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1. Introduction
Multiplexing schemes for uplink reference signal have been discussed and three candidates exist after RAN1#44bis. In this contribution, principles for multiplexing scheme are shown and one of multiplexing scheme is recommended based on principles. Furthermore, taking into account the Control CH multiplexing, we consider uplink frame structure. CQI measurement is also discussed with relation to reference signal multiplexing.
2.  Principles for multiplexing scheme
Reference signal is utilized for channel estimation to demodulate Control CH and Data CH and to provide CQI information for channel dependent scheduling.

In deciding reference signal multiplexing scheme, following are views we believe to be considered. (See Fig. 1)
   A. Reference signal multiplexing should be decided with considering optimization for demodulation of Control CH and Data CH.
   B.  CQI should be measured with less additional reference signal overhead.
Fig.1 (a) is the case reference signal is optimized for demodulation of data or control channel following to view A above. The bandwidth of reference signal is same with that of data or control channel. On the other hand, in Fig.1 (b), the bandwidth of reference signal is larger than data or control channel to be utilized also for wideband CQI measurement.
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(a) Reference signal optimized for demodulation
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(b) Reference signal with considering wideband CQI measurement
Fig.1 Relation of bandwidth between data or control channel and reference signal

Reference signal in Fig.1 (b) requires more total transmission power compared to Fig.1 (a) and significantly reduces coverage.
Therefore, hereafter, we discuss on reference signal multiplexing with considering view A above.
Principles in accordance with view A are as following.
1. Multiplexed BWs of reference signal should be same with those of multiplexed Control CH and Data CH to optimize both resource efficiency and channel estimation accuracy.
2. Reference signals for Control CH and Data CH should be multiplexed in the same short block to optimize resource efficiency.

3. Multiplexed BWs of reference signal for Control CH demodulation should be decided based on trade-off between maximum number of multiplexed UEs and frequency diversity.

For simplicity, here, reference signal for Control CH and that for Data CH are defined as Control reference and Data reference, respectively.
3. Reference signal multiplexing schemes
Existing candidates for reference signal multiplexing schemes are, CDM, FDM and hybrid of CDM and FDM [1].
One of issues in CDM scheme is non-orthogonality in multiplexing different BWs reference signals. For FDM, one of issues is limitation in number of usable CAZAC sequences. Hybrid of CDM and FDM can realize orthogonal multiplexing of different BWs reference signals with increasing number of usable CAZAC sequences compared to that in FDM scheme.
To select one of them as reference signal multiplexing scheme, necessity of multiplexing of different BWs reference signals and number of usable CAZAC sequences are discussed below.

3.1   Multiplexing of different BWs reference signals
BWs of Control reference and Data reference depend on BWs of Control CH and Data CH to be demodulated by using these reference signals according to principle 1 in section 2.
BW of Control CH is same for all UEs. However, BW of Data CH has several options based on result of channel dependent scheduling. Then, BWs can be different between Data CHs and between Control CH and Data CH. Therefore, different BWs of reference signals should be multiplexed according to principle 1 and 2.
Fig. 2 shows an example of multiplexing of different BWs of reference signals. For FDM, straightforward multiplexing can be used as shown in (a). For CDM, one possible way to achieve multiplexing of different BWs of reference signals with keeping orthogonality is to adopt multi-carrier manner as shown in (b). However, it increases PAPR significantly even with two carriers. 
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(a) FDM
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(b) CDM
Fig. 2 Multiplexing of different BWs reference signals
Fig. 3 (a) and (b) show PAPR of Zadoff-Chu sequences, expressed in the equation below, for single carrier and two carriers, respectively. Here, L is set to 37.
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　(3)
In single carrier case, lower number of k can achieve lower PAPR less than that of QPSK. However, PAPR in two carriers case significantly increase and more than that of QPSK in most cases. Of course, PAPR becomes much higher with increase of number of carriers. Therefore, MC-CDM is not applicable for reference signal multiplexing.
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(a) Single carrier
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(b) Two carriers
Fig. 3 PAPR of Zadoff –Chu Sequence
It is also possible that all reference signals are sent with the same maximum BW (ex. 5 MHz) as shown in 4 because CQI information over whole BW may be measured anyway to adopt channel dependent scheduling. However, we have following concerns.
· Not all UE may be able to transmit reference signal with the maximum BW
· Power of reference signal out of demodulated Control CH and Data CH may be too excessive for CQI measurement

· Number of multiplexed reference signals may be too small
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(a) FDM
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(b) CDM

Fig. 4 Multiplexing of same BWs reference signals
For CQI measurement, all UEs may be able to transmit reference signal with the maximum BW as system throughput is not so sensitive to CQI error and UEs require less density of reference signal [2] compared to that in Control CH and Data CH demodulation. However, for Control reference and Data reference, it will depend on UE position as they require more power compared to reference signal for CQI measurement. This is reason for the first two concerns.
The last concern should be discussed with considering number of Control CH to be multiplexed in one sub-frame in system BW. As the number of reference signal to be multiplexed in one frequency block is limited to keep orthogonality, the number of multiplexed Control CHs becomes smaller when multiplexed BW becomes larger. Multiplexed BW for Control CH should be decided with considering trade-off between frequency diversity and number of multiplexed BW.
Because of concerns above, multiplexing of different BWs reference signals should be considered.
3.2   Number of usable CAZAC sequences

As agreed in RAN1#44bis, CAZAC sequence is used as reference signal pattern for uplink [3]. In CAZAC sequences, different sequences should be used among adjacent cells to achieve low correlation property [4]. The number of usable CAZAC sequences is equal to code length L -1 in case of L is the prime number. Therefore, the number of usable CAZAC sequences becomes smaller as frequency resource allocated to reference signal becomes smaller. Table 1 shows comparison of the number of usable CAZAC sequences for FDM, hybrid of FDM and CDM and MC-CDM in different multiplexed BWs. For MC-CDM, multi-carrier of 1.25 MHz is assumed here.
Table 1 Number of usable CAZAC Sequences

	Number of multiplexed different BWs
	Multiplexed BW

	
	1.25 MHz
	2.5 MHz
	5 MHz

	
	FDM
	Hybrid
	MC-CDM
	FDM
	Hybrid
	MC-CDM
	FDM
	Hybrid
	MC-CDM

	8
	2

(SRF=8)
	2(SRF=8)
	36

(SRF=1)
	6
	6
	36
	16
	16
	36

	4
	
	6(SRF=4)
	
	
	16
	
	
	36
	

	2
	
	16(SRF=2)
	
	
	36
	
	
	72
	

	1
	
	36(SRF=1)
	
	
	72
	
	
	148
	


As seen in Table 1, the number of usable sequences for FDM is strictly limited and code re-use is impossible for lower multiplexed BW. More sequences are available in MC-CDM. However, PAPR increase strictly restricts the area where multi-carrier can be used. Hybrid scheme provides large number of usable sequences when the number of multiplexed different BWs is relatively low.
4. Uplink pilot multiplexing in a sub-frame
To decide uplink pilot multiplexing in a sub-frame, multiplexing of data-non-associated control signal should be considered as it also requires reference signal for demodulation. In this section, we discuss the 2 options of multiplexing of data-non-associated control signal. One is TDM and the other is FDM. In both TDM and FDM, we assume the single-carrier based multiplexing which achieves lower PAPR than the multi-carrier based multiplexing.
TDM based multiplexing of data-non-associated control signal and shared data

Fig. 5 shows a frame structure of TDM case. In the case of TDM, data-non-associated control signal is transmitted in LB#1 to minimize the delay of control demodulation. Reference signals for demodulation of shared data and data-non-associated control signal are multiplexed in SB#1. Reference signal for demodulation of shared data and CQI specific reference signal are multiplexed in SB#2. TDM has following benefits.

· Large frequency diversity gain is obtained since data-non-associated control signal is transmitted in wideband. 

· The decrease of no. of CAZAC sequences can be suppressed by multiplexing only 2 kinds of different BW in a SB. If repetition factor (RPF) of distributed FDM can be set to 2, CDM can utilize.

Compared to FDM, the following point is drawback for TDM.

· It is difficult for cell edge UEs to achieve sufficient coverage of data-non-associated control signal. Additional LBs for data-non-associated control signaling should be allocated to improve the coverage.
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Fig. 5 TDM of data-non-associated control signal
FDM of data-non-associated control signal and shared data

Fig. 6 shows a frame structure of FDM case. For single-carrier based multiplexing, data-non-associated control signal isn’t transmitted or is transmitted in shared data CH when shared data is transmitted in a sub-frame. In the case of FDM, data-non-associated control signal is transmitted in narrowband of several sub-carriers across a sub-frame. Reference signal for demodulation of data-non-associated control signal and/or CQI specific reference signal are multiplexed in SBs of the band where data-non-associated control signal is transmitted. Reference signal for demodulation of shared data and/or CQI specific reference signal are multiplexed in SBs of the band where shared data is transmitted. FDM based multiplexing have following benefit.

· Large coverage is achievable as transmission BW for data-non-associated control signal is narrow and transmission power density can be high.

Compared to TDM based multiplexing, the following points are drawbacks for FDM based multiplexing.
· Frequency diversity gain is low since data-non-associated control signal is transmitted in narrowband. Frequency diversity gain can be improved by using frequency hopping (FH) [5]. 

· Number of usable CAZAC sequences in reference signal for demodulation of data-non-associated control signal is limited since the length of reference signal is short.
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Fig. 6 FDM of data-non-associated control signal
5. CQI measurement
CQI  measurement is necessary for channel-dependent scheduling and link adaptation. CQI for channel dependent scheduling should be measured not only for UEs under data transmission but also for UEs waiting for uplink data resource allocation. The principles of CQI measurement that we propose are as follows.
· Measure CQI by utilizing reference signal for shared data CH and data-non-associated control signaling demodulation effectively without increasing reference signal overhead.

· Allocate CQI specific reference signal if necessary with less overhead
The transmission status of UEs which require CQI measurement is classified Table 2.

Table 2 Transmission status of UEs

	 
	Under UL Data transmission
	Waiting for UL Data transmission
	Under DL data reception or waiting for DL Data transmission

	Group a
	(
	
	(

	Group b
	(
	
	

	Group c
	
	(
	(

	Group d
	
	(
	


For the UEs in group a, b and c, CQI can be measured for BW where uplink data CH and/or uplink data non-associated control signaling are allocated as reference signal to demodulate these CHs is also transmitted. If necessary, CQI specific reference signal is transmitted out above BW. For the UEs in group d, CQI specific reference signal is definitely necessary to measure CQI. 
6. Conclusion
In this contribution, we discussed on reference signal multiplexing for EUTRA uplink. We consider multiplex of different BWs reference signal with keeping orthogonality and provision of enough number of usable CAZAC sequences as to realize code re-use are essential. Therefore, we recommend hybrid scheme of CDM and FDM as reference signal multiplexing scheme for EUTRA uplink. Furthermore, assuming TDM and FDM of data-non-associated control signal and shared data, we discussed on uplink frame structure. TDM has benefit in number of usable CAZAC sequences although coverage of data-non-associated control signal should be improved. On the other hand, FDM has benefit in coverage although limitation in number of usable CAZAC sequences should be improved.
In addition, we recommend that CQI is measured by utilizing reference signal for demodulation effectively not to increase overhead. In case CQI measurement is required in additional band or time, CQI specific reference signal can be allocated by Node-B.
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