3GPP TR ab.cde V0.0.1 (2020-11)
14
Release 17

	[bookmark: page1][bookmark: _GoBack][bookmark: specType1][bookmark: specNumber][bookmark: specVersion][bookmark: issueDate]3GPP TR ab.cde V0.0.1 (2020-11)

	[bookmark: spectype2]Technical Report




	3rd Generation Partnership Project;
[bookmark: specTitle]Technical Specification Group Radio Access Network;
NR;
<User Equipment (UE) NR support for high speed train scenario in 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	5
1	Scope	7
2	References	7
3	Definitions of terms, symbols and abbreviations	7
3.1	Terms	7
3.2	Symbols	7
3.3	Abbreviations	7
4	Introduction	8
5	RRM and demodulation requirements enhancements under existing deployments	9
5.1	General	9
5.2	RRM requirements enhancements under existing mobility scenario	9
5.2.1	Simulation assumptions	9
5.2.2	Performance characterization	10
5.2.2.1	RLM	10
5.2.2.2	RSRP/RSRQ measurement accuracy	10
5.2.2.3	Cell identification	10
5.3	UE Demodulation requirements enhancements under existing scenario	10
5.3.1	Simulation assumptions	10
5.3.2	Performance characterization	11
5.3.2.1	Simulation results of PDSCH under the existing scenario	11
5.3.2	Maximum supported Doppler frequency	11
5.4	BS Demodulation requirements enhancements under Existing scenario	11
5.4.1	Simulation assumptions	11
5.4.2	Performance characterization	11
5.4.2.1	Limiting factors for high speed performance	11
5.4.2.2	Simulation results of PUSCH under the existing scenario	11
5.4.3	Maximum supported Doppler frequency	11
6	UE RF core requirements	12
6.1	UE RF core requirements for power class 4	12
6.2	Beam correspondence requirements for PC4	12
7	RRM and demodulation requirements enhancements under identified FR2 high speed scenarios	12
7.1	General	12
7.2	Identified Scenarios	12
7.2.1	Proposed scenarios	12
7.2.2	Scenario summary	12
7.2.3	Possible new channel models	12
7.2.3.1	Scenario A	12
7.3	RRM requirements enhancements under identified FR2 high speed scenarios	12
7.3.1	Simulation assumptions	12
7.3.1.1	SFN scenarios	12
7.3.1.1.1	RLM	12
7.3.1.1.2	RSRP/RSRQ accuracy	13
7.3.1.1.3	Cell identification	13
7.3.2	Performance characterization	13
7.3.2.1	SFN scenarios	13
7.3.2.1.1	RLM	13
7.3.2.1.2	RSRP/RSRQ accuracy	13
7.3.2.1.3	Cell identification	13
7.3.3	Possible essential enhancement options	13
7.3.4	Other issues and possible options	13
7.4	Downlink performance enhancements under identified FR2 high speed scenarios	14
7.4.1	Simulation assumptions	14
7.4.2	Performance characterization	14
7.4.3	Possible essential enhancement options	14
7.5	Uplink performance enhancements under identified FR2 high speed scenarios	14
7.5.1	Simulation assumptions	14
7.5.2	Performance characterization	14
7.5.3	Possible essential enhancement options	14
8	Conclusions	15
Annex <A> (informative): <Informative annex for a Technical Specification>	16
Annex <X> (informative): Change history	16
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 and channel modeling	8
5.1	NR SA single carrier scenario in FR2	8
5.2	Train roof-mounted high-power devices	8
5.3	Target deployment scenario	8
5.4	Channel model for FR2 HST	8
5.5	Doppler frequency	9
6	UE RF core requirements	9
6.1	UE RF core requirements for power class 4	9
6.2	Beam correspondence requirements for PC4	9
6	RRM core requirements	9
6.1	Phase 1: Study and identify RRM requirements impacts and possible enhancement	9
6.1.1	Idle/inactive mode cell reselection requirements enhancement	9
6.1.1	Connected mode requirements	9
6.2	Phase 2: Specify enhanced RRM requirements based on outcome of Phase 1	9
6.2.3	Release independence aspects	10
Annex <A> (informative): <Informative annex for a Technical Specification>	11
Annex <X> (informative): Change history	11



[bookmark: foreword][bookmark: _Toc55838103]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]
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]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]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]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]3.2	Symbols
For the purposes of the present document, the following symbols apply:
Symbol format (EW)
<symbol>	<Explanation>

[bookmark: _Toc55838109]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]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. The work will cover:
· Investigate and specify the following scenarios 
· NR SA single carrier scenario in FR2
· Focused on train roof-mounted high-power devices 
· Single panel, i.e. only one active antenna panel at a time, as baseline antenna assumption 
· The target applicable frequency is up to 30GHz. The candidate frequency bands including band n261, n257 and n258. Target deployment scenario is multi-RRHs share the same cell-ID, the detailed parameters will be investigated and decided in initial phase of WI:
· Number of RRHs per cell
· The distance between adjacent RRHs
· The distance between RRHs and railway track
· The number of SSB per RRH 
· Further study the channel model for FR2 HST
· HST single Tap channel and uni/bi-directional SFN channel shall be studied 
· Other channel model is not precluded 
· Note: whether to introduce single tap channel model and/or SFN channel model will be decided based on further study of channel model for FR2 HST
· The maximum Doppler frequency will be investigated and determined based on operating frequency, velocity and the Rel-15/16 NR design limitations for all UL/DL physical channels.
· The feasibility of supporting speeds of up to a maximum of 350km/h will be investigated. The actual maximum supported velocity in Rel-16 FR2 frequency bands will be decided in this WI.
· Specify the UE RF core requirements for power class 4 if identified 
· Introduction for beam correspondence requirements for PC4 if identified 
· Study and specify the UE RRM core requirements 
· Stage 1: Study and identify RRM requirements impacts and possible enhancement for 
· Idle/inactive mode cell reselection requirements enhancement 
· Connected mode requirements
· Handover delay requirement 
· Measurement requirements including both L1 and SSB based L3 measurement 
· Beam management requirements including beam failure detection, candidate beam detection performance requirements
· Other requirements if identified 
· Stage 2: Specify enhanced RRM requirements based on outcome of Stage 1
This work can for core part can be categorized into three big topics: 
1. FR2 HST deployment scenario and channel modeling
2. UE RF core requirements
3. RRM core requirements

[bookmark: _Toc55838111]5	RRM and demodulation requirements enhancements under FR2 existing HST deployments scenario and channel modeling
[bookmark: _Toc55838112]5.1	GeneralNR SA single carrier scenario in FR2
Editor’s note: Identified scenarios and detailed scenarios descriptions will be captured here.
[bookmark: _Toc55838113]5.2	RRM requirements enhancements under existing mobility scenarioTrain roof-mounted high-power devices
From RRM requirements perspective, cell identification, RLM and measurement accuracy performance shall be evaluated under the existing channel with corresponding parameters listed in this section.

Note: Single panel, i.e. only one active antenna panel at a time, as baseline antenna assumption
From RRM requirements perspective, cell identification, RLM and measurement accuracy performance shall be evaluated under the existing channel with corresponding parameters in Table [TBD].	
[bookmark: _Toc55838114]5.2.13	Simulation assumptionsTarget deployment scenario
[bookmark: _Hlk55828594]To evaluate the UE demodulation performance under the existing scenario, the simulation assumptions are provided here.
· Number of RRHs per cell
· The distance between adjacent RRHs
· The distance between RRHs and railway track
· The number of SSB per RRH 

■	Simulation assumption for RLM
■	Simulation assumption for RSRP/RSRQ accuracy
■	Simulation assumptions for cell search in the existing scenarios for speeds up to 300km/h

[bookmark: _Toc439931974][bookmark: _Toc55838115]5.2.2	Performance characterization
In this clause the RRM performance are evaluated by using link level simulation based on the simulation assumptions in clause 5.2.1. 

[bookmark: _Toc439931975][bookmark: _Toc55838116]5.2.2.1	RLM

[bookmark: _Toc439931978][bookmark: _Toc55838117]5.2.2.2	RSRP/RSRQ measurement accuracy

[bookmark: _Toc439931981][bookmark: _Toc55838118]5.2.2.3	Cell identification


· Number of RRHs per cell
· The distance between adjacent RRHs
· The distance between RRHs and railway track
· The number of SSB per RRH 

[bookmark: _Toc55838119]5.34	UE Demodulation requirements enhancements under existing scenarioChannel model for FR2 HST
Editor’s note: In this section the UE demodulation performance under the existing scenario will be evaluated.

[bookmark: _Toc55838120]5.3.1	Simulation assumptions
Editor’s note: To evaluate the UE demodulation performance under the existing scenario, the simulation assumptions are captured in this section.

· HST single Tap channel and uni/bi-directional SFN channel shall be studied 
· Other channel model is not precluded 
· Note: whether to introduce single tap channel model and/or SFN channel model will be decided based on further study of channel model for FR2 HST

[bookmark: _Toc439931986][bookmark: _Toc55838121]5.3.2	Performance characterization
[bookmark: _Toc439931987][bookmark: _Toc55838122]5.3.2.1	Simulation results of PDSCH under the existing scenario
The simulation results of PDSCH according to the simulation assumptions in 5.3.1 are summarized here

[bookmark: _Toc55838123]5.3.25	Maximum supported Doppler frequency
· Investigate the maximum Doppler frequency based on
· Operating frequency
· The candidate frequency bands including band n261, n257 and n258
· Velocity
· Rel-15/16 NR design limitations for all UL/DL physical channels
· Feasibility of supporting speeds of up to a maximum of 350km/h will be investigated

[bookmark: _Toc439931989][bookmark: _Toc55838124]5.4	BS Demodulation requirements enhancements under Existing scenario
[bookmark: _Toc439931990][bookmark: _Toc55838125]5.4.1	Simulation assumptions
In order to evaluate the BS demodulation performance under the existing channel model with the higher Doppler spread value, the simulation assumptions are provided here.

[bookmark: _Toc439931991][bookmark: _Toc55838126]5.4.2	Performance characterization
[bookmark: _Toc439931992][bookmark: _Toc55838127]5.4.2.1	Limiting factors for high speed performance


[bookmark: _Toc439931995][bookmark: _Toc55838128]5.4.2.2	Simulation results of PUSCH under the existing scenario

[bookmark: _Toc55838129]5.4.3	Maximum supported Doppler frequency
· Investigate the maximum Doppler frequency based on
· Operating frequency
· The candidate frequency bands including band n261, n257 and n258
· Velocity
· Rel-15/16 NR design limitations for all UL/DL physical channels
· Feasibility of supporting speeds of up to a maximum of 350km/h will be investigated

[bookmark: _Toc55838130]6	UE RF core requirements
[bookmark: _Toc55838131]6.1	UE RF core requirements for power class 4
[bookmark: _Toc55838132]6.2	Beam correspondence requirements for PC4
[bookmark: startOfAnnexes][bookmark: _Toc55838133]76	RRM and demodulation requirements enhancements under identified FR2 high speed scenarios RRM core requirements

[bookmark: _Toc439931998][bookmark: _Toc55838134]7.1	General
In this section the practical FR2 high speed scenarios are identified which are feedback by operators and interested companies.
[bookmark: _Toc439931999][bookmark: _Toc55838135]7.2	Identified Scenarios
[bookmark: _Toc439932000][bookmark: _Toc55838136]7.2.1	Proposed scenarios
This clause presents the scenarios provided by various interested companies.

[bookmark: _Toc439932001][bookmark: _Toc55838137]7.2.2	Scenario summary
Based on the scenario analysis from RRM and demodulation perspective, the following scenarios are prioritized to be studied,

[bookmark: _Toc439932002][bookmark: _Toc55838138]7.2.3	Possible new channel models
[bookmark: _Toc439932003][bookmark: _Toc55838139]7.2.3.1	Scenario A


[bookmark: _Toc439932005][bookmark: _Toc55838140]7.3	RRM requirements enhancements under identified FR2 high speed scenarios
[bookmark: _Toc439932006][bookmark: _Toc55838141]7.3.1	Simulation assumptions
[bookmark: _Toc439932007][bookmark: _Toc55838142]7.3.1.1	SFN scenarios
[bookmark: _Toc439932008][bookmark: _Toc55838143]7.3.1.1.1	RLM
The link simulations assumptions for out-of-sync and in-sync are listed here

[bookmark: _Toc439932009][bookmark: _Toc55838144]7.3.1.1.2	RSRP/RSRQ accuracy
The link simulations assumptions for RSRP and RSRQ are listed here.

[bookmark: _Toc439932013][bookmark: _Toc55838145]7.3.1.1.3	Cell identification
The link simulations assumptions for cell identification are listed here.


[bookmark: _Toc439932014][bookmark: _Toc55838146]7.3.2	Performance characterization
[bookmark: _Toc439932015][bookmark: _Toc55838147]7.3.2.1	SFN scenarios
In this clause the RLM and measurement accuracy performance are evaluated based on the simulation assumptions in section 7.3.1

[bookmark: _Toc55838148]7.3.2.1.1	RLM
The link simulations assumptions for out-of-sync and in-sync are listed here

[bookmark: _Toc55838149]7.3.2.1.2	RSRP/RSRQ accuracy
The link simulations assumptions for RSRP and RSRQ are listed here.

[bookmark: _Toc55838150]7.3.2.1.3	Cell identification
The link simulations assumptions for cell identification are listed here.


[bookmark: _Toc439932022][bookmark: _Toc55838151]7.3.3	Possible essential enhancement options


[bookmark: _Toc439932023][bookmark: _Toc55838152]7.3.4	Other issues and possible options


[bookmark: _Toc439932024][bookmark: _Toc55838153]7.4	Downlink performance enhancements under identified FR2 high speed scenarios
In this section the UE demodulation performances will be evaluated under the identified scenarios


[bookmark: _Toc439932025][bookmark: _Toc55838154]7.4.1	Simulation assumptions
In order to evaluation the UE demodulation performance under the new scenario, the link level simulations under scenarios will be conducted. The detailed assumptions for the simulation are listed here.


[bookmark: _Toc439932026][bookmark: _Toc55838155]7.4.2	Performance characterization

[bookmark: _Toc439932030][bookmark: _Toc55838156]7.4.3	Possible essential enhancement options


[bookmark: _Toc439932038][bookmark: _Toc55838157]7.5	Uplink performance enhancements under identified FR2 high speed scenarios
In this section the BS demodulation performances including PUSCH, PUCCH and PRACH will be analyzed or evaluated under the scenarios identified.

[bookmark: _Toc439932039][bookmark: _Toc55838158]7.5.1	Simulation assumptions
In order to evaluation the BS demodulation performance under the new scenario, the link level simulation under the identified new scenario(s) will be conducted.

[bookmark: _Toc439932040][bookmark: _Toc55838159]7.5.2	Performance characterization

[bookmark: _Toc439932046][bookmark: _Toc55838160]7.5.3	Possible essential enhancement options

6.1	Phase 1: Study and identify RRM requirements impacts and possible enhancement
6.1.1	Idle/inactive mode cell reselection requirements enhancement
6.1.1	Connected mode requirements
· Handover delay requirement 
· Measurement requirements including both L1 and SSB based L3 measurement 
· Beam management requirements including beam failure detection, candidate beam detection performance requirements
· Other requirements if identified 
6.2	Phase 2: Specify enhanced RRM requirements based on outcome of Phase 1



[bookmark: _Toc439932050][bookmark: _Toc55838161]8	Conclusions
6.2.3	Release independence aspects


[bookmark: _Toc55838162]
Annex <A> (informative):
<Informative annex for a Technical Specification>
[bookmark: _Toc55838163]Annex <X> (informative):
Change history
This is the last annex for TS/TSs which details the change history using the following table.
This table is to be used for recording progress during the WG drafting process till TSG approval of this TS/TR.
For TRs under change control, use one line per approved Change Request
Date: use format YYYY-MM
CR: four digits, leading zeros as necessary
Rev: blank, or number (max two digits)
Cat: use one of the letters A, B, C, D, F
Subject/Comment: for TSs under change control, include full text of the subject field of the Change Request cover
New vers: use format [n]n.[n]n.[n]n
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