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1. Introduction

A study on supporting NR from 52.6GHz to 71GHz in Release 17 was initiated in RAN1#101-e [1]. Some of the RAN1#102-e agreements regarding required changes to NR using existing DL/UL waveform were as follows [2]:
Agreement:
For NR system operating in 52.6 GHz to 71 GHz, 

· NR should be designed with maximum FFT size of 4096 and maximum of 275RBs per carrier;

· Candidate supported maximum carrier bandwidth(s) for a cell is between 400 MHz and 2160 MHz;

· If subcarrier spacing 240 kHz or below are supported, NR in 52.6 to 71 GHz is expected to use normal CP length only (does not have any implications on whether ECP is supported for the higher subcarrier spacings, if supported).

Agreement:
Consider at least the following aspects of scheduling for BWP with a given SCS

· Study of frequency domain scheduling enhancements/optimization for PDSCH/PUSCH, if needed

· e.g. potential impact to UL scheduling if frequency domain resource allocation with different granularity than FR1/2 (e.g. sub-PRB, or more than one PRB) is supported

· Study of time domain scheduling enhancements for PDSCH/PUSCH, if needed

· e.g. increasing the minimum time-domain scheduling unit to be larger than one symbol, supporting multi-PDSCH scheduled by one DCI, supporting one TB mapped to multiple slots (i.e., TTI bundling)

· Study potential enhancements or alternatives to the scheduling request mechanism to reduce scheduling latency due to beam sweeping, if needed.

Agreement:
Study single carrier and multi carrier operations for achieving wide bandwidth utilization, while at least considering aspects such as control signaling overhead, transceiver complexity, spectral efficiency, etc.

Agreement:
· Consider the study of at least the following aspects, including the justification for the features and their potential benefits, if applicable

· System overhead impact from TDD switching time for larger subcarrier spacing

· Coverage enhancement mechanisms for control channels and SSB, if larger SCS is supported

· Any potential modifications to HARQ processes including number of processes, if supported

· Impact from MAC buffering for larger subcarrier spacing, if any

· NR channelization/sub-channelization and any potential impact from RAN1 perspective

· Additional RF impairments that impact evaluations

· Impact on BWP switching procedure due to new higher SCS, if supported

· Support of rank 2 transmission for DFT-s-OFDM in the uplink

· Other aspects and impacts due to introduction of higher SCS are not precluded.

In this paper, we present our views on several potential physical-layer enhancements. 
2. NR Candidate Enhancements
2.1 Wideband Resource Allocation
As noted in the last meeting, efficient single-carrier and multi-carrier operation for wide bandwidth utilization needs to be studied further. Up to 2 GHz bandwidth for a single carrier is being discussed for NR above 52.6 GHz, and several such ultra-wide carriers will need to be aggregated to exploit the spectrum available in this band. This comes at the cost of UE power efficiency, since its RF filter has to cover a wide band and PDCCH monitoring on multiple cells may be necessary.
Several enhancements have been introduced for NR in Rel-16 for low-latency and power-efficient CA operation. For example, the notion of dormant bandwidth part/SCell for faster BWP switching/SCell activation. One dormant BWP can be configured for an SCell. If the active BWP of the activated SCell is a dormant BWP, the UE stops monitoring PDCCH on the SCell but continues performing CSI measurements, AGC and beam management, if configured. This can be performed based on tracking RS (TRS) transmissions on the dormant BWP, for example. A DCI is used to control entering/leaving the dormant BWP for one or more SCell(s) or one or more SCell group(s). The dormant BWP is one of the UE’s dedicated BWPs configured by network via dedicated RRC signalling. The SpCell and PUCCH SCell cannot be configured with a dormant BWP.
In the context of NR at 60 GHz, an energy-efficient and low-latency mode of CA operation for bursty traffic would be to support multi-cell scheduling using a single DCI, where the additional cells may have a dormant BWP as the active (selected) BWP. An example is depicted in Figure 1 below with a PDSCH allocation scheduled by a single DCI and spanning two SCells. UE power consumption is reduced since no PDCCH monitoring is necessary on SCell B. At the same time, a large file spanning multiple carriers (e.g., 8K video) can be quickly transmitted with low latency. The advantage of the proposal is that no additional DCI signaling or RRC reconfiguration is needed to switch a dormant BWP to active state. 

[image: image1]
Figure 1: Multi-cell scheduling spanning dormant BWP with a single DCI.
It is noted that the Rel-17 DSS WI [3] has the following objective: study, and if agreed specify PDCCH of P(S)Cell/SCell scheduling PDSCH on multiple cells using a single DCI. The number of cells can be scheduled at once is limited to 2.

Proposal 1: Consider enhanced multi-carrier operation where a single DCI can schedule multiple cells, including SCells with a dormant BWP, for energy-efficient and low-latency NR performance.
2.2 DFTS-OFDM UL MIMO
The frequency range of 52.6 -71 GHz enables the use of large antenna arrays at both gNB and UE in a compact form-factor, therefore high-throughput UL transmissions can be achieved by enhancing the UL MIMO capabilities of NR relative to Rel-15 and Rel-16. One such limitation is that only 1 spatial layer is currently allowed for UL transform precoding (DFT-S-OFDM). Note that competing technologies in 60 GHz unlicensed spectrum, such as IEEE 802.11ay, support up to eight-layer SU-MIMO transmission with a non-OFDMA waveform.
DFT-S-OFDM is known to have a lower PAPR/CM compared to CP-OFDM, which is particularly advantageous in the 60 GHz band where achieving good coverage is challenging. A comparison of the PAPR of these two schemes for different PUSCH modulation orders assuming a SCS of 960 kHz, FFT size of 1024, and a channel bandwidth of 800 MHz, is shown in Figure 2 with CP-OFDM in the left sub-figure and DFT-S-OFDM in the right. It is observed that for QPSK DFT-S-OFDM has about 3 dB better PAPR and for x-QAM the DFT-S-OFDM has about 2 dB better PAPR, compared to CP-OFDM.
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Figure 2: PAPR comparison of PUSCH CP-OFDM and DFT-S-OFDM assuming a SCS of 960 kHz, FFT size of 1024, and a channel bandwidth of 800 MHz.
Hence, it is beneficial to allow higher throughput without sacrificing power efficiency by enabling more than 1 spatial layer with UL transform precoding. While there is an on-going Rel-17 feMIMO WI, such enhancements are not in the scope of feMIMO WI.
Proposal 2: It is beneficial to allow higher UL throughput without sacrificing power efficiency by enabling more than 1 spatial layer with UL transform precoding.
3. Conclusions

In this contribution, we examined several candidate enhancements for NR above 52.6 GHz. The following observations and proposals were obtained.

Proposal 1: Consider enhanced multi-carrier operation where a single DCI can schedule multiple cells, including SCells with a dormant BWP, for energy-efficient and low-latency NR performance.
Proposal 2: It is beneficial to allow higher UL throughput without sacrificing power efficiency by enabling more than 1 spatial layer with UL transform precoding.
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