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Introduction
One of the first objectives of the FR2 HST WI is to establish what speed can be supported for FR2 in relevant layouts. Following this, requirements will be derived. This contribution presents an overview of which factors should be considered in order to establish the supported speed considering RF, RRM and demodulation performance. Companion papers provide more detail on layout considerations, RF and RRM. For demodulation, it is useful to check whether performance barriers could be expected when deriving requirements. In this paper, some parameters are proposed for making such a check.
[bookmark: _Ref178064866]Discussion
To determine the maximum supportable speed, it is necessary to consider RF, RRM and demodulation performance in the context of a reference layout. Some progress was made on narrowing down layout options in the previous meeting. In order to further understand the layout, it is necessary to consider:
· BS and UE array sizes and orientation in relation to one another
· Uni- and Bi- directional deployment aspects. Note that these will differ compared to FR1 due to the beamforming and panel design. For example, a UE will not be able to receive from opposite directions in a bi-directional deployment using the same beam. We discuss these aspects in more detail in a companion contribution [1].
· Distance between BS. This needs to be related to the link budget, which is further discussed in [1]. 
Regarding RF, there are not any aspects that directly impact the supportable speed. Some aspects may indirectly impact the speed as they will affect the layout. This includes transmit power, array size, number of panels, number of active panels and spherical coverage expectations.
For RRM, the assumptions on the layout, antenna array and beam pattern feed into a consideration of the beam dwell times, beam management and handover. Realistic UE measurement and interruption times will need to be considered. There are also dependencies on considerations such as the type of deployment (uni-bi- directional), the number of BS per BBU etc. [1-2] cover aspects of deployment and RRM.
It is also important to consider whether there is any limiting factor in the maximum supportable Doppler from a demodulation perspective. Two aspects should be considered; the ability to resolve the Doppler shift and the performance itself.
In regard to the ability to resolve the Doppler shift, table 1 shows the speeds corresponding to the maximum resolvable Doppler at 28GHz for different DM-RS configurations for the BS and UE. In calculating the speeds in the table, the worst case is assumed in which the Doppler reverses at the UE passes a BS. Considering the deployment scenarios and beamforming in FR2, however it may not be necessary to detect a Doppler reversal, in which case the supportable Doppler and speed in the table can be increased by a factor of 2.
 In general, resolving Doppler should not be an issue for supporting speeds up to 250 km/h in FR2. The number of needed symbols will depend on the deployment scenario (i.e. whether Doppler reversal is expected and SCS). To reduce the overhead needed for DM-RS, it may be preferable to find other means to avoid the need to detect Doppler reversal, in particular for supporting the 60kHz SCS. For example, it should be borne in mind that a particular Doppler direction is likely to be associated to a particular RX panel in FR2, so the Doppler direction could be implied from the panel.

Table 1: Supportable speeds considering Doppler resolution (@28GHz, assuming Doppler reversal and 0.1ppm frequency error)
	
	1 symbol
	3 symbols
	4 symbols

	
	60k SCS
	120k SCS
	60k SCS
	120k SCS
	60k SCS
	120k SCS

	Maximum Doppler kHz
	25200
	53200
	6533
	15867
	4200
	11200

	Maximum speed (UE) km/h
	972
	2052
	252
	612
	162
	432

	Maximum speed (BS) km/h
	486
	1026
	126
	306
	81
	216




To investigate the performance impact, it is useful to align on a baseline set of parameters. Table 2 proposes parameters for the BS and table 3 for the UE. In our opinion, these parameters could be used for checking the maximum supportable speed, but for the demodulation requirements the parameters should be re-discussed and re-approved when requirements are decided.

Proposal 1: Use the parameters in tables 2 and 3 for checking the maximum supportable speed from a demodulation perspective. Parameters to be re-discussed for setting demodulation requirements.

Table 2: PUSCH parameters for evaluating maximum supportable speed
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	60 kHz and 120kHz SCS:
3D1S1U, S=10D:2G:2U

	Antenna layout
	1T2R

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS symbols
	pos1, pos2

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	0

	
	DM-RS sequence generation
	NID=0, nSCID =0

	Time domain resource
	PUSCH mapping type
	B

	
	Start symbol index
	0 

	
	Allocation length
	8 or 9 

	Frequency domain resource
	RB assignment
	Full applicable test bandwidth

	
	Frequency hopping
	Disabled

	
	Bandwidth
	100 MHz

	Code block group based PUSCH transmission
	Disabled

	PT-RS configuration
	Frequency density (KPT-RS)
	Disabled

	
	Time density (LPT-RS)
	Disabled

	MCS
	MCS16

	Propagation channel
	Single Tap




Table 3: PUSCH parameters for evaluating maximum supportable speed

	Parameter
	Unit
	Value

	CBW and SCS
	
	120kHz, 100MHz (66PRB)

	Duplex mode
	
	TDD

	TDD pattern
	
	DDSU (FR2.120-2)
S=11D+3G+0U

	Active DL BWP index
	
	1

	CSI-RS for tracking
	First OFDM symbol in the PRB used for CSI-RS (l0)
	
	6 for CSI-RS resource 1 and 3
10 for CSI-RS resource 2 and 4


	
	CSI-RS offset
	Slots
	4 for CSI-RS resource 1 and 2
5 for CSI-RS resource 3 and 4

	
	CSI-RS periodicity
	Slots
	80 (10ms)

	PDCCH configuration
	Number of PDCCH candidates and aggregation levels
	
	
1/AL8

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	1

	
	Length (L)
	
	13

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 0

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	Option 1: 1
Option 2: 2

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	Propagation channel
	
	HST Single tap (TS38.101-4 B.3)

	Antenna configuration
	
	1x2

	Number of MIMO layers
	
	1

	MCS
	
	Option 1: 16QAM 0.5 (MCS 13 with Table 1)
Other options are not excluded



Table 4: HST Single tap parameter for evaluation
	Parameter
	Value

	Ds
	As in WF

	Dmin
	As in WF

	v
	350km/h

	fd
	9000Hz



Figure 1 depicts some example Doppler trajectories for different deployment scenarios, assuming that Doppler reversal is experienced (which as described above is a worst-case assumption and may not be needed).

[image: ]

Figure 2 depicts some initial simulation results for PUSCH based on these trajectories. These initial results suggest that HST speeds can be supported from a demodulation perspective. Further work and checking should be carried out to verify that HST speeds will not later on present and problem when creating the DL and UL demodulation requirements.


[image: ]
Conclusion
This contribution has reviewed the areas to be considered in order to evaluate the maximum supportable speed. For checking the demodulation performance, some example parameters are proposed.
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