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Introduction
This paper presents Nokia’s view on general demodulation aspects related to the operation between 52.6 GHz and 71 GHz that can be applicable to both BS and UE demodulation requirements. This paper discusses the impact of operation above 52.6 GHz on channel modelling, new subcarrier spacings and bandwidth, as well as deployment scenarios. 
As part of the objectives that were defined for the extension to 71 GHz, the following performance objectives were defined in [1] which include both BS and UE demodulation performance requirements. 
	4.2	Objective of Performance part WI
NOTE:	Leave empty if the WI proposal does not contain a RAN performance part.
Specify the following requirements [RAN4]
· Base station demodulation performance requirements
· UE demodulation performance requirements
· Radio Resource Management performance requirements, including RRM/RLM test cases
· Base station conformance testing
· Study and define NR 52.6-71 GHz BS OTA methods




Discussion
New sub-carrier spacings and bandwidths
Some of the most important changes introduced for the operation up to 71 GHz is the introduction of new sub-carrier spacings. As part of that work, 120 kHz SCS is reused for FR2-2 and 480 kHz and 960 kHz are introduced with channel bandwidths up to 2 GHz. The latest status of the RF discussion includes the following combinations of SCS and BW [6]:
	Table 5.3.5-1: Channel bandwidths for each NR band
	Operating band
	SCS (kHz)
	UE channel bandwidth (MHz)

	
	
	50
	100
	200
	400
	800
	1600
	2000

	n257
	60
	50
	100
	200
	
	
	
	

	
	120
	50
	100
	200
	4001
	
	
	

	n258
	60
	50
	100
	200
	
	
	
	

	
	120
	50
	100
	200
	4001
	
	
	

	n259
	60
	50
	100
	200
	
	
	
	

	
	120
	50
	100
	200
	4001
	
	
	

	n260
	60
	50
	100
	200
	
	
	
	

	
	120
	50
	100
	200
	4001
	
	
	

	n261
	60
	50
	100
	200
	
	
	
	

	
	120
	50
	100
	200
	4001
	
	
	

	n262
	60
	50
	100
	200
	
	
	
	

	
	120
	50
	100
	200
	4001
	
	
	

	n263
	120
	
	100
	
	400
	
	
	

	
	4802
	
	
	
	400
	800
	1600
	

	
	9602
	
	
	
	400
	800
	1600
	2000

	NOTE 1:	This UE channel bandwidth is optional in this release of the specification.
NOTE 2:   This SCS is optional in this release of the specification.

Editor’s note: Optional/mandatory CHBW discussion is still on-going and further modifications are possible.






From the latest RAN1 agreements on the UE capabilities, we should also consider that in order to support FR2-2, the UE is only mandated to support 120 kHz, where 480 kHz and 960 kHz are included as optional features [5]. 
[bookmark: _Toc95313958][bookmark: _Toc95726188]Operation in FR2-2 includes support of 120, 480, and 960 kHz SCS. 
[bookmark: _Toc95313959][bookmark: _Toc95726189]Channel bandwidths of up to 2000 MHz are supported in FR2-2. 
[bookmark: _Toc95313960][bookmark: _Toc95726190]In order to support FR2-2 operation, a UE has to support at least 120 kHz SCS. 
[bookmark: _Toc95313961][bookmark: _Toc95726191]Initial access can be supported with SSBs using 120 kHz and 480 kHz SCS. 
[bookmark: _Toc95313962][bookmark: _Toc95726192]In order to support one SCS in UL, the UE has to at least support the same SCS in DL. 
[bookmark: _Toc95313963][bookmark: _Toc95726193]Support of one SCS in DL does not imply support of the same SCS in UL. 
Specify new demodulation performance requirements for UE and BS for SCS 480 kHz and 960 kHz.
Channel model for operation above 71 GHz
As part of the study phase for operation between 52.6 and 71 GHz, extensive system level evaluations were performed in order to identify the delay spread in typical scenarios. The results are summarized in [2] as shown below: 
	[bookmark: _Toc56024725][bookmark: _Toc56025973][bookmark: _Toc56754139][bookmark: _Toc57035444][bookmark: _Toc57036060][bookmark: _Toc57038175][bookmark: _Toc57038300][bookmark: _Toc65589807]6.3	Summary of delay spread evaluations
The following are observations on the delay spread distribution:
-	One source [60] observed that for the delay spread distributions for the typical indoor scenarios evaluated, the delay spread of almost 80% of the users are less than 30 nsec.
-	One source [18] observed that Factory Scenario A (InF-DH) results in post-beamforming delay spreads that are a significant fraction of the CP duration for 960 kHz SCS.
-	One source [63] observed that 85% of the UE experience r.m.s delay spread small than CP length of 1.92 MHz subcarrier spacing (i.e. 36.6ns) in indoor, outdoor, and factory scenarios.
-	One source [30] observed that for small range indoor hotspot deployment, the channel delay spread is not an issue with normal CP. For outdoor scenarios with larger ISD and at moderate to high SNR (this may be produced by higher EIRP or smaller BW), normal CP demonstrates SINR degradation compared to extended CP. However, for such large coverage, high EIRP, and small BW use cases, we can choose to use a small SCS, e.g., 120kHz, with NCP.
-	One source [38] observed that while each scenario experiences different amounts of r.m.s. delay spread, regardless of scenarios, most of UEs experience smaller r.m.s. delay spreads than normal CP of 960 kHz. 




As part of these results, it can be identified that typically the delay spread is contained within 30 ns in the scenarios that were evaluated. As an example, [3] and [4] show system level evaluation with pre- and post-beamforming RMS delay spread. The results show that BF results in a significant reduction of delay spread in this frequency range. Additionally, in Indoor factory scenarios, a significant portion of the UEs might experience delay spread between 10 and 20 ns. Considering that type of distribution, it is reasonable to assume that a gNB would adapt the SCS and MCS depending on the UE propagation conditions that would also include the delay spread. 
[bookmark: _Toc95313964][bookmark: _Toc95726194]Scheduling and link adaptation typically allocates large SCS and MCS in situations with low delay spread. 
[bookmark: _Toc95313965][bookmark: _Toc95726195]Distribution of the delay spread in typical scenarios for operation in FR2-2 are mostly concentrated bellow 30 ns, with a large part of the samples experiencing delay spread between 10 and 20 ns. 
[bookmark: _Toc95313966][bookmark: _Toc95726196]Existing RAN4 requirements include TDLA30 as the minimum delay spread for fading channels. 
[bookmark: _Toc95313967][bookmark: _Toc95726197]RAN4 to study the use of TDLA10 and TDLA20 for demodulation requirements with large SCS and high MCS. 
The doppler shift for FR2 is given in TS 38.104 in Table G.2.2-2 shown below 
	[image: ]



Doppler shift normally is calculated using the following equation:

where  is the relative speed between the UE and the BS.  is the carrier frequency.  is the doppler shift.  is the speed of light. 
Since doppler shift is directly proportional to the carrier frequency, it is expected to be higher in FR2-2 compared to FR2-1. Hence, we propose to increase the doppler shifts for FR2-2 over the one considered in Table G.2.2-2. 
[bookmark: _Toc95726198] Doppler shift is directly proportional to the carrier frequency; Hence, it should be higher in FR2-2 compared to FR2-1.
[bookmark: _Toc95726199] Simulation assumption for FR2 was 30 GHz. 
[bookmark: _Toc95726200] We propose to double the doppler shifts in FR2-2 than the ones already used for FR2-1. i.e., TDLAxx-150, and TDLAxx-300. 
Deployment scenarios
As a part of the RAN4 discussion in RRM and RF it was decided to prioritize scenarios as the ones described below [1]: 
	· Core specifications for UE, gNB and RRM requirements [RAN4]:
· Specify new band(s) for the frequency range from 52.6GHz-71GHz. The band(s) definition should include UL/DL operation and excludes ITS spectrum in this frequency range.
· Specify gNB and UE RF core requirements for the band(s) in the above frequency range, including a limited set of example band combinations (see Note 1). 
· For the case of FR2-2 DC or CA with an anchor in FR1 the following three example band combinations shall be considered:
· n79 + Nx 
· n77 + Nx 
· n41 + Nx 
· where Nx is the 57-71 GHz band for unlicensed operation and the [66-71] GHz for licensed operation. 
· RAN4 to further discuss the need for single or multiple bands relevant for FR2-2 licensed/unlicensed operation.




As part of these objectives, it can be assumed that the extension to 71 kHz will support at least the following scenarios:
· Standalone FR2-2 only 
· CA and NR-DC between FR2-2 an anchor in FR1

[bookmark: _Toc95313968][bookmark: _Toc95726201]Deployment scenarios agreed in RF and RRM already include FR2-2 only standalone and CA/NR-DC with FR1 anchor. 
[bookmark: _Toc95313969][bookmark: _Toc95726202]RAN4 to consider demodulation requirements including the following scenarios:
    -Standalone FR2-2 only
    -CA and NR-DC with FR1 anchor and FR2-2. 

[bookmark: _Toc64909510]Conclusion
This paper has presented Nokia’s views on general aspects related to demodulation requirements for the extension to 71 GHz. From this discussion we have derived the following observations and proposals: 
Observation 1: Operation in FR2-2 includes support of 120, 480, and 960 kHz SCS.
Observation 2: Channel bandwidths of up to 2000 MHz are supported in FR2-2.
Observation 3: In order to support FR2-2 operation, a UE has to support at least 120 kHz SCS.
Observation 4: Initial access can be supported with SSBs using 120 kHz and 480 kHz SCS. 
Observation 5: In order to support one SCS in UL, the UE has to at least support the same SCS in DL.
Observation 6: Support of one SCS in DL does not imply support of the same SCS in UL.
Proposal 1: Specify new demodulation performance requirements for UE and BS for SCS 480 kHz and 960 kHz.
Observation 7: Scheduling and link adaptation typically allocates large SCS and MCS in situations with low delay spread.
Observation 8: Distribution of the delay spread in typical scenarios for operation in FR2-2 are mostly concentrated bellow 30 ns, with a large part of the samples experiencing delay spread between 10 and 20 ns.
Observation 9: Existing RAN4 requirements include TDLA30 as the minimum delay spread for fading channels.
Proposal 2: RAN4 to study the use of TDLA10 and TDLA20 for demodulation requirements with large SCS and high MCS.
Observation 10: Doppler shift is directly proportional to the carrier frequency; Hence, it should be higher in FR2-2 compared to FR2-1.
Observation 11: Simulation assumption for FR2 was 30 GHz.
Proposal 3: We propose to double the doppler shifts in FR2-2 than the ones already used for FR2-1. i.e., TDLAxx-150, and TDLAxx-300.
Observation 12: Deployment scenarios agreed in RF and RRM already include FR2-2 only standalone and CA/NR-DC with FR1 anchor.
Proposal 4: RAN4 to consider demodulation requirements including the following scenarios:
     -Standalone FR2-2 only
     -CA and NR-DC with FR1 anchor and FR2-2.
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Table G.2.2-

: Channel model parameters for FR2

Combination name Tapped delay line Maximum Doppler
model frequency
TDLA30-75 TDLA30 75 Hz
TDLA30-300 TDLA30 300 Hz





