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Introduction
The following agreements have been made in the last meeting [1]:
Agreements:
For both contiguous and non-contiguous scheduling for the purposes of selecting RBs for mapping PTRS for CP-OFDM: 
· N_RB is interpreted as the number of scheduled RBs
· The scheduled RBs are indexed as 0 to N_RB-1 from the one with lowest PRB index to the one with highest PRB index
The same PT-RS frequency density table is used for contiguous and non-contiguous scheduling where N_RB is the scheduled BW.
Agreements:
· The subcarrier for which the PTRS associated with a certain DMRS port is mapped is the same in all RBs where PT-RS is present 
· The maximum number of DL PT-RS ports is the same as the number of DMRS groups per PDSCH, which is 2 in Rel-15
· The subcarrier in the RB where PTRS is mapped among the subcarriers used for the associated DMRS port, consider further these alternatives until Wednesday: 
· Alt.1 Fixed to smallest subcarrier index k 
· Alt.2 Default is fixed to largest subcarrier index k. Can be configured to other subcarriers by higher layer signaling. 
· Alt.3a Implicitly given by Cell ID 
· Alt.3b Implicitly given by another UE specific parameter (DMRS/PT-RS scrambling ID (if defined), C-RNTI,…)
· Alt.4 Each DMRS port maps PT-RS to a different subcarrier by a specified rule 
Agreements:
For mapping of PT-RS to RBs among the scheduled RBs for DL and UL: The no RB offset (=0, PT-RS is present in the scheduled RB with lowest RB index and then follows the pattern according to the PT-RS freq. density) is the default value if supported. Down-selection among the following alternatives in RAN1#90bis:
· Alt.1: RB offset is fixed (e.g., RB offset=0) in Rel. 15
· Alt.2: RB offset is determined based on UE-specific configuration 
· FFS default RB offset is needed
· FFS the RB offset is explicitly signaled via higher layer signaling or implicitly determined based on the UE specifically configured parameter (e.g., C-RNTI, SCID) 
· Companies are encouraged to provide evaluation results for next meeting to assess whether higher layer configuration of RB offset is beneficial for interference randomization
Agreements:
· For chunk-based pre-DFT PTRS insertion for DFTsOFDM, support the following
· The supported values for K (chunk size) are 2 and 4
· Implicit configuration depending on MCS/BW
· The supported values for X (number of chunks/DFTsOFDM symbol) are at least 2 and 4
· X implicitly depends on allocated bandwidth and/or MCS and/or K value
· Implicit configuration can be subcarrier spacing dependent
· FFS if K=1 is also supported and exact mechanism
· When X=2 is configured, downselect among the following:
· Alt. 1: chunks are placed head/tail of DFTsOFDM symbols containing PTRS
· Alt. 2: chunks are placed middle/tail of the  DFTsOFDM symbols containing PTRS
· Alt. 3: chunks are placed head/middle of the  DFTsOFDM symbols containing PTRS
· Alt. 4: chunks are placed middle of each of the X equally-sized parts of the  DFTsOFDM symbols containing PTRS
· For PTRS sequence, downselect from the following options:
·  Option 1:
· pi/2 BPSK PTRS is used for pi/2 BPSK PUSCH
· [FFS] PTRS sequence consists of the outermost points of the PUSCH constellation
· Option 2
· Reuse the same sequence as PTRS or DMRS sequence for UL CP-OFDM
· FFS: Time-domain PTRS density reduction is supported at least for allocated bands below N RB and/or some MCS
· Time-domain pattern depends on DM-RS positions (DFTsOFDM positions near DMRS do not contain PTRS)
· FFS: N value
· FFS: every other DFTsOFDM symbol not neighbouring DM-RS positions does not contain PTRS
· For RB allocation larger than N, PTRS density reduction is configured by RRC

In this contribution, we discuss our views on the remaining issues for PT-RS design. In Section 2, we present our view on the down-selection of the PT-RS patterns for DFT-s-OFDM, when X=2. In Section 3, we discuss the advantage of allowing K=1 for PT-RS for DFT-s-OFDM. In Section 4, we propose to avoid PT-RS on the DC-tones for CP-OFDM in UL. 
Selecting PT-RS patterns for DFT-s-OFDM when X=2
[bookmark: _GoBack]In this section, we compare the four candidate patterns for PT-RS when X=2,as defined in [1]. In the simulations, the DFT size is assumed to be 192 samples, and the PT-RS pilots density is 1/48 samples. Similar trends are observed when different DFT size, or PT-RS pilot density is assumed. We also plot the EVM curve for the case of X=1, and K=4. Note that since we keep the PT-RS pilot overhead the same for all simulated scenarios, i.e., the total number of PT-RS pilots is fixed to be 4, the EVM gain directly translates to the gain in throughput. For all the cases of X=2, we first compute the average phase error in each chunk, and then estimate the phase errors for all the samples, through linear interpolation (and extrapolation) of the observations at the pilot locations. For the case of X=1, we compute a common phase error , based on the pilots, which is later applied to all the pre-DFT samples of the symbol. In Figure 1, it shows that in the high SNR regime, the Alt 4 pattern where the PT-RS chunks are distributed across pre-DFT symbols, provides best EVM; in the low SNR regime, although Alt 1 pattern (where the PT-RS pilots are put in the head and tail of the sample sequence) has a better EVM performance than other candidates, using X=1 chunk of size K=4 provides an equivalent performance in the corresponding SNR range. Therefore, in the relatively high SNR regime, X=2 pattern should be applied, and the Alt 4 pattern should be selected; in the low SNR case, X=1 pattern should be used.
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Figure 1. EVM performance with different candidate patterns when X=2.
Proposal 1: Prioritize the Alt 4 pattern when X=2 is chosen.
Supporting K=1 for PT-RS for DFT-s-OFDM
Now we compare the performance of different chunk size K in Figure 2. To make the comparison fair, again we keep the number of PT-RS pilots the same for all scenarios, as in Figure 1. For the chunk-based scenarios, i.e., when K=2 and K=4, the receiver algorithms are the same as described in Section 2. For the non-chunk based scenarios, i.e., when K=1, the pilots are distributed across the pre-DFT samples. Moreover, we apply two receiver algorithms for the non-chunk based case:
· Algorithm 1 (Piece-wise linear interpolation): Estimate the phase errors for all the samples by piece-wisely interpolating between the errors at two neighbouring PT-RS pilots.
· Algorithm 2 (Common phase error correction): Compute an average phase error for the whole symbol by taking average over the observed phase errors, which is similar to the common phase error (CPE) correction for CP-OFDM. 
Based on the EVM performance curves in Figure 2, we have the following observations:
Observation 1: In the high SNR regime, the non-chunk based pattern and piecewise interpolation algorithm provides the best EVM performance.
Observation 2: In the low/ medium SNR regime, the non-chunk based pattern and CPE correction algorithm provides an equivalent or even better performance to all the chunk-based patterns.
Observation 3: In all SNR regime, the non-chunk based pattern alone can achieve the best EVM performance by simply adapting receiver algorithms, which saves the overhead and complexity of altering PT-RS patterns, e.g. changing the values of K and X based on SNR, MCS, and UE PN property.
Observation 4: The receiver algorithm of the non-chunk based pattern can be up to gNB implementations.
Observation 5: The non-chunk based pattern does not require additional receiver complexity; since the operations of taking average and linear interpolation (if necessary) are also required by the chunk-based PT-RS receiver algorithms.
Based on the aforementioned observations, we propose to support the non-chunk based pattern.
Proposal 2: Support the non-chunk based pattern, where K=1, and PT-RS pilots are distributed over the pre-DFT samples.
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Figure 2. EVM performance with different chunk sizes K.
Avoiding PT-RS on the DC tone in UL
Last we consider the locations of the RBs and subcarriers that contain PT-RS for UL CP-OFDM. In a previous meeting, it was agreed that the transmitter DC subcarrier at the transmitter (UE) side should avoid collisions at least with DMRS if possible [2]. The main concern then was that the DC tone would suffer from a worse EVM level for channel estimation. Similarly, we propose to avoid PT-RS on the DC tone; as it will hurt the EVM for phase estimation. This can be achieved by allowing dynamic RB offset for PT-RS or dynamic configuration of the PT-RS subcarrier in a RB. For example, the RB offset value or the PT-RS subcarrier information can be signalled by gNB to UE.
Proposal 3: Support dynamic RB or subcarrier configuration for PT-RS to avoid its collision with the DC tone.
Conclusion
Observation 1: In the high SNR regime, the non-chunk based pattern and piecewise interpolation algorithm provides the best EVM performance.
Observation 2: In the low/ medium SNR regime, the non-chunk based pattern and CPE correction algorithm provides an equivalent or even better performance to the chunk-based patterns.
Observation 3: In all SNR regime, the non-chunk based pattern alone can achieve the best EVM performance by simply adapting receiver algorithms, which saves the overhead and complexity of altering PT-RS patterns, e.g. changing the values of K and X based on SNR, MCS, and UE PN property.
Observation 4: The receiver algorithm of the non-chunk based pattern can be up to gNB implementations.
Observation 5: The non-chunk based pattern does not require additional receiver complexity; since the operations of taking average and linear interpolation (if necessary) are also required by the chunk-based PT-RS receiver algorithms.
Proposal 1: Prioritize the Alt 4 pattern when X=2 is chosen.
Proposal 2: Support the non-chunk based pattern, where K=1, and PT-RS pilots are distributed over the pre-DFT samples.
Proposal 3: Support dynamic RB or subcarrier configuration for PT-RS to avoid it collision with the DC tone.
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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. We fix a FFT size of 1024, a DFT size of 192 in the simulations. 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
	192

	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



Table 1: Simulation assumptions
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