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1 Introduction

In RAN1 #61, two WFs were discussed on the DM RS OCC-4 mapping [1] [2]. In one WF [1], a concrete design was proposed, while in the other WF [2], a few design principles were listed. In this contribution, to better understand the two proposals in the WF, we compare two alternatives shown in Figure 1 in various apsects:

· Alternative 1: one design in [3] constructed according to the design principle listed in [2].
· Alternative 2: the design in [1].
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Figure 1 Two alternatives on the DMRS OCC-4 design
2 Equal Power Utilization across OFDM Symbols
In terms of power utilization, Alternative 1 is able to achieve equal power utilization across OFDM symbols within 4 RBs (assuming the same precoder within 4 RBs). Alternative 2 is able to achieve equal power utilization across OFDM symbols within 2 RBs (assuming the same precoder within 2 RBs). 
Alternative 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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In some cases, equal power utilization can be achieved by judiciously choosing different precoders across the bandwidth. However, this is not a desirable solution as this implementation-based solution puts a restriction on choosing precoders. The restriction could degrade the system performance, and furthermore it puts unnecessary constraints on eNodeB’s precoder scheduling. For example, this implementation-based solution is certainly not able to do power equalization when eNodeB schedules one UE across the whole BW utilizing one wideband precoder. 

Figure 2 shows per-OFDM symbol power CDF in one Tx antenna of Alternatives 1 and 2, for data OFDM symbols and for DM RS OFDM symbols. The curves are obtained for a rank-8 64-QAM transmission in 6-RB bandwidth, with applying a single precoder across the whole 6 RBs, where the precoder elements are all 1’s on the one Tx antenna. Additional curves for other ranks can be found in Appendix 1. As shown in the figure, with alternative 1, two DM RS OFDM symbols have smaller power than data OFDM symbol’s, and the other two DM RS OFDM symbols have higher power than data OFDM symbol’s. The power difference at median cdf is more than 0.5 dB. On the other hand, with alternative 2, all the four DM RS OFDM symbols have the same cdf, and have more concentrated power distribution than data OFDM symbols, just as with OCC-2 mapping applied to rank 4 DM RS. 
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Figure 2 per-OFDM symbol power CDF in one Tx antenna for Rank-8 64QAM and Rank-4 64QAM
Indeed, this power equalization problem is not new and we have adopted a specification-based solution already in Rel-9 dual-layer beamforming DM-RS design. The DMRS OCC-2 sequence in Rel-9 allows eNodeB to do power equalization in 2 consecutive RBs applied with a same precoder. As Alternative 2 also allows eNodeB to do power equalization in 2 consecutive RBs, with adopting Alternative 2, eNodeB would be able to apply a similar mechanism to do power balancing as in Rel-9. 
Observation: Alternative 2 achieves power equalization in 2 consecutive RBs, just like Rel-9 OCC-2 sequence design.

3 Discussions on Performance and 6-PSK Alphabets
In the discussion during RAN1#61, a few companies raised concerns on implementing 6-PSK alphabets in Alternative 2. However, we do not think that it would cause any problem in implementation, as 3-PSK alphabets which share similar implementation considerations as 6-PSK should be implemented for Rel-8 LTE, for PUCCH DM RS and for large-delay CDD [4]. 

Furthermore, even with simplified implementation of 6-PSK alphabets at a UE, e.g., with approximating 
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 with 0.5+0.25+0.125 = 0.875, the BLER performance does not degrade, as shown in Figure 3, whose simulation assumptions are summarized in Appendix 2. Figure 3 also shows that the performance difference of Alternative 1 and Alternative 2 are non-significant, regardless of whether we apply approximation in Alternative 2 or not. 
Observation: 3-PSK alphabets are already adopted in Rel-8 LTE for PUCCH DMRS and large delay CDD.

Observation: Even with simplified implementation of 6-PSK alphabets at a UE receiver, the BLER performance does not degrade much.
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Figure 3 BLER comparison among Alternatives 1 and 2 (QPSK rate 1/2, Rank 5-8)
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Figure 4 BLER comparison among Alternatives 1 and 2 (16QAM rate 1/2, Rank 5-8)
4 A 6-PSK design with 2D orthogonality within a PRB
As is shown in Figure 5, by selecting different length-6 DFT sequences, Alternative 2 can be easily modified to have 2D orthogonality within a PRB (denoted as Alternative 2’), while still keeping the backward compatibility and 2-RB power balancing property. 
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Figure 5 Alternative 2’ on the DMRS OCC-4 design
The 2D orthogonality within PRB of the modified design can be verified in Figure 6. 
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Figure 6 2D orthogonality of Alternative 2’ 
5 Conclusion
In this contribution, we compared Alternative 1 and Alternative 2 and made the following observations:

1. Alternative 2 achieves power equalization in 2 consecutive RBs, just like Rel-9 OCC-2 sequence design.

2. 3-PSK alphabets are already adopted in Rel-8 LTE for PUCCH DMRS and large delay CDD.

3. Even with simplified implementation of 6-PSK alphabets at a UE receiver, the BLER performance does not degrade much.

Having these observations, we propose to take Alternative 2 as a way forward.
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Appendix 1
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Figure 5 per-OFDM symbol power CDF in one Tx antenna for Rank-5 64QAM
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Figure 6 per-OFDM symbol power CDF in one Tx antenna for Rank-6 64QAM
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Figure 7 per-OFDM symbol power CDF in one Tx antenna for Rank-7 64QAM

Appendix 2
Link level simulations are performed in Section 3 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 and 16QAM code rate 1/2

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

	MIMO Receiver
	MMSE
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