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1
Introduction
For the demodulation RS, the need for orthogonal code cover (OCC) was discussed in RAN1#59 and RAN1#59bis meetings, but no agreement was reached. This contribution discusses the impact of OCC to eNodeB receiver performance considering layer separation and channel estimation. 
2 Evaluation
2.1 Doppler and frequency offset impact

In this chapter we discuss the impact of OCC on eNodeB receiver performance considering accuracy of channel estimation, frequency offset estimation, and Doppler estimation, in particular in the high Doppler scenario. 
Table 1 shows the assumed linkage between OCC and dynamically signalled Cyclis Shift (CS) index [1].  Since the OCC is complementary multiplexing method, eNodeB always knows which OCC the UE applies, there is not any performance impact on the channel estimation, frequency offset estimation or Doppler estimation – this is a notable difference when compared to e.g. PUCCH formats 2a/2B, where ACK/NACK information is modulated into the RS phase and hence impact phase estimation at high Doppler. Obviously the benefits of OCC disappear at very high Doppler due to loss of orthogonality, but the situation is never worse than without OCC. Besides the target use cases for OCC, namely MU-MIMO and SU-MIMO with spatial multiplexing are typically not robust enough anyway for operation at very high UE velocities.

Table 1. Linkage between OCC and dynamically signalled multiplexing index
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2.1 Layer separation impact
The simulation results with and without OCC separation between DMRS layers are shown for 2 layers in Figure 1 and for 4 layers in Figure 2. The used OCC and CS’s are shown in Tables 1-4.  In all cases the maximum CS separation between layers is assumed.  The channel model used was ITU Urban macro according to [1].  Other simulation parameters are tabulated in Table 6.

As can be seen OCC provide significant gain already for two layers with SIC receivers and particularly for 4 layers. 
Table 2 DMRS configuration for 2 layers without OCC separation
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Table 3 DMRS configuration for 2 layers with OCC separation
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Table 4 DMRS configuration for 4 layers without OCC separation
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Table 5 DMRS configuration for 4 layers with OCC separation
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Figure 1. Throughput as function of SNR, w/o OCC separation between 2 DMRS layers
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Figure 2. Throughput as function of SNR, w/o OCC separation between 4 DMRS layers

 Table 6. Simulation parameters
	Channel
	ITU Urban Macro (3 km/h)

	Antenna configuration
	2x2 and 4x4 cross-polarized antenna elements with

	Receiver
	MMSE, SIC

	Modulation
	QPSK,16 QAM and 64 QAM coding rate from ½ to 7/8

	Rank Adaption
	Full RANK

	Link Adaptation
	Yes


2.2 Performance with 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, 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)). 

Optimized multi-bandwidth MU-MIMO transmission requires that DM RS with different bandwidths are orthogonal. Orthogonality can be obtained by applying orthogonal cover code over the DM RS blocks within TTI.  The performance of UL MU-MIMO has been studied in [2]
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Figure 2. Throughput distribution in 3GGP Macro Case1. The increased probability of user pairing brings large gains with UL MU-MIMO.
The performance 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 for MU-MIMO demodulation reference signal structure is modified by adopting OCC in LTE-Advanced.

3
Summary 

In this contribution we have shown that in the case of SU-MIMO OCC provide significant gain already for two layers with SIC receivers and particularly for 4 layers.  Furthermore, we shown that OCC does not have any negative performance impact on the channel estimation, frequency offset estimation or Doppler estimation.
In the case of MU-MIMO the OCC enables pairing of users with different bandwidth allocation. The improved pairing probably of users translates into significant cell throughput gains in the order of 15%. 

Given the above aspects, we propose that OCC is adopted for LTE-Advanced as complementary RS multiplexing method for both SU-MIMO and MU-MIMO.
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