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Introduction
Great progress was made during RAN1#90b on PT-RS. In this contribution, we are going to discuss the remaining issues, including
· Subcarrier mapping within a RB
· PT-RS power boosting

[bookmark: _Ref494376608]Subcarrier of PT-RS within a RB 
In the previous agreement in R1-1718998 [1] [2], the PT-RS RE mapping is based on implicit derivation and explicit reconfiguration. 
	Agreements in R1-1718998:
· 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)
· This can be used at least for avoiding collision with DC tone
· In addition, an RRC parameter “PTRS-RE-offset” is also supported that explicitly indicates the RE-level offset and replaces the implicit offset, at least for avoiding collision with DC tone



For implicit way, the most natural way is based on DMRS port, as it simply resolved the MU interference by offsetting PT-RS for different UEs in different REs, as two UEs are scheduled with different DMRS port. Introducing other parameter would only complicate the design, and bring no valid gain.
Since the implicit way may map one PT-RS on the DC subcarrier, explicit signaling seems necessary to offset the PT-RS to another location. Based on our understanding, there is no need to support any RE-level offset, and the offset may bring the RE outside the RB that PT-RS should be mapped, based on the RB determination. So only one extra position is needed to avoid the collision with DC.
Figure 1 and Figure 2 shows one possible positions for DMRS configuration type 1 and 2, where only 4 PT-RS ports are defined. For each port, two possible positions are defined, such that the default position is the lower part and RRC can reconfigure to the upper part.
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[bookmark: _Ref489614954]Figure 1 PT-RS mapping under DMRS configuration type 1
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[bookmark: _Ref489614964]Figure 2 PT-RS mapping under DMRS configuration type 2
Proposal 1: By default, PT-RS should mapped based on associated DMRS ports in the lower part of an RB, and RRC can reconfigure to a RE in the upper part that is 6 subcarriers apart.

PT-RS power boosting
In the agreement in RAN1#90b, there is a controversial PT-RS power boosting relation.
	Agreements
· 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



There may be two interpretations regarding the EPRE of PTRS and PDSCH. To illustrate the two interpretation, we assume for DL, PDSCH is transmitted over 4 ports {0,1,2,3}, while PT-RS has one {0} or two ports {0, 2}.
· Interpretation 1: EPRE is calculated by the sum of energy from all ports within an RE
· Figure 3 and Figure 4 show the power distribution across 4 DMRS ports of PDSCH and PT-RS, with one port PT-RS and two ports PT-RS, respectively.
· The problem with interpretation 1 is when two PT-RS ports are allocated, the 3dB increase in EPRE does not make any sense. It should be revised to 0dB EPRE ratio, as Figure 7 shows.
· Interpretation 2: EPRE is calculated on one individual port, where the EPRE ratio discussed in the agreement is calculated by the power offset between PT-RS and PDSCH on each port that PT-RS is mapped
· Figure 5 and Figure 6 show the power distribution across 4 DMRS ports of PDSCH and PT-RS, with one port PT-RS and two ports PT-RS, respectively.
· The problem with alternative 2 is that the symbol power may be different between the symbols with and without PT-RS if EPRE of PDSCH is constant across symbols, and PT-RS power is not fully exploit to boost the CPE estimation. Also if such an interpretation is reused for UL, it might be against the current agreement for UL PT-RS.
.
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[bookmark: _Ref498448982]Figure 3 Interpretation 1: power distribution when only one PT-RS ports is configured
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[bookmark: _Ref498448987]Figure 4 Interpretation 1: power distribution when two PT-RS ports are configured
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[bookmark: _Ref498512843]Figure 5 Interpretation 2: power distribution when only one PT-RS ports is configured

PDSCH RE
Port 0
PT-RS RE
Sum of all ports
Port 1
Port 3
PDSCH RE
Port 2
PT-RS RE

[bookmark: _Ref498512850]Figure 6 Interpretation 2: power distribution when two PT-RS ports are configured
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[bookmark: _Ref498515116]Figure 7 Interpretation 1: power distribution when two PT-RS ports are configured with modified EPRE offset 0dB
Proposal 2: Clarify the interpretation on EPRE in the previous agreement:
· 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

Further investigation into two PT-RS ports
For two PT-RS ports, usually they come from different Tx chains. Normally gNB can boost the PT-RS power to the level as shown in Figure 7, where PDSCH layer 0 and 1 are transmitted using the first antenna group, while the layer 2 and 3 are transmitted using the second antenna group. So within the antenna group, the sum of power over all layer are constant across REs.
But there are some cases that still need to be discussed which were identified by some companies over the offline discussion
· Case 1: Three DMRS ports and 2 PT-RS ports, where one PT-RS port is associated with two DMRS ports and the other one with only one DMRS port, shown in Figure 8. What is the reasonable default power boosting scheme?
· Case 2: Two PT-RS ports with different time domain density, due to the two CWs with different MCS shown in Figure 9. Since it is desired that one PT-RS port should have the same ERPE across symbols, except the RE on DMRS symbols, what is the reasonable default power boosting scheme?
In our understanding, the default PT-RS power boosting, i.e., the power ratio between PT-RS and PDSCH on the layer that PT-RS is mapped, should be the number of DMRS ports associated with the PT-RS. It is the safest choice regardless of whether the two PT-RS ports have the same or different time domain density. Furthermore, if the two PT-RS ports have the same density, both PT-RS ports can be boosted by another 3dB, i.e., borrowing power from the zero power RE on the layer associated with the PT-RS belonging to the other PT-RS.
Apart from the default power boosting, gNB can higher layer configure the power boosting/backoff on the PT-RS. However, how such a semi-static configuration can cope with scheduling scheme that is dynamically changing needs more study.
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[bookmark: _Ref498640822]Figure 8 Three DMRS ports and 2 PT-RS ports
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[bookmark: _Ref498641464]Figure 9 Two PT-RS ports with different densities
Finally, considering that the reception of PT-RS only takes the phase part into CPE estimation, it may have little impact even if UE is unaware of the specific power of PT-RS for DL. It is possible to leave the power boosting completely to gNB’s implementation, and UE may assume that power of PT-RS is the same as the PDSCH on the layer that PT-RS is mapped on. As for UL, since there is UE implementation issue, it may need more study under the agreement that the symbol with and without PT-RS should have the same power.
Proposal 3: Consider revisiting the agreement on PT-RS power boosting and adopting for DL only one of the following three alternatives regarding the default power boosting, i.e., the default power ratio between PT-RS and PDSCH on the layer that PT-RS is mapped, is
· Alt. 1 
· The number of DMRS ports associated with the PT-RS, for both one port and two ports PT-RS with different time domain densities.
· Twice the number of DMRS ports associated with PT-RS, for two ports PT-RS with the same time domain density.
· Alt. 2
· Always the number of DMRS ports
· Alt. 3
· Not specified, and leave it up to gNB’s implementation
· gNB can additionally configure the power boosting/backoff for the PT-RS ports via higher layer signaling for Alt.1 and Alt.2.

Conclusion
In this contribution, we discussed the remaining issues on PT-RS, The proposals are as following:
Proposal 1: By default, PT-RS should mapped based on associated DMRS ports in the lower part of an RB, and RRC can reconfigure to a RE in the upper part that is 6 subcarriers apart.
Proposal 2: Clarify the interpretation on EPRE in the previous agreement:
· 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
Proposal 3: Consider revisiting the agreement on PT-RS power boosting and adopting for DL only one of the following three alternatives regarding the default power boosting, i.e., the default power ratio between PT-RS and PDSCH on the layer that PT-RS is mapped, is
· Alt. 1 
· The number of DMRS ports associated with the PT-RS, for both one port and two ports PT-RS with different time domain densities.
· Twice the number of DMRS ports associated with PT-RS, for two ports PT-RS with the same time domain density.
· Alt. 2
· Always the number of DMRS ports
· Alt. 3
· Not specified, and leave it up to gNB’s implementation
· gNB can additionally configure the power boosting/backoff for the PT-RS ports via higher layer signaling for Alt.1 and Alt.2.
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