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1 Introduction
In UL CoMP, joint reception using multiple reception points (RPs) achieves a significant performance gain. However, in UL CoMP scenarios, orthogonality/multiplexing capacity of the current Rel.10 DMRS is not sufficient. In this contribution, we discuss requirements on DMRS for UL CoMP. Then, as possible DMRS enhancements, DMRS sequence derivation from virtual cell ID and frequency-dependent DMRS (FD-DMRS) are introduced. Link-level simulation is performed to show the performance gain of FD-DMRS compared with the current Rel.10 DMRS.
2 DMRS enhancement for UL CoMP
2.1 Requirements on DMRS

Joint reception (JR) for UL CoMP scenarios is promising to achieve large CoMP gain [1]. JR operation for single UE (i.e. allocate single UE in the CoMP area) is beneficial for the UE, but from the cell throughput point of view, JR operation for multiple UEs by using MU-MIMO reception is more effective. Here, high-level discussion on requirements of DMRS for such an UL CoMP JR is presented.
Requirements on UL DMRS for the above UL CoMP operation are:
1. Orthogonality among DMRSs in the same UL CoMP group
In the UL CoMP operation, reception points handle multiple PUSCHs transmitted on the same time/frequency within the same UL CoMP group. Since the DMRS should not limit the capacity/multiplexing order of JR UEs, a sufficient number of DMRSs which has good orthogonality should be provided. To avoid limiting the freedom of scheduler, its orthogonality should be kept regardless of their bandwidths and frequency positions.
2. Randomization effect among DMRSs in different UL CoMP groups
For UEs in different UL CoMP groups, DMRS randomization effect should be available. If the same DMRS is reused without any randomization mechanism, the channel estimation performance is significantly degraded due to the interference on DMRS.
3. Minimization of standard impact 
Minimization of standard impact is one of important requirements for DMRS enhancement.
2.2 Issues on current Rel.10 DMRS
Firstly, DMRS orthogonality in the same UL CoMP group is considered. According to the Rel.10 specification, among UEs within the orthogonal DMRS group, multiple DMRSs can be separated by CSs and/or OCCs. However, the current DMRS is not sufficient for UL CoMP scenarios due to the following reasons:
1. CS is effective to separate multiple DMRSs only when they have the same bandwidth and frequency-position. When these are not aligned, strong interference is produced.

2. OCC can be used even when the bandwidths and/or frequency-positions of multiple DMRSs are not aligned. However, its capacity is only 2. Therefore, only 2 UEs can be assigned on the same time/frequency without taking the bandwidth and position alignment into account. This restriction on the number of JR UEs limits the degree of freedom of uplink scheduler and would reduce the cell throughput.

Secondly, DMRS randomization effect in different UL CoMP groups is discussed. The current DMRS sequence is cell-specific and is derived from cell ID. In CoMP scenario 3 where the macro and RRHs in the cell have different cell IDs, multiple DMRSs for UEs in the same CoMP group are likely to be non-orthogonal. On the other hand, in CoMP scenario 4 where the macro and RRHs share the same cell ID, DMRSs among UEs in the cell are always generated by the same cell ID; therefore, any randomization effect cannot be achieved. If the number of DMRSs generated by one cell ID is not sufficient for JR UEs and the same DMRS is reused in the cell because of the shortage of the DMRS sequences, significant interference is produced.
Based on the observation, we don't think the Rel.10 DMRS is sufficient for UL CoMP. We think DMRS enhancement is necessary. A potential way is the introduction of IFDM [2]. However, the introduction of IFDM has large impact on the specification. Therefore, we propose to study a use of frequency-dependent DMRS (FD-DMRS) [3] in combination with the virtual cell ID for Rel.11 UL CoMP.
3 Introduction of virtual cell ID for UL RS generation [3]
The introduction of UE-specifically assigned seed used for UL RS generation, CS hopping, etc, is beneficial for both CoMP scenarios 3 and 4. We call this as virtual cell ID. In CoMP scenario 3, by assigning the same virtual cell ID to UEs in the same UL CoMP group, DMRS orthogonality can be kept among them. On the other hand, by assigning the different virtual cell IDs to UEs in the different UL CoMP groups, interference randomization among them can also be realized.
In CoMP scenario 4, DMRSs are orthogonal within the same CoMP group without introducing the virtual cell ID. However, interference randomization effect cannot be obtained in the cell. Therefore, DMRSs generated by UEs in the different UL CoMP groups in the cell may cause strong interference. Therefore, introduction of the virtual cell ID is also beneficial, for the purpose of interference randomization among UEs who have different virtual cell IDs (or Rel.8-10 UEs that have cell ID only).
It should be noted that the introduction of the virtual cell ID for CoMP scenarios 3 and 4 makes two different scenarios identical from the view of UL RS generation as illustrated in Fig.1. DMRSs among UEs in the same UL CoMP group can be orthogonalized, while DMRSs among UEs belonging to different UL CoMP groups can be randomized.
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Figure 1. Introduction of virtual cell ID for UL RS generation.
4 Frequency-dependent DMRS [4]
Here, the FD-DMRS is introduced as a possible DMRS enhancement. The FD-DMRSs can be multiplexed and separated by CSs even when their bandwidths and/or frequency-positions are not aligned. The principle of FD-DMRS is presented in section 4.1. Section 4.2 shows LLS performance comparison.
4.1 Principle
Unlike the current Rel.10 DMRS, FD-DMRS signal representation depends on the frequency-difference between the starting signal of PUSCH is mapped on and the reference subcarrier, e.g., DC subcarrier. Representing the frequency offset by f, the FD-DMRS of length NZC having CS index of n at the m-th subcarrier is given by [4]
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where NSC is the number of subcarriers, q is the ZC root  index, and t is the CS window size. The only difference of FD-DMRS from the current Rel.10 DMRS is the term of f. Thanks to the frequency offset f, multiple FD-DMRSs can be separated by CSs even when their bandwidths and/or frequency-positions are not aligned. 
Figure 2 shows a conceptual illustration of multiple FD-DMRSs in frequency- and CS-domains. In this example, two FD-DMRSs are partially multiplexed with the frequency offset f = 2RBs. However, the correlation peaks in CS-domain appear within appropriate CS windows. Therefore, the multiple FD-DMRSs can be separated. This property is also kept in case those lengths of multiple FD-DMRSs are different.
Note that FD-DMRS can be used together with Rel.10 OCC.  
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Figure 2. Multiple FD-DMRSs in frequency- and CS-domains.

4.2 Link-level simulation
Link-level simulation is conducted to compare the channel estimation performances between FD-DMRS and current Rel.10 DMRS under the assumption that multiple DMRSs are partially overlapped in frequency-domain. These DMRSs are assumed to be generated by the same cell ID (or virtual cell ID). Two cases for the PUSCHs positions of multiple UEs (UE0 and UE1) as illustrated in Fig.3 are simulated. Table 1 summarizes the simulation conditions. OCC is not activated for simplicity; only CSs is exploited to separate two DMRSs in the simulation. CS#0 is assigned to UE0, while CS number assigned to UE1 is a parameter for the evaluation. After estimating channel gains for UEs using DMRSs, data are detected as MU-MIMO signals. For MU-MIMO signal detection, MMSE option 2 [5] is employed. 
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(a) Case 1; 3RBs for UE0, 3RBs for UE1, same bandwidth but partially overlapped
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(b) Case 2; 3RBs for UE0, 4RBs for UE1, different bandwidths and partially overlapped
Figure 3. Frequency-positions of multiple DMRSs assumed in the simulation.

Table 1.
Simulation parameters

	Parameter
	Value

	No. of multiplexed PUSCHs
	Two 

	Received SNR for UE1
	6dB (fixed)

	Bandwidth
	Case 1) 3RBs for UE0, 3RBs for UE1
Case 2) 3RBs for UE0, 4RBs for UE1

	Channel model
	TU 6paths, moving speed 3km/h

	MCS
	QPSK, R=1/2

	HARQ
	Not used

	SGH, OCC
	Not activated

	CS hopping
	Activated

	Receiver
	MMSE option 2 [5]

	CS index
	n=0 for UE0 (fixed), n=2,4,6,8,10 for UE1 (parameter)


Figure 4 shows the LLS results. Required SNR of UE0 for achieving BLER<10% is plotted for the fixed SNR of UE1, 6dB. As can be seen from the figure, Rel.10 DMRS degrades performance due to strong interference when particular CSs are chosen for UE1 (e.g., CS index 4 in case 1, CS index 8 or 10 in case 2). This is because the correlation peaks between the base sequence and UE1 DMRS with a particular CS are shift to the same position as that of UE0 DMRS due to the difference of the starting RB position. The amount of correlation peak shift depends on the positions of multiple DMRSs (i.e., frequency offset between two DMRSs).Therefore, if the current Rel.10 DMRS is used without any modification, UL scheduler must be quite complicated since it has to carefully manage CS assignment for DMRSs of different UEs by taking into account the allocated frequency positions of their PUSCHs. This is not practical in UL CoMP scenario where a large number of UEs are multiplexed.
On the other hand, the FD-DMRSs can be well separated by CSs regardless of CS index of UE1. This indicates that the FD-DMRSs can be multiplexed by CSs as well as OCC, where the bandwidths and frequency-positions can be independently chosen for each UEs. Since almost the same performance is achieved regardless of UE1’s CS index, larger number of DMRSs can be multiplexed by CSs. Performance improvement of FD-DMRS in such situations should be further studied by system-level simulation.
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(a) Case 1; 3RBs for UE0, 4RBs for UE1
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(b) Case 2; 3RBs for UE0, 4RBs for UE1
Figure 4. Required SNR of UE0 for achieving BLER<10%. CS# for UE1 is a parameter.

5 Conclusion 

· We described the requirements of DMRS for UL CoMP. In order to operate UL CoMP, (i) a sufficient number of DMRSs which has good orthogonality without restricting PUSCH bandwidths and/or frequency-positions, (ii) randomization effect among DMRSs in different UL CoMP groups, and (iii) less standardization impact for DMRS enhancement, are required.

· We pointed out the current Rel.10 DMRS cannot satisfy the above requirements since the multiple DMRSs cannot be separated by CSs if their bandwidths and/or frequency-positions are not aligned. The interference randomization effect in the cell is also not sufficient by the current Rel.10 DMRS.
Thus, we suggested the following DMRS enhancements:
· UE-specifically assigned virtual cell ID that enables orthogonality among DMRSs in the same UL CoMP group, while achieving interference randomization effect among DMRSs in the different UL CoMP groups.

· Frequency-dependent DMRS that enables separating multiple DMRSs by CSs even when their bandwidths and/or frequency-positions are not aligned. It should be noted that the FD-DMRS has less spec impact (only adding f as Eq. (1)) compared to IFDM.
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