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1 Introduction

For the several RAN1 meetings, lots of contributions on how to multiplex uplink reference signal were presented and discussed. In this contribution we first summarize two multiplexing schemes, which are frequency domain multiplexing using different frequency resource for each UE and code domain multiplexing based on user-specific sequence. By comparing performance of two schemes based on the simulation results, we try to derive a proper multiplexing/structure of uplink reference signal. 
And according to the current RAN1 TR related to the Study Item Evolved UTRA [1], uplink reference signal should be designed to support not only channel estimation for uplink coherent demodulation/detection but also possible uplink channel-quality estimation for uplink frequency- and/or time-domain channel-dependent scheduling. Therefore we also discuss on the support of uplink scheduling issue. 
2 Reference signal multiplexing
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Figure 1. Reference signal multiplexing schemes for LFDMA transmission
In Figure 1, data multiplexing and various multiplexing schemes of reference signal accompanied by data transmission are illustrated where data and reference signal transmission are supposed to be transmitted in long blocks (LBs) and short blocks (SBs) respectively. We focus on localized transmission of data signal in this document; therefore the resource allocated to UE1 for data transmission consists of a set of contiguous subcarriers in a yellow color. If a set of subcarriers which is allocated to UE1 is defined as a subband, 6 subband (N) are assumed here. 

Note that the power of reference signal of 1 SB is constant to all schemes shown in Figure 1, (b) ~ (e). And general descriptions of multiplexing schemes are as follows:
1) Localized FDM reference signal shown in (b)

Reference signals from UEs are multiplexed orthogonally in different frequency resources, and which are localized in the same frequency bands of data signals. 

2) Fractional Localized FDM reference signal shown in (c)

Reference signals from UEs are multiplexed orthogonally in different frequency resources, and which are localized in the same frequency band for data but a fraction of subcarriers is used. Each reference symbol can be power boosted. 
3) Distributed FDM reference signal shown in (d)

Reference signals from UEs are multiplexed orthogonally in different frequency resources which are distributed to the whole bandwidth. Number of reference symbols is in inverse proportion to number of subbands (N). 

4) Continuous CDM reference signal shown in (e)

Reference signals from UEs are multiplexed by using different sequences occupying a common set of subcarriers. The power of reference signal in a subcarrier is in inverse proportion to number of occupied subcarriers. Cyclic time shifts of one or more common CAZAC (or GCL) sequence(s) can be used for user separation. 

The properties of FDM reference signal and CDM reference signals was already discussed in [2]~[4] and the following is a summary of discussions.
· The limitation of number of supportable active UEs 
· In case of CDM reference signal, number of supportable active UEs with 1 CAZAC sequence is less than or equal to 6 because max number of orthogonal cyclic shifts possible for TU channel is 6. 

· In [3], it was pointed out that CDM reference signal is able to support up to 12 UEs e.g., by modulating the two SBs by {+1, -1} or {+1, +1} for two different groups of UEs. 
· No limitation on this in case of FDM reference signal 
· Loss of orthogonality of CDM reference signal 
· Introducing the second CAZAC sequence accompanies significant performance degradation due to inter-code interference. A received reference signal power PSD difference between UEs on the two reference sequences further magnifies the performance degradation of CDM approach (near-far problem) [2]. 
· Cross-talk between cyclic shifts may lead to worse performance than FDM reference signal even with a single CAZAC sequence.
· Time domain channel variation in 1 SB or between 2 SB, especially to support up to 12 UEs [3], may result to the loss of orthogonality. 
· Performance point of view, total power of CDM reference signal used for data demodulation is much less than that of FDM reference signal which is concentrated to the allocated localized subband. This point will be revisited in the next section.
· Effect of inter cell interference
· CDM reference signal shows good out-of-cell interference averaging performance when 1 dominant interferer presents [3]. But, in the real scenario, the interference typically comes from multiple UEs in the neighboring cells rather than one dominant interferer, limiting the interference averaging performance of CDM reference signal. How much gain can be obtained from CDM reference signal in that case should be verified.
3 Simulation results
In this evaluation, we compare the performance of 4 multiplexing schemes discussed in the previous section with 5 MHz bandwidth. There are 6 long blocks and 2 short blocks in a TTI where number of useful total subcarriers is 600 and 300, respectively. The localized data transmission is assumed and the transmission power keeps being constant regardless of data or reference signal. (Regarding the performance comparison in case of DFDMA transmission, please refer [2].)
The detailed system parameters for link level simulation are shown in Table 1, which are based on the numerology of the current TR [1].
	Transmission bandwidth (Mhz)
	5

	Sub-frame duration (ms)
	0.5

	Sampling rate (Mhz)
	7.68

	IFFT size
	512 

	Number of used subcarriers
	300

	Number of subband (N)
	6

	Number of CP samples
	31

	Number of Long/Short Blocks in a TTI
	6/2

	AMC level
	QPSK, code rate = 1/2 (Turbo)

	Number of antennas (Tx, Rx)
	(1,2)

	Reference sequence 
	1 CAZAC sequence


Table 1. System Parameters for Link Level Simulation
The performance of BLER with different multiplexing schemes of reference signal is shown in Figure 2 and Figure 3. Each figure shows ideal performance of perfect channel estimation as a reference and performance of 4 schemes shown in Figure 1, (b) ~ (e). Basically the reference signals are assumed to be transmitted in 2 SBs but the performance when only 1 SB is used is provided as well. Channel models used in this evaluation are Typical Urban and Pedestrian B.
Note that no interference from other UEs or sequences is assumed because only 1 user is multiplexed.
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Figure 2. Typical Urban channel (3km/h)
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Figure 3. Pedestrian B channel (3km/h)
SINR losses due to channel estimation error of all curves are summarized in Table 2. 

	Multiplexing scheme of reference signal
	Localized FDM
	Fractional Localized FDM
	Distributed FDM
	CDM
	Localized FDM (with 1 SB)
	CDM (with 1 SB)

	SINR loss compared to ideal case (dB)
	TU
	1.2
	1.3
	3.4
	4
	2.2
	5.7

	
	PB
	1.4
	1.1
	2.7
	2.8
	2.3
	4.3


Table 2. SINR loss due to channel estimation error @ 10% BLER
And the followings are observed from the simulation results:
· Localized FDM shown in (b) ~ (c) vs. Distributed FDM or CDM shown in (d) ~ (e) 
· Localized FDM outperform DFDM/CDM as 2.2 ~ 2.7dB. 
· The reference signal of localized FDM is concentrated to the allocated subband; on the other hand, those of CDM and distributed FDM are distributed to the whole bandwidth. That implies that total power of CDM and distributed FDM reference signal used for data demodulation is N times less than that of localized reference signal. (N is number of subbands.)
· Distributed FDM vs. CDM 
· Even though the reference signal is transmitted to the whole bandwidth in both cases, distributed FDM is slightly better than CDM as 0.6dB in TU channel and 0.1dB in PB channel. These results are in line with [3].
· This may be due to the channel selectivity in time domain and cross-talk between cyclic shifts even with a single CAZAC sequence.
· Performance with 1 SB vs. 2 SB
· Compared with 2 SB case, additional 1~2dB SINR loss is observed.
· Localized FDM with 1 SB is still better CDM with 2 SB as 1.8dB/0.5dB in TU/PB channel

· Localized FDM vs. Distributed localized FDM 

· The performances for both cases are similar because effective SINR of reference signal is the same thanks to the power boosting as shown in Figure 1, (c).
4 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. In this contribution we suppose that the all reference signal will be transmitted in 2 SBs. Assuming that total overhead for reference signal is fixed, trade-off between uplink scheduling gain and channel estimation loss is expected because a portion of reference signal should be devoted to the purpose of channel quality measurement. 
This reference signal should be able to be transmitted by all active UEs regardless of being scheduled or not at a given TTI and 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.
And in order to get an estimate of the channel quality per sub-band, distributed types of reference signal should be needed for each UE. It may be possible to allocate 1 SB to the reference signal for channel quality measurement; otherwise unused subcarriers in Figure1, (d), can be allocated to that on top of fractional localized FDM reference signal for data demodulation. 
5 Conclusion
In this contribution, we discussed on the multiplexing of uplink reference signal and the support of uplink scheduling. 
Based on the simulation results in section 3, localized FDM reference signal shows much better performance than CDM reference signal around 3dB due to larger power of reference signal used for data demodulation and loss of orthogonality in CDM structure. 
Considering that the performance of data demodulation is most important in determining reference signal multiplexing/structure and almost no drawback is seen in supporting uplink channel-quality estimation for uplink scheduling with assuming FDM reference signal, we propose to adopt frequency domain multiplexing of uplink reference signals as shown in Figure 1(b) or (c). 
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(b) Localized FDM reference signal in SBs





(a) Data multiplexing in LBs 





(d) Distributed FDM reference signal in SBs 
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(c) Fractional localized FDM reference signal in SBs





(e) Continuous CDM reference signal in SBs 
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