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1.
Introduction
This contribution discusses the reference signals arrangement with MU-MIMO considering frequency-non-contiguous resource allocation. The frequency non-contiguous resource allocation is approved for LTE Advanced [1] because it provides additional frequency scheduling gain over contiguous resource allocation.

Current reference signal structure allows MU-MIMO pairing only over equal bandwidth allocation. This introduces scheduling restrictions and potential performance reduction especially with non-contiguous resource allocation, since MU-MIMO pairing could not enjoy from benefits on the frequency non-contiguous resource allocation. The MU-MIMO operation in the case of non-contiguous spectrum usage is demonstrated in Figure 1, both with DMRS structure that allows only equal allocation and with another one that allows non-equal bandwidth allocation.
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Figure 1. Multi-user MIMO arrangement with a) equal bandwidth allocation and b) different bandwidth allocation.
This contribution shows enhanced reference signal structure which allows MU.MIMO pairing over non-equal bandwith allocation. Also the system level gain from the demodulation reference signal enhancement is shown.
2.  Rel’8 DM RS limitations for MU-MIMO 

Demodulation reference signals need to have very low cross-correlation in MU-MIMO transmission. In the LTE UL, zero-autocorrelation codes are used as reference signals. Hence, different cyclic shifts of a reference signal can be used as orthogonal reference signals in MU-MIMO. However, as discussed earlier, orthogonality between the reference signals is lost if the transmissions involved in MU-MIMO have different bandwidth (i.e. number of physical resource blocks (PRB)).

Multi-user MIMO with multiple bandwidths has been discussed in [2]. It proposes several demodulation reference signal (DM RS) arrangements for MU-MIMO transmissions with multiple bandwidths. The motivation for these proposals has just been to avoid scheduling restrictions due to the requirement of the same bandwidth among MU-MIMO transmissions. DM RS transmission only in one slot is considered and because of that the shown solutions have some drawbacks; DM reference signals are not fully orthogonal, or spectral density of DM RS is unnecessarily reduced at least for one UE involved in MU-MIMO, or low CM properties are lost. These deteriorate in turn channel estimation performance.

It should be noted that UE pairing in MU-MIMO transmission in practice requires channel information that is still valid at the time of transmission. Thus the MU-MIMO transmission is limited to cases with relatively low Doppler frequency.  In such case, there is no need for frequency hopping between slots. 

3.  Enhanced DM RS

Optimized multi-bandwidth MU-MIMO transmission requires that DM RS with different bandwidths are orthogonal. Orthogonality can be obtained by means of IFDMA like with SRS or by applying orthogonal cover code over the DM RS blocks within TTI. The IFDMA solution needs more investigations because the RS sequence length is changed.
The orthogonal cover code solution is shown in Figure 2. Walsh-Hadamard codes [1, 1] and [1, -1] could be applied as orthogonal cover codes. 
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Figure 2. Orthogonal cover applied to DM RS of MU-MIMO users.
The number of different bandwidths for which DM RS can be orthogonally multiplexed is two. Reference signals for the UEs with the same bandwidth can also use the same orthogonal cover code but different cyclic shift (i.e. equivalent to existing solution). At the UE side, proposed scheme requires DM RS multiplication with orthogonal cover code.

We note that additional cover codes are used on top of existing cyclically shifted DM RS. This means that cross-correlation properties between the reference signals can be improved without any degradation on the existing cross correlation properties. 
Proposed DM RS arrangement is simple to implement and allows for orthogonal DM RS between multi-bandwidth MU-MIMO transmissions. This improves channel estimation accuracy. The disadvantage on the use of orthogonal cover code is limited mobility but the use of MU-MIMO is naturally limited to sufficiently low Doppler frequencies so that the cover codes remain orthogonal in practice.
4.  Performance evaluation 

This chapter presents the system level performance evaluation results for two MU-MIMO arrangements: for one in which multi-user pairing is limited to only over equally allocated PRBs and for the enhanced one in which multi-user pairing is allowed also over non-equally allocated PRBs. The simulation parameters are tabulated in Table 1.  
Table 1 System Simulation parameters

	Description
	Settings

	Layout
	19 sites - 3 sector/site – wrap-around

	Propagation scenario
	3GGP Macro Case 1

	System Bandwidth 
	10 MHz

	Radio Chanel
	TU

	Antenna setting
	1x4 

	User transmission bandwidth
	Adaptive and non-contiguous in frequency

	Allocation resolution
	1 PRB

	Power Control
	FPC formula ((=0.6, P0=-58)

	HARQ
	Synchronous and non-adaptive

	Traffic model
	full buffer

	Scheduling method
	Proportional fair

	Sounding signal periodicity 
	10 ms

	Sounding method
	Wideband

	Number of UEs per sector
	10


Throughput distributions for both MU-MIMO pairing strategy are shown in Figure 2. As can be seen, the enhanced MU-MIMO pairing improves average throughput by 15 % and cell-edge throughput by 5 %.
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Figure 2. Throughput distribution in 3GGP Macro Case1.
6.  Summary
This contribution evaluates different demodulation reference signals arrangements for MU-MIMO from the viewpoint of frequency non-contiguous resource allocation:

· Current release 8 based DMRS structure  
· Enhanced DMRS structure which allows MU-MIMO pairing over non-equal bandwidth allocation.
Results show 15 % throughput gain from the enhanced reference signal structure as the current release 8 based reference signal allows only for pairing over equal bandwidth allocation. Besides throughput gain, the introduction of enhanced reference signal structure will remove an important scheduling constraint for UL MU-MIMO scheduling. This will ease scheduler implementation and increase scheduling flexibility which is very valuable when considering scheduling based QoS provisioning. Thus, we recommend that modification for MU-MIMO demodulation reference signal structure is considered in LTE Advanced.
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