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[bookmark: _Ref3300719]Introduction
In this contribution, multiplexing of DMRS ports on same comb via TD-OCC is studied. DMRS port multiplexing on different combs is discussed and evaluated in [1].
Multiplexing single-symbol DMRS ports on same comb
Two options to multiplex DMRS ports on same combs are shown in Table 1, in which ports (0/1) are constructed by applying a length-2 TD-OCC to the time-domain PSK-DMRS sequence, . In Option 1, the TD-OCC is applied over two adjacent symbols whereas in Option 2 the TD-OCC is applied over blocks of consecutive symbols. Option 1 was considered in [4], and Option 2 was considered in [3] for multiplexing up to four ports on a single-symbol DMRS.    
One difference between these options is that for Option 1 the correlation properties of the ports will be the same, whereas for Option 2 they will differ. In common for both options is that PAPR will differ between the ports and that orthogonality via TD-OCC is not preserved after frequency-domain spectrum shaping. Note that orthogonality in TD translates to  in FD, which after FD spectrum shaping gives .
Observation 1 Intra-comb orthogonality via block TD-OCC requires channel flatness over the whole PUSCH allocation.
Observation 2 Intra-comb orthogonality via block TD-OCC is not guaranteed after spectrum shaping.
The two port multiplexing options in Table 1 are evaluated for the agreed CGS of length-12, length-18 and length-24 in [2], with respect to maximum PAPR in Table 2 and with respect to auto-correlations in Figure 1. Note that for Option 1, all ports will have the same auto-correlations (amplitude wise) as port 0. 
From Table 2, it can be observed that all ports result in low PAPR (i.e. roughly 2 dB or lower) after that TD-OCC has been applied to the CGS sets
From Figure 1, it can be observed that the CGS sets in [2] have been tailored in their design, with respect to circular auto-correlations, for transmissions on “port 0” and that TD-OCC has minor impacts on the per port cross-correlations. Hence, the auto-correlations for port 1, port 2 and port 3 are significantly worse than for port 0.
 The design of the CGS sets [2] for length 12,18 and 24 did not take the block TD-OCC structure into account.

[bookmark: _Ref3550628]Table 1. Two options for multiplexing DMRS ports on same comb via TD-OCC.
	

	Option 1 (symbol TD-OCC)
	Option 2 (block TD-OCC)

	
	TD
	FD
	TD
	FD

	Port 0
	
	
	
	

	Port 1
	
	
	
	

	or

	Port 2
	
	
	
	

	Port 3
	
	
	
	

	
Note:
	 and  are given by  and , respectively, with  being the DFT of , for which , equals , with  being the DFT of , and  corresponds to interpolated values that follow by the zero padding.
 and  are given by  and , respectively, with  being the DFT of  with .



[bookmark: _Ref4423801]Table 2. Maximum PAPR [dB] for the CGS sets in [2] (FDSS: , ).
	
	Option 1
	Option 2

	
	Length-12
	Length-18
	Length-24
	Length-12
	Length-18
	Length-24

	Port 0
	1.6
	1.4
	1.8
	1.6
	1.4
	1.8

	Port 1
	1.6
	1.4
	1.6
	1.8
	1.9
	1.6

	Port 2
	2.1
	1.9
	1.9
	1.0
	1.4
	1.4

	Port 3
	2.1
	1.9
	1.8
	1.0
	1.4
	1.6
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[bookmark: _Ref4429064]Figure 1. Correlation properties of CGS sets in [2] with block TD-OCC.
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