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1 Introduction

In RAN1 #59bis, the Hybrid CDM+FDM DMRS patterns are adopted for rank 5-8 transmission with normal CP (normal subframe, DwPTS). The length of orthogonal cover code (OCC) in time domain is 4 for both CDM groups.
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Figure 1. LTE-A DMRS pattern for rank 5 – 8 
The frequency domain DMRS sequence or orthogonal covering is yet to be decided. In this contribution, we propose a few DMRS orthogonal covering design for LTE-A DMRS Rank 5 – 8. 

2 DMRS Orthogonal Covering
In [1] and [2], 2-dimensional DMRS orthogonal covering methods are proposed and evaluated. As shown in [1], these schemes achieve similar performance in terms of channel estimation and data channel performance. Other design considerations include backward compatibility with Rel-9 (Antenna port 7 and 8), and minimizing power fluctuation across OFDM symbols. 
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Figure 2. Antenna port 7 & 8
In this contribution, we evaluate 3 options based on these considerations. In all 3 options, the time domain spreading use the length-4 Walsh codes. 
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Figure 3. DMRS orthogonal covering Option 1
Option 1 cyclically shifts the time-domain spreading sequence. The cyclic shift value is set to 0 for the 1st DMRS sub-carrier in a RB and increments by 1 from a DMRS sub-carrier to the next DMRS sub-carrier. Since there are 3 DMRS sub-carriers in each RB (for each CDM group), the cyclic shift value is be divisible by the length of the Walsh sequence of 4 after 4 RBs. Thus, the overall 2-dimensional DMRS spreading pattern repeats every 4 RBs. Note that this option is the same as “Option 2” in [1].
Option 2 and Option 3 are shown in Figure 4. The backward compatibility with Antenna port 7 & 8 are maintained. For Antenna port 11 & 12, orthogonal spreading codes are applied in the frequency domain. Option 2 uses 2 length-6 DFT sequences. Option 3 uses an all-1’s sequence and a sequence with alternating +1’s and –1’s. 
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Figure 4. DMRS orthogonal covering Option 2 and Option 3
Alternatively, option 2 can be represented by a time-domain spreading matrix 
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 and a frequency-domain spreading matrix 
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 as follows:
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.
The 2-dimensiona orthogonal covering pattern for DMRS port 7 (or 8, 11, 12) can be achieved by applying time-domain spreading using the 1st (or 2nd, 3rd, 4th) row vector of 

 and applying frequency-domain spreading using the 1st (or 2nd, 3rd, 4th) column vector of 

. 
Likewise, option 3 can be represented by a time-domain spreading matrix and a frequency-domain spreading matrix as follows:
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The 2-dimensiona orthogonal covering pattern for DMRS port 7 (or 8, 11, 12) can be achieved by applying time-domain spreading using the 1st (or 2nd, 3rd, 4th) row vector of [image: image16.png]


 and applying frequency-domain spreading using the 1st (or 2nd, 3rd, 4th) column vector of [image: image18.png]


. This option uses only binary alphabet and has the best robustness to time and frequency variation because time-frequency orthognality is achieved in any 2×2 time-frequency resource grids that are located within two consecutive OFDM symbols, in addition to the time-domain orthogonality.
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Figure 5. Option 3 
Note that all 3 options are backward compatible to Rel-9 antenna port 7 & 8. 
Another consideration is power utilization. In terms of power utilization, Option 1 will be able to achieve equal power utilization across OFDM symbols within 4 RBs (assuming the same precoder within 4 RBs). Option 2 will be able to achieve equal power utilization across OFDM symbols within 2 RBs (assuming the same precoder within 2 RBs). Option 3 cannot guarantee equal power utilization across OFDM symbols. 
Option 2’s power utilization can be analyzed as in the following. For a Tx antenna, we assume that precoding entries applied for DM RS 7, 8, 11 and 12 in two consecutive RBs are A, B, C and D, which are arbitrary complex numbers. Then, the total power across 6 subcarriers with DM RS within 2 consecutive RBs in the first OFDM symbol with DM RS is evaluated as,
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In the above equation, all the cross terms vanishes as the sums are over 
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. We can similarly show that the total power in the second, third and fourth OFDM symbols with DM RS is evaluated as 
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3 Performance evaluation
In this section, we evaluate the performance of the DMRS orthogonal covering options. Link level simulations are performed to evaluate the PDSCH performance using DMRS for channel estimation. The simulation configuration is shown in Table 1.
Table 1. DMRS link level simulation configuraiton

	Simulation Parameter
	Value

	Antenna configuration
	8 Tx antennas, 8 Rx antennas

	Rank
	5, 6, 7, 8 (SU-MIMO)

	Carrier frequency
	2GHz

	Channel model
	TU6

	Mobile speed
	30kmph

	Number of RBs allocated
	4

	MCS
	QPSK 1/2, QPSK 2/3, 16QAM 1/2

	Channel estimation
	Time-domain dispreading, frequency-domain MMSE over 2RB

	MIMO Receiver
	MMSE


The simulation results are shown in Figure 6 – Figure 8. The PDSCH performance with different DMRS orthogonal covering schemes is similar in the simulated scenarios. 
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Figure 6. LTE-A PDSCH BLER with DMRS (QPSK 1/2, Rank 5 – 8)
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Figure 7. LTE-A PDSCH BLER with DMRS (QPSK 2/3, Rank 5 – 8)
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Figure 8. LTE-A PDSCH BLER with DMRS (16QAM 1/2, Rank 5 – 8)
4 Conclusion

In this contribution, we studied 3 options for DMRS 2-dimensional orthogonal covering:
1. Option 1: Time-domain Walsh spreading + frequency domain cyclic shift

2. Option 2: Time-domain Walsh spreading + frequency domain orthogonal spreading with DFT sequences

3. Option 3: Time-domain Walsh spreading + frequency domain orthogonal spreading with binary sequences
The performance of channel estimation and PDSCH using DMRS are quite close among the 3 options. Option 1 achieves equal power utilization across OFDM symbols within 4 RBs; Option 2 achieves equal power utilization across OFDM symbols with 2 RBs.

If equal power utilization is a primary concern, we suggest Option 2 as the way forward for DMRS 2-dimensional orthogonal covering.

On the other hand, if robustness to time and frequency domain channel variation (i.e., time and frequency domain orthogonality) is a primary concern and binary alphabet is preferred, we suggest Option 3 as the way forward.
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