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Introduction
In this Study Item [1], the following parts are included in the objective.

· Study of required changes to NR using existing DL/UL NR waveform to support operation between 52.6 GHz and 71 GHz
· Study of applicable numerology including subcarrier spacing, channel BW (including maximum BW), and their impact to FR2 physical layer design to support system functionality considering practical RF impairments [RAN1, RAN4].
· Identify potential critical problems to physical signal/channels, if any [RAN1].

In this contribution, required change to NR in terms of subcarrier spacing and channel bandwidth for above 52.6 GHz operation are discussed.

Discussion
Bandwidth and Subcarrier spacing
Legacy NR supports up to 400 MHz bandwidth for FR2. In 802.11 ad/ay systems, it has been specified that a unit of LBT bandwidth is 2.16 GHz. If NR devices transmit signals using a channel with bandwidth less than 2.16 GHz, an 802.11 ad/ay device may not estimate the existence of the NR transmissions on the given channel accurately, leading to an increased probability of collision between NR and 802.11 ad/ay. Like for NR-U using 5 GHz unlicensed spectrum, considering co-existence with NR and 802.11 ad/ay, channelization should be aligned in a co-existence environment. It is important that 3GPP aligns the bandwidth with other communication systems in the unlicensed band to provide competitive wideband service. Therefore, at least support of 2.16 GHz bandwidth should be considered. 
Proposal 1: NR devices support that transmissions occupy a 2.16 GHz bandwidth in 60GHz unlicensed spectrum.

To occupy 2.16 GHz bandwidth, we have 2 alternatives: (1) to support new wider bandwidth (e.g. 2.16 GHz) on a single carrier; or (2) to use existing bandwidth (e.g. 400 MHz) on multiple carriers (e.g. 5 carriers), as per the following agreement.
	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.



Although we support both the solution of single carrier and multi carrier (CA), CA has some drawbacks. In terms of the control signalling overhead, a DCI has to be carried on each carrier to schedule PDSCH/PUSCHs on each carrier since multi-carrier scheduling by one DCI is not supported. For complexity, although single RF front-end can be covered for intra-band contiguous CA, a device has to have multiple baseband circuits for each carrier to operate CA, which causes anincrease in implementation complexity. For spectral efficiency, the guard-band between carriers cannot be utilized for transmission in CA operation, while the guard-band can be utilized in a single carrier. Therefore, single carrier would be more preferable.
Observation 1: CA (either inter-band or intra-band) can be supported, but we prefer not to rely on CA with maximum bandwidth 400MHz per carrier to achieve 2.16GHz bandwidth.

In RAN1 #102e, the following agreement on numerology was achieved:
	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).



Since it was agreed that the maximum FFT size is 4096 points, a 960 kHz SCS is required (960 kHz x 4096 = 3.93216 GHz > 2.16 GHz) to support 2.16 GHz bandwidth.
Observation 2: To support 2.16 GHz bandwidth by single carrier, 960 kHz SCS is required. 
SCS should be chosen considering not only bandwidth aspects but also other aspects such as frequency offset, phase noise and CP.
Due to the frequency offset caused by mis-matched oscillators, Doppler shift, and timing synchronization errors, ICI (Inter-Carrier Interference) will be increased. Especially for high carrier frequency, the impact of ICI caused by frequency offset will be significant because Doppler shift/spread is proportional to carrier frequency. In addition, phase noise, which also increases as carrier frequency increases, also causes ICI. To cope with the impact of ICI caused by frequency offset and phase noise, applying a wider SCS than 120 kHz for data transmission and 240 kHz for SSB transmission would be beneficial.
As is well known, increasing SCS proportionally decreases CP duration, which may increase ISI (Inter-Symbol Interference) caused by multi path propagation. For example, assuming normal CP (288 CP length in the case of 4096 FFT size), the CP duration is about 162 nsec for 480 kHz SCS and 81 nsec for 960 kHz SCS, respectively. According to Table 7.7.3-2 of TR 38.901 [3], the delay spread of the long-delay profile in an indoor office is 38 nsec for a 60 GHz frequency and 37 nsec for a 70 GHz frequency, respectively. These CP durations are not much larger than the delay spread. If wider SCS is supported, the necessity of extended CP may have to be additionally studied.
Observation 3: Wider SCS has robustness to frequency offset and phase noise, but impacts on CP duration. 
As a result, from the system perspective, RAN1 should support up to 960 kHz SCS, in order to support 2.16 GHz bandwidth by single carrier.
Proposal 2: Support up to 960 kHz SCS, in order to support 2.16 GHz bandwidth by single carrier.

PDCCH monitoring and PDSCH/PUSCH scheduling
In RAN1 #102e, the following agreements on PDCCH monitoring and PDSCH/PUSCH scheduling were achieved
	Agreement:
Consider at least the following aspects of PDCCH monitoring for a given SCS
· For new SCS, if agreed, that are not supported in Rel-15/16 NR,
· investigate on the maximum number of BDs/CCEs for PDCCH monitoring per time unit
· e.g. slot as Rel-15, or new scheduling/monitoring unit
· any potential limitation to PDCCH monitoring configurations (e.g. search spaces, DCI formats, overbooking/dropping, etc) to help with UE processing, if needed
· e.g. increased minimum PDCCH monitoring unit
· potential enhancements for CORESET, if needed
· related UE capability(ies) for PDCCH processing
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



For operation on above 52.6 GHz frequency, higher SCS would normally be used. The increase of SCS reduces symbol and slot duration (e.g. slot duration of 960 kHz SCS becomes 12.5 usec), which may require frequent PDCCH monitoring. That means the UE cannot go to sleep between PDCCH monitoring occasions, which is not desirable for the power consumption.
Observation 4: The increase of SCS causes frequent PDCCH monitoring, which is not desirable for the UE power consumption.
To cope with the above issue, 2 solutions can be considered; (1) multi-slot scheduling by corresponding multiple DCIs in a slot, (2) multi-slot scheduling by one DCI on a slot. For solution (1), a lot of PDCCH transmission in a CORESET tends to result in PDCCH collision. In this case, the CORESET resource may need to be extended. On the other hand, for solution (2), since only one DCI is carried, the total signaling overhead could be reduced. Therefore, multi-PDSCH/PUSCH scheduling by one DCI is preferred. It is noted that Rel-16 NR-U has already introduced multi-PUSCH scheduling by one DCI.
[image: ]
Figure 1. Multi-PDSCH scheduling by one DCI
Proposal 3: Multi-PDSCH/PUSCH scheduling by one DCI should be supported for NR above 52.6 GHz.
Observation 5: Multi-PUSCH scheduling introduced in Rel-16 NR-U can be reused for NR above 52.6 GHz.

UL interlace design
In RAN1 #102e, the following agreement on uplink transmission was achieved
	Agreement:
Consider at least the following aspects for uplink transmission
· Study of potential enhancements for PUSCH/PUCCH/PRACH transmissions to achieve higher transmit power (when transmit power spectral density limits apply), if needed
· Study whether uplink interlace needs to be supported for unlicensed operation in 60 GHz band.
· If supported, study uplink PRB and/or sub-PRB based interlace design for PUCCH, PUSCH, and/or SRS.



In Rel-16 NR-U operating on a 5/6 GHz band, in order to apply power boosting meeting the OCB requirement and the PSD limitation, PRB based interlace design for 15 and 30 kHz SCS has been introduced for the UL waveform.
[bookmark: _GoBack]In 60 GHz unlicensed spectrum, both the PSD limitation in a unit of dBm / MHz and OCB requirement are also defined. Assuming that a higher SCS than 60 kHz is used in 60 GHz, 1 PRB transmission occupies more than 1 MHz (e.g. 120 kHz SCS x 12 subcarriers = 1.44 MHz), which means that there is no margin to increase PSD. Sub-PRB block interlace design should be supported for 60 GHz unlicensed spectrum.
Proposal 4: Sub-PRB based interlace design should be supported for 60 GHz unlicensed spectrum.

Beam management
In RAN1 #102e, the following agreement on beam management was achieved:
	Agreement:
Consider at least the following aspects in system operations with beams 
· Study of BFR mechanism enhancements, if supported
· e.g., the use of aperiodic CSI-RS for BFR, increased number of RSs for monitoring/candidates and efficient utilization of the increased number of RSs, enhanced reliability to cope with narrower beamwidth
· Study of UE capabilities on beam switch timing in beam management procedure
· Study of enhancements for beam management and corresponding RS(s) in DL and UL are needed further considering at least the following aspects, if supported:
· beam switching time, beam alignment delay (including initial access), LBT failure, and potential coverage loss (if large SCS is supported)
· Study of beam switching gap handling for signals/channels (e.g. CSI-RS, PDSCH, SRS, PUSCH) for higher subcarriers spacing, if supported



For the operation above 52.6 GHz, the use of narrower beams, even during initial access, would be beneficial in order to overcome extremely high propagation loss. However, the connection tends to be lost when using SSB with narrower beams, due to the change of environment or movement of the UE. In addition, enhancement to more than 64 SSBs would have a large specification impact.
Even in legacy NR, narrower beams are provided by CSI-RS. Therefore, narrower beams using CSI-RS during initial access could be considered. Figure 2 shows beam refinement using CSI-RS. At first, the CSI-RS configuration is broadcast via SIB1. From the CSI-RS configuration, the UE measures the best narrower beam among the CSI-RS set that is QCLed with the best SSB. Finally, the UE can report the best CSI-RS information in Msg3. From Msg4 transmission, the gNB can use the reported narrower beam to the UE. This would contribute to early and fine beam alignment.

Figure 2. Beam refinement using CSI-RS
Proposal 5: Beam alignment during initial access procedure should be considered for NR above 52.6 GHz

Conclusions
In this contribution, based on the above discussion, we have the following proposals:
Proposal 1: NR devices support that transmission is occupied for 2.16 GHz bandwidth in 60GHz unlicensed spectrum.
Observation 1: CA (either inter-band or intra-band) can be supported, but we prefer not to rely on CA with maximum bandwidth 400MHz per carrier to achieve 2.16GHz bandwidth.
Observation 2: To support 2.16 GHz bandwidth by single carrier, 960 kHz SCS is required. 
Observation 3: Wider SCS has robustness to frequency offset and phase noise, but impacts on CP duration. 
Proposal 2: Support up to 960 kHz SCS, in order to support 2.16 GHz bandwidth by single carrier.
Observation 4: The increase of SCS causes frequent PDCCH monitoring, which is not desirable for the UE power consumption.
Proposal 3: Multi-PDSCH/PUSCH scheduling by one DCI should be supported for NR above 52.6 GHz.
Observation 5: Multi-PUSCH scheduling introduced in Rel-16 NR-U can be reused for NR above 52.6 GHz.
Proposal 4: Sub-PRB based interlace design should be supported for 60 GHz unlicensed spectrum.
Proposal 5: Beam alignment during initial access procedure should be considered for NR above 52.6 GHz
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