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Discussion and Decision
1 Introduction
The following agreement on PT-RS has been made in RAN1 #88 [1]:
	· Presence/patterns of PT-RS are configured by a combination of RRC signaling and association with parameter(s) used for other purposes (e.g., MCS) which are (dynamically) indicated by DCI.

· Whether PT-RS can be present or not depends on RRC configuration. 

· When configured, the dynamic presence is associated with DCI parameter(s) including at least MCS

· FFS: Time domain density is associated with dynamic configuration by MCS. 

· When present, frequency domain density is associated with at least dynamic configuration of the scheduled BW.

· FFS: Frequency domain density is associated with dynamic configuration by MCS. 

· FFS: Frequency-domain pattern design supports both frequency-localized and frequency-distributed allocation of PT-RS subcarriers.

· Other association factors/rules are not precluded.

· Usage of PT-RS, e.g. CFO/Doppler correction, is not precluded, pattern/signaling for this use case can be different


The following agreement on PT-RS has been made in RAN1 NR AH [2]:

	· Regarding PT-RS for CP-OFDM, the following is supported

· For a given UE, the designated PT-RS is confined in scheduled resource as a baseline

· Whether/how to share DL PT-RS among UEs is FFS

· Presence of PT-RS in scheduled resource is UE-specifically configured/indicated

· Multiple PT-RS densities defined in time/frequency domain are supported

· UE can assume same precoding for a DM-RS port and a PT-RS port

· Among which ports and mapping rules (fixed and/or configurable, etc) are FFS

· Number of PT-RS ports can be fewer than number of DM-RS ports in scheduled resource

· Study the following for PT-RS, taking overhead and forward compatibility into account

· Details on frequency domain patterns/densities

· How to indicate presence/patterns of PT-RS

· E.g., implicitly indicated based on association with numerology/MCS/number of allocated PRBs/UE category


This document discusses PT-RS association and PT-RS indication method.

2 Discussion on PT-RS association
For PT-RS association, SU/MU-MIMO case is not so obvious how PT-RS is transmitted in what antenna port. In addition, multi-panel/TRP case also needs to be clarified on how PT-RS is transmitted. We discuss these cases respectively in the following sections. 
- SU-MIMO with a single TRP with a single local oscillator inside QCL
- SU-MIMO with a single TRP with a multiple local oscillators inside QCL (DL)
- SU-MIMO with multi TRPs (DL)
- MU-MIMO with single TRP

For UL of the case “SU-MIMO with a single TRP with a multiple local oscillators inside QCL” and “SU-MIMO with multi TRPs”, some more discussion is needed on UL transmission scheme related to the port association with different local oscillators/TRP. Therefore, UL handling of these case is not discussed in this document. 
2.1 SU-MIMO with a single TRP
2.1.1 With a single local oscillator inside QCL
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Figure 1 An example of SU-MIMO with a single TRP
This is the case where TRP employs only one local oscillator (LO). Even when multiple DMRS ports are used between single TRP and one UE, the common phase error (CPE) of all the ports are same. Therefore, PT-RS is associated with at most one DMRS port can be sufficient. In order to obtain accurate CPE correction, it is desirable that PT-RS is associated with best DMRS port, which can be judged based on SINR criteria of spatial channel. What criteria is used is up to gNB scheduler. In DMRS based transmission, there is flexibility on selection of the DMRS ports and relevant precoding to the channel. Therefore, it is feasible that PT-RS is always associated with fixed DMRS port (e.g. with lowest index) but it is up to gNB implementation on how to associate such fixed DMRS port with the best spatial channel. Therefore we propose to fix the DMRS port index to transmit PT-RS in order to make UE side easier to determine which DMRS port to transmit PT-RS. The remaining DMRS port's REs corresponding to PT-RS can be kept blank in order to avoid interference between PT-RS and data.
In case single LO for a single TRP, for SU-MIMO, we propose following:

Proposal 1: PT-RS is associated with at most one DMRS port.

Proposal 2: PT-RS is associated with the fixed DMRS port, for example, the port with lowest index.

Proposal 3: For the other DMRS ports, REs corresponding to PT-RS is kept blank in order to avoid interference between PT-RS and data among ports.

2.1.2 With multiple local oscillators within QCL (e.g. multi-panel)
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Figure 2 An example of DL SU-MIMO with a single TRP (multiple LOs)
This is the case where TRP employs multiple LOs for example one LO per each panel. Then CPE can be different between DMRS ports even if the APs are QCLed. At most one PT-RS is needed per an AP group using the same LO for DL. Similar to single LO in a TRP, if there are multiple APs in the same AP group, PT-RS can be associated with at most one DMRS port and the other port's RE usage within the same AP group can be kept blank.

In this case, PT-RSs are associated with DMRS ports corresponding to each LO. Similar to DMRS port discussion, to have orthogonality between PT-RSs would be useful. One method would be the same orthogonal transmission method with DMRS is used for PT-RS.
In case of multiple LOs within a TRP, for DL SU-MIMO, we propose following.

Proposal 4: Within each AP group of the same LOs, the same method with single LO case is applied.
Proposal 5: FFS: PT-RS multiplexing method among the different AP groups.
2.2 SU-MIMO with multi-TRP
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Figure 3 An example of DL SU-MIMO with multi-TRP
This is the case where a UE communicates with multiple TRPs. For DL, assuming CPE is different between TRPs, PT-RS needs to be transmitted from each TRP similar to multiple LOs within a TRP. The difference from the subsection 2.1.2 is that different TRPs may not be the same QCL relation. The signalling of QCL can be used for which and how many ports have PT-RS. Within the same QCLed ports of the same TRP, the similar association to above discussion can be applied.

In this case also, PT-RSs are transmitted in DMRS ports corresponding to each TRP. Similar to DMRS port discussion, to have orthogonality between PT-RSs would be useful. One method would be the same orthogonal transmission method with DMRS is used for PT-RS.

In case each TRP has each LO and when UE communicate with multiple TRPs simultaneously, we propose following:
Proposal 6: For DL, PT-RS is transmitted from each TRP. Which port has PT-RS could be indicated implicitly by the signalling of QCL.
Proposal 7: For UL, FFS on the handling of PT-RS
Proposal 8: FFS: PT-RS multiplexing method among the different TRPs.
2.3 MU-MIMO with single TRP
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Figure 4 An example of transparent MU-MIMO with multi-TRP
This is the case where multiple DMRS ports are used between single TRP and multiple UE. For DL/UL, PT-RS is confined in a UE’s allocation RBs, and not shared among UEs even if UEs share same TRP [2].
For transparent MU-MIMO, UE cares its own PT-RS only. For PT-RS multiplexing among UEs, it is simple to apply the same multiplexing method as the associated DMRS port. Within each UE, PT-RS association should be based on discussion in SU-MIMO with single TRP. 
For non-transparent MU-MIMO, UE may need to know other UE’s information of PT-RS for better interference cancellation.
Proposal 9: For transparent MU-MIMO with single TRP, UE does not care the other UE's PT-RS transmission.

Proposal 10: For non-transparent MU-MIMO with single TRP, PT-RS may be sent for each UE and multiple PT-RSs can be orthogonal similar to DM-RS transmission.

3 Discussion on PT-RS indication 
According to the agreements [1], PT-RS presence/pattern is decided by RRC signaling and DCI parameters for other purposes (e.g. MCS, BW). However, how UE can know the pattern is not determined. 
We propose implicit indication with update from higher layer. For a given UE, the association rules between DCI parameters for other purposes and PT-RS pattern like Table 1 is RRC signaled. Then the UE can know the PT-RS pattern from DCI parameters using Table 1. Then overhead of DCI control signal is low. Also it should be possible that the association rules are updated by higher layer signaling. As a result, forward compatibility is also saved.
Table 1 An example for the association rules between DCI parameters for other purposes and PT-RS pattern
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Proposal 11: In order to reduce overhead of control signal, implicit indication of PT-RS using DCI parameters for other purposes (MCS, BW, etc.) should be used.
Proposal 12: For forward compatibility, updating the association rules between DCI parameters and PT-RS pattern by higher layer should be possible.
4 Conclusion
As discussed above, we propose following:
In case single LO for a single TRP, for SU-MIMO, we propose following (1-3):

Proposal 1: PT-RS is associated with at most one DMRS port with best SINR.

Proposal 2: PT-RS is associated with the fixed DMRS port, for example, the port with lowest index.

Proposal 3: For the other DMRS ports, REs corresponding to PT-RS is kept blank in order to avoid interference between PT-RS and data among ports.

In case of multiple LOs within a TRP, for SU-MIMO, we propose following (4, 5):
Proposal 4: Within each AP group of the same LOs, the same method with single LO case is applied.
Proposal 5: FFS: PT-RS multiplexing method among the different AP groups.
In case each TRP has each LO and when UE communicate with multiple TRPs simultaneously, we propose following (6-8):
Proposal 6: For DL, PT-RS is transmitted from each TRP. Which port has PT-RS could be indicated implicitly by the signalling of QCL.
Proposal 7: For UL, FFS on the handling of PT-RS
Proposal 8: FFS: PT-RS multiplexing method among the different TRPs.
In case of MU-MIMO with a single TRP, we propose following (9, 10):
Proposal 9: For transparent MU-MIMO with single TRP, UE does not care the other UE's PT-RS transmission.

Proposal 10: For non-transparent MU-MIMO with single TRP, PT-RS may be sent for each UE and multiple PT-RSs can be orthogonal similar to DM-RS transmission.

For PT-RS indication, we propose following (11, 12):
Proposal 11: In order to reduce overhead of control signal, implicit indication of PT-RS using DCI parameters for other purposes (MCS, BW, etc.) should be used.
Proposal 12: For forward compatibility, updating the association rules between DCI parameters and PT-RS pattern by higher layer should be possible.
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