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Introduction
In RAN1 #89, RAN1 made a good progress on PTRS design for NR as follows [1]:
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
· 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

Agreements:
· For CP-OFDM,
· For SU-MIMO, dynamic presence of PTRS is determined by allocated MCS, BW, and subcarrier spacing
· FFS: For MU-MIMO case
· For SU-MIMO, time pattern of PTRS is determined by allocated MCS, and subcarrier spacing
· FFS: For MU-MIMO case

In this contribution, we discuss on remaining issues on PT-RS especially for multi-layer transmission cases.
[bookmark: _GoBack]PTRS for Multi-layer Transmission
It has been agreed that the PTRS density is determined implicitly based on the MCS and frequency resources allocated since the required PTRS density is different according to the scheduling parameters to achieve a reasonable performance. When number of layers gets higher for a SU-MIMO operation, although a single oscillator is used, there is a possibility that the phase noise could be different across layers as they are transmitted from different RF chain. In this case, PTRS density or ports may need to be increased to compensate the phase noise.
In this section, we evaluate the performance impact from phase noise and required PTRS density according to the number of layers. In the simulations, PTRS is transmitted on each OFDM symbol where the number of subcarriers loaded with PT-RS may be 1, 2, 4, 8, or 16 within the transmission bandwidth. For the 2-layer transmission, PTRS is transmitted on both of the layers with the same density. The subcarrier loaded with PTRS on one layer is loaded with a zero on the other layer, therefore the overhead with 2-layer transmission is twice the overhead of the 1-layer transmission. In the evaluations presented here, independent PN is applied to each of the layers. The other details of evaluation assumptions are provided in the Appendix.
Figure 1 shows the BLER of 1-layer and 2-layer transmission for 16 QAM. It can be seen from the results that the BLER for the 2-layer transmission without PN compensation is significantly worse than the 1-layer case: the loss at 10-1 BLER is about 3dB. This is because the phase noise on the two layers cannot be separated and mitigated completely. Using PTRS of density (2 x 16) for the 2-layer transmission case reduces the BLER to the ideal BLER point. However, the increased PTRS overhead causes the gain in spectral efficiency to reduce, as shown in Figure 2.
[image: ] [image: ]
Figure 1. BLER of 1-layer and 2-layer transmission with 16 QAM
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Figure 2. Spectral efficiency of 1-layer and 2-layer transmission with 16 QAM

Figure 3 and Figure 4 show the BLER and spectral efficiency results, respectively, of 1-layer and 2-layer transmission for 64 QAM. It can be seen from the results that PN compensation is needed for both 1-layer and 2-layer transmission. Although 16 PT-RS per layer is the optimal from the BLER perspective, 4 PTRS per layer seem optimal for spectral efficiency.
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Figure 3. BLER of 1-layer and 2-layer transmission with 64 QAM


[image: ] [image: ]
Figure 4. Spectral efficiency of 1-layer and 2-layer transmission with 64 QAM

Summary
In this contribution, we evaluated the performance of PTRS for multiple layer transmission. The following observations have been made:
· The performance without PN compensation is worse for the 2-layer transmission
· The optimal PTRS density depends on the number of transmission layers

Based on the above observations, the following is proposed:
Proposal: The use and application of PTRS should consider multi-layer transmission. 
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Appendix – Simulation Assumptions
[bookmark: _Ref225007379][bookmark: _Ref225007373]Table 2 Simulation Assumptions
	Parameters
	Value

	System bandwidth
	320 MHz (for SCS=240 kHz)

	Waveform
	OFDM

	Subcarrier spacing
	240 kHz

	Number of PTRS
	1, 2, 4, 8, 16 per layer in each OFDM symbol

	Carrier Frequency 
	52 GHz

	Modulation and coding rate
	16QAM, 3/4
64QAM, 5/6

	Number of allocated PRBs
	32 PRBs

	Channel model
	CDL, 30 ns, 3 kmph

	Channel coding scheme
	Turbo

	Receiver
	MMSE

	Phase noise model
	PN model [3], independent PN in each layer
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