3GPP TR 38.854 V0.10.02 (2021-051)
14
Release 17

	[bookmark: page1][bookmark: specType1][bookmark: specNumber][bookmark: specVersion][bookmark: issueDate]3GPP TR 38.854 V0.10.02 (2021-051)

	[bookmark: spectype2]Technical Report




	3rd Generation Partnership Project;
[bookmark: specTitle]Technical Specification Group Radio Access Network;
NR;
 NR support for high speed train scenario in frequency range 2 (FR2)
[bookmark: specRelease](Release 17)

		

	[image: ]
	[bookmark: logos][image: ]

	

	[bookmark: warningNotice]The present document has been developed within the 3rd Generation Partnership Project (3GPP TM) and may be further elaborated for the purposes of 3GPP.
The present document has not been subject to any approval process by the 3GPP Organizational Partners and shall not be implemented.
This Specification is provided for future development work within 3GPP only. The Organizational Partners accept no liability for any use of this Specification.
Specifications and Reports for implementation of the 3GPP TM system should be obtained via the 3GPP Organizational Partners' Publications Offices.











	[bookmark: page2]

	[bookmark: coords3gpp]3GPP
Postal address

3GPP support office address
650 Route des Lucioles - Sophia Antipolis
Valbonne - FRANCE
Tel.: +33 4 92 94 42 00 Fax: +33 4 93 65 47 16
Internet
http://www.3gpp.org


	[bookmark: copyrightNotification]Copyright Notification
No part may be reproduced except as authorized by written permission.
The copyright and the foregoing restriction extend to reproduction in all media.

[bookmark: copyrightDate][bookmark: copyrightaddon]© 2019, 3GPP Organizational Partners (ARIB, ATIS, CCSA, ETSI, TSDSI, TTA, TTC).
All rights reserved.

UMTS™ is a Trade Mark of ETSI registered for the benefit of its members
3GPP™ is a Trade Mark of ETSI registered for the benefit of its Members and of the 3GPP Organizational Partners
LTE™ is a Trade Mark of ETSI registered for the benefit of its Members and of the 3GPP Organizational Partners
GSM® and the GSM logo are registered and owned by the GSM Association



[bookmark: tableOfContents]
Contents
Foreword	4
1	Scope	6
2	References	6
3	Definitions of terms, symbols and abbreviations	6
3.1	Terms	6
3.2	Symbols	6
3.3	Abbreviations	6
4	Introduction	7
5	FR2 HST deployment scenario	8
5.1	General	8
5.2	SFN scenario and RRH parameters	8
5.2.1	Unidirectional SFN	8
5.2.2	Bidirectional SFN	8
5.2.3	RRH Parameters	8
5.3	Train roof-mounted high-power CPE parameters	9
5.3.1	Number of panels per CPE	9
5.3.2	Placement of CPE panel(s)	9
5.3.3	Number of CPE devices	9
6	FR2 high speed feasibility evaluation	9
6.1	Evaluation Parameters	9
6.1.1	RRH antenna array parameters for evaluation	9
6.1.2	RRH antenna element parameters for evaluation	9
6.1.3	CPE antenna array parameters for evaluation	9
6.1.4	CPE antenna element parameters for evaluation	9
6.2	Channel model for FR2 HST	9
6.2.1	Pathloss model used for link budget evaluation	9
6.2.2	Channel modelling for performance requirements	10
6.3	FR2 Feasibility Evaluation	10
6.3.1	Idle/inactive mode	10
6.3.2	Connected mode	10
6.3.3	Throughput Performance	10
6.3.4	Mobility Performance	10
6.3.5	Receive time difference	10
6.3.6	Maximum supported Doppler frequency	10
7	Identified RAN4 requirements	10
7.1	CPE RF core requirements 	10
7.2	RRM requirements	10
7.2.1	Idle/inactive mode 	10
7.2.2	Connected mode	10
7.3	Demodulation performance requirements	11
8	Conclusion	11
Annex <A> (informative): <Informative annex for a Technical Specification>	12
Annex <X> (informative): Change history	12



[bookmark: foreword][bookmark: _Toc55838103][bookmark: _Toc56171158]Foreword
[bookmark: spectype3]This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In the present document, modal verbs have the following meanings:
shall		indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should		indicates a recommendation to do something
should not	indicates a recommendation not to do something
may		indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can		indicates that something is possible
cannot		indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will		indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not		indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: scope][bookmark: _Toc55838104][bookmark: _Toc56171159]
1	Scope
The present document is a technical report for Rel-17 NR support for high speed train scenario in FR2.
[bookmark: references][bookmark: _Toc55838105][bookmark: _Toc56171160]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
…
[x]	<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".
[bookmark: definitions][bookmark: _Toc55838106][bookmark: _Toc56171161]3	Definitions of terms, symbols and abbreviations
This clause and its three subclauses are mandatory. The contents shall be shown as "void" if the TS/TR does not define any terms, symbols, or abbreviations.
[bookmark: _Toc55838107][bookmark: _Toc56171162]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
Definition format (Normal)
<defined term>: <definition>.
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc55838108][bookmark: _Toc56171163]3.2	Symbols
For the purposes of the present document, the following symbols apply:
Symbol format (EW)
<symbol>	<Explanation>

[bookmark: _Toc55838109][bookmark: _Toc56171164]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
Abbreviation format (EW)
<ABBREVIATION>	<Expansion>

[bookmark: clause4][bookmark: _Toc55838110][bookmark: _Toc56171165]4	Introduction
5G NR operating in millimeter wave bands (i.e., Frequency Range 2) is recognized as the technology capable of providing ultra-high data-rate transmission, thanks to the availability of enormous amount of bandwidth in FR2 and the advanced 5G NR design for FR2 beamforming-based operation. Inspired by the successful commercial FR2 deployment globally, more potential 5G NR deployment scenarios in FR2 draw attentions from the industry. Among those scenarios identified, high speed train (HST) scenario has the special importance, because of the fast expanding HST systems worldwide deployed and the great demands of high-speed connections from passengers and HST special services. This triggers the new and challenging demand for 5G NR FR2 HST scenario. 
In existing study and work items led by 3GPP RAN4 (for either LTE or NR), high speed train scenarios under consideration has the operating bands up to 3.5GHz, however no existing works studied the more challenging millimeter wave frequency range 2, in which Doppler shift and Doppler spread will be further severe (e.g., for 240km/h with 28GHz, the Doppler shift is about 6.22kHz) and more challenging to radio resource management. Specifically, the existing FR2 RRM and demodulation requirements has not yet taken into account the impact of high speed in the above-mentioned scenario, where the channel model and mobility scenario need further study and the demodulation, measurement, mobility and beam management related requirements require to be further specified. 
It should be noted that user equipment considered in 5G NR FR2 HST scenario is vehicle-roof mounted customer-premises equipment (CPE), which are expected to communicate with track-side deployed gNBs for the backhaul link and to further provide on-board broadband connections to user terminals and/or for other train-specific demands as access link. 
This work will specify NR UE RF requirements, UE RRM requirements and BS/UE performance requirements for high speed train scenario with up to 350km/h in Rel-17. 

[bookmark: _Toc55838111][bookmark: _Toc56171166]5	FR2 HST deployment scenario 
Following section include the agreed FR2 HST deployment specific investigated options and agreements.
[bookmark: _Toc55838112][bookmark: _Toc56171167]5.1	General
This section includes the agreed scenario and RRH parameters to be used in the investigated FR2 HST deployments. It captures the agreement and conclusions made during the work on FR2 HST deployment scenario and related aspects. Following figure 1 illustrates the definition of the different used D-values.
[image: ]
Figure 1 Illustration of the D-values used on RAN4 work.

General deployment parameters:
RAN4 will at least consider the following general deployment scenarios: 

· Ds and Dmin: Take the following 5 scenarios as basic assumption.
	Scenario
	Ds (meter)
	Dmin (meter)

	1
	800
	10

	2
	700
	10

	3
	500
	10

	4
	700
	150

	5
	200
	30


Table 5.1-1: Scenarios under considerations.
· Scenario 1 and 4 shall be considered with high priority. 
· Dmin for [5m, 20, 30 and 50 meters] if found to be necessary
· DRRH_height: 15m as basic assumption;
· [10,20m] if found to be necessary 
· DUE_height: 5m.

Tunnel Deployment Scenario (study tunnel scenario after the prioritized scenarios):
The detailed deployment scenario for tunnel deployment for FR2 HST is still open in RAN4
· RAN4 will further study tunnel deployment scenario for FR2 HST.

Sub-Carrier Spacing (SCS):
It is still open which SCS options to consider. The options are:
· Option-1: SCS = 120kHz
· Option-2: Consider both SCS = 120kHz and 60kHz.

Concerning the transmissions schemes following schemes were discussed in distinguished:
· JT: Joint Transmission scheme applied for all channel (SSB, TRS, PDCCH, PDSCH) – Full SFN.
· DPS: Dynamic Point Selection based on the Rel-15 beam management (BM) principles.
· Multi-DCI based Multi-TRP transmission based on the Rel-15 eMIMO principles.
Among these the following down selection has been agreed:
· For this WI discussion, FR2 HST transmission schemes which are not compatible with Rel-15/16 NR are precluded.
· For this WI discussion, Joint transmission (JT) used for FR2 HST, only full SFN is considered.
· For this WI discussion, Multi-DCI based multi-TRP transmission is precluded.
RAN4 primarily consider HST FR2 deployment with
· One train moving over one railway track in one direction.
· RAN4 focuses on 1 direction 1 train. If this opposite direction is completely symmetric, the 1 direction study can apply directly
· RRHs are located on one side of the track.
Dedicated network for roof-mounted CPE: 
· RAN4 to assume that in HST FR2 Scenario A, only high-speed CPEs installed on the roof of the train can be present in the network.


[bookmark: _Toc56171168][bookmark: _Toc55838113]5.2	SFN scenario and RRH parameters
RAN4 will investigate both unidirectional and bidirectional SFN deployment scenarios for FR2 HST.
The exact understanding and definition of SFN still needs further discussion based on the following interpretations:
1. SFN Interpretation-1: All RRHs under one BBU transmit the same signal.
a. Selected RRH(s) for TX, depending on DPS Tx mode is used or not.
2. SFN Interpretation-2: All RRHs under one BBU in the same cell ID, but for different TCI.
3. Other interpretation is not precluded.

For full SFN JT and uni-directional RRH deployment, only consider following scenario:
· The setting with only one TCI state transmission.
[bookmark: _Toc56171169]5.2.1	Unidirectional SFN
For the unidirectional scenario RAN4 will consider SFN scenario. Hence, one panel per RRH pointed to the same direction for all RRHs (figure 2).
[image: ]
Figure  SFN scenario with one panel per RRH pointing to the same direction for all RRHs
For the uni-directional scenario the following uni-directional deployment scenario will be prioritized (note: scenario-A refer to scenario 2 in table 5.1-1 and scenario-B refer to scenario 4 in table 5.1-1):
[image: ]
[image: ]
Note:
· For JT for all channels, 1 beam per RRH panel is considered
· For DPS, 1 or 2 analog beams per RRH panel can be considered
Number of Beam for uni-directional RRH deployment, Scenario 2:
· For scenario 2, uni-directional, RRH parameter:
· 1 beam per RRH panel 
· For scenario 2, uni-directional, UE parameter:
· 1 beam per panel; 
· 2 panels assumed to be implemented in the UE side; 
· Only the one active panel per UE can be used for Tx and Rx; and FFS whether another panel can be used for beam search 
RRH switching point for uni-directional RRH deployment, Scenario 2
· RRH switching point is where the UE switches from the source RRH beam to the target RRH beam based on maximizing SNR among detected beams.
[image: ]

Number of Beam for uni-directional RRH deployment, Scenario 4
· For scenario 4, uni-directional, RRH parameter:
· Option-1: 1 beam per RRH panel 
· Option-2: 2 beam per RRH panel 
· Option-3: 3 beam per RRH panel 
· Option-4: 4 beam per RRH panel 
· Note: uneven separation between beams can be considered
· For scenario 4, uni-directional, UE parameter:
· Number of beam(s) per UE panel
· Option 1: 1 beam per UE panel 
· Option 2: 2 beams per UE panel 
· Option 3: 7 beams per UE panel
· 2 panels assumed to be implemented in the UE side; 
· Only the one active panel per UE can be used for Tx and Rx; and FFS whether another panel can be used for beam search 

[bookmark: _Toc56171170]5.2.2	Bidirectional SFN
For the bidirectional scenario RAN4 will consider SFN scenario where there is one panel per RRH with signals to opposite directions along the track (figure 3). 
[image: ]	Comment by Nokia: wrong figure
Additionally, also SFN scenario where there are two panels per RRH (figure 4).
[image: ]
Figure  SFN scenario with two panels per RRH
For the uni-directional scenario the following uni-directional deployment scenario will be studied (note: scenario-A refer to scenario 2 in table 5.1-1 and scenario-B refer to scenario 4 in table 5.1-1):
[image: ]
[image: ]
Candidate schemes for Bi-directional deployment for further analysis, scenario 2:
[image: ]
Figure 2 Scheme-1: Connecting to 2nd-Nearest RRH

[image: ]
Figure 3Scheme-2: Connecting to Nearest RRH except Coverage Hole
For Scenario 2 Bi-directional RRH deployment:
· Scheme-2 can be used as starting points for further analysis
Number of Beam for bi-directional RRH deployment, Scenario 2:
· For scenario 2, bi-directional, RRH parameter: 
· 1 beam per RRH panel, two panels in opposite directions
· For scenario 2, bi-directional, UE parameter:
· 1 beam per UE panel (i.e., 2 beam per UE)
Candidate schemes for Bi-directional deployment for further analysis, for scenario 4:
[image: ]
Figure 4Scheme-1: Connecting to 2nd-Nearest RRH
[image: ]
Figure 5Scheme-2: Connecting to Nearest RRH except Coverage Hole

[image: ]
Figure 6Scheme-3: Connecting to Nearest RRH except the area under the RRH
For Scenario 4 Bi-directional RRH deployment:
· Schemes above can be used as starting points for further analysis
· Number of Beam for bi-directional RRH deployment, Scenario 4:
· For scenario-B, bi-directional, RRH parameter:
· Option-1: 1 beam per RRH panel 
· Option-2: 2 beam per RRH panel 
· Option-3: 3 beam per RRH panel 
· Option-4: 4 beam per RRH panel 
· Note: uneven separation between beams can be considered
· For scenario 4, uni-directional, UE parameter:
· Number of beam(s) per UE panel
· Option 1: 1 beam per UE panel 
· Option 2: 2 beams per UE panel 
· Option 3: 7 beams per UE panel
· 2 panels assumed to be implemented in the UE side; 
· Only the one active panel per UE can be used for Tx and Rx; and FFS whether another panel can be used for beam search 

[bookmark: _Toc56171171]For bi-directional RRH deployment, DPS transmission scheme shall be considered.

5.2.3	RRH Parameters
The detailed RRH parameters are still under discussion in RAN4 and following options have been agreed for potential down selection:

Number of RRH sites per BBU:
· [1 to 4] RRHs sites per BBU
· Other values are not precluded;

Number of Analog Beams per panel in RRH:
· [1,2,4] analogue beam(s) per panel in RRH
· Other values are not precluded;

SSB index to Beam Mapping: 
· The impact of following options for SSB index to Beam mapping is FFS: 
· Option 1: 
· All RRHs (connected to one BBU with fiber) share the same cell ID
· All RRHs under the same cell use the same set of SSB indexes, e.g., all RRHs use SSB-0 to SSB-3. 
· Option 2: 
· All RRHs (connected to one BBU with fiber) share the same cell ID
· RRHs under the same cell use the different sets of SSB indexes, e.g., RRH-1 uses SSB-0 to SSB-3, RRH-2 uses SSB-4 to SSB-7. 
· When DPS is used as transmission scheme, SSB index to Beam Mapping used in the discussion for this WI:
· RRHs under the same cell use the different sets of SSB indexes, e.g., RRH-1 uses SSB-0 to SSB-3, RRH-2 uses SSB-4 to SSB-7, etc.

RRH antenna array orientation: 
· The impact of following options for RRH antenna array orientation is FFS: 
· Option 1: RRH panel boresight pointed to the railway in the middle point between 2 RRHs 
· Option 2: RRH panel boresight pointed to the railway at the distance of Ds (projection of the neighbouring RRH on the railway)
· Other option is not precluded. 
RRH/UE boresight direction of Antenna Panel and beam direction:
· RAN4 may not need to specify RRH/UE boresight direction of antenna panel and beam direction for deployment scenario study, but left for companies’ choice:
· RRH/UE boresight direction of antenna panel and beam direction information can be provided by individual company to accompany their deployment scenario analysis result, which can be captured in TR.



[bookmark: _Toc56171172]5.3	Train roof-mounted high-power CPE parameters
Note: Single panel, i.e. only one active antenna panel at a time, as baseline antenna assumption
[bookmark: _Toc56171173]5.3.1	Number of panels per CPE
The number of panels per CPE is still open and for discussion.
· FFS the number of panel(s) per CPE: 
· To be combined with the analysis on uni-/bi-directional SFN. 
· The number for TX panel(s) and RX panel(s) could be discussed separately. 

Concerning the number of panels per CPE following will be considered:
· 2 panels per CPE each for both for TX and RX. Each panel points in opposite directions. 
For the bi-directional Operation for Two Panels in the CPE following is considered:
· Follow the Rel-15/16 principle of “only one active Rx/Tx panel at a time”.
[bookmark: _Toc56171174]5.3.2	Placement of CPE panel(s)
The placement of the CPE panel(s) is still open for discussion.
· FFS the placement of CPE panels, i.e., the bore-sight direction(s) of CPE panel(s)
UE antenna panel(s) for forward and backward directions:
· RAN4 to consider CPE to be equipped with two panels pointed forward and backward along the track.
UE boresight direction of Antenna Panel and beam direction:
· RAN4 may not need to specify RRH/UE boresight direction of antenna panel and beam direction for deployment scenario study, but left for companies’ choice:
· RRH/UE boresight direction of antenna panel and beam direction information can be provided by individual company to accompany their deployment scenario analysis result, which can be captured in TR.

[bookmark: _Toc56171175]5.3.3	Number of CPE devices
Number of CPE devices per train/carriage:
· RAN4 requirement can be defined based on the baseline of 1 CPE device per train
The number of CPE devices per train or carriage is still open for discussion.
· FFS the impact of the number of CPE per train/carriage on RAN4 requirement.




[bookmark: _Toc56171176]6	FR2 high speed feasibility evaluation 
This section will include the evaluation parameters and channel model used in the FR2 HST and used for evaluating the feasibility FR2 HST.
[bookmark: _Toc56171177]6.1	Evaluation Parameters

[bookmark: _Toc56171178]6.1.1	RRH antenna array parameters for evaluation
RAN4 will perform FR2 HST feasibility study based on following RRH antenna array parameters for evaluation: 
[image: ]
Antenna array configuration:  
· Option-1: [Mg, Ng, M, N, P]=[1, 1, 4, 8, 2]
· Option-2: [Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]
· Option-3: [Mg, Ng, M, N, P]=[1, 1, 8, 16, 2]

RAN4 also agreed that other options are not precluded. 

RRH Antenna Element Assumption:
RRH side: 
· Option-2: [Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]
RF session can trigger relevant discussion on RF requirements taking above agreements into account. 

[bookmark: _Toc56171179]6.1.2	RRH antenna element parameters for evaluation
RAN4 agreed to use the following RAN1 assumptions for BS evaluation as baseline, while other assumptions are not precluded:
	Radiation power pattern of a single antenna element for TRP
	Vertical cut of the radiation power pattern (dB)
	


	
	Horizontal cut of the radiation power pattern (dB)
	


	
	3D radiation power pattern (dB)
	


	
	Maximum directional gain of an antenna element GE,max
	 [8] dBi



6.1.3 [bookmark: _Toc56171180]CPE antenna array parameters for evaluation
RAN4 will perform the FR2 HST feasibility study based on following CPE antenna array parameters for evaluation: 
· RAN1 assumption: 2 ports: [Mg, Ng, M, N, P]=[1, 1, 2, 4, 2] 
· PC4 assumption: 2 ports: [Mg, Ng, M, N, P]=[1, 1, 4, 4, 2]

RAN4 also agreed that other options are not precluded. 

UE Antenna Element Assumption:
UE side:
· Option 1: N=4, M=4 with 2 polarizations as starting point, and other options not precluded pending on further discussion 
RF session can trigger relevant discussion on RF requirements taking above agreements into account. 

[bookmark: _Toc56171181]6.1.4	CPE antenna element parameters for evaluation
RAN4 use the following RAN1 assumption for CPE antenna element parameters evaluation as baseline:
	Parameter
	Values

	Antenna element radiation pattern in  θ’’ dim (dB)
	


	Antenna element radiation pattern in ϕ’’ dim (dB)
	


	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	 5dBi



[bookmark: _Toc55838119][bookmark: _Toc56171182]6.2	Channel model for FR2 HST
This section collects the channel model information used for FR2 HST feasibility evaluation.
6.2.1 [bookmark: _Toc56171183]Pathloss model used for link budget evaluation
For the pathloss model used for link budget evaluation RAN4 will discuss and study further among following options:
· Option-1: TR38.901 RMa LoS (baseline option)
· Option-2: free space model
· Option-3: TR38.901 UMa LoS 

TS38.901 RMa LoS pathloss model will be used for link budget evaluation at least for Scenario-A (scenario 2 in table 5.1-1).	Comment by Nokia: This scenario-A is referring to scenario 2 in table 5.1-1 and updated based on comments during the meeting.
RAN4 to choose TS38.901 RMa LoS pathloss model also for the evaluation of Scenario 4 in table 5.1-1.

[bookmark: _Toc56171184]6.2.2	Channel modelling for performance requirements
RAN4 further study the channel modelling for performance requirements:
· Option 1: single-tap per RRH channel model in UL direction and both single- and multi-tap models in DL direction.

Other options are not precluded, which could depend on deployment scenario discussion. 

For channel modelling for performance requirement evaluation: 
· Single-tap can be assumed for a single TX-RX link at least for Scenario-A (scenario 2 in table 5.1-1.)	Comment by Nokia: This scenario-A is referring to scenario 2 in table 5.1-1 and updated based on comments during the meeting.
· The single tap propagation model can be assumed for each single Tx-Rx link for both scenario 2 and scenario 4 in table 5.1-1
Uplink Channel Model for Performance Requirements:
· Channel Model for Uplink Uni-directional RRH deployment:
· multiple options under discussion
· Channel model for Uplink Bi-directional RRH deployment:
· multiple options under discussion
Downlink Channel Model for Performance Requirements:
RAN4 agrees to use DPS channel model for both Uni-directional/Bi-directional for performance requirements
· Channel model for Downlink Uni-directional RRH deployment:
· [bookmark: _Hlk71575924]multiple options under discussion
· Channel model for Downlink Bi-directional RRH deployment:
· multiple options under discussion
[bookmark: _Toc56171185]6.3	FR2 Feasibility Evaluation
RAN4 perform feasibility study on FR2 HST scenario, by at least considering following aspects:
1. The feasibility of a deployment based the beam dwelling time and measurement period framework.
a. How many beams/SSBs per RRH can be deployed (given other deployment parameters such as Dmin, Ds, speed etc) while maintain mobility performance with FR2 BM mechanism?
b. How much beam refinement is needed to achieve coverage and mobility? 
i. How much beam overlapping area is needed (given other deployment parameters such as Dmin, Ds, speed etc) to ensure beam refinement procedure can be executed successfully?
2. Study throughput performance and mobility performance.
a. More number of analogue beams and sharper beam may provide better link budget performance but more challenging on mobility performance. 
3. Receive timing difference;
4. Maximum supported Doppler shift for both UL and DL and maximum supported UE speed;

Other feasibility study is not precluded.

For evaluating the maximum supported speed following numerology will be considered: 
· For FR2 HST evaluations and possible performance requirements definition: 
· Only consider 120kHz SCS as baseline assumption.
[bookmark: _Toc56171186]6.3.1	Idle/inactive mode

[bookmark: _Toc56171187]6.3.2	Connected mode

[bookmark: _Toc56171188]6.3.3	Throughput Performance

[bookmark: _Toc56171189]6.3.4	Mobility Performance
For RRC CONNECTED mode requirements for DRX (based on GtW):
· Define requirements for the short DRX configurations (≤ [80] ms)
Handover:
· Existing FR2 requirement should be applicable to the HST FR2 deployments when the target cell is known.
Requirements on inter-frequency measurements:
· Do not define inter-frequency measurements requirements for FR2 HST
Requirements on inter-RAT measurements:
· Do not define inter-RAT measurements requirements for FR2 HST
Measurement procedures:
· Cell identification - PSS/SSS detection
· Option1: The Cell identification - PSS/SSS detection requirements shall be enhanced
· Cell identification - Intra-frequency measurements:
· Option 1: The intra-frequency measurement requirement shall be enhanced
· Restriction on SMTC periodicity:
· Restriction on SMTC periodicity configuration are preferred in FR2 HST.
· CSI-RS based L3 measurements:
· The analysis of the requirements to be de-prioritized
L1 measurements:
· The L1 measurements shall be enhanced

[bookmark: _Toc56171190]6.3.5	Receive time difference
Not applicable to FR2 HST

[bookmark: _Toc56171191]6.3.6	Maximum supported Doppler frequency
Carrier frequency for Doppler frequency calculation
· 30GHz

6.3.6	Maximum supported Speed
Companies’ observation on Maximum Speed feasibility:
· It is feasible to support maximum speed with 350km/h for downlink with TRS (4 symbol interval)for frequency offset tracking under unidirectional RRH deployment  with 120KHz SCS
· It is feasible to support maximum speed with 350km/h for downlink with TRS( 4 symbol interval) +SSB for frequency offset tracking under unidirectional and bi-directional RRH deployment  with 120KHz SCS
· It is feasible to support maximum speed with 350km/h for downlink with TRS (4 symbol interval)+PTRS (L=1) for frequency offset tracking under bi-directional RRH deployment  with 120KHz SCS
· It is feasible to support maximum speed with 350km/h for downlink with PTRS or DMRS(1+1+1)+PTRS(L=1,K=2) configuration used for frequency offset tracking under single tap propagation conditions with 120KHz SCS
Configure PTRS during the PDSCH demodulation test 
RS as baseline for frequency offset tracking to support 350km/h
· multiple options under discussion
DMRS configuration for PDSCH demodulation requirement
· Option 1: 1 DMRS 
· Option 2: 1+1+1 DMRS


[bookmark: _Toc55838130][bookmark: _Toc56171192]7	Identified RAN4 requirements
[bookmark: _Toc55838131][bookmark: _Toc56171193]7.1	CPE RF core requirements 
RAN4 will further study and discuss the CPE core requirements. 
Concerning the CPE RF requirements RAN will further discuss and select among following options for the baseline power class:
· Baseline power class for FR2 HST: 
· Option-1: PC4 as baseline, and FFS PC4 requirement is applicable to FR2 HST scenario. 
· Option-2: To define new PC for FR2 HST.
· Option-2a: To define new PC for FR2 HST, with PC5 requirement as baseline.

Additionally, RAN4 will further discuss how the specify the UE RF requirements. Options listed are:
· Option-1: Provide an applicability rule of FR2 PC4 for the train-roof-mounted UE for FR2 HST scenario, i.e., the applicable FR2 PC4 requirement set for FR2 HST scenario. 
· Option-2: Revisit the full set of UE RF requirements for FR2 PC4 UE.
· Option-3: New RF requirement is defined for FR2 HST UE which is different from PC4, specifically, the min peak EIRP for FR2 HST UE follows the agreement for PC5(new FR2 FWA UE). 

[bookmark: _Toc55838132][bookmark: _Toc56171194]7.2	RRM requirements
[bookmark: _Toc56171195]7.2.1	Idle/inactive mode 

[bookmark: _Toc56171196]7.2.2	Connected mode

[bookmark: _Toc56171197]7.3	Demodulation performance requirements
It is feasible to support maximum speed with 350km for uplink with PTRS or DMRS+PTRS configuration used for frequency offset tracking with 120KHz SCS
Configure PTRS during the PUSCH demodulation test 
DMRS+PTRS configuration for PUSCH demodulation requirement with single-tap channel model 
· Option 1: 1 DMRS +PTRS (L=1,K=2)
· Option 2: 1+1 DMRS +PTRS (L=1,K=2) 
· Option 3: 1+1+1 DMRS+PTRS(L=1, K=2) 

7.3.1	UE demodulation  requirements
Test Scope:
· Test scope of DL requirements
· Only define PDSCH demodulation performance requirements in Rel-17 FR HST WI
· Requirement for uni-and bi-directional RRH deployment scenarios
· Consider output of FR2 HST Deployment scenarios discussion whether to cover uni- and/or bi-directional RRH deployment 
· Transmission schemes
· No PDSCH requirement with SFN joint transmission scheme in Rel-17 FR2 HST WI
· DPS transmission schemes
· DPS transmission scheme in Uni-directional RRH deployment scenario
· Option 1: scheme 1a
· Option 2: scheme 1b
· Option 3: both scheme 1a and scheme 1b
· DPS transmission scheme in bi-directional RRH deployment scenario
· Option 1: scheme 1a
· Option 2: scheme 1b
· Option 3: both scheme 1a and scheme 1b 
· SCS and BW
· Option 1: 120KHz with 100MHz
· Option 2: 120KHz with 200MHz

UE demodulation test:

7.3.2	BS demodulation  requirements
Test Scope:
· Test scope of UL requirements
· Only define the following BS demodulation performance requirements in Rel-17 FR HST WI
· PUSCH
· UL timing adjustment
· PRACH
Test Setup for PUSCH requirements:
· Waveform
· Only CP-OFDM 
· SCS&BW
· Option 1: 120KHz SCS with 50MHz, 100MHz or 200MHz
· Option 2: 120KHz SCS with 100MHz
· Option 3: 120KHz SCS with 200MHz
· Antenna Configuration
· 1Tx2Rx Low
· Resource mapping type: type B
· Length of data symbol
· Option 1: 9
· Option 2: 10
· MCS
· Option 1: MCS16
· Option 2: MCS16 and MCS17
· Other options are not precluded
Test Setup for UL timing adjustment requirement:
· Test Scenario 
· Scenario Y
· Simulation Assumption for scenario Y
· Option 1
[image: ]
Test setup for PRACH:
· PRACH format
· only C2 
· Channel
· AWGN
· Frequency offset 
· Option 1: align the Doppler value with PUSCH
· Option 2: 9722Hz with 350km/h at 30GHz carrier frequency
· Test Preamble Configuration for Ncs
· Option 1: Ncs=0
· Option 2: Ncs=69
· Other options are not precluded

[bookmark: _Toc56171198]8	Conclusion

[bookmark: _Toc55838162][bookmark: _Toc56171199]
Annex <A> (informative):
<Informative annex for a Technical Specification>
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