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Introduction
The following agreements have been made in the previous meeting [1]:
Agreements:
· Confirm the Working assumption: 
· Support Pre-DFT PT-RS insertion for UL DFT-S-OFDM
Agreements:
· For pre-DFT PTRS insertion for DFTsOFDM
· Define for the sake of discussion the pre-DFT pattern as X chunks of K>=1 adjacent PTRS samples
· The chunk sizes K can be {1,2,Y}, values to be down-selected at RAN1#90bis 
· Y is a single value, larger than 2, FFS the exact value
· At most two K values is supported after down-selection
· FFS: configuration of K is by higher layer or implicit by DCI depending on e.g. allocation size and/or MCS 
· The supported number of chunks : X includes at least {2, Z}
· Z is larger than 2, FFS the exact value
· FFS: configuration of X is by higher layer or implicit by DCI depending on e.g. MCS 
· FFS: the exact positions of the chunks and sequence
· Note: K=1 corresponds to distributed allocation

Working assumption:
· PT-RS frequency density table for 60 and 120 kHz SCS
· The listed BW thresholds are only for the predefined (default) table.
· As agreed before, the BW thresholds (N_RBi,i=1,…) in this predefined table can be replaced by RRC configuration 
· If frequency density is 1/n, then every n:th RB in the scheduled BW carry a PTRS port
· FFS on RB location offset in steps of one RB
	Contiguous Scheduled BW
	Frequency density (1/n)

	NRB < [3 or 1]
	No PT-RS

	[3 or 1]≤  NRB < [5]
	[1]

	[5]≤  NRB < [10]
	[1/2]

	[10]≤  NRB < [15]
	[1/3]

	[15]≤ NRB
	1/4


· FFS; the case of non-contiguous resource allocation
· FFS: bracketed values to be decided

Agreements:
· When one or more of PT-RS RE(s) is overlapped with CSI-RS
· The one or more overlapping PT-RS RE(s) is punctured
Agreements:
· For DL, if one PT-RS port is configured for an DM-RS port group, 
· For 1 CW case, the PT-RS port is associated with the lowest DM-RS port index among the ports assigned to the DMRS port group for PDSCH demodulation.
· For 2 CW case, down-selected between
· Alt.1: The PT-RS port is associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation of the CW with highest MCS.
· If MCS of the 2 CWs is the same, CW 0 is selected
· Alt.2: The PT-RS port is associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation (across both CWs)
· FFS: UE can provide some information to facilitate gNB to map the PT-RS port onto the layer with higher received SINR.
· FFS: information details, e.g. signaling carried by MAC-CE or UCI, UL signal e.g. SRS
· FFS: Which subcarrier to be used for PTRS mapping in RB assigned to contain PTRS

Agreements:
· PTRS is not mapped to RBs that are not scheduled for the UE

Working assumption:
· For non-consecutive scheduling, RBs are indexed among the scheduled RBs only
· For the purpose of identifying RB containing PTRS, RB indexing within scheduled RBs is common for contiguous and non-contiguous scheduling 
· Companies are encouraged to check whether or not there are significant issue(s) for the case of non-continugous scheduling taking into account PTRS density

In this contribution, we discuss our views on the remaining issues for PT-RS design. In Section 2, we present our view on the chunk size of PT-RS for DFT-s-OFDM. In Section 3, we discuss remaining issues of PT-RS for CP-OFDM.
PT-RS for DFT-s-OFDM
In the last meeting, it was agreed that Pre-DFT PT-RS insertion is supported for UL DFT-s-OFDM. In this section, we compare the performance of different chunk sizes of PT-RS pilots for pre-DFT insertion using simulations. For the non-chunk based case, i.e. when the chunk size is K=1, by default, the PT-RS pilots are unformly distributed over the pre-DFT samples; for the chunk based case, we assume that the chunk size is K=2, and the PT-RS chunks are also uniformly distributed over the pre-DFT samples. Detailed simulation setup is summarized in Section 6. In Fig. 1, results show that the chunk-based (K=1) and non-chunk based (K=2) methods have a similar EVM performance in all SNR regimes, while the non-chunk based performance slightly outperforms in the high SNR regime. Theoretically speaking, the chunk-based distribution is mainly intended to improve robustness against thermal noise in the phase estimation; while non-chunk based distribution is expected to gain the best resolution in tracking the phase error trajectory. Since PT-RS is configured in the high MCS/ SNR scenario, the robustness against thermal noise that chunk-based distribution provides becomes a secondary consideration. Therefore, the non-chunk based distribution should be prioritized. 
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Figure 1. EVM performance with non-chunk based and chunk based distribution
Proposal 1: Non-chunk based distribution of PT-RS pilots, i.e., K=1, should be supported for pre-DFT insertion.
PT-RS for CP-OFDM
PT-RS frequency density for 60 and 120 KHz SCS
In the default table that determines the PT-RS density based on the schedule bandwidth, PT-RS should always be allowed, no matter how small the scheduled bandwidth; as we cannot rule out the use case of high MCS for such a narrow-bandwidth user. Without CPE correction enabled by PT-RS, high MCS may not be even supported due to the EVM loss from PN, which would lead to a failure in decoding and cause further overhead due to retransmission. Of course, we understand that in certain cases of narrow scheduled bandwidth, e.g. with medium MCSs, comparing with the case of having no PT-RS, the loss in throughput due to having PT-RS as overhead may override the gain in having better EVM for decoding when allowing the CPE correction. In such cases, however, the optimization of PT-RS frequency density can be achieved by updating the bandwidth threshold in the table through RRC signalling. The default pre-defiend table should always take the EVM-limited cases into account, and allow PT-RS even in the narrow bandwidth scheduling cases.
Proposal 2: In the predefined table for PT-RS frequency density, use the following threshold for the no PT-RS case.
	Contiguous Scheduled BW
	Frequency density (1/n)

	NRB < 1
	No PT-RS



PT-RS port mapping
The performance of phase estimation would benefit from assigning the PT-RS port to the strongest SINR port in a DM-RS port group for phase tracking. In fact, such mapping can be achieved, for example, if  (i) gNB always orders the port numbers in a DM-RS group by their channel qualities, e.g. SINR; and (2) the PT-RS port is associated to the lowest DM-RS port. The proposed scheme also works for the wideband precoding case; as gNB can always permutate the precoding matrices in all subbands, to guarantee that the lowest DM-RS port has the best channel condition over the scheduled bandwidth. Therefore, associating the PT-RS port with a fixed DM-RS port throughout the scheduled bandwidth is sufficient. In addition, such port mapping method can be also facilitated by from UE reports. For instance, the RSRP from CSI-RS report can be used by gNB for the DL PT-RS port mapping, and for a UE without channel correspondence, the SRS can facilitate gNB for UL PT-RS port mapping. 
For the 2 CW case, the Alt 1 and Alt 2 port mapping method become equivalent in general, if the ports corresponding to the highest MCS layer are assigned with smaller port numbers than the low MCS layers. Once again, information from UE reports, e.g. RI and CQI report from CSI-RS, can be used to facilitate such port number assignment. Furthermore, no additional rules are required for the 2 CW case, if the smallest port number of all ports is assigned to the overall best SINR port/ layer, and the PT-RS port is defined to be the lowest port in a DMRS port group.
Proposal 2: gNB should strive to assign PT-RS port with the best SINR port in a DM-RS group for phase tracking. 
Observation 1: CSI-RS report can be used by gNB to assign PT-RS to the best SINR port in DL (and UL if channel correspondence holds); For the no channel correspondence case, SRS can be similarly used to assign PT-RS port in UL. 
RB indexing for non-consecutive scheduling
In the last meeting, it was agreed as a working assumption that for non-consecutive scheduling, RBs are indexed among the scheduling RBs only; and that RB indexing within scheduled RBs is common for contiguous and non-contiguous scheduling. This defines a unified and tractable way to identify the RBs that contains PT-RSs for both consecutive and non-consecutive scheduling scenarios. Further, based on the proposed rule, the RBs containing PT-RS are still distributed over the scheduled bandwidth with  non-consecutive scheduling, which guarantees the robustness of the phase estimation to frequency-selective fading. Therefore, we do not see any major issues with the proposed indexing method.
Proposal 4: Confirm the working assumption for RB indexing in the non-consecutive scheduling case.
Conclusion
Proposal 1: Non-chunk based distribution of PT-RS pilots, i.e., K=1, should be supported for pre-DFT insertion.
Proposal 2: In the predefined table for PT-RS frequency density, use the following threshold for the no PT-RS case.
	Contiguous Scheduled BW
	Frequency density (1/n)

	NRB < 1
	No PT-RS


Proposal 2: gNB should strive to assign PT-RS port with the best SINR port in a DM-RS group for phase tracking. 
Observation 1: CSI-RS report can be used by gNB to assign PT-RS to the best SINR port in DL (and UL if channel correspondence holds); For the no channel correspondence case, SRS can be similarly used to assign PT-RS port in UL. 
Proposal 4: Confirm the working assumption for RB indexing in the non-consecutive scheduling case.
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Appendix
We describe the simulation setup as follows. To model PN,  we assume the PN only comes from the UE. In the simulation, we have adapted the PN mask model in [3] to a carrier frequency of 30 GHz. To model the impact of CFO/ Doppler shift, we assume a user is moving with a speed of 30 km/h and a random direction on the plane; the residual CFO is assumed to be uniformly distributed between [-0.1ppm, 0.1ppm] of the 30 GHz carrier frequency. 
The CDL-B model from 3GPP TR 38.900 is applied in the simulation. We apply directional beamforming to the angles of the strongest cluster in power. The pre-beamforming RMS delay spread is selected to be 100 ns as in the nominal delay spread case. After applying directional beamforming, the average post-beamforming delay spread is reduced to 7.2 ns, and the EVM due to intersymbol interference is negligible (<60 dB), based on the results in [4]. Therefore, the EVM of symbols in our simulations is mainly caused by thermal noise and phase error due to PN, Doppler effect, and CFO. 
For the numerology and frame structure assumptions, a tone spacing of 120 kHz and a slot length of 14 symbols are considered. Furthermore, we assume a single front-loaded DM-RS symbol in each slot. To focus on the performance evaluation of PT-RS, we assume the channel coefficients (including the phase error at the time spot of channel estimation) are perfectly estimated from the DM-RS symbol. Besides, we fix a FFT size of 1024, a DFT size of 48 in the simulations; since DFT-s-OFDM is intended for the coverage limited scenario. The EVM plots show the performance at the last symbol of the slot, which is expected to have the bottleneck performance.
Table 1 summarizes the simulation assumptions.
	Carrier frequency
	30 GHz

	Power spectrum of phase noise
	Way forward proposal outlined in figure 4 of [3] reduced by 20dB*log10(40Ghz/30Ghz) 

	Residual CFO
	Uniformly distributed in [0.1ppm, 0.1ppm] of carrier frequency

	UE mobility
	30 km/h speed and random moving direction

	Subcarrier Spacing 
	120kHz

	Duration of cyclic prefix 
	0.6µs

	Duration of a slot
	125µs (14 OFDM symbols)

	FFT size
	1024

	DFT size
	48

	Channel Model
	CDL-B (see 3GPP TR 38.900 V1.0.0 table 7.7.1)

	Pre-beamforming RMS delay spread
	100 ns (the “nominal” delay case)

	NB antenna array
	64x4

	UE antenna array 
	4x2

	Channel estimation
	Genie channel estimation in the beginning of each slot



Table 1: Simulation assumptions
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