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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 Ranks 5-8 as shown in Fig. 1.

· Hybrid CDM+FDM DM-RS patterns are adopted for Rank 5-8 transmission with a normal CP  (normal subframe, DwPTS)
· The length of the orthogonal cover code (OCC) in the time domain is 4 for both CDM groups
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Figure 1 – DM-RS mapping pattern for Ranks 5-8

Therefore, one of the remaining issues is how to map the length-4 OCC on to the agreed DM-RS pattern for Ranks 5-8. As a reference, Fig. 2 shows the length-2 OCC design for the Rel. 9 DM-RS. As shown in the figure the sequences {1, -1} and {1, 1} are alternated every subcarrier for the DM-RS locations. 
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Figure 2– DM-RS mapping pattern for Rel. 9 OCC
There were several proposals for the length-4 OCC design [1-7] discussed at the RAN1#61 meeting. In this contribution, we discuss the design criteria of the OCC design, and present our views regarding which criteria should be prioritized for downselecting the proposal.

2. Design Principle for OCC Mapping

This section identifies the design principles for the length-4 OCC design. Four design principles should be considered as described below.

1. Backward compatibility 

Backward compatibility ensures that, for each rank from 5 to 8, the OCC sequences for the 1st and 2nd layers are the same as those for the 1st and 2nd layers of the Rel. 9 DM-RS. Backward compatibility would simplify the specification. Furthermore, backward compatibility enables orthogonal reference signal (RS) multiplexing of SU-MIMO UEs with a rank higher than 4 and MU-MIMO UEs if it is desired in a future release. 

2. QPSK alphabet
The QPSK alphabet ensures that the sequence obtained after scrambling of the OCC sequence is composed of QPSK symbols. The QPSK alphabet is already supported in Rel. 8 CRS, DRS, and Rel. 9 DM-RS, and thus retaining this property would simplify the specification.

3. Two dimensional (2D) orthogonality

2D orthogonality ensures that the OCC sequence mapping achieves code orthogonality in the frequency domain in addition to the time domain. The degree of 2D orthogonality can be measured in terms of bandwidth. For example, the Rel. 9 OCC sequence mapping ensures frequency domain orthogonality between two adjacent DM-RS subcarrier locations, i.e., orthogonality over the maximum of five subcarriers is achieved. 2D orthogonality could potentially provide a performance gain in a high-speed scenario.

4. Peak power randomization
Full peak power randomization ensures that the average transmit power of each OFDM symbol containing a DM-RS is the same. The degree of peak power randomization can be measured in terms of the bandwidth. For example, the Rel. 9 OCC sequence mapping ensures peak power randomization over 2 RBs. 
Table I – Comparison of OCC Proposal in Terms of Four Design Principles
	
	[1]
	[2]
	[3]
	[4]
	[5]
	[6]
	[7]

	Backward compatibility
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	No

	QPSK alphabet
	Yes
	No
	Yes
	Yes
	Yes
	Yes
	Yes

	2D orthogonality(1)
	Yes

(10 subcar.)
	Yes(2)
(22 subcar.)
	Yes

(5 subcar.)
	Yes

(5 subcar.)
	Yes

(10 subcar.)
	Yes

(5 subcar.)
	Yes

(5 subcar.)

	Full peak power randomization(1)
	Yes

(4 RBs)
	Yes

(2 RBs)
	Yes

(4 RBs)
	Yes

(4 RBs)
	Yes

(4 RBs)
	Yes

(4 RBs)
	Yes

(2 RBs)


Note :  (1) More detailed analysis and comparison among proposals are shown in, e.g., [4] and [7]

(2) 4 x 4 Walsh matrix is assumed.

Prioritization
· In order to simplify the specification, backward compatibility and QPSK alphabet constraints are imperative design criteria to simplify the specification. If these constraints are to be broken, significant performance benefits should be shown. 

· In addition, both peak power randomization and 2D orthogonality should be ensured. Regarding the peak power randomization bandwidth, whether 2 RBs or 4 RBs may not be so important since if the allocated number of RBs is odd, the randomization effect is reduced for both cases anyway. Regarding the 2D orthogonality bandwidth, a narrower bandwidth may be more beneficial due to the potential performance improvement in high Doppler channels.
3. Conclusion

In this contribution, the design criteria for the length-4 OCC were discussed. Our proposals are summarized below.
· Backward compatibility and QPSK alphabet constraints are imperative design criteria to simplify the specification. If these constraints are to be broken, significant performance benefits should be shown. 
· Furthermore, both peak power randomization and 2D orthogonality should be ensured. Regarding the peak power randomization bandwidth, whether 2 RBs or 4 RBs may not be so important since the allocated number of RBs is odd, the randomization effect is reduced for both cases anyway. Regarding the 2D orthogonality bandwidth, a narrower bandwidth may be more beneficial due to the potential performance improvement in high Doppler channels.
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