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1 Introduction

RAN#71 in March approved a New RAT SID [1]. One of objective of study item is: 

The new RAT will consider frequency ranges up to 100 GHz [TR38.913].
(4)
Study and identify the technical features necessary to enable the new radio access to meet objective 1 and 2, also including:
o
Tight interworking between the new RAT and LTE
o 
Stand alone operation in licensed bands
In this contribution, we would like to provide well-known information at high frequency (up to 100 GHz) and technical issues in RAN2 perspective. In section 2, we describe high frequency channel and system characteristics, and then we identified topics which are necessary to be studied in RAN2. In conclusion, we propose of capturing the observations of this contribution for future RAN2 study.
2 Understanding of high frequency New RAT
2.1 Large path loss
The difference of path loss between HF-NR (High Frequency New RAT) and conventional LTE system are well known. As an example, we assume HF-NR frequency is 28GHz and LTE frequency is 2GHz. The theoretical difference of path loss in free space derived by Friis’ equation of 28GHz and 2GHz is 22.92 dB. This difference becomes larger in NLoS case to 31-37 dB shown in Figure 1. In this figure, we show path loss model for 28 GHz is from UMi-Street Canyon-nLOS [2] and path loss model for 2 GHz is from 3D-UMa NLoS model in TR36.873 [3].
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Figure 1 Path loss comparison between 28 GHz and 2 GHz.
Observation 1: Large path loss (23-37 dB) at high frequency is expected than conventional LTE frequency.
2.2 Enlarged noise power
An effective noise power of HF-NR system is increased due to ultra-wide bandwidth usage at high frequency carrier. If system bandwidth changes from 10 MHz to 100MHz or 1 GHz, the effective noise power increases by 10dB or 20 dB respectively.
For example, under assumptions:
· Effective noise power = (Noise Power Spectral Density) + 10 log10(Bandwidth) + (Noise Figure)
· Noise Power Spectral Density = -174 dBm/Hz

· Noise Figure 5 dB

The effective noise powers for bandwidth 10 MHz, 100MHz and 1 GHz are -99 dBm, -89dBm and -79 dBm, respectively. The effective noise powers power difference of 28 GHz and 2GHz is shown in Figure 2.
Observation 2: Large system bandwidth of HF-NR system increases effective noise power.
2.3 Small cell coverage
Based on observation 1 and 2, in SNR perspective, signal strength is decreased, but effective noise power is increased in HF-NR system. Therefore, cell coverage of HF-NR should be assumed smaller than conventional LTE system
Observation 3: Relatively smaller inter-site distance should be assumed at HF-NR system.
2.4 Large signal variation
Figure 2 shows an example of RSRP observation at 28GHz and 2GHz assuming the same velocity of UE. The different coloured lines represent RSRPs from different eNBs. As you can see from the figure 2, the signal variation of HF-NR is faster in time and larger in signal strength than conventional LTE. 
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Figure 2 Variation of RSRP: an example (28 GHz vs 2 GHz)
Observation 4: Signal variation at high frequency is faster and larger than conventional LTE frequency.
2.5 Beamforming with antenna gain
Based on the above observations, the HF-NR system has larger path loss, effective noise power and signal variation than conventional LTE system. To overcome, it is well known that beamforming with antenna gain, shown in figure 3, is necessary. These beamforming can be applied for both data and control channel. Beamforming with sharp beam width and high antenna gain is used in both eNB and UE sides. Practically, antenna gain by beamforming in eNB is considered about 15 to 30 dBi. The antenna gain of UE is considered about 3 to 20 dBi. 
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Figure 3 Gain compensation by beamforming in HF-NR system
Observation 5: Beamforming with antenna gain in both TX and RX sides is used to overcome fragile channel condition at high frequency.
2.6 Less interferences due to sharp beamforming
In SINR perspective, one good news of sharp beamforming reduces interference power from neighbor interferers, i.e. neighbor eNBs in downlink case or other UEs connected to neighbor eNBs. In TX beamforming case, only interference from other TXs whose current beam points the same direction to the RX will be the “effective” interference. The “effective” interference means that the interference power is higher than the effective noise power. In RX beamforming case, only interference from other TXs whose beam direction is the same to the UE’s current RX beam direction will be the effective interference. As being well known in academia, a HF system with beamforming is noise-limited, whereas conventional LTE system is interference limited.

[image: image5]
Figure 4 Weakened interference by beamforming in HF-NR system
Observation 6: Beamforming in both TX and RX sides mitigates interference from neighbor interferers.

Overall, there are quite different characteristics of HF-NR system and conventional LTE, which is not only the path loss, but also noise and interference characteristics.

3 RAN2 Issues in HF-NR system
In section 2, we describe different characteristics of HF-NR system for better understanding. However, it may not be sure of upper layer changes, whereas physical layer design change is necessary. In this section, we tried to list up the L2/L3 design issues for future RAN2 study.
3.1 General deployment options 

According to observations in section 2, HF-NR cell assumes naturally small cell environments, and channel condition is less stable than conventional LF(Low Frequency) NR or legacy LTE. Therefore, there are four deployment options being considered to be studied.

1) HF-NR
2) HF-NR + legacy LTE (advanced)

3) HF-NR + LF-NR
4) HF-NR + LF-NR + legacy LTE (advanced)

When operator chooses HF-NR deployment option, the above four cases could be considerable. In case of the HF-NR standalone deployment, reliable transmission/reception in mobile would be critical, although legacy LTE system might be fallback system. Therefore, HF-NR specific design (e.g. beamforming operation) to overcome high frequency channel condition would be a key issue. In the other deployment options, the approach such as dual-connectivity or carrier aggregation could be reused among NR and legacy LTE. In particular, non-standalone (legacy LTE + NR) deployment, minimum change of legacy LTE and low cost/complexity migration for HF-NR standalone system would be important factors.

Observation 7: Four deployment options for HF-NR: 1) HF-NR, 2) HF-NR + legacy LTE (advanced), 3) HF-NR + LF-NR, 4) HF-NR + LF-NR + legacy LTE (advanced)
3.2 Beam management protocol
As described section 2.5, the new radio interface operating in the mmWave frequency bands is required to support the beam-based transmission and reception between HF-NR Node-B and HF-NR UE. Accordingly, it is beneficial to study how to manage beams in the mmWave system. We can categorize the beam management into the following two procedures.
(1) Beam acquisition/tracking (i.e., instantaneous beam quality measurement)
This is the operation to select the best beam pair between a UE and its serving cell, which can be used for both control signaling and data communication. The UE should adapt the best beam pair according to the beam quality fluctuation, the UE’s intra-cell mobility or rotation in order to maintain its connection to the serving cell. If this operation is not supported well, it can happen that the UE experiences radio link failure due to beam misalignment, that is, the best beam pair known by the eNB is different from that known by the UE so that the communication between them cannot be performed.

(2) Beam measurement (i.e., beam-based RRM measurement)
This operation is similar to the RRM measurement in LTE. However, in the mmWave system, an eNB may transmit reference signals in a beamformed manner and a UE may also receive them in a beamformed manner. As a result, we can say that the RRM measurement in the mmWave system is based on the beams. Under this principle, the UE derives the signal strength received from not only a serving cell but also neighbor cells. Then, the measurement results are used to perform handover or cell addition/deletion in dual-connectivity. Several issues, for example how to measure, how to be averaged and how to trigger measurement report, should be studied for this operation.

Observation 8: Beam management in mmWave systems consists of the beam acquisition and tracking, in which a UE selects/switches the best beam for communication according to the instantaneous beam quality, and the beam measurement, which is similar to the RRM measurement in LTE but performed in a beamformed manner.

3.3 Mobility support at high frequency
3.3.1 Handover
Due to large path loss and increased effected noise power, the coverage of a cell will be shortened in HF-NR system. This small coverage and fragile channel characteristic of HF-NR lead to frequent handovers and handover failures which UE experiences. The evaluation results show that handover failure of UE per unit time in HF-NR is higher compared to LTE system. Ping-pong also happens more frequently in HF-NR [6]. As a result, mobility performance will be degraded unless mobility mechanism is improved in HR-NR compared to the current LTE. 
3.3.2 Radio link failure

Since HF-NR might have different reference signal design, downlink radio link monitoring operation for radio link problem detection might be different associated with beamforming operation. In that case, reference signal is carried in a specific TX beam from eNB at either different time or partially overlapped time, and therefore the measurement of this at UE should be done in a sequential manner. And this intrinsically incurs a delay of full measurement on whole TX-RX beam pair. 

The possible variation of assessing the radio link quality are on how to calculate the representative radio link quality using collective beam measurement results, and how long the measurement results can be taken in time for the evaluation, and what kind of combination method can be used for combining these time and space variations of beams. These variations are also dependent on the design of reference signal in physical layer design and beam management.

3.3.3
Cell Selection/Reselection
In LTE reference signal (RS) is transmitted in whole coverage area of cell and UE in RRC Idle (re-)selects the cell based on RS measurement. In case of HF-NR system, RS may be transmitted using multiple transmission beams in a cell. The UE is also receiving more than one beam in a cell. How to determine the cell quality based on RS measurement of beams needs to be studied, e.g. should the UE only consider the RS measurement of the best beam when determining cell quality or should the UE determine cell quality by considering RS measurements from multiple best beams from a cell.
Observation 9: Mobility (e.g. Handover, RLF and cell selection/reselection) mechanism is expected to be changed associated with high frequency characteristic and beamforming operation.
3.4 Broadcasting Signaling
In LTE, system information (i.e. MIBs and SIBs) is broadcasted periodically. In case of beamforming, one transmission beam cannot provide the full cell coverage. Therefore, multiple transmission beams are necessary in order to broadcast the system information. For example, system information could be transmitted using multiple transmission beams by switching TX beam across multiple time slots. In consequence, time/frequency resource overhead is increased ‘N’ times where ‘N’ is the number of transmission beams. 
In addition to system information, paging is also transmitted using broadcast signaling. In LTE, paging message is transmitted in paging occasion (i.e. subframe). In a DRX cycle there are several paging occasions to cater to high paging load and UEs are distributed based on UE ID across several paging occasions in DRX cycle. In case of beamforming, paging message also needs to be transmitted using multiple transmission beams. The size of each paging occasion needs to be N times more to allow transmission of paging message using N transmission beams. This result in N times increase in time/frequency resource overhead, PDCCH overhead, restrictive and inflexible data scheduling in increased number of time slots and increased UE wake up time.
Observation 10: Broadcast signaling using beamforming leads to increased time/frequency overhead, restrictive and inflexible data scheduling in increased number of time slots and increased UE wake up time.

3.5 Energy Efficiency Enhancement 
In next generation access technology requirements [7], energy efficiency of both eNB and UE perspectives was agreed as a key performance indicator (KPI): starting as a qualitative KPI as a baseline, quantitative KPI is under discussion now. For example, TR 22.891 (SMARTER) and the NGMN 5G white paper [8][9] has decided that energy efficiency of next generation system needs to be enhanced by 1000, 2000 times in the next 10 years.

HF-NR would support Gbps level data rate owing to the use of ultra-wide bandwidth. Compared to LTE, next generation access technology requires 3 times enhancement in average spectral efficiency. If transmission power is fixed and system bandwidth increases by 25 times (i.e. 40MHz of LTE, 1GHz of new RAT), the new RAT throughput is enhanced by 75 times and thus this enhanced data rate would improve energy efficiency by 75 times on average. However, transmission power may need to increase in order to ensure reliable coverage and because of additional procedures/signals to support ultra-wide bandwidth and beamforming operation, HF-NR may consume additional energy and this would lead to energy efficiency degradation. Considering all these aspects, it is foreseen that the gap between expected energy efficiency and its target requirement would still be huge. Therefore, the overall 5G design mandates the improvement of energy efficiency.
HF-NR is expected to utilize enhanced beamforming technology with large numbers of antennas compared to LTE. The utilization of enhanced beamforming with massive number of antenna can impose additional power consumption on both HF-NR Node-B and HF-NR UE. To support enhanced beamforming, UE needs to do beam measurements, beam tracking and send beam feedback via uplink. Different to omnidirectional control signals of LTE, if control signals of HF-NR are transmitted with beamforming in all beam directions, the energy consumption problem could be even worse. HF-NR could have more energy issues than LTE due to utilization of enhanced beamforming with numerous antennas. RAN2 should design L2/L3 procedures/signals considering the energy efficiency in whole procedures of the connected and idle modes.
Observation 11: HR-NR could have more energy consumption issues for both eNB and UE due to utilization of ultra-wide bandwidth and enhanced beamforming with numerous antennas. In HF-NR design, consideration of energy efficiency is essential in case of both connected and idle mode.
4 Conclusion

Based on the above, RAN2 is requested to discuss and if possible note or agree on the followings:

Observation 1: Large path loss (23-37 dB) at high frequency is expected than conventional LTE frequency.
Observation 2: Large system bandwidth of HF-NR system increases effective noise power.
Observation 3: Relatively smaller inter-site distance should be assumed at HF-NR system.

Observation 4: Signal variation at high frequency is faster and larger than conventional LTE frequency.
Observation 5: Beamforming with antenna gain in both TX and RX sides is used to overcome fragile channel condition at high frequency.
Observation 6: Beamforming in both TX and RX sides mitigates interference from neighbor interferers.

Observation 7: Four deployment options for HF-NR: 1) HF-NR, 2) HF-NR + legacy LTE (advanced), 3) HF-NR + LF-NR, 4) HF-NR + LF-NR + legacy LTE (advanced)
Observation 8: Beam management in mmWave systems consists of the beam acquisition and tracking, in which a UE selects/switches the best beam for communication according to the instantaneous beam quality, and the beam measurement, which is similar to the RRM measurement in LTE but performed in a beamformed manner.

Observation 9: Mobility (e.g. Handover, RLF and cell selection/reselection) mechanism is expected to be changed associated with high frequency characteristic and beamforming operation.
Observation 10: Broadcast signaling using beamforming leads to increased time/frequency overhead, restrictive and inflexible data scheduling in increased number of time slots and increased UE wake up time.

Observation 11: HR-NR could have more energy consumption issues for both eNB and UE due to utilization of ultra-wide bandwidth and enhanced beamforming with numerous antennas. In HF-NR design, consideration of energy efficiency is essential in case of both connected and idle mode.
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