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Introduction
In RAN1#88bis, PT-RS was agreed to be orthogonal to PT-RS from other ports and to data for the single UE case. Also PT-RS is to be associated with a DMRS in a DMRS group.
Agreements (RAN1#88bis):
· For single-user case, support orthogonal multiplexing among PTRS ports, if multiple PTRS antenna ports are supported.
· FFS: how to multiplex multiple PTRS ports, e.g. FDM, TDM, CDM
· FFS: Whether to support multiple PTRS ports or not (FFS: Max number of PTRS APs).
· Support orthogonal multiplexing between PTRS and data transmitted or received by a single UE.
· Support association between PTRS port and DMRS port group
In RAN1#89, the agreement further evolved on how to map PT-RS with respect to the associated DMRS ports.
Agreements (RAN1#89):
· 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  
This contribution mainly focuses on the association between PT-RS and DMRS. The impact on DMRS design is also discussed. Meanwhile we present our views on PT-RS for MU-MIMO

Indication of PT-RS port and association
Since earlier agreement [3] clearly states that the same precoding is applied to a DMRS port and a PT-RS port, which is further interpreted as “association” in the later meetings.
Agreements (RAN1 AH 1701):
· Regarding PT-RS for CP-OFDM, the following is supported
· UE can assume same precoding for a DM-RS port and a PT-RS port
By association, both the following of properties are satisfied:
1) CPE estimation based on PT-RS can be applied to all DMRS ports in the associated DMRS group.
2) PT-RS is with the same precoder as one DMRS port in the associated DMRS group.
Also this association constrains the PT-RS RE to be on the single subcarrier in a PRB that the associated DMRS group is mapped. The motivation is clear, that since PT-RS is not present on every symbol even if time domain density is 1, the DMRS should serve as PT-RS on those symbols when PT-RS is not present, as Figure 1 shows. 
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[bookmark: _Ref485031265]Figure 1 An example of mapping DMRS and PT-RS
Considering that the PT-RS and one DMRS port from the associated DMRS group share the same subcarrier, and the same precoder, PT-RS should be defined on that DMRS port with the same precoder. In other words, PT-RS ports should be defined on the same ports set as DMRS, based on which the indication can be carried out via
1) Indication of transmitted PT-RS port(s) in the DCI
2) The DMRS with the same port number as PT-RS is assumed to have the same precoder as the PT-RS (Port definition)
3) The QCL group of DMRS ports containing that DMRS is assumed to be associated with the PT-RS.
The benefit is of such port definition and indication is as follows
1) It provides flexibility of supporting multiple PT-RS for SU-MIMO.
2) It provides flexibility of supporting codebook base UL transmission, where the DMRS port with the best channel quality is not fixed.
3) It reduces DCI overhead with respect to the association.
4) It enables easier PT-RS RE mapping design.
Proposal 1: PT-RS should be defined on the same port set as DMRS, and DCI indicates which PT-RS port(s) is transmitted.
Proposal 2: The QCL group of DMRS ports containing the DMRS with the same port number as PT-RS is assumed to be associated with the PT-RS.

PT-RS design with respect to DMRS port multiplexing
One concern in the previous meeting regarding time domain OCC of DMRS ports is that it may not work well under phase noise, which is why TDM is introduced. However, both schemes may have its own problems with possible solutions.
TD-OCC
For TD-OCC, CPE may compromise the orthogonality of OCC code and further the channel estimation accuracy. However, since TD-OCC can be regarded as time domain repetition if only one OCC code is employed, it can still work by limiting the co-scheduled ports to only one TD-OCC code, at least from UE’s perspective. For DL, when UE is scheduled with a port potentially multiplexing with another port through TD-OCC, the presence of PT-RS is an implicit indication to that UE that it should assume that the other port is not transmitted, and the OCC code, either {1,1} or {1,-1}, is a time domain repetition. The assumption at UE side would impose some scheduling restriction on gNB side, including
1) gNB should only schedule single TD-OCC code for a UE, when PT-RS is present.
2) gNB might schedule two TD-OCC codes for each of two UEs, respectively, if it thinks that the assumption at UE side (i.e., UE assuming ports with OCC code other than the scheduled one is not transmitted when PT-RS is present) is valid, which means that the ports with two TD-OCC codes are already spatially separated.
Such a scheduling limitation at gNB might still work well considering the following aspects
· It only exists in high frequency band where the transmission rank for a UE is likely to be low.
· MU interference is low thanks to the hybrid beamforming.
Here are a few examples. Suppose that port-0 and port-1 are multiplexed using TD-OCC, with the cover code {1,1} for port-0, and {1,-1} for port-1, respectively. When PT-RS is present
· Scenario-1: gNB schedules UE1 on antenna port 0 and does not transmit anything on antenna port 1
· UE1 finds that PT-RS is present, then assumes that antenna port 1 is not transmitted, and treats DMRS on two OFDM symbols as repetition with the same phase.
· Scenario-2: gNB schedules UE2 on antenna port 1 and does not transmit anything on antenna port 0
· UE2 finds that PT-RS is present, then assumes that antenna port 0 is not transmitted, and treats DMRS on two OFDM symbols as repetition with the reversed phases.
· Scenario-3: gNB schedules UE1 on antenna port 0 and UE2 on antenna port 1, based on the CSI feedback and considers that the MU interference is negligible at both UEs
· UE1 finds that PT-RS is present, then assumes that antenna port 1 is not transmitted and treats DMRS on two OFDM symbols as repetition with the same phase.
· UE2 finds that PT-RS is present, then assumes that antenna port 0 is not transmitted and treats DMRS on two OFDM symbols as repetition with the reversed phases.
Proposal 3: For DL with TD-OCC DMRS pattern, 
· gNB should only schedule single TD-OCC code for a UE, when PT-RS is present.
· UE should assume ports with OCC code other than the scheduled one is not transmitted, when PT-RS is present.
TDM
For TDM, since different DMRS ports are transmitted on different symbols, there is for sure a symbol without either PT-RS or the DMRS with the same precoder as the PT-RS, and the CPE cannot be directly estimated on that symbol. For example in Figure 2, if PT-RS has the same precoder as the DMRS on the first symbol (in orange) of the front-loaded/additional DMRS, the CPE on the second symbol (in red) of the front-loaded/additional DMRS cannot be estimated.
Considering the situation, there are two solutions
· Alt.1 PT-RS time domain density 1 is not supported when DMRS ports are TDMed.
· Alt.2 PT-RS time domain density 1 is supported when DMRS ports are TDMed, and for those symbols without either PT-RS or the DMRS of the same precoder as PT-RS, receives assumes that CPE estimates on those symbols are punctured.
From our understanding, the requirement of supporting PT-RS with time domain density 1 is that the CPE is more prone to an white noise across each OFDM symbol and that the MCS is high, under such a circumstance, puncturing CPE on a symbol conveying DMRS would have a great impact on the channel estimation of those ports on that symbol and further on the equalizer output. Therefore, we prefer Alt.1.
Proposal 4: PT-RS with time density 1 should not be supported for either DL or UL with TDM DMRS pattern.
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[bookmark: _Ref485131045]Figure 2 Illustration of PT-RS and TDMed DMRS

Meanwhile, the position of additional DMRS should take PT-RS into consideration if DMRS ports are TDMed. For example, if the PT-RS port and a DMRS ports on symbol , which is the first symbol of front-loaded DMRS, share the same precoder, the first symbol of additional DMRS should also appear on a symbol with an even , otherwise, there would be misalignment of between DMRS and PT-RS with time domain density ½, see Figure 3 where  is not an even number.
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[bookmark: _Ref485131022]Figure 3 Illustration of PT-RS with time domain density ½ 
Observation 1: TDM of DMRS ports might put some constraint on the position of additional DMRS, under the PT-RS time domain density ½. 

MU-MIMO
To reduce the interference on PT-RS from other UEs, ZP (Zero Power) PT-RS was discussed in the last meeting. However, introducing ZP PT-RS may have serious overhead and specification effort.
Firstly, for NZP PT-RS, since the pattern is implicitly derived from the scheduled bandwidth, MCS, and subcarrier spacing, there is no DCI overhead to configure NZP PT-RS. Therefore, for ZP PT-RS if supported, there should be no DCI overhead to configured ZP PT-RS, either.
Secondly, none of the following parameters
· the time domain density,
· the frequency domain density, and
· the PT-RS port number, which may determine the frequency position in a PRB
of pairing UE(s) are known. If ZP PT-RS is configured by higher layers, either resource waste,  scheduling restriction, or definition of NZP/ZP PT-RS table specifically design for MU-MIMO is foreseen.
Since PT-RS is usually deployed in high frequency band, MU interference can be well controlled through ZF precoder, PT-RS power boosting, and etc. Therefore, we proposal to support non-orthogonal multiplexing schemes, where each UE treats the MU scheduling as SU in a transparent manner. There are two alternatives, including
· Alt.1 PT-RS from one UE only overlaps with data, but not with PT-RS from other UEs, via scheduling different PT-RS ports for each UE.
· Alt.2 PT-RS from one UE can at least partly overlap with PT-RS from another UE, via using different sequence on the same PT-RS port to randomize the interference.
The benefit of Alt.1 is that the accuracy of CPE estimates can be improved via PT-RS power boosting, which is often the case since from SU perspective, the RE containing PT-RS is only rank-1 transmission. Therefore, we slightly prefer Alt.1. However, it is worth noting that the choice between Alt.1 and Alt.2 is based on gNB scheduling decision and has no impact on specification, if the sequence of PT-RS can be different on the same port.
Proposal 5: PT-RS should be transparent for SU-MIMO and MU-MIMO, and ZP PT-RS should not be supported.

Conclusion
In this contribution, we discussed the PT-RS port definition and indication of association. The potential impact on DMRS with time domain multiplexing schemes is analyzed. Finally, we propose non-orthogonal multiplexing of PT-RS and data for MU-MIMO. Based on the discussion, we have the following observations and proposals.
Observation 1: TDM of DMRS ports might put some constraint on the position of additional DMRS, considering the PT-RS time domain density ½. 
Proposal 1: PT-RS should be defined on the same port set as DMRS, and DCI indicates which PT-RS port(s) is transmitted.
Proposal 2: The QCL group of DMRS ports containing the DMRS with the same port number as PT-RS is assumed to be associated with the PT-RS.
Proposal 3: For DL with TD-OCC DMRS pattern, 
· gNB should only schedule single TD-OCC code for a UE, when PT-RS is present.
· UE should assume ports with OCC code other than the scheduled one is not transmitted, when PT-RS is present.
Proposal 4: PT-RS with time density 1 should not be supported for either DL or UL with TDM DMRS pattern.
Proposal 5: PT-RS should be transparent for SU-MIMO and MU-MIMO, and ZP PT-RS should not be supported.
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