-carrier density of reference signal. We add more results in this section.
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 1 BLER performance for QPSK, velocity 30km/h
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Figure2 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 3 at velocity 120km/h
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Figure3 BLER performance, velocity 120km/h
3 Structure of Uplink Reference Signal
Furthermore, as shown in [2][3], the sub-carrier density of reference signal for channel quality measurement can be sparser than that for coherent detection so that provide more opportunities for UEs to perform broadband channel-quality measurement.
According to the results we propose the following structure for uplink reference signals:
The sub-carriers in each short block are divided into two comb-shaped sub-carrier subsets. One subset is assigned to the reference signal for data coherent detection and the other subset is for channel-quality measurement which can be further decomposed into sparser comb-shaped sub-carrier subsets to provide channel quality measure for multiple UEs. This is depicted in Figure 4, where both short blocks have the similar structure. According to the above results the first subsets in both short blocks can be used together to provide coherent detection. That means the scheme of 1/2+1/2 reference signals is used for coherent detection in this example. More details can be found in [3].
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Figure 4 FDMed reference signals for coherent detection and channel-quality measurement
4 Consideration for 2 Transmit Antennas 
Based on the proposed scheme above, we consider the structure of reference signals for uplink 2 Tx antennas. 
From Table 1, we can find that the scheme of 1/4+1/4 reference signals suffers about 0.3dB loss for 16QAM and very less loss for QPSK compared with the schemes of 1+1 reference signals. This allows us to implement the scheme of 1/4+1/4 reference signals to each of 2 transmit antennas, which offers not only sufficient channel estimation performance, but also provides opportunities for the non-scheduled UEs to do broadband channel-quality measurement.
FDM between multiple transmit antennas is a natural way to achieve orthogonal uplink reference signals. The localized reference signals can be decomposed into multiple comb-shaped spectra, each for one transmit antenna. This method is depicted in Figure 5 (a) which is also described in [4]. 
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Figure 5 FDM and CDM reference signals between 2Tx antennas

The orthogonality between the 2 Tx antennas can also be obtained by CDM because the two antennas of the same UE are synchronous. For example, we may assign specific cyclic shift of a single CAZAC sequence to different antennas of one UE as shown in Figure 3(b). This deployment can use fewer sub-carriers of reference signals.
5 Conclusion

We investigate the link level performance with different sub-carrier density settings of the reference signals. The results show that the scheme of 1/N+1/N (N<6) reference signals suffers little loss for both16QAM and QPSK compared with the schemes of 1+1 reference signals. The most attractive aspect is this deployment consumes fewer sub-carriers of reference signal and provides more opportunities for the non-scheduled UEs to transmit channel-quality measurement reference signals. As for 2 transmit antennas, both FDM and CDM can be employed to achieve orthogonal reference signals. In case of FDM the scheme of 1/4+1/4 reference signals is feasible.
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9.1.1.2.2
Uplink reference-signal structure

……
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  can be achieved by FDM or CDM.
……
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 and/or CDM is used. In FDM case, sparser sub-carrier density of reference signal can be assigned to a UE compared to that for coherent detection.
-
Multiplexing of reference signals for the case of a UE with multiple antennas or multiple UEs in MU-MIMO  can be achieved by FDM or CDM.
-
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-------------------------------------------













































































































































