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1. Introduction
In RAN1#90bis, following agreement was made with respect to PT-RS frequency density and power boosting.
	Agreements:
· Support implicit derivation the RE-level offset for selecting subcarrier for mapping PTRS within a RB from one or more parameters (e.g. associated DMRS port index, SCID, Cell ID, to be decided in RAN1#91)
· Support applying additional OCC within each PTRS chunk for DFT-s-OFDM

· For UL, the transmission power for the symbols with and without PTRS should be kept the same when more than 1 PTRS port is configured

· Support power borrowing for PTRS from muted REs when more than 1 PTRS port is configured

· Note: Other power boosting scheme for UL PTRS can be further discussed

· FFS: single PTRS port case
· At least for DL SU-MIMO scheduling, the EPRE ratio between PTRS and PDSCH is by default implicitly indicated by the number of scheduled PTRS ports for the UE

· The default EPRE ratio is 0dB for 1 PTRS port case and 3dB for 2 PTRS port case

· Other combinations including EPRE up to 6dB are allowed by RRC configuration of association between number of DL PTRS ports and EPRE ratios
· RRC configuration of thresholds in density tables:
· UE is configured with two sets of thresholds M={ptrsthMCSj, j=1,2,3,4} and R={ptrsthRBn, n=0,2,4}, independently per BWP, using dedicated RRC signaling for UL and DL respectively.


2. Discussion on PT-RS
2.1. PT-RS port and DMRS port association method
In RAN1 #89, we agreed that the dynamic presence/time density of PT-RS is determined by allocated MCS and BW. At least for non-CoMP case, a DMRS group can contain more than 4 ports for SU-MIMO with rank 5 and above.  Since MCS is determined per CW, it is unclear which MCS is referred for 2CW cases. To simply clarify the association rule between multiple DMRS port groups and its own PT-RS ports, the dynamic presence/time density of the PT-RS port should be determined by the MCS of its associated DMRS port. 

Proposal 1: The dynamic presence/time density of the PT-RS port should be determined by the MCS of its associated DMRS port. 
In the previous meeting, there was an agreement that UE is not expected to be configured/scheduled with DMRS with TD-OCC and PTRS within the same slot for above 6 GHz. It indicates that both TD-OCC [1 1] and [1 -1] are not applied to DMRS ports simultaneously when PT-RS is configured for above 6GHz. To this end, we can restrict to use DMRS ports [1000-1003] or [1000-1005] for DMRS configurations type 1 and type 2, respectively.
Proposal 2: If a UE is configured with the higher layer parameter PT-RS presence “on”, UE is expected that any DM-RS ports(s) from DM-RS ports set [1004-1007] or [1006-1011] is not assigned to co-scheduled UE(s) as well as the UE for DMRS configurations type 1 and type 2, respectively.
2.2. PT-RS frequency location within RB for CP-OFDM
In the previous meeting, it was agreed that implicit derivation of the RE-level offset was supported to select subcarrier for mapping PTRS within a RB based on one or more parameters (e.g. associated DMRS port index, SCID, Cell ID, to be decided in RAN1#91). Its motivation is to prevent the collision between PT-RS ports belonging to different UEs. Since DMRS port indices can be exclusively assigned to co-scheduled UEs, unique RE-level offset to each UE can be ensured. In addition, there was an agreement in RAN1#89 that one PTRS port should be mapped on one subcarrier carrying the associated DMRS port. To keep with the agreement, it is indeed natural to define implicit derivation of the RE-level offset only by DMRS port index. 
Proposal 3: For CP-OFDM, implicit derivation of the RE-level offset is determined only by DMRS port index.
2.3. PT-RS time location and OCC for pre-DFT
For pre-DFT, there was an agreement that applying additional OCC within each PTRS chunk is supported to discriminate different PT-RS ports. Similar to CP-OFDM, the OCC can be determined by CS (Cyclic Shift) value assigned to a UE. On the other hand, for chunk size equal to 2, there is not enough room to support 4 PT-RS ports by using different OCC. To resolve the issue, the PT-RS time location n can also be considered to avoid the collision between PT-RS ports. Accordingly, for pre-DFT, the OCC within chunk and/or the PT-RS time location can be determined by CS value assigned to a UE.
Proposal 4: For pre-DFT, the OCC within chunk and/or the PT-RS time location is determined only by CS value assigned to a UE.
2.4. PT-RS power boosting

Since a PT-RS port is orthogonally multiplexed with another PT-RS port and data, its power boosting can be done by the following two mechanisms:
①
Mechanism I: Power borrowing from muted REs (e.g. FDMed PT-RS ports)

②
Mechanism II: Power borrowing from muted layers (e.g. rank >1)

Actually, the first mechanism is straightforward, and it was agreed that the default EPRE ratio is 0dB for 1 PTRS port case and 3dB for 2 PTRS port case for SU-MIMO. Here, EPRE is defined as energy per RE per layer. On the other hand, the second mechanism is complicated because it is dependent on different implementations. In other words, whether or not the power can be transferred between layers depends on analog beamforming implementation. Also, different panels may not share the same power source. Considering the dependency on implementation, mechanism 2 can be done by introducing higher layer parameter related to PT-RS boosting level. For example, gNB can configure UE how much to boost power level of PT-RS according to the number of layers within each panel. Accordingly, the final boosting level is determined by the sum of the default EPRE ratio (Mechanism I) and the higher layer configuration related to PT-RS power (Mechanism II).
Proposal 5: Support PT-RS power boosting based on power borrowing from muted layers.
2.5. PT-RS frequency density table 

In the previous meeting, there was an agreement that PT-RS frequency densities of 1/2 and 1/4 are supported. Also, it was agreed that NR supports more than 100 RBs. Therefore, a new frequency density 1/8 may be supported. In these cases, [1] shows the discrepancy issue of PT-RS overhead at boundaries between 1/2 and 1/4 or 1/4 and 1/8. To resolve the issue, we can modify the conventional table as

 Table 1 Modified PT-RS frequency density table
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In Table 1, frequency 1/KPTRS indicates that every KPTRS -th RB in the scheduled BW carries a PTRS port. Here, the newly added third column denotes the maximum possible number of PT-RS subcarriers (
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), and it enables to achieve the similar spectral efficiency and prevents the discrepancy problem of PT-RS at the boundaries, which was shown from [1] and [2]. Based on Table 1, the PT-RS subcarrier 
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can be represented as
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where 
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represent PTRS-RE-offset, PTRS-RB-offset, and the number of subcarriers of a RB, respectively. Here, we can see that only the number of PT-RS subcarriers is changed. Based on Table 1 with NRB0=7 and NRB1=11, RB locations including PT-RS are illustrated as Figure 1. In this figure, we assume that 
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 is equal to zero for simplicity. 
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Figure 1 RB locations including PT-RS

Note that for 12RBs, frequency densities 1/2 and 1/3 achieve almost the same performance regardless phase noise models, which can be checked from Appendix I in [2]. Accordingly, it can be seen that Table 1 can resolve the discrepancy problem without the spectral efficiency loss. 
Proposal 6: PT-RS frequency density table is defined as Table 1. 
3. Conclusion
In this contribution, we provided an association method between PT-RS port and DMRS port for 2CW within single DMRS port group. Also, we discussed PT-RS power boosting and PT-RS frequency density table. From the discussion, our proposals are given as follows:
Proposal 1: The dynamic presence/time density of the PT-RS port should be determined by the MCS of its associated DMRS port. 

Proposal 2: If a UE is configured with the higher layer parameter PT-RS presence “on”, UE is expected that any DM-RS ports(s) from DM-RS ports set [1004-1007] or [1006-1011] is not assigned to co-scheduled UE(s) as well as the UE for DMRS configurations type 1 and type 2, respectively.
Proposal 3: For CP-OFDM, implicit derivation of the RE-level offset is determined only by DMRS port index.
Proposal 4: For pre-DFT, the OCC and/or the PT-RS time location is determined only by CS value assigned to a UE.
Proposal 5: Support PT-RS power boosting based on power borrowing from muted layers.
Proposal 6: PT-RS frequency density table is defined as following: 
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