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1	Introduction
At the RAN#90-e meeting, the new WID on supporting NR from 52.6GHz to 71GHz was approved [1]. The objectives of the WI include following RAN1 works.
	· Physical layer aspects including [RAN1]:
· Evaluate, and if needed, specify the PTRS enhancement for 120kHz SCS, 480kHz SCS and/or 960kHz SCS, as well as DMRS enhancement for 480kHz SCS and/or 960kHz SCS.



	In RAN1#103-e meeting, agreements were reached and conclusions were made as follows [2],

Agreement:
Numerologies below 120 kHz or above 960 kHz are not supported for any signal or channel.

Agreement:
For operation in 52-71 GHz:
· 120 kHz should be supported
· Up to two additional SCS may be considered and at least one should be supported
· FFS: Applicability of additional SCS to particular signals and channels 




In this contribution, we provide our views on the PDSCH/PUSCH related changes required for NR beyond 52.6GHz mainly focusing on the enhancements for PTRS and DMRS.

2 Enhancements to PTRS

The increasing user density and the deployment of various applications requiring untethered connectivity along with increasing demand for high data rate applications require more spectrum. The frequencies available in the higher bands are required to meet such high bandwidth requirements due to the availability of large spectrum allocations and larger bandwidths that are not available in lower bands. Higher frequencies above 52.6 GHz, are posed with several challenges such as higher impact of phase noise (PN), larger propagation loss, oxygen absorption and lower power amplifier efficiency. Carrier frequency offset (CFO) and PN effects are much higher due to severe imperfection of PA and crystal oscillator in higher band when compared to lower bands. In addition, Doppler shift/spread also increases with increasing carrier frequency. As a result, robustness to CFO and PN become a key requirement for systems operating on high frequency bands such as frequencies above 52.6 GHz. Higher levels of phase noise (PN) affect the orthogonality between the subcarriers, which is the primary feature of the OFDM systems, leading to significant performance degradation. This necessitates modifications in the reference signal (RS) design, to capture the effects of PN and correct them during data demodulation.

Phase noise has two components viz., Common phase error (CPE) and Inter carrier interference (ICI). CPE leads to identical rotation of the received symbols in each subcarriers whereas ICI leads to loss of orthogonality between the subcarriers. In FR1 and FR2 frequencies, the effect of CPE is experienced, whereas the ICI component of the phase noise is negligible. The effect of CPE can be mitigated easily by using a pilot symbols, estimating the phase rotation induced in the pilot due to phase noise and correcting that phase rotation for all the subcarriers. Therefore, a distributed PT-RS design is used for FR1 and FR2, which is fairly simple in nature and sufficient to correct the CPE.. However, distributed PTRS is not sufficient to estimate and correct  the ICI component of the phase noise in frequencies above 52.6GHz..
The effect of ICI can be suppressed by either estimating and correcting it  at the receiver using a new reference signal or by transmitting using higher SCS. Generally, lower SCS are more prone to phase noise than higher SCS transmissions. In the  RAN1#103-e meeting  [2], it has been agreed that 120KHz will be one of the SCS used for transmission in NR above 52.6GHz. 120KHz SCS has least resilience  among the existing SCS against phase noise effects. Therefore, using existing distributed PT-RS designs will not be able to suppress the phase noise completely. Hence, at least for 120KHz SCS, new PT-RS designs needs to be studied to suppress the effects of phase noise  for carrier frequencies above 52.6GHz.	Comment by Ramya: Mention the meeting number
Proposal 1: Support for new PT-RS design for NR above 52.6GHz at least for 120KHz SCS.
In Rel-15 NR, the PTRS is designed such that it has low density in frequency domain and high density in time domain. Low density used in frequency, since  the CPE induced in all the subcarriers is constant and the ICI component is negligible in FR1 and FR2 frequency ranges. High density in time, since  the phase noise induced in each OFDM symbol will be independent of each other. Time and frequency density of PTRS are configurable depending on the quality of the oscillators, carrier frequency, subcarrier spacing and MCS used for transmission. Generally, higher MCS are affected more because of the phase noise. 
 The new PT-RS design introduced for frequencies above 52.6 GHz should be designed such that the effect of both CPE and ICI in the received signal can be eliminated. One of the most popular and effective methods to suppress phase noise in OFDM systems is by transmitting a block of pilot symbols and estimating  ICI coefficients at the receiver and using the estimated ICI coefficients  in data demodulation. This is commonly referred to as block-PTRS. Block-PTRS can suppress the effect of phase noise in OFDM systems effectively thus increasing the reliability of the corresponding data demodulation.

Proposal 2: Support Block-PTRS as one of the candidates for new PTRS design for NR above 52.6GHz.

Employing block PTRS is effective for estimating ICI coefficients  at the receiver. However, it requires more overhead than the existing distributed PTRS. The specification impact due to the introduction of the new PTRS design should be carefully studied, keeping the PTRS overhead in check. The time density of PTRS can be based on MCS as for FR1 and FR2 as the impact of the phase noise on different MCS remain similar irrespective of the frequency band being used.

 Observation 1: The specification impact due to the introduction of new PTRS design should be carefully studied. 
Proposal 3: Time density based on MCS, as in FR1 and FR2, is supported.

3 Enhancements to DMRS

Generally, DMRS is used to estimate the channel at the receiver and use it for data demodulation. But in carrier frequencies above 52.6GHz, the channel estimated using DMRS will not be as accurate as the estimated channel in FR1 and FR2. This reduced channel estimation performance in NR above 52.6GHz arises because of multiple factors. When lower subcarrier spacing such as 120KHz is used, the accuracy in channel estimation reduces because of the additional noise induced in the DMRS symbols caused by the ICI component of the phase noise. When higher subcarrier spacing such as 960KHz is used, the channel estimation accuracy will reduce for frequency selective channels when the channel coherence bandwidth is less than the DMRS spacing. Hence, to deal with the inaccuracies in channel estimation, an additional DMRS pattern needs to be studied which helps in reducing the inaccuracy caused by the phase noise in lower SCS and frequency selectivity in higher SCS. 

Proposal 4: Support for a new DMRS design for NR above 52.6GHz to improve channel estimation accuracy.


4 Conclusion

This contribution discussed the possible changes required in PTRS and DMRS design for NR above 52.6GHz.
Further, we summarize the observation and proposals as follows:

Observation 1: The specification impact due to the introduction of new PTRS design should be carefully studied.

Proposal 1: Support for new PT-RS for NR above 52.6GHz at least for 120KHz SCS.

Proposal 2: Support for Block-PTRS as one of the candidates for new PTRS design for NR above 52.6GHz.

Proposal 3: Time density based on MCS, as in FR1 and FR2, is supported.

Proposal 4: Support for a new DMRS design for NR above 52.6GHz to improve channel estimation accuracy.
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