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[bookmark: _Ref3300719]Introduction
In the previous RAN1, the following was agreed with respect to number of low PAPR DMRS ports:
· The PUSCH multiplexing capacity when Rel-16 DMRS is configured for pi/2 BPSK PUSCH is up to two ports for one OFDM symbol, four ports (TD-OCC across OFDM symbols) for two OFDM symbols.
In addition, the following was as also agreed:
· For the case of CGS sequence in case of two adjacent symbol DMRS, the same CGS sets are used for both single and two symbol DMRS for pi/2 BPSK modulation.
· FFS: Whether or not to support deterministic sequence hopping pattern

In RAN1-AH1901, it was agreed that length-6 CGS shall be based on time-domain 8-PSK DMRS. It though remains to decide on the specific set of CGS.
In this contribution, remaining details with respect to DMRS port multiplexing on different combs, sequence mapping on double-symbol DMRS and length-6 GCS selection are discussed and evaluated. DMRS port multiplexing on same comb is discussed in [1] and the company submitted length-6 CGS by March 22 are evaluated in [2].
Multiplexing DMRS ports for DFT-spread pi/2 BPSK PUSCH
Multiplexing two ports (single OFDM-symbol DMRS case)
Multiplexing of two ports can be done either by mapping DMRS on different combs or on same comb by applying a length-2 OCC. In time-domain, the OCC may refer to either OCC over adjacent DMRS symbols (with same amplitude) or over blocks of DMRS symbols. A claimed advantage of multiplexing two ports on the same comb is that it gives possibilities to MU-MIMO in the uplink between Rel.15 and Rel.16 terminals, and at the same time MU-MIMO between two terminals of the same release within the same comb. However, the use of MU-MIMO with more than three UEs that are coverage limited represent a very rare case. Furthermore, a disadvantage of multiplexing ports on same comb via TD-OCC is that orthogonality is not preserved after spectrum shaping, see the detailed analysis in [1].
By using TD-OCC, orthogonality within a comb is not preserved after spectrum shaping.
Hence, in the following discussion, we assume that the two combs are used for the two ports respectively.
Table 1 then shows two alternatives for mapping two ports on combs, where  denotes the time-domain DMRS sequence associated with a DFTS-PUSCH allocation of  subcarriers. It is observed that for Alt. 2 the two ports will have same correlation properties whereas for Alt. 1 they will not.
With Alt. 2, it will thus be enough to derive CGS with good correlation properties for  only, whereas with Alt. 1 the CGS search should take the sequence construction for port 2 into account. As shown in [1], this was not the case when the agreed CGS sets in [4] were constructed for the sequence lengths of 12, 18 and 24.
The different correlation properties of port 0 and port 2 in Alt. 1 type of mapping were not considered for sequence lengths of 12, 18 and 24 [4].
Given the above observations, is clear the design so far in this work item is aligned with Alt.2 type of mapping. This together with better auto-correlations of Alt.2 for length-6 sequence design [2][3], the following is proposed:
[bookmark: _Toc4485441][bookmark: _Toc4485517][bookmark: _Toc4485618][bookmark: _Toc4485636][bookmark: _Toc4656571][bookmark: _Toc4656609]For the design of length-6 CGS, the DMRS ports are assumed to be mapped on different combs according to Alt. 2 in Table 1.

[bookmark: _Ref3299898][bookmark: _Ref3300394]Table 1. Two alternatives for mapping DMRS ports on different combs.
	

	Alt. 1
	Alt. 2

	
	TD
	FD
	TD
	FD

	Port 0
	
	
	
	

	Port 2
	
	
	
	

	
	Ports have different auto-correlation properties
	Ports have same auto-correlation properties

	
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.



[bookmark: _Ref4601328]On PAPR per port
The PAPR of the ports after FD spectrum shaping, , will be different since  and  differ. To obtain the same PAPR, one would need to introduce a cyclic shift of the spectrum shaping, , for port 2. However, the same spectrum shaping needs to be applied on data and if  has been designed for obtaining low PAPR on data associated with port 0, introducing a cyclic shift may then result in PAPR degradation on data associated with port 2. It can be noticed that the FD spectrum shaping  is equivalent to perform time-domain spectrum shaping by circular convolution, , and then apply a phase rotation .
The sets of CGS for sequence lengths 12, 18 and 14 in [4] were selected with respect to PAPR on port 0. Table 2 shows the maximum PAPR of these CGS when evaluated for port 2 in Table 1 (mapping according to Alt. 2).
It can be observed that the degradation of PAPR on port 2 in comparisons to port 0 is 0.5 dB for the CGS lengths 12 and 18. Although this worse PAPR for port 2, the maximum PAPR is still around 2 dB, which is lower than the PAPR for PUSCH and hence in line with the agreement from RAN1#95 “to reduce the PAPR to the same level as for data symbols for all port combinations“ 
This target was basically the objective for the CGS design so far with respect to PAPR as it aligns with PAPR for PUSCH (see Appendix for evaluations of PAPR for PUSCH).
[bookmark: _Ref3300911]Table 2. Maximum PAPR [dB] for the sets of CGS in [3] assuming Alt.2 mapping and for PUSCH.
	Length-12
	Length-18
	Length-24

	Port 0
	Port 2
	PUSCH
	Port 0
	Port 2
	PUSCH
	Port 0 
	Port 2
	PUSCH

	1.6
	2.1
	2.2
	1.4
	1.9
	2.3
	1.8
	1.9
	2.4



Below, the PAPR of the length-6 CGS designs in [2] has been evaluated for Alt.2 and Alt.3b, where Alt.3b use different sequences sets optimized for port 0 and port 2 independently. The left-hand side of Figure 1 depicts the CCDF of the PAPR for port 0 and port 2 when applying , defined by , , to the 8-PSK CGS (. 
Here, the PAPR CCDFs of the ports with the CGS set proposed in Section 3, i.e. Alt. 2 (E///), are compared to the corresponding proposal of introducing two CGS sets, one per port, i.e. Alt.3b where different sequences are used per port. It can be observed that PAPR for port 0 and port 2 are the same for all these sets. (It can though be shown that PAPR of port 2 for some other 8-PSK CGS proposals can be significantly larger than PAPR on port 0.)
[bookmark: _Ref4656589]Table 3. Maximum PAPR [dB] for the proposed sets of CGS in Section 3 assuming Alt.2 mapping and for Alt.3b (per port optimized sequences) and for PUSCH.
	Length-6 Alt.2
	Length-6 Alt.3b
	1 RB PUSCH

	Port 0
	Port 2
	Port 0
	Port 2
	

	1.9
	1.9
	1.9
	1.9
	1.9



The right-hand side of Figure 1 depicts the CCDF of the PAPR of one RB and 4 RBs with pi/2-BPSK DFT-spread PUSCH and with/without cyclic shifted FD spectrum shaping,  and , respectively. Thus, performing a cyclic shift of the spectrum shaping filter for port 2 to obtain same PAPR as port 0 can evidently degrade the PAPR on data associated with port 2 significantly. Note that PAPR for the one RB data allocation without shifted FDSS, i.e. the curve with legend  (port 0), is slightly higher compared to the DMRS PAPR when using CGS in Table 5.
From Table 3 and Figure 1, it can be concluded that there would be no PAPR benefits to introduce CGS per comb as has been proposed for the 8-PSK CGS.
No need to introduce different 8-PSK CGS sets per port from a PAPR perspective as PAPR for both ports are below PAPR for PUSCH, and thus in line with previous agreement.

[image: ][image: ]

[bookmark: _Ref3301018]Figure 1. PAPR for port 0 and 2 for different length-6 CGS proposals [2] (left figure). Effects on PUSCH PAPR when modifying the FDSS for port 2 to obtain same PAPR as for port 0 (right figure).
Multiplexing up to four ports (double OFDM-symbol DMRS case)
A consequence with DFT-spread PSK-DMRS is that it results in non-constant modulus DMRS symbols in frequency domain after the DFT spread operation. This will have some implications on the handling of the OCC at the receiver side when using either different sequences (though from the same set) or same sequence for the two OFDM symbols. If same sequence is used, then resolving the OCC across the OFDM symbols will be trivial, and the channel estimation can be done per port (either in TD or FD). On the other hand, with different sequences the OCC would be an integral part of performing joint channel estimation of the ports due to the non-constant modulus DMRS.
From Table 4, it can readily be observed that resolving the OCC for the case of same sequences simply follows by multiplying received signals with (1 1) and (1 -1), whereas in the case of different sequences resolving the OCC would first require that received signals, and , are matched to  and , respectively, in which the divisions could amplify the noise considerably.
Using same DMRS sequences in both OFDM symbols simplifies the receiver as the channel of each port can be estimated independently.

[bookmark: _Ref3292519]Table 4. Modelling of received signals with TD-OCC across OFDM symbols.
	Same DMRS sequence for  and 
	Different DMRS sequences for  and 

	


	





There is also a PAPR consideration whether to use same or different sequences for the double-symbol DMRS. This is illustrated in Figure 2, where the PAPR CCDFs are determined for DMRS port 0 over two adjacent OFDM symbols (CP included). The sequences here refer to the length-6 CGS in [5], and different sequences are here realized by randomly permutate the 30 sequence indices. 
From Figure 2, it can be observed that using different sequences in the double-symbol DMRS actually increases the PAPR somewhat in comparisons to using same sequences (similar results for other 8-PSK proposals can be observed). 
In double-symbol DMRS, using different DMRS sequences can increase PAPR.
Based on the above observations, the following are proposed:
[bookmark: _Toc4485397][bookmark: _Toc4485442][bookmark: _Toc4485518][bookmark: _Toc4485619][bookmark: _Toc4485637][bookmark: _Toc4485443][bookmark: _Toc4485519][bookmark: _Toc4485620][bookmark: _Toc4485638][bookmark: _Toc4656572][bookmark: _Toc4656610]The sequence hopping pattern defines the DMRS sequence in the first OFDM symbol and the same sequence is used in both adjacent OFDM symbols in case of double-symbol DMRS.
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[bookmark: _Ref3488611]Figure 2. PAPR for double symbol DMRS
[bookmark: _Ref3303468]Length-6 CGS
The selection of CGS depends on the decision of which of the two alternatives in Table 1 to consider for mapping the port 2 to the second comb. Figure 3 depicts the auto-correlations and the cross-correlations of the CGS in Table 5 assuming Alt. 2 mapping, in which a comparison is made to the proposal of using Alt.2 mapping but with different CGS sets per port (Alt. 3b) [2].
It can be observed that the auto-correlations of the set of CGS in Table 5 are better than the corresponding auto-correlations of the proposal of having different sets of CGS for the two ports.
No need to introduce different CGS sets per port also from correlation perspectives.
Hence, we propose
[bookmark: _Toc4485444][bookmark: _Toc4485520][bookmark: _Toc4485621][bookmark: _Toc4485639][bookmark: _Toc4656573][bookmark: _Toc4656611]Construct one set of CGS per allocation size 6,12,18 and 24, to be used for all ports.
[bookmark: _Toc4485445][bookmark: _Toc4485521][bookmark: _Toc4485622][bookmark: _Toc4485640][bookmark: _Toc4656574][bookmark: _Toc4656612]Adopt the set of CGS in Table 5 for length-6.
CGS of length-6 are further evaluated in [1] for the case of mapping DMRS on same combs, either via TD-OCC over adjacent (single-symbol) DMRS symbols or via block TD-OCC.
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[bookmark: _Ref3369005]Figure 3. Auto- and cross-correlation for length 6 CGS comparing same sequence set per port (Alt. 2) with different sequence set per port (Alt. 3b) [2]. 


[bookmark: _Ref3369051][bookmark: _Ref535580071]Table 5. Length-6 CGS for 8-PSK,  (Alt 2).
	Index
	
	Index
	

	0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
	    '-5  7  1  7 -5 -1'
    ' 3  7  5  1  5 -7'
    ' 5  1  5 -7  3  7'
    '-5  5  1  5 -7 -1'
    ' 7 -3  7  3  7 -5'
    '-1  3  1  5 -1 -5'
    '-5 -1 -5  1 -5  7'
    '-7  5  1  7 -5 -1'
    '-1  3  7 -3  7  3'
    '-3 -7 -3  1 -3  3'
    '-7  7 -3 -1  5 -1'
    ' 1  5 -7  5 -1  5'
    ' 7 -5  5 -7  7  3'
    ' 3  1  5 -7  5 -1'
    ' 7 -7 -1 -3  7  1'
	15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
	    ' 5 -7 -3  7 -5  7'
    ' 3  7  3 -3 -7 -1'
    ' 5 -7 -3 -7 -3  7'
    '-5  1 -3  7  3  7'
    '-7  3  7 -5 -7  5'
    ' 5 -5  5  1 -3  1'
    '-5  5 -7  5  3  7'
    '-1 -5 -1  3  1 -5'
    '-5  1  5 -7  5 -1'
    ' 5 -1 -7 -1  1  7'
    ' 1  7 -5 -1 -7  5'
    '-3  1  5  1 -1  3'
    '-1 -7 -3 -5 -1  3'
    ' 7 -5  5  1  5 -7'
    ' 1  7  1 -3  1 -3'


 



Conclusion
Based on the analysis in this paper, we make these proposals:
Proposal 1	For the design of length-6 CGS, the DMRS ports are assumed to be mapped on different combs according to Alt. 2 in Table 1.
Proposal 2	The sequence hopping pattern defines the DMRS sequence in the first OFDM symbol and the same sequence is used in both adjacent OFDM symbols in case of double-symbol DMRS.
Proposal 3	Construct one set of CGS per allocation size 6,12,18 and 24, to be used for all ports.
Proposal 4	Adopt the set of CGS in Table 5 for length-6.
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Appendix
CCDFs of peak-to-average power ratios for DFT-spread pi/2-BPSK are depicted in Figure 4 for PUSCH allocations of 2, 3 and 4 PRBs. The spectrum shaping is the same as considered in Section 2.2.
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[bookmark: _Ref4601205]Figure 4. PAPR for PUSCH.
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