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Introduction
In RAN#86, a study item [1] and a working item [2] to support NR from 52.6 GHz to 71 GHz were agreed. The motivation is to support NR operation above 52.6 GHz to 71GHz considering, both, licensed and unlicensed operation by leveraging FR2 design to the extent possible.

According to the SID, the following items need to be studied
· 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 RAN1#101e, the simulation assumptions have been agreed and the possible physical layer impacts have been listed in the Chairman’s notes [3]. In this contribution, we discuss the possible changes to support NR above 52.6 GHz to 71 GHz. 
Discussion
1.1 New numerology
TR 38.807 [4] has studied the requirements for NR beyond 52.6 GHz. One of the features in the frequency ranges above 52.6 GHz potentially is larger spectrum allocations and larger bandwidths that are not available for bands lower than 52.6 GHz which can support widely ranging use cases, such as V2X, IAB, NR licensed and unlicensed, fixed wireless access,
According to the TR, the maximum occupied bandwidth between 52.6 GHz and 71 GHz is either not specified or to be defined. According to Table 4.2.4.2-1 in [4], 

	Frequency band (GHz)
	Modulation / maximum occupied bandwidth

	52.6 – 54.25
58.2 – 59.0 
	Not specified

	54.25 – 55.78
	Up to 1 GHz

	55.78 – 59
	Not specified

	57 – 66
	Occupied BW shall be below 9GHz

	60 – 61,

	Below 500MHz



On the other hand, according to IEEE 802.11, 802.11ad uses a maximum of 2.16 GHz bandwidth, 802.11ay bonds four of those channels together for a maximum bandwidth of 8.64 GHz. But for NR under 52.6 GHz, the maximum channel bandwidth per NR carrier is 400 MHz, and the maximum number of subcarriers per NR carrier is 3300. So there is a need for NR to support bandwidth larger than 1 GHz above frequency band 52.6 GHz to 71 GHz.
Observation 1: NR needs to support bandwidth larger than 1 GHz for frequency band 52.6 GHz to 71 GHz.
In TR38.807, the possible new numerology has been studied and concluded as follows,
Feature re-usability and design commonality with existing NR specification: It would be good to be able to support features for FR1 and FR2 as defined in NR with minimal change (if possible) and support a common design structure that could support various use cases. To that extent further considerations of using an integer ratio between clock rates of NR below and NR above 52.6 GHz should be investigated. One possibility to achieve this would be to maintain the NR numerology scaling principle but extend to higher numerologies, i.e. Δf = 2μ × 15 kHz with an appropriate range of possible integer values for μ.

Currently the NR numerologies are defined to support 240 KHz [5], but it is not used for data transmission. To support larger bandwidth, this restriction should be relaxed. In addition to support GHz bandwidth, new subcarrier spacing of 480 KHz and 960 KHz should be studied.

Table 1: Supported transmission numerologies and bandwidth.
	

	

	Freq BW max
(MHz)

	0
	15
	49.5

	1
	30
	99

	2
	60
	198

	3
	120
	396

	4
	240 (138 RBs)
	397.44

	4
	240 (275 RBs)
	792

	5
	480
	1584

	6
	960
	3168



Proposal 1: Support data transmission for 240 KHz for NR above 52.6 GHz to 71 GHz
Proposal 2: Study new subcarrier spacing of 480 KHz and 960 KHz

1.2 Required changes if the new numerologies are introduced
DCI and timer based BWP switch delay
According to TS 38.133 [6], depending on UE capability bwp-SwitchingDelay , UE shall finish BWP switch within the time duration TBWPswitchDelay defined in Table 8.6.2-1.
Table 8.6.2-1: BWP switch delay
	[image: ]
	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the smaller SCS between the SCS before BWP switch and the SCS after BWP switch.



However, the table supports up to 120 KHz. When the new numerologies will be introduced, the required BWP switch delay should be determined. The actual value can be decided in the WI phase after new numerologies will be decided.
Processing time

According to TS38.214 [7], both PDSCH processing time, and PUSCH preparation time depends on UE’s processing capability as well as the numerology. So if new numerologies will be introduced, the new value should be decided.  Likewise, CSI computation delay for new numerologies need to be decided too. One straightforward solution is to extend the tables directly by adding a mapping between the new SCS and the processing time. However, the processing time mainly depends on the UE’s implementation. One value may not fit all the UEs’ implementation. So the value can be configured by high layer flexibly.
Proposal 3: Determine the processing time when the new numerologies are decided 

Scheduling time
NR defines 3 kinds of scheduling timing.
	Scheduling timing
	Definition
	Default
	High layer configure

	K0
	Timing between a downlink resource grant on a PDCCH and a downlink data transmission on a PDSCH
	Default table.
	K0 in (0..32)

	K1
	Timing between a downlink data transmission on the PDSCH and a hybrid automatic repeat request acknowledgment (HARQ-ACK) transmission
	For DCI format 1_0, the PDSCH-to-HARQ_feedback timing indicator field values map to {1, 2, 3, 4, 5, 6, 7, 8}
	 dl-DataToUL-ACK in (0..15)

	K2
	Timing between an uplink resource grant on the PDCCH and uplink data transmission on the PUSCH
	Based on numerology
	K2 in (0..32)


 When the higher SCS is introduced, the number of slots in a subframe will be increased. So the range of these scheduling time need to be increased.
Proposal 4: Study the range of K0, K1, K2 for the new SCS.
1.3 Low PAPR waveforms
As studied in [4], the PA efficiency at higher frequency is expected to degrade, so low PAPR waveforms designed to minimize PA backoff and maximize efficiency should be considered.
Regarding the low PAPR waveform, DFT-S-OFDM has well designed and implemented for uplink transmission in LTE and NR. In [8], DFT-S-OFDM showed to have 2-3 dB gain over CP-OFDM. But NR only supports rank 1 transmission. So [9] and [10] proposed to consider supporting rank-2 SU-MIMO for DFT-s-OFDM. We think more than rank 1 DFT-S-OFDM can be studied.
Proposal 5: More than rank 1 DFT-S-OFDM can be studied.
Conclusion
In this contribution, we discussed the possible specification impact to support NR 52.6GHz to 71 GHz, and propose,
Observation 1: NR needs to support bandwidth larger than 1 GHz above frequency band 52.6GHz to 71 GHz.
Proposal 1: Support data transmission for 240 KHz for NR between 52.6 GHz to 71 GHz.
Proposal 2: Introduce new subcarrier spacing of 480 KHz and 960 KHz.
Proposal 3: Determine the processing time when the new numerologies are decided.
Proposal 4: Study the range of K0, K1, K2 for the new SCS.
Proposal 5: More than rank 1 DFT-S-OFDM can be studied.
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