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1. Introduction

At the RAN1#59bis meeting, the following agreements were reached regarding the downlink demodulation reference signal (DM-RS) pattern for Rank 5-8 as shown in Fig. 1. In this contribution, we will show some further considerations on OCC mapping.
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Figure 1 DMRS pattern in normal CP
2. Consideration for OCC mapping
In Rel-9 DMRS design, length 2 OCC mapping scheme as show in Fig. 2 was introduced to balance the power on different OFDM symbols in certain physical antenna port. In Rel-10, up to 8 layers need to be supported with length 4 OCC on DMRS. In this case, the power imbalance across different OFDM symbols is more severe than length 2 OCC, and the peak power randomization is more important for rank5~8.
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Figure 2 DMRS pattern in normal CP

When considering OCC mapping for the DMRS，the following aspects should be considered
· The need for peak power randomization [6]: If the OCC mapping over the time domain is repeated for all corresponding occupied subcarriers and if wideband precoding is employed, the same combination of precoding vectors is applied on all the DM-RS REs in a symbol on one antenna port, which leads to larger peak to average ratio compared to the OFDM symbols without DMRS.
· Backward compatibility should be satisfied for hardware reuse.

· Performance at high Doppler. Because the DMRS patterns employ CDM in time direction, and span up to eight OFDM symbols, such a design may suffer from significant loss of orthogonality for high UE speed. Even though the main scenario of rank5~8 transmission covers low or medium UE speed, the simulation results still show obvious performance loss for 30km/h [4][7].
· Inter-subcarrier interference suppression between the two CDM groups [2][3]. 
3. Alternatives for OCC mapping
In[4][7], several OCC mapping options have been given, as shown in Fig.3, and same scrambling sequence is assumed for all layers in one CDM group. Option1 has the best 2D orthogonality but the worst peak power randomization because only two vectors are used per OFDM symbol carrying DMRS, Option2 can achieve full peak power randomization over 4PRBs, but can’t get per PRB-pair based 2D orthogonally. Option3 has good 2D orthogonality but is not backward compatible. To achieve backward compatibility, some modifications turn option3 into option4 [4], at the cost of losing per PRB based orthogonality and increasing implementation complexity due to the difference of patterns in two adjacent PRB-pairs. 
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Figure 3 Alternatives for OCC mapping for rank5~8
In [5][6], an OCC mapping shift across CDM groups was proposed to equalize the power between two CDM groups, but it doesn’t solve the problem as pointed out in[3]. In [8], an OCC mapping using length 6 DFT sequences was proposed, but in order to achieve 2D orthogonality, the channel may need to be assumed constant over 2 PRB. 
In this contribution, a newly designed OCC mapping scheme, as shown in Fig.4, was proposed based on the criteria described in section2. This proposal not only maintains the backward compatibility and per PRB based 2D orthogonality, but also fully achieves the peak power randomization over every 4 PRBs. Because the issue of transmission power imbalance mainly happens in case of wideband precoding, peak power randomization within 4 PRB can satisfy most application cases. 
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                 Figure4 proposed OCC mapping option
4. Performance evaluation

In this section, we compare the performances of four options given in Fig.3 and the proposed scheme shown in Fig.4, based on the evaluation of one CDM group. The simulation conditions are given in Appendix A. In the simulation, per-PRB-pair based 2D orthogonal channel estimation is used for option1, option3 and the proposed scheme shown in Fig.4, while only time domain orthogonality is used for option2 and for option4, 2D orthogonal channel estimation is available only on certain DMRS sub-carriers. The simulation results given in Fig.5 show no obvious performance difference among different OCC allocations for low UE speed (3km/h). For 30km/h, option1, option3 and the proposed option in Fig.4 have similar performance, which is better than option2 and option4. Option2 has the worst performance since it can’t achieve per-PRB-pair 2D orthogonality, the performance of option4 is better than option2 and worse than the other options because of only part of sub-carriers can get 2D orthogonality in a PRB pair. 
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 Figure 5 Performance evaluations for OCC mapping

In terms of the peak power randomization, Fig.6 shows the cumulative density function (CDF)  of the normalized transmit power with option2, proposed option in Fig.4 and time-domain (TD) OCC mapping where the OCC is mapped in the time domain in the same way for all involved DMRS subcarriers. The precoding granularities are set to 4PRBs and 6PRBs in this simulation. From the simulation result, we can see that option2 and the proposed scheme can get almost the same peak power randomization result, which is further better than that of TD OCC mapping. 
In realistic applications, if wideband precoding is employed, the bandwidth is much larger than 6PRB, and good enough peak power randomization can be obtained. While for subband based precoding, because the peak power can also be randomized by applying different precoding matrices in different subbands, the peak power randomization issue is not as severe as shown in Fig. 6, and full power randomization in 4 PRB may satisfy most application cases. 
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        Figure 6 CDF of the transmit power in #6 OFDM symbol on antenna0
5. Conclusion
For the OCC mapping of DMRS, backward compatibility must be satisfied, In addition, peak power randomization and 2D orthogonality should also be considered. Because the power imbalance issue mainly exists when wideband precoding is employed and the baseline of channel estimation is per PRB-pair based, we propose that:
· Per PRB-pair 2D orthogonality is preferred for OCC mapping in rank5~8.
· Full peak power randomization with precoding granularity of 4PRB is sufficient.

· OCC mapping shown in figure4 is preferred.
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Appendix Simulation parameters

	Parameter

	Assumption

	Antenna configuration
	8x4 (ULA) 

	Antenna correlation
	Independent

	Bandwidth
	5M

	Channel estimation
	Real, 2D-MMSE

	Channel model
	PA 

	MCS 
	Adaptive

	Carrier frequency
	2.0 GHz

	MIMO detection algorithm 
	MMSE

	Codeword number
	2

	Rank adaptation
	Disable，
Fixed 4 layer for performance evaluation
Fixed 8 layer for CDF evaluation

	Scheduled resource block
	4 contiguous PRBs in performance evaluation;
6 contiguous PRBs for CDF.

	Precoding 
	SVD decomposition based precoding for performance evaluation,

Kronecker based codebook for CDF evaluation 

	precoding granularity
	4 PRBs for Performance evaluations
4PRBs/6PRBs for CDF evaluation

	CQI/Precoding feedback
	delay 5ms

	PDCCH OFDM number
	3

	CRS + CSI-RS overhead
	28

	UE mobile speed
	3 km/h, 30km/h
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