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1. Introduction
In the previous meeting, following agreements and working assumptions were made with respect to DMRS and PT-RS configurations. In RAN1 #88bis, it was agreed that for MU-MIMO, non-orthogonal multiplexing of e.g. PT-RS/PT-RS and PT-RS/data is possible but also orthogonal multiplexing to be considered [1]. 
	Working assumption:

· UEs in a cell are higher layer configured with 2 DMRS configurations for the front-load DMRS for UL/DL CP-OFDM

· Front-load DMRS Configuration 1: Supports up to 8 ports

· IFDM based pattern with Comb [2] and/or [4] w cyclic shifts (CS)

· One OFDM symbol: 

· To be down selected to 1 Alt:

· Alt 1: Comb 2 + 2 CS, up to 4 ports

· Alt 2: Comb 4 + 2 CS, up to 8 ports

· Two OFDM symbols: 

· To be down selected to 2 Alts:

· Alt. 1: Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports

· Alt. 2: Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports

· Alt. 3: Comb 4 + 2 CS + TD-OCC ({1 1}), up to 8 ports

· Front-load DMRS Configuration 2: Supports up to 12 ports

· FD-OCC pattern with adjacent REs in the frequency domain

· One OFDM symbol:

· To be down selected to 1 Alt:

· Alt. 1: 2-FD-OCC across adjacent REs in the frequency domain up to 6 ports

· Alt. 2: 2-FD-OCC across adjacent REs in the frequency domain up to 4 ports

· Alt. 3: 2-FD-OCC across adjacent REs in the frequency domain up to 2 ports

· Two OFDM symbols: 

· 2-FD-OCC across adjacent REs in the frequency domain + TDM up to 12 ports

· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports

· FFS: DMRS pattern before configuration, e.g., SIB1

Agreements:
· The RBs containing PTRS can be derived from the scheduled RBs and the associated frequency density

· For a given RB, if present, one PTRS port should be mapped on one subcarrier carrying one or more DMRS ports of the associated DMRS port group

· FFS: to support different subcarriers by complementary option  

· Support non-overlapping between PTRS and CSI-RS

· FFS whether PTRS or CSI-RS should be punctured or shifted on overlapping part if PTRS and CSI-RS are collided

· Support non-overlapping between PTRS and SRS

· FFS whether PTRS or SRS should be punctured or shifted on overlapping part if PTRS and SRS are collided

· FFS: Support non-overlapping between PTRS and SS block

· FFS whether PTRS or SS block should be punctured or shifted on overlapping part if PTRS and SS block are collided

Agreements:
· For SU-MIMO, support predefined and RRC-configured association between PTRS densities and scheduled MCS/BW

· FFS: RRC configuration can override the predefined association 

· Table 1 in R1-1709521 to represent association between PTRS time density and scheduled MCS

· Table 2 in R1-1709521 to represent association between PTRS frequency density and scheduled BW

· Note: The number of rows in Table 1 and 2 can be reduced if the densities are down-selected

· FFS: UE to suggest MCS/BW thresholds in Table 1 and 2

· FFS: complementary DCI signaling 

· For CP-OFDM and the tables on next page, the time-densities (TD) of PTRS include every 4th symbol, every 2nd symbol, and every symbol, while the frequency-densities (FD) of PTRS include occupying one subcarrier (not necessarily in all REs, depending on the time density) in [every RB], every 2nd RB, every 4th RB, [every 8th RB, and every 16th RB]

· The time density of PTRS is expected to increase with increasing the scheduled MCS (except for those reserved MCSs).

· The frequency density of PTRS is expected to decrease with increasing the scheduled BW (i.e., the number of scheduled RBs)

· FFS: frequency localized mapping

· FFS: The frequency density of PTRS is expected to increase with increasing the scheduled MCS

· For a UE, the configured PTRS ports are FDMed

· FFS: TDM and/or CDM

· Support association between one PTRS port and one DMRS port per DMRS port group

· FFS: Configurable or fixed association

· FFS: Signalling methods, e.g., RRC, MAC-CE, DCI

· FFS: Support association between one or multiple PTRS ports and multiple DMRS ports per DMRS port group

· Study the benefits of configuring the number of PTRS ports for a UE, based on UE capability or UE report on

· Panels/TXRUs sharing a common oscillator or not, and/or

· Maximum number of independent oscillators at this UE, and/or

· Whether phase errors measured on PTRS ports are same or different.


In this contribution, we discuss association methods between PT-RS port and DMRS port(s) to achieve spatial diversity for SU, and show evaluation results on orthogonal and non-orthogonal multiplexing between PT-RS and data for MU.

2. Discussion on DL PT-RS
· Association between PT-RS port and DMRS port(s) per DMRS port group for SU-MIMO
In the previous meeting, there was working assumption that two or more DMRS ports can be CDMed in the frequency domain. Also, it was agreed that one PT-RS port is associated to one DMRS port per DMRS port group. In this subsection, we discuss association methods between one PT-RS port and CDMed DMRS port(s) per DMRS port group to achieve spatial diversity. 
If gNB knows which DMRS port has better channel quality in advance, DL CPE estimation performance can be improved by linking a PT-RS port to the DMRS port with better quality. However, explicit signalling may be needed to indicate which DMRS port is better. Especially for the range of layers using 1 CW, gNB may not be able to know which DMRS port is better with CQI reporting. 

In Figure 1, we assume that UE has four DMRS ports and single PT-RS port, and there is single phase source at UE and gNB. In addition, assume that there are two DMRS port sets where each set comprises two F-CDMed DMRS ports. Here, PT-RS port #0 on 0-th subcarrier is associated with DMRS port #0 and #1, while PT-RS port #0 on 14-th subcarrier is associated with DMRS port #2 and #3.
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Figure 1
Since two DMRS ports are F-CDMed, the applied precoder on each DMRS subcarrier will be either w_i+w_j or w_i-w_j, where w_n denotes n-th column of precoding matrix W corresponding to n-th layer and when DMRS ports #i and #j are F-CDMed. Thus in above example, PT-RS port #0 needs to apply the precoding corresponding to w_0+w_1 on 0-th subcarrier and w_2+w_3 on 14-th subcarrier. In this way, the PT-RS is transmitted through all DMRS precoding directions so that we can achieve the spatial diversity by associating a PT-RS port to multiple DMRS ports. Namely, we can avoid the worst case of selecting a DMRS port which has the poorest channel quality.
Proposal 1: Support association between one PT-RS port and multiple F-CDMed DMRS ports per DMRS port group.
Meanwhile, when two or more CWs are used, gNB can know which CW is better based on CQI reporting per CW. At that time, PT-RS port can only be associated to DMRS ports belonging to the CW with higher MCS. 
Proposal 2: For two CW transmissions, the PT-RS port(s) can only be associated to DMRS port(s) belong to the CW with higher MCS.
· Multiplexing between PT-RS and data for MU-MIMO
Until last meeting, there has been intensive online and offline discussions related to the necessity of orthogonal multiplexing between PT-RS and data in addition to non-orthogonal multiplexing. Here, we provide evaluation results for the performance comparison of orthogonal and non-orthogonal multiplexing. 
Table 1. Simulation setup

	PN Model
	PN model 2 in [2]
	CFO
	0

	Carrier Frequency
	30 GHz
	# of Physical RBs
	32

	Subcarrier Spacing
	60kHz
	# of System RBs
	100

	Channel
	CDL-C(30ns, 3km/h)
	Modulation    (Code Rate)
	64QAM(5/6)

	Channel Estimation
	Ideal
	CPE Estimation
	Real


In our evaluation, we assume that there are two UEs #0 and #1, and there is single phase source at gNB. Also, two DMRS ports are transmitted from gNB where one DMRS port is for each UE. UE #0 receives one PT-RS port which is associated to DMRS port #0. Furthermore, PT-RS time density is every symbol (pattern #1), and 8 PT-RS subcarriers are assumed. Enhanced IRC receiver is employed.  Also, we follow the simulation setup in Table 1. Figure 2 shows the result.
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Figure 2
In Figure 2, orthogonal between PT-RS and data indicates that PT-RS port is not multiplexed with data for other UEs (i.e. ZP PT-RS), while non-orthogonal does not. From the figure, it can be seen that non-orthogonal multiplexing achieves almost the same performance with that of orthogonal multiplexing. In other words, IRC receiver can sufficiently supress interference from other UEs when estimating CPE from PT-RS multiplexed with data.     

Observation 1: Non-orthogonal multiplexing between PT-RS and data can achieve almost the same performance with that of orthogonal multiplexing.
3. Conclusion
In this contribution, we discussed association methods between PT-RS port and DMRS port(s) to achieve spatial diversity for SU, and showed evaluation results on non-orthogonal multiplexing between PT-RS and data for MU. From the discussion, our observations and proposes are as follows:
Observation 1: Non-orthogonal multiplexing between PT-RS and data can achieve almost the same performance with that of orthogonal multiplexing.
Proposal 1: Support association between one PT-RS port and multiple F-CDMed DMRS ports per DMRS port group.
Proposal 2: For two CW transmissions, the PT-RS port(s) can only be associated to DMRS port(s) belong to the CW with higher MCS.
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