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Introduction
In RAN1#88bis meeting, the maximum 12 orthogonal ports of DMRS was confirmed as an agreement [1]. However, there are still several open issues for DMRS
1) Frequency domain pattern
2) Time domain pattern
3) Number of configurations of frequency domain density
4) Number of configurations of additional DMRS
In this contribution, we will present our views on those issues.

Frequency domain pattern
There are two alternatives in the frequency domain pattern design shown as an example in Figure 1:
Alt. 1 Comb-like/IFDMA
Alt. 2 Group comb-like where each group contains N connective REs, e.g. N=2
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	Group comb-like with N=2

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	


[bookmark: _Ref480903146]Figure 1 Comb-like DMRS pattern (Alt.1) and group comb-like DMRS pattern with N=2 (Alt. 2)

For Alt. 1, the benefit is that it can achieve the unified design for both CP-OFDM and DFT-s-OFDM, and thus the cross-link interference at DMRS REs involving a cell-edge UE can be handled properly. However the port multiplexing in frequency domain is limited, when CDM or cyclic shift is applied. Although from the sequence design perspective, two multiplexing ports that are mapped to the same resources can be orthogonal, the frequency selective channel will more or less affect the desired orthogonality, making DMRS based channel estimation suffer from either performance degradation or additional complexity.
For Alt. 2, the benefit is that it can support FD-OCC on the adjacent REs without much performance loss or addition complexity, since channel can be assumed constant over adjacent subcarriers under most circumstances. The problem of Alt. 2 is that there is no such symmetry between CP-OFDM and DFT-s-OFDM, adding difficulty in cross-link interference management. For example, a cell-edge UE receiving from a DL DMRS port may suffer from pilot contamination from another cell-edge UE in a neighbor cell that is using an UL DMRS port with DFT-s-OFDM. However, a smart gNB can avoid such scheduling from implementation perspective, and meanwhile, even for the Alt.1 where DMRS for CP-OFDM and DFT-s-OFDM share the same comb structure, optimized scheduling is also required.
We see the benefit of FD-OCC on the adjacent REs, which is more robust to channel frequency selectivity compared to IFDMA pattern with either CDM or cyclic shift, and therefore, we propose to adopt Alt. 2 for DMRS pattern.
Proposal 1: DMRS in a group comb-like pattern should be supported.

Time domain pattern
In RAN1#88bis meeting, the following conclusion was reached for the front-loaded DMRS pattern with 2 symbols.
	Conclusions:
· Continue discussions/evaluations until the next meeting about following DMRS port multiplexing schemes for 2 adjacent front-loaded DMRS symbols in the time domain, and RAN1 will definitely conclude this down selection in the next meeting
· Alt. 1: OCC
· Alt. 2: TDM
· Alt. 3: Frequency domain multiplexing only with the time domain repetition/ with a pattern shift
· Alt. 4: Configure between Alt. 1 and Alt. 2
· Consider phase noise impact in the high frequency band
· Alt. 5: Configure between Alt. 1 and Alt. 3



The benefit of OCC is that it enables a UE to perform channel estimation without knowing the existence of other co-scheduled UE(s) for MU-MIMO case, so the DCI overhead can be reduced. Also there is no power imbalance risk between antenna ports. The problem of phase noise impact for high frequency band can be overcome via
Solution-1: Limiting the ranks transmitted under the effect of phase noise to the cases when only 1 front-loaded DMRS symbol is used.
Solution-2: Using PT-RS to correct the CPE between DMRS symbols and recover the orthogonality of OCC.
Therefore, we have the following proposal.
Proposal 2: Alt. 1 (OCC only for 2 front-loaded DMRS) should be supported.

Configurations of frequency domain density
Under the assumption of using group comb-like DMRS pattern, and N=2, we propose to configure two frequency domain densities, including a low density pattern and a high density pattern, shown in Figure 2. 
Low density pattern
For the low density pattern, maximum 12 orthogonal ports can be supported in the decomposition 3 (FDM) x 2 (FD-OCC) x 2 (TD-OCC), and the DMRS density range would be from 2 REs/port/PRB (12 ports) to 4 REs/port/PRB (1 port). The triggering rank condition from using 1-symbol front-load DMRS pattern to using  2-symbol front-loaded DMRS pattern could be rank>4, rank>6, or number of orthogonal MU-MIMO paired UEs being greater than 2.
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[bookmark: _Ref480907316]Figure 2 Illustration of low density and high density in frequency domain

High density pattern
For the high density pattern, maximum 8 orthogonal ports can be supported in the decomposition 2 (FDM) x 2 (FD-OCC) x 2 (TD-OCC), and the DMRS density range would be from 3 REs/port/PRB (8 ports) to 6 REs/port/PRB (1 port). The triggering rank condition from using 1-symbol front-load DMRS pattern to using  2-symbol front-loaded DMRS pattern could be rank>4 or number of orthogonal MU-MIMO paired UEs being greater than 2.
The choice between different densities
The frequency domain density could affect the spectral efficiency in two contradictory aspects. Higher density could yield a better channel estimation and thus increase the spectral efficiency. At the same time it may reduce the resource allocated for PDSCH transmission, and thus decrease the spectral efficiency. 
For the first aspect, i.e., channel estimation part, PRB bundling should also be taken into account. For example, when PRG size is large, a lower density is preferred, since large PRG size could yield a relatively accurate channel estimation while further improvement using higher density could not bring any benefit considering the overhead consumption. 
For the second aspect, i.e., PDSCH RE part, the ratio of the amount of REs that cannot be used for PDSCH due to the increase of DMRS density should be taken into account. For example, when there are 1 front-loaded DMRS set, and 2 additional DMRS sets, each consisting of 2 symbols, and thus the available REs used for PDSCH transmission are few, a lower density is preferred, as the ratio of saved REs to the total available REs used for PDSCH transmission is high.
Proposal 3: Two frequency domain densities should be supported if the group comb-like pattern is supported.

Configurations of time domain density
Additional DMRS can be configured for e.g. high mobility case, to improve the channel estimation. The number of configurations should allow for the slot structure, Doppler spread in typical deployment scenarios, and etc. Table 1 shows an example, where for a 7-symbol slot, 2 configurations including no additional DMRS set and only 1 additional DMRS set are supported, and for a 14-symbol slot, 3 or 4 configurations including 0 to 2 or 3 additional DMRS sets are supported. The positions of additional DMRS sets should be fixed in the spec or semi-statically configured to avoid dynamic signaling. The frequency domain density of additional DMRS set should be semi-statically configured (whether the same as or reduced compared to the front-loaded DMRS) or associated with other dynamic parameters via semi-static configuration, e.g., MCS, bandwidth, and PRG size.

[bookmark: _Ref480964041]Table 1 Configurations for additional DMRS sets
	
	7-symbol slot
	14-symbol slot

	Static to low mobility
	No additional DMRS set
	No additional DMRS set

	Low to medium mobility
	1 additional DMRS set
	1 additional DMRS set in the second half-slot

	Medium to high mobility
	
	2 additional DMRS sets

	Extremely high mobility
	
	2/3 additional DMRS sets



Proposal 4: For 7-symbol slot, only 1 additional DMRS set should be supported; for 14-symbol slot, up to 3 additional DMRS sets should be supported.

MU-MIMO
In LTE, before Rel-13, port-7 and port-8 (OCC-2) were only supported for MU-MIMO. The antenna port(s), scrambling identity and number of layers indicator field in DCI format 2C and 2D, shown in Table 5.3.3.1.5C-1 of [3] supports transparent MU-MIMO operation. For transmission using one codeword, value 0-3 can be used for both SU-MIMO and MU-MIMO, and UE need not know whether it is an SU-MIMO scheduling or an MU-MIMO scheduling.
Table 5.3.3.1.5C-1: Antenna port(s), scrambling identity and number of layers indication
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	1 layer, port 7, nSCID=0
	0
	2 layers, ports 7-8, nSCID=0

	1
	1 layer, port 7, nSCID=1
	1
	2 layers, ports 7-8, nSCID=1

	2
	1 layer, port 8, nSCID=0
	2
	3 layers, ports 7-9

	3
	1 layer, port 8, nSCID=1
	3
	4 layers, ports 7-10

	4
	2 layers, ports 7-8
	4
	5 layers, ports 7-11

	5
	3 layers, ports 7-9
	5
	6 layers, ports 7-12

	6
	4 layers, ports 7-10
	6
	7 layers, ports 7-13

	7
	Reserved
	7
	8 layers, ports 7-14



However, since Rel-13, port-11 and port-13 (OCC-4) have also been supported for MU-MIMO in addition to port-7 and port-8. The alternative table for the antenna port(s), scrambling identity and number of layers indicator field in DCI format 2C and 2D, shown in Table 5.3.3.1.5C-2 of [3], can be configured by setting higher parameter dmrs-tableAlt to 1. Since two sets of DMRS are involved in OCC-4, for transmission using one codeword, value 0-3 can still be used for both SU-MIMO and MU-MIMO, while value 4-11 can only be assumed for MU-MIMO, which indicates the UE that it is an MU-MIMO case, and that the DMRS REs in the respective symbols in a slot, e.g., l=5,6,12,13, should be jointly decoded using the specific OCC code associated with the indicated port number, and that time domain filtering/interpolation should be avoided.
Table 5.3.3.1.5C-2: Antenna port(s), scrambling identity and number of layers indication
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Message
	Value
	Message

	0
	 1 layer, port 7, nSCID=0 (OCC=2)
	0
	2 layer, port 7-8, nSCID=0 (OCC=2)

	1
	1 layer, port 7, nSCID=1 (OCC=2)
	1
	2 layer, port 7-8, nSCID=1 (OCC=2)

	2
	1 layer, port 8, nSCID=0 (OCC=2)
	2
	2 layer, port 7-8, nSCID=0 (OCC=4)

	3
	1 layer, port 8, nSCID=1 (OCC=2)
	3
	2 layer, port 7-8, nSCID=1 (OCC=4)

	4
	 1 layer, port 7, nSCID=0 (OCC=4)
	4
	 2 layer, port 11,13, nSCID=0 (OCC=4)

	5
	1 layer, port 7, nSCID=1 (OCC=4)
	5
	2 layer, port 11,13, nSCID=1 (OCC=4)

	6
	1 layer, port 8, nSCID=0 (OCC=4)
	6
	3 layer, port 7-9

	7
	1 layer, port 8, nSCID=1 (OCC=4)
	7
	4 layer, port 7-10

	8
	1 layer, port 11, nSCID=0 (OCC=4)
	8
	5 layer, port 7-11

	9
	1 layer, port 11, nSCID=1 (OCC=4)
	9
	6 layer, port 7-12

	10
	1 layer, port 13, nSCID=0 (OCC=4)
	10
	7 layers, ports 7-13

	11
	1 layer, port 13, nSCID=1 (OCC=4)
	11
	8 layers, ports 7-14

	12
	2 layers, ports 7-8
	12
	Reserved

	13
	3 layers, ports 7-9
	13
	Reserved

	14
	4 layers, ports 7-10
	14
	Reserved

	15
	Reserved
	15
	Reserved



For MU-MIMO in NR, it is beneficial for control overhead reduction to be operated in a transparent manner, e.g., as before Rel-13, where each UE need not be informed of whether it is SU-MIMO or MU-MIMO. Therefore, paired UEs should share the same RE pattern of DMRS and PDSCH, while the orthogonality of DMRS can be achieved via transmitting on different antenna ports with different OCC code. Each UE can extract the channel information from the port indication, and treat the transmission potentially intended for other UEs as interference, which can be further mitigated using MMSE-IRC receiver based on DMRS. 
Proposal 5: Paired UE should share the same RE pattern of DMRS and PDSCH.
To achieve the same MU-MIMO capacity as in LTE, OCC-4 should be supported, which can be composed of TD-OCC and FD-OCC. TD-OCC across DMRS sets, e.g., the front-loaded DMRS and the additional DMRS, should not be supported to avoid the design in Table 5.3.3.1.5C-2 of [3]. Using OCC across the front-loaded DMRS set and the additional DMRS set would further add complexity due to the flexible configurability of additional DMRS. 
Proposal 6: OCC-4 should be supported, composed of TD-OCC and FD-OCC.
Proposal 7: OCC across front-loaded DMRS set and additional DMRS set should be avoided.

Difference from LTE DMRS pattern
In LTE, the DMRS pattern of a port (port 5, or port 7-14) is fixed [2]. However, based on the current progress in NR, the DMRS pattern for a certain port may be determined jointly by frequency domain density, time domain density (additional DMRS configuration), total transmit ports (may determine whether 1-symbol or 2-symbol is supported for front-loaded DMRS), and etc. which is quite flexible and imposing difficulty in configuration. Mechanism to reduce patterns and dependencies should be further studied, at least targeting DCI overhead reduction.
Observation: DMRS pattern for a certain port is determined jointly by frequency domain density, time domain density, total transmit ports, and etc., different from the fixed pattern in LTE.

Conclusion
In this contribution, we have presented our consideration DMRS for CP-OFDM. Based on the discussion, we have the following observations and proposals:
Observation: DMRS pattern for a certain port is determined by jointly by frequency domain density, time domain density, total transmit ports, and etc., different from the fixed pattern in LTE.
Proposal 1: DMRS in a group comb-like pattern should be supported.
Proposal 2: Alt. 1 (OCC only for 2 front-loaded DMRS) should be supported.
Proposal 3: Two frequency domain densities should be supported if the group comb-like pattern is supported.
Proposal 4: For 7-symbol slot, only 1 additional DMRS set should be supported; for 14-symbol slot, up to 3 additional DMRS sets should be supported.
Proposal 5: Paired UE should share the same RE pattern of DMRS and PDSCH.
Proposal 6: OCC-4 should be supported, composed of TD-OCC and FD-OCC.
Proposal 7: OCC across front-loaded DMRS set and additional DMRS set should be avoided.
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