Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG RAN WG1 #113	R1-2306005
[bookmark: OLE_LINK7]Incheon, Korea, May 22nd – May 26th, 2023

Agenda Item:	9.9
Source:	WI rapporteur (Thales)
Title:	RAN1 agreements for Rel-18 WI on NR NTN enhancements
Document for:	Information
Content
Content	1
1	Introduction	1
2	WID Objective	2
4.1	Objective of SI or Core part WI or Testing part WI	3
3	3GPP TSG RAN WG1 Meeting #109-e	5
3.1	Coverage enhancement	5
4	3GPP TSG RAN WG1 Meeting #110	11
4.1	Coverage enhancement	11
4.2	Network verified UE location	12
5	3GPP TSG RAN WG1 Meeting #110-bis	13
5.1	Coverage enhancement	13
5.2	Network verified UE location	14
6	3GPP TSG RAN WG1 Meeting #111	14
6.1	Coverage enhancement	14
6.2	Network verified UE location	15
7	3GPP TSG RAN WG1 Meeting #112	17
7.1	Coverage enhancement	17
7.2	Network verified UE location	18
8	3GPP TSG RAN WG1 Meeting #112-bis	20
8.1	Coverage enhancement	20
8.2	Network verified UE location	21
9	Reference	22


[bookmark: _Toc85701108][bookmark: _Toc85701109][bookmark: _Toc85701110][bookmark: _Toc85701111][bookmark: _Toc85701112][bookmark: _Toc85701113][bookmark: _Toc85701114][bookmark: _Toc85701115][bookmark: _Toc85701121][bookmark: _Toc85701122][bookmark: _Toc85701123][bookmark: _Toc85701124][bookmark: _Toc85701290][bookmark: _Toc85701291][bookmark: _Toc85701292][bookmark: _Toc85701293][bookmark: _Toc85701321][bookmark: _Toc85701322][bookmark: _Toc85701323][bookmark: _Toc85701324][bookmark: _Toc85701325][bookmark: _Toc85701326][bookmark: _Toc85701327][bookmark: _Toc85701328][bookmark: _Toc85701329][bookmark: _Toc85701330][bookmark: _Toc85701331][bookmark: _Toc85701332][bookmark: _Toc85701333][bookmark: _Toc85701334][bookmark: _Toc85701335][bookmark: _Toc85701336][bookmark: _Toc85701385][bookmark: _Toc85701386][bookmark: _Toc85701387][bookmark: _Toc85701388][bookmark: _Toc85701389][bookmark: _Toc85701390][bookmark: _Toc85701391][bookmark: _Toc85701392][bookmark: _Toc85701393][bookmark: _Toc85701394][bookmark: _Toc85701395][bookmark: _Toc85701396][bookmark: _Toc85701397][bookmark: _Toc85701489][bookmark: _Toc85701490][bookmark: _Toc85701491][bookmark: _Toc85701492][bookmark: _Toc85701493][bookmark: _Toc85701494][bookmark: _Toc85701495][bookmark: _Toc85701496][bookmark: _Toc85701497][bookmark: _Toc85701498][bookmark: _Toc85701499][bookmark: _Toc85701500][bookmark: _Toc85701521][bookmark: _Toc85701522][bookmark: _Toc85701523][bookmark: _Toc85701524][bookmark: _Toc85701525][bookmark: _Toc85701526][bookmark: _Toc85701527][bookmark: _Toc85701528][bookmark: _Toc85701529][bookmark: _Toc85701530][bookmark: _Toc85701531][bookmark: _Toc85701532][bookmark: _Toc85701533][bookmark: _Toc85701534][bookmark: _Toc85701606][bookmark: _Toc85701607][bookmark: _Toc85701608][bookmark: _Toc85701609][bookmark: _Toc85701610][bookmark: _Toc85701611][bookmark: _Toc85701612][bookmark: _Toc85701613][bookmark: _Toc85701614][bookmark: _Toc85701615][bookmark: _Toc85701710][bookmark: _Toc85701711][bookmark: _Toc85701712][bookmark: _Toc85701713][bookmark: _Toc85701726][bookmark: _Toc85701727][bookmark: _Toc85701728][bookmark: _Toc85701729][bookmark: _Toc85701730][bookmark: _Toc85701731][bookmark: _Toc85701732][bookmark: _Toc85701733][bookmark: _Toc85701734][bookmark: _Toc85701735][bookmark: _Toc85701736][bookmark: _Toc85701737][bookmark: _Toc85701738][bookmark: _Toc85701739][bookmark: _Toc85701740][bookmark: _Toc85701808][bookmark: _Toc85701809][bookmark: _Toc85701810][bookmark: _Toc85701811][bookmark: _Toc85701812][bookmark: _Toc85701813][bookmark: _Toc85701814][bookmark: _Toc85701815][bookmark: _Toc85701816][bookmark: _Toc85701817][bookmark: _Toc85701818][bookmark: _Toc85701819][bookmark: _Toc85701820][bookmark: _Toc85701821][bookmark: _Toc85701822][bookmark: _Toc85701823][bookmark: _Toc85701824][bookmark: _Toc85701825][bookmark: _Toc85701826][bookmark: _Toc85701827][bookmark: _Toc85701828][bookmark: _Toc85701877][bookmark: _Toc85701878][bookmark: _Toc85701879][bookmark: _Toc85701880][bookmark: _Toc85701881][bookmark: _Toc85701882][bookmark: _Toc85701883][bookmark: _Toc85701905][bookmark: _Toc85701906][bookmark: _Toc85701907][bookmark: _Toc85701908][bookmark: _Toc85701909][bookmark: _Toc85701910][bookmark: _Toc85701911][bookmark: _Toc85701912][bookmark: _Toc85701913][bookmark: _Toc85701914][bookmark: _Toc85701915][bookmark: _Toc85701916][bookmark: _Toc85701917][bookmark: _Toc85701918][bookmark: _Toc85701919][bookmark: _Toc85701920][bookmark: _Toc85701921][bookmark: _Toc85701922][bookmark: _Toc85701923][bookmark: _Toc85701924][bookmark: _Toc85701982][bookmark: _Toc85701983][bookmark: _Toc85701984][bookmark: _Toc85701985][bookmark: _Toc85701986][bookmark: _Toc85702068][bookmark: _Toc85702069][bookmark: _Toc85702070][bookmark: _Toc85702071][bookmark: _Toc85702072][bookmark: _Toc85702073][bookmark: _Toc85702074][bookmark: _Toc85702075][bookmark: _Toc85702087][bookmark: _Toc85702088][bookmark: _Toc85702089][bookmark: _Toc85702090][bookmark: _Toc85702091][bookmark: _Toc85702092][bookmark: _Toc85702093][bookmark: _Toc85702094][bookmark: _Toc85702095][bookmark: _Toc85702096][bookmark: _Toc85702127][bookmark: _Toc85702130][bookmark: _Toc85702133][bookmark: _Toc85702136][bookmark: _Toc85702139][bookmark: _Toc85702142][bookmark: _Toc85702143][bookmark: _Toc85702144][bookmark: _Toc85702145][bookmark: _Toc85702146][bookmark: _Toc85702147][bookmark: _Toc85702148][bookmark: _Toc85702149][bookmark: _Toc85702150][bookmark: _Toc85702151][bookmark: _Toc85702152][bookmark: _Toc85702153][bookmark: _Toc85702154][bookmark: _Toc85702155][bookmark: _Toc85702156][bookmark: _Toc85702157][bookmark: _Toc85702158][bookmark: _Toc85702159][bookmark: _Toc85702205][bookmark: _Toc85702206][bookmark: _Toc85702207][bookmark: _Toc85702208][bookmark: _Toc85702209][bookmark: _Toc85702210][bookmark: _Toc85702211][bookmark: _Toc85702212][bookmark: _Toc85702213][bookmark: _Toc85702214][bookmark: _Toc85702215][bookmark: _Toc85702216][bookmark: _Toc85702217][bookmark: _Toc85702218][bookmark: _Toc85702219][bookmark: _Toc85702312][bookmark: _Toc85702313][bookmark: _Toc85702314][bookmark: _Toc85702315][bookmark: _Toc85702334][bookmark: _Toc85702335][bookmark: _Toc85702336][bookmark: _Toc85702337][bookmark: _Toc85702338][bookmark: _Toc85702339][bookmark: _Toc85702340][bookmark: _Toc85702341][bookmark: _Toc85702342][bookmark: _Toc85702343][bookmark: _Toc85702344][bookmark: _Toc85702345][bookmark: _Toc85702346][bookmark: _Toc85702347][bookmark: _Toc85702426][bookmark: _Toc85702427][bookmark: _Toc85702428][bookmark: _Toc85702429][bookmark: _Toc85702430][bookmark: _Toc85702431][bookmark: _Toc85702432][bookmark: _Toc85702433][bookmark: _Toc85702434][bookmark: _Toc85702435][bookmark: _Toc85702436][bookmark: _Toc85702437][bookmark: _Toc85702438][bookmark: _Toc85702439][bookmark: _Toc85702440][bookmark: _Toc85702441][bookmark: _Toc85702442][bookmark: _Toc85702443][bookmark: _Toc85702444][bookmark: _Toc85702445][bookmark: _Toc85702446][bookmark: _Toc85702447][bookmark: _Toc85702510][bookmark: _Toc85702511][bookmark: _Toc85702512][bookmark: _Toc85702513][bookmark: _Toc85702514][bookmark: _Toc85702515][bookmark: _Toc85702540][bookmark: _Toc85702541][bookmark: _Toc85702547][bookmark: _Toc85702548][bookmark: _Toc85702549][bookmark: _Toc85702550][bookmark: _Toc85702551][bookmark: _Toc85702552][bookmark: _Toc85702553][bookmark: _Toc85702554][bookmark: _Toc85702555][bookmark: _Toc85702556][bookmark: _Toc85702557][bookmark: _Toc85702558][bookmark: _Toc85702559][bookmark: _Toc85702560][bookmark: _Toc85702561][bookmark: _Toc85702562][bookmark: _Toc85702563][bookmark: _Toc85702564][bookmark: _Toc85702565][bookmark: _Toc85702566][bookmark: _Toc85702567][bookmark: _Toc85702568][bookmark: _Toc85702632][bookmark: _Toc85702633][bookmark: _Toc85702634][bookmark: _Toc85702635][bookmark: _Toc85702636][bookmark: _Toc85702637][bookmark: _Toc85702638][bookmark: _Toc85702639][bookmark: _Toc85702640][bookmark: _Toc85702641][bookmark: _Toc85702642][bookmark: _Toc85702643][bookmark: _Toc85702644][bookmark: _Toc85702720][bookmark: _Toc85702721][bookmark: _Toc85702722][bookmark: _Toc85702723][bookmark: _Toc85702724][bookmark: _Toc85702725][bookmark: _Toc85702726][bookmark: _Toc85702727][bookmark: _Toc85702728][bookmark: _Toc85702729][bookmark: _Toc85702730][bookmark: _Toc85702731][bookmark: _Toc85702732][bookmark: _Toc85702733][bookmark: _Toc85702734][bookmark: _Toc85702777][bookmark: _Toc85702778][bookmark: _Toc85702779][bookmark: _Toc85702780][bookmark: _Toc85702781][bookmark: _Toc85702874][bookmark: _Toc85702875][bookmark: _Toc85702876][bookmark: _Toc85702877][bookmark: _Toc85702878][bookmark: _Toc85702879][bookmark: _Toc85702880][bookmark: _Toc85702881][bookmark: _Toc85702882][bookmark: _Toc85702883][bookmark: _Toc85702884][bookmark: _Toc85702885][bookmark: _Toc85702886][bookmark: _Toc85702887][bookmark: _Toc85702888][bookmark: _Toc85702889][bookmark: _Toc85702890][bookmark: _Toc85702891][bookmark: _Toc85702892][bookmark: _Toc85702893][bookmark: _Toc85702894][bookmark: _Toc85702895][bookmark: _Toc85702896][bookmark: _Toc85702897][bookmark: _Toc85702898][bookmark: _Toc85702899][bookmark: _Toc85702900][bookmark: _Toc85702901][bookmark: _Toc85702902][bookmark: _Toc85702903][bookmark: _Toc85702904][bookmark: _Toc85702905][bookmark: _Toc85702906][bookmark: _Toc85702907][bookmark: _Toc85702908][bookmark: _Toc85702909][bookmark: _Toc85702910][bookmark: _Toc85702911][bookmark: _Toc85702912][bookmark: _Toc85702913][bookmark: _Toc85702914][bookmark: _Toc85702915][bookmark: _Toc85702916][bookmark: _Toc85702917][bookmark: _Toc85702918][bookmark: _Toc85702919][bookmark: _Toc85702920][bookmark: _Toc85702921][bookmark: _Toc85702922][bookmark: _Toc85702923][bookmark: _Toc85702924][bookmark: _Toc85702925][bookmark: _Toc85702926][bookmark: _Toc85702927][bookmark: _Toc85702928][bookmark: _Toc85702929][bookmark: _Toc85702930][bookmark: _Toc85702931][bookmark: _Toc85703031][bookmark: _Toc85703032][bookmark: _Toc85703033][bookmark: _Toc85703034][bookmark: _Toc85703035][bookmark: _Toc85703036][bookmark: _Toc85703037][bookmark: _Toc85703038][bookmark: _Toc85703039][bookmark: _Toc85703040][bookmark: _Toc85703041][bookmark: _Toc85703042][bookmark: _Toc85703043][bookmark: _Toc85703044][bookmark: _Toc85703045][bookmark: _Toc85703046][bookmark: _Toc85703047][bookmark: _Toc85703048][bookmark: _Toc85703049][bookmark: _Toc85703102][bookmark: _Toc85703103][bookmark: _Toc85703104][bookmark: _Toc85703105][bookmark: _Toc85703163][bookmark: _Toc85703164][bookmark: _Toc85703165][bookmark: _Toc85703166][bookmark: _Toc85703167][bookmark: _Toc85703168][bookmark: _Toc85703169][bookmark: _Toc85703170][bookmark: _Toc85703171][bookmark: _Toc85703172][bookmark: _Toc85703173][bookmark: _Toc85703174][bookmark: _Toc85703175][bookmark: _Toc85703176][bookmark: _Toc85703177][bookmark: _Toc85703178][bookmark: _Toc85703297][bookmark: _Toc85703298][bookmark: _Toc85703299][bookmark: _Toc85703300][bookmark: _Toc85703301][bookmark: _Toc85703333][bookmark: _Toc85703334][bookmark: _Toc85703335][bookmark: _Toc85703336][bookmark: _Toc85703337][bookmark: _Toc85703338][bookmark: _Toc85703339][bookmark: _Toc85703340][bookmark: _Toc85703341][bookmark: _Toc85703399][bookmark: _Toc85703402][bookmark: _Toc85703403][bookmark: _Toc85703404][bookmark: _Toc85703405][bookmark: _Toc85703406][bookmark: _Toc85703407][bookmark: _Toc85703408][bookmark: _Toc85703409][bookmark: _Toc85703410][bookmark: _Toc85703411][bookmark: _Toc85703412][bookmark: _Toc85703413][bookmark: _Toc85703414][bookmark: _Toc85703541][bookmark: _Toc85703542][bookmark: _Toc85703543][bookmark: _Toc85703544][bookmark: _Toc85703545][bookmark: _Toc85703546][bookmark: _Toc85703547][bookmark: _Toc85703548][bookmark: _Toc85703549][bookmark: _Toc85703550][bookmark: _Toc85703551][bookmark: _Toc85703552][bookmark: _Toc85703553][bookmark: _Toc85703554][bookmark: _Toc85703555][bookmark: _Toc85703556][bookmark: _Toc85703557][bookmark: _Toc85703558][bookmark: _Toc85703559][bookmark: _Toc85703560][bookmark: _Toc85703561][bookmark: _Toc85703562][bookmark: _Toc85703563][bookmark: _Toc85703564][bookmark: _Toc85703565][bookmark: _Toc85703566][bookmark: _Toc85703567][bookmark: _Toc85703568][bookmark: _Toc85703569][bookmark: _Toc85703570][bookmark: _Toc85703571][bookmark: _Toc85703623][bookmark: _Toc85703624][bookmark: _Toc85703625][bookmark: _Toc85703626][bookmark: _Toc85703627][bookmark: _Toc85703628][bookmark: _Toc85703672][bookmark: _Toc85703673][bookmark: _Toc85703674][bookmark: _Toc85703675][bookmark: _Toc85703676][bookmark: _Toc85703724][bookmark: _Toc85703725][bookmark: _Toc85703726][bookmark: _Toc85703727][bookmark: _Toc85703728][bookmark: _Toc85703729][bookmark: _Toc85703730][bookmark: _Toc85703731][bookmark: _Toc85703732][bookmark: _Toc85703807][bookmark: _Toc85703808][bookmark: _Toc85703809][bookmark: _Toc85703810][bookmark: _Toc85703811][bookmark: _Toc85703812][bookmark: _Toc85703825][bookmark: _Toc85703826][bookmark: _Toc85703827][bookmark: _Toc85703828][bookmark: _Toc85703829][bookmark: _Toc85703830][bookmark: _Toc85703831][bookmark: _Toc85703832][bookmark: _Toc85703885][bookmark: _Toc85703886][bookmark: _Toc85703887][bookmark: _Toc85703888][bookmark: _Toc85703889][bookmark: _Toc85703890][bookmark: _Toc85703891][bookmark: _Toc85703892][bookmark: _Toc85703893][bookmark: _Toc85703894][bookmark: _Toc85703895][bookmark: _Toc85703896][bookmark: _Toc85703931][bookmark: _Toc85703932][bookmark: _Toc85703933][bookmark: _Toc85703934][bookmark: _Toc85703935][bookmark: _Toc85703945][bookmark: _Toc85703946][bookmark: _Toc85703947][bookmark: _Toc85703948][bookmark: _Toc85703949][bookmark: _Toc85703950][bookmark: _Toc85704015][bookmark: _Toc85704016][bookmark: _Toc85704017][bookmark: _Toc85704018][bookmark: _Toc85704019][bookmark: _Toc85704024][bookmark: _Toc85704025][bookmark: _Toc85704032][bookmark: _Toc85704033][bookmark: _Toc85704034][bookmark: _Toc85704035][bookmark: _Toc85704036][bookmark: _Toc85704037][bookmark: _Toc85704038][bookmark: _Toc85704039][bookmark: _Toc85704040][bookmark: _Toc85704041][bookmark: _Toc85704058][bookmark: _Toc85704059][bookmark: _Toc85704060][bookmark: _Toc85704061][bookmark: _Toc85704062][bookmark: _Toc85704063][bookmark: _Toc85704064][bookmark: _Toc85704145][bookmark: _Toc85704146][bookmark: _Toc85704147][bookmark: _Toc85704148][bookmark: _Toc85704149][bookmark: _Toc85704150][bookmark: _Toc85704151][bookmark: _Toc85704152][bookmark: _Toc85704153][bookmark: _Toc85704275][bookmark: _Toc85704276][bookmark: _Toc85704277][bookmark: _Toc85704278][bookmark: _Toc85704279][bookmark: _Toc85704280][bookmark: _Toc85704281][bookmark: _Toc85704282][bookmark: _Toc85704283][bookmark: _Toc85704327][bookmark: _Toc85704328][bookmark: _Toc85704329][bookmark: _Toc85704330][bookmark: _Toc85704331][bookmark: _Toc85704332][bookmark: _Toc85704333][bookmark: _Toc85704334][bookmark: _Toc85704368][bookmark: _Toc85704371][bookmark: _Toc85704372][bookmark: _Toc85704373][bookmark: _Toc85704379][bookmark: _Toc85704380][bookmark: _Toc85704384][bookmark: _Toc85704385][bookmark: _Toc85704386][bookmark: _Toc85704390][bookmark: _Toc85704391][bookmark: _Toc85704420][bookmark: _Toc85704421][bookmark: _Toc85704422][bookmark: _Toc85704423][bookmark: _Toc85704424][bookmark: _Toc85704425][bookmark: _Toc85704426][bookmark: _Toc85704427][bookmark: _Toc85704428][bookmark: _Toc85704429][bookmark: _Toc85704430][bookmark: _Toc85704467][bookmark: _Toc85704468][bookmark: _Toc85704469][bookmark: _Toc85704470][bookmark: _Toc85704471][bookmark: _Toc85704472][bookmark: _Toc85704491][bookmark: _Toc85704492][bookmark: _Toc85704496][bookmark: _Toc85704497][bookmark: _Toc85704498][bookmark: _Toc85704499][bookmark: _Toc85704500][bookmark: _Toc85704616][bookmark: _Toc85704617][bookmark: _Toc85704618][bookmark: _Toc85704619][bookmark: _Toc85704620][bookmark: _Toc85704621][bookmark: _Toc85704651][bookmark: _Toc85704652][bookmark: _Toc85704712][bookmark: _Toc85704713][bookmark: _Toc85704720][bookmark: _Toc85704721][bookmark: _Toc85704722][bookmark: _Toc85704723][bookmark: _Toc85704724][bookmark: _Toc85704725][bookmark: _Toc85704726][bookmark: _Toc85704727][bookmark: _Toc85704728][bookmark: _Toc85704729][bookmark: _Toc85704730][bookmark: _Toc85704731][bookmark: _Toc85704732][bookmark: _Toc85704733][bookmark: _Toc85704734][bookmark: _Toc85704735][bookmark: _Toc85704736][bookmark: _Toc85704737][bookmark: _Toc85704738][bookmark: _Toc85704739][bookmark: _Toc85704740][bookmark: _Toc85704741][bookmark: _Toc85704742][bookmark: _Toc85704743][bookmark: _Toc85704744][bookmark: _Toc85704745][bookmark: _Toc85704746][bookmark: _Toc85704747][bookmark: _Toc85704748][bookmark: _Toc85704749][bookmark: _Toc85704750][bookmark: _Toc85704751][bookmark: _Toc85704752][bookmark: _Toc85704753][bookmark: _Toc85704791][bookmark: _Toc85704794][bookmark: _Toc85704795][bookmark: _Toc85704796][bookmark: _Toc85704797][bookmark: _Toc85704798][bookmark: _Toc85704799][bookmark: _Toc85704800][bookmark: _Toc85704801][bookmark: _Toc85704802][bookmark: _Toc85704803][bookmark: _Toc85704804][bookmark: _Toc85704805][bookmark: _Toc85704806][bookmark: _Toc85704807][bookmark: _Toc85704808][bookmark: _Toc85704809][bookmark: _Toc85704810][bookmark: _Toc85704811][bookmark: _Toc85704812][bookmark: _Toc85704813][bookmark: _Toc85704814][bookmark: _Toc85704815][bookmark: _Toc85704816][bookmark: _Toc85704817][bookmark: _Toc85704818][bookmark: _Toc85704819][bookmark: _Toc85704820][bookmark: _Toc85704821][bookmark: _Toc85704822][bookmark: _Toc85704823][bookmark: _Toc85704824][bookmark: _Toc85704858][bookmark: _Toc85704859][bookmark: _Toc85704860][bookmark: _Toc85704861][bookmark: _Toc85704862][bookmark: _Toc85704863][bookmark: _Toc85704864][bookmark: _Toc85704865][bookmark: _Toc85704866][bookmark: _Toc85704867][bookmark: _Toc85704868][bookmark: _Toc85704869][bookmark: _Toc85704870][bookmark: _Toc85704871][bookmark: _Toc85704872][bookmark: _Toc85704873][bookmark: _Toc85704874][bookmark: _Toc85704875][bookmark: _Toc85704876][bookmark: _Toc85704877][bookmark: _Toc85704878][bookmark: _Toc85704911][bookmark: _Toc85704912][bookmark: _Toc85704913][bookmark: _Toc85704914][bookmark: _Toc85704915][bookmark: _Toc85704916][bookmark: _Toc85704917][bookmark: _Toc85704918][bookmark: _Toc85704919][bookmark: _Toc85704920][bookmark: _Toc85704921][bookmark: _Toc85704922][bookmark: _Toc85704923][bookmark: _Toc85704924][bookmark: _Toc85704925][bookmark: _Toc85704926][bookmark: _Toc85704927][bookmark: _Toc85704928][bookmark: _Toc85704929][bookmark: _Toc85704930][bookmark: _Toc85704931][bookmark: _Toc85704932][bookmark: _Toc85704933][bookmark: _Toc85704934][bookmark: _Toc85704935][bookmark: _Toc85704936][bookmark: _Toc85704937][bookmark: _Toc85704938][bookmark: _Toc85704994][bookmark: _Toc85704995][bookmark: _Toc85704996][bookmark: _Toc85704997][bookmark: _Toc85704998][bookmark: _Toc85705046][bookmark: _Toc85705049][bookmark: _Toc85705050][bookmark: _Toc85705051][bookmark: _Toc85705052][bookmark: _Toc85705053][bookmark: _Toc85705054][bookmark: _Toc85705055][bookmark: _Toc85705056][bookmark: _Toc85705057][bookmark: _Toc85705058][bookmark: _Toc85705059][bookmark: _Toc85705060][bookmark: _Toc85705061][bookmark: _Toc85705062][bookmark: _Toc85705063][bookmark: _Toc85705064][bookmark: _Toc85705115][bookmark: _Toc85705120][bookmark: _Toc85705121][bookmark: _Toc85705122][bookmark: _Toc85705123][bookmark: _Toc85705124][bookmark: _Toc85705125][bookmark: _Toc85705126][bookmark: _Toc85705127][bookmark: _Toc85705128][bookmark: _Toc85705129][bookmark: _Toc85705160][bookmark: _Toc85705161][bookmark: _Toc85705162][bookmark: _Toc85705163][bookmark: _Toc85705164][bookmark: _Toc85705165][bookmark: _Toc85705166][bookmark: _Toc85705167][bookmark: _Toc85705168][bookmark: _Toc85705169][bookmark: _Toc85705170][bookmark: _Toc85705171][bookmark: _Toc85705172][bookmark: _Toc85705173][bookmark: _Toc85705174][bookmark: _Toc85705175][bookmark: _Toc85705176][bookmark: _Toc85705177][bookmark: _Toc85705178][bookmark: _Toc85705179][bookmark: _Toc85705180][bookmark: _Toc85705181][bookmark: _Toc85705182][bookmark: _Toc85705183][bookmark: _Toc85705184][bookmark: _Toc85705185][bookmark: _Toc85705186][bookmark: _Toc85705187][bookmark: _Toc85705188][bookmark: _Toc85705189][bookmark: _Toc85705190][bookmark: _Toc85705191][bookmark: _Toc85705192][bookmark: _Toc85705341][bookmark: _Toc85705342][bookmark: _Toc135300772]Introduction
This document summaries RAN1 agreements made for the Rel-18 WI on NR NTN enhancements. 
The Agreements, Working Assumptions and Conclusions achieved in RAN1 meetings up to RAN1#112-bis-e are listed in sections 3 to 8.

The WI objective from the WID [1]  is inserted below for convenience.
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The work item aims at specifying enhancements for NG-RAN based NTN (Non-Terrestrial Networks) according to the following assumptions with implicit compatibility to support HAPS (High Altitude Platform Station) and ATG (Air To Ground) scenarios:

· GSO (Geo Synchronous Orbit) and NGSO (Non Geo Synchronous Orbit). NGSO includes Low Earth Orbit (LEO) and Medium Earth Orbit (MEO).
· Earth fixed tracking area. Earth fixed & Earth moving cells for NGSO
· FDD mode
· UEs with GNSS (Global Navigation Satellite Systems) capabilities
· Both “VSAT” (Very Small Aperture Terminal) devices with directive antenna (including fixed and moving platform mounted devices) and commercial handset terminals (e.g. Power class 3) are supported in FR1
· Only “VSAT” devices with directive antenna (including fixed and moving platform mounted devices) are supported in above 10 GHz bands.

Note 1: In Rel-17 WID, “VSAT” device with external antenna on moving platform is equivalent to a device that operate on platforms in motion, and this is referred to as ESIM (Earth Station In Motion).

Note 2: The Rel-17 NTN architecture is assumed.

This WI is adding functionality in REL-18 to enhance features that were introduced in REL-15/16/17:

Coverage enhancement

The Rel-18 NTN objectives are focused on the applicability of the “solutions developed by general NR coverage enhancement” (NR_cov_enh) to NTN, and identifying potential issues and enhancements if necessary, considering the NTN characteristics including large propagation delay and satellite movement. Only NTN-specific characteristics are to be included in this coverage enhancement work, otherwise it should be part of another WI (e.g., UL enhancement of coverage). 

The following reference scenario is considered for the definition of uplink coverage enhancements for NTN: parameter set-1 for LEO-1200 satellite operating at Line of Sight (LOS) and commercial smartphones with -5.5 dBi antenna gain and 3 dB polarisation loss (per antenna port). 
Note: It is understood that the enhancements defined for LEO can also apply to GEO and MEO scenarios as appropriate. No additional work is expected for MEO/GEO.
The targeted services are VoIP using AMR 4.75 kbps and data transmission services with Low data rate of 3 kbps.


 The detailed objectives are for NTN:
· To specify PUCCH enhancements for Msg4 HARQ-ACK (e.g. repetition) [RAN1, RAN4]
· To specify if necessary, enhancements to the Rel-17 procedures for DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation) [RAN1]



NR-NTN deployment in above 10 GHz bands

The following assumptions are taken a baseline for this work:
· GSO and NGSO (e.g. LEO, MEO, HEO) based satellite access to be considered
· ESIM scenarios for NGSO in Ka band are not considered in this WI. 
· Targeted UE types: fixed and mobile VSAT. VSAT UE characteristics from TR38.821 to be considered in priority but additional NTN UE classes may be considered if justified
· Regarding mobile VSAT, three types of terminal and scenario exist; airborne, maritime and land based ESIM. Which type(s) to be specified depends on the outcome of the regulation analysis and co-existence study.
· FDD mode is assumed for satellite operation above 10 GHz, while TDD mode is assumed for terrestrial operation in FR2
· The ITU-R harmonized Ka band will serve as reference
· Co-existence between overlapping NTN and TN band portions is out of scope of this work item. This aspect will be captured in the specification.

The following covers the objectives for NR-NTN deployment in above 10 GHz bands. This work is expected to start after June 2022.

· Study and identify NTN example band: Analysis of regulations and adjacent channel co-existence scenarios. The example band shall be identified early in the WI. Additional bands can be introduced in a release-independent manner. [RAN4]
· Consider the satellite harmonized Ka band as a reference, according to ITU allocation; taking into account deployment type (e.g. VSAT, ESIM), scenarios, and ITU-R/regional regulations, define an example band suitable for development of generic 3GPP minimum performance requirements (the example RAN4 band may be a portion of or the entire harmonized Ka band). [RAN4]
· Study implications of FDD operation in FR2 and derive requirements for the identified example band appropriately. Satellite bands introduced in 3GPP for NTN for FDD shall not impact the existing 3GPP TDD specifications for terrestrial bands adjacent to the NTN band (see note 3 of the approved way forward RP-211596 in RAN#92-e). [RAN4]
· [bookmark: _Hlk90540445]Relevant coexistence scenarios and analysis to be considered in RAN4, if and where applicable, to ensure that satellite bands introduced in 3GPP for NTN shall not impact the existing specifications and shall not cause degradation (in the sense of RAN4 co-existence studies) to networks in 3GPP specified terrestrial bands adjacent to the NTN band. In that, it is assumed that the NTN-TN adjacent band coexistence will be performed at the harmonized Ka band edges. The outcome is expected to be applicable to all NTN-TN adjacent band scenarios (if any) in the whole Ka band range where applicable and regulations allow. [RAN4]
· For all the above, RAN4 process as agreed for NTN in FR1 (see 3GPP TR 38.863) should be used for coexistence analysis in above 10 GHz bands [RAN4].
· [bookmark: _Hlk89787333]Definition of NTN band(s) above 10 GHz does not change the current FR1/FR2 definition, nor automatically apply to future terrestrial bands defined in this frequency region; (see proposal 2 of the approved way forward RP-211596 in RAN#92-e) [RAN4]
· Specify Rx/Tx requirements for satellite access node and different VSAT UE class (not only 60 cm aperture) as appropriate for the identified example band [RAN4]
· Identify values for physical layer parameters chosen from the existing FR1 and FR2 sets. The following set of parameters to specify, but not necessarily limited to, are listed.as follows [RAN4]:
· time relationship related enhancement (e.g. K_offset)
· subcarrier spacing for different UL/DL signals/channels
· PRACH configuration index for FDD above 10 GHz.

Network verified UE location


Based on RAN1 conclusions of the study phase, RAN to prioritize the specification of necessary enhancements to multi-RTT to support the network verified UE location in NTN assuming a single satellite in view [RAN1, 2, 3, 4]. DL-TDoA methods for verification may be considered as lower priority and if time permits and condition in Note is satisfied.

Note 1: Enhancements assume reuse of the RAT dependent positioning framework
Note 2: The specification of DL-TDOA enhancements will be subject to the study of the impact of realistic UE clock drift onto DL-TDOA performance
Note 3: The target accuracy for position verification purposes is as documented in clause « recommendations » of the 3GPP TR 38.882 (i.e. 10 km granularity)
Note 4 : Multiple satellite in view by the UE may be considered if time allows
Note 5 : The enhancements may be subject to relevant SA WGs (e.g. SA3/SA3-LI) feedbacks on the reliability of UE reports involved
Note 6 : The enhancements should take into account the mirror-image ambiguity
Note 7 : Network verified UE location is an optional UE feature


NTN-TN and NTN-NTN mobility and service continuity enhancements

This work considers existing methods from NR TN as well as outcome of Rel-17 NR NTN WI outcome as baseline for NTN-TN mobility.

· Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2,RAN3,RAN4]
· For NTN-NTN mobility, specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point. [RAN2, RAN3, RAN4]
· Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3]
· Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]
· Study and, if needed, specify enhancement to Xn[/NG] signalling to support feeder link switch-over, CHO, e.g. exchange of necessary information between gNBs. [RAN3]
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Agreement
For NR NTN coverage enhancement, evaluate only handset terminals as UE type.
· i.e., VSAT is not considered.

Agreement
Coverage performance in NR NTN is evaluated according to the following steps.
· Step 1: CNR is calculated as defined in 6.1.3.1 of TR38.821
· For polarization loss,
· 3 dB polarization loss is assumed as baseline, and companies are encouraged to report the value and corresponding justification if other value is used
· Step 2: Required SNR of target service is evaluated by LLS
· Step 3: The CNR and the required SNR are compared

Agreement
Coverage performance in NR NTN is evaluated for GEO/LEO-1200/LEO-600 scenarios.
· Note: Service type for each scenario is discussed separately
· Note: Parameter set (Set-1/2) is discussed separately
· Note: MEO can be evaluated optionally

R1-2205210	Summary #1 on 9.12.1 Coverage enhancement for NR NTN	Moderator (NTT DOCOMO)

Agreement
For evaluation of coverage performance in NR NTN,
· It is assumed that carrier bandwidth is sufficiently large to transmit each channel.
· Companies are encouraged to report BWP bandwidth, when necessary (e.g. for frequency hopping).
· Note: each channel bandwidth is discussed separately.

Agreement
For VoIP, AMR 4.75 kbps (TBS of 184 bits without CRC in physical layer) with 20 ms data arriving interval is used in the evaluations.
· Each packet is transmitted within 20 ms, if packet combining is not used.
· Companies are encouraged to evaluate at least packet transmission without combining
· Companies are encouraged to report how to apply packet combining, if used.
· Note: in packet combining, two packets can be combined into a single packet at TX side 
· Companies should report the impact on E2E latency
· VoIP is evaluated only in LEO scenario.
· Note 1: PRB/MCS/TBS determinations are discussed separately
· Note 2: companies should report if HARQ is used in the evaluations, and if evaluations depart from the assumption that each packet is transmitted within 20 ms

Agreement
Reuse Set-1/2 satellite parameters as in table 6.1.1.1-1/2 of TR38.821 for GEO/LEO-1200/LEO-600 and S-band, and as in table 6.1.1.1-1/2 of RP-220590 for MEO and S-band.
· In addition, evaluations assuming relevant ITU regulatory limitations on power flux density can be reported in the study phase.
· Companies should report which value of EIRP density is used and corresponding justification.

Agreement
For link budget calculation, parameters in the following table is assumed.
	Parameters
	Notes

	Carrier frequency
	2 GHz for DL and UL (S-band)

	Channel bandwidth
	FFS

	Satellite altitude
	600 km, 1200 km, 10000 km, 35786 km

	Target elevation angle
	[30 (LEO), 12.5 (GEO-Set 1) , 20° (GEO –Set 2), 30° (MEO)]

	Atmospheric loss
	Equation (6.6-8) in [2]

	Shadowing margin
	3 dB

	Scintillation loss
	Section 6.6.6 in [2]
Ionospheric loss: = 2.2 dB (note 1)
Tropospheric loss: Table 6.6.6.2.1-1 of [2]

	Additional loss
	0 dB

	Clear sky conditions
	Yes

	Satellite antenna polarization
	Circular polarization

	Terminal type
	[S band: (M, N, P) = (1,1,2)]

	Free space path loss
	Equation (6.6-2) in [2]

	Terminal RF parameters
	FFS

	Satellite RF parameters
	FFS

	Polarization loss
	As agreed separately

	Outcome
	CNR

	· NOTE 1:             Based on P3 curve for 1% of time from Figure 6.6.6.1.4-1 of [2] after frequency scaling.
· dB
· NOTE 2:             [2] in this table is 3GPP TR 38.811 v15.2.0: "Study on New Radio (NR) to support non-terrestrial networks (Release 15)"


 
Agreement
If corresponding channel (including SCS) is agreed as evaluation target channel, the following features introduced in Rel-17 Coverage enhancement WI can be applied in coverage evaluation of NR NTN.
· For VoIP, max 20 PUSCH repetitions if SCS = 15 kHz and packet combining/HARQ are not applied; otherwise, max 32 PUSCH repetitions with consideration of the impact on E2E latency
· For low-data rate service, max 32 PUSCH repetitions
· TBoMS
· Joint channel estimation (DMRS bundling)
· Companies are encouraged to report how to apply
· Max 16 Msg.3 PUSCH repetitions

R1-2205211	Summary #2 on 9.12.1 Coverage enhancement for NR NTN	Moderator (NTT DOCOMO)

Agreement
For low-data rate service, the following target data rate is assumed.
· For DL, 3 kbps if satellite EIRP density lower than values in table 6.1.1.1-1/2 of TR38.821 for GEO/LEO-1200/LEO-600 and S-band, or values in table 6.1.1.1-1/2 of RP-220590 for MEO and S-band due to ITU regulatory limitations on power flux density is considered; otherwise, 1 Mbps
· For UL, 3 kbps and 100 kbps
· FFS: which data rate applies for GEO/MEO/LEO

Agreement
For NR NTN coverage enhancement, the following channels/signals can be evaluated.
· PUSCH for VoIP
· PUSCH for low data rate service
· PUCCH format 1 with 2 bits 
· PUCCH format 3 with 11 bits 
· PRACH format 0
· PRACH format 2
· PRACH format B4 
· PUSCH Msg.3
· PUCCH for Msg.4 HARQ-ACK 
· SSB
· PDSCH for VoIP
· PDSCH for low data rate service
· PDSCH Msg.2 
· PDSCH Msg.4
· PDCCH
· Broadcast PDCCH (PDCCH of Msg.2) 

Agreement
Evaluate coverage performance for the following UE characteristics as in Table 6.1.1.1-3 of TR38.821 with update of polarization, Tx/Rx antenna gain, and antenna type and configuration.

	Characteristics
	Handheld

	Frequency band
	S band (i.e. 2 GHz)

	Antenna type and configuration
	1 TX, 2TX (optional) / 2 RX with omni-directional antenna element
Note: companies should provide their assumption on polarization

	Polarisation
	Linear

	Rx Antenna gain 
	[X] dBi per element

	Antenna temperature
	290 K

	Noise figure
	7 dB

	Tx transmit power
	200 mW (23 dBm)

	Tx antenna gain
	[X] dBi per element


· X = -5 as working assumption
· Send an LS to RAN4 to ask whether above antenna gain is valid and if invalid, appropriate value.


R1-2205622	[Draft] LS on UE antenna gain for NR NTN coverage enhancement	Moderator (NTT DOCOMO, INC.)
R1-2205623	LS on UE antenna gain for NR NTN coverage enhancement	RAN1, NTT DOCOMO, INC.
Final LS is endorsed in R1-2205623.

Agreement
For coverage performance evaluation, the following elevation angle is assumed.
· 30 deg for LEO, 12.5 deg for GEO-Set 1, 20 deg for GEO-Set 2, as in in Table 6.1.3.2-1 of TR38.821
· Note: For GEO-Set 1, channel parameters for 10 deg is used in LLS.
· 30 deg for MEO
· Other elevation angles can be evaluated as optional
· Note: these values are elevation angles at the edge of the edge beam.

Agreement
For NR NTN coverage enhancement, evaluate the following cases.
	Case
	Satellite orbit
	Satellite parameter set
	Elevation angle (deg)
	Terminal
	Frequency band
	Service type

	1
	GEO
	1
	12.5
	Handset
	S-band
	Low-data rate service

	2
	GEO
	2
	20
	Handset
	S-band
	Low-data rate service

	3 (Optional)
	LEO-1200
	1
	30
	Handset
	S-band
	VoIP

	4
	LEO-1200
	2
	30
	Handset
	S-band
	VoIP

	5 
	LEO-1200
	2
	30
	Handset
	S-band
	Low-data rate service

	6 (Optional)
	LEO-600
	1
	30
	Handset
	S-band
	VoIP

	7 
	LEO-600
	2
	30
	Handset
	S-band
	VoIP

	8 (Optional)
	LEO-600
	2
	30
	Handset
	S-band
	Low-data rate service

	9 (Optional, with higher priority than case 10)
	MEO
	1
	30
	Handset
	S-band
	Low-data rate service

	10 (Optional)
	MEO
	2
	30
	Handset
	S-band
	Low-data rate service



Agreement
For coverage performance evaluation, the following are assumed for all channels/signals
· Channel model/Delay spread
· Channel model as in Table 6.1.2-4 of TR38.821, assuming NTN-TDL-A (NLOS) and NTN-TDL-C (LOS)
· Evaluation scenario
· Rural (LOS/NLOS)
· Sub-urban (LOS/NLOS) (optional)
· Channel estimation: Realistic estimation
· Companies are encouraged to report channel estimation method.
· SCS
· 15 kHz only
· UE speed: 3 km/h
· Frequency drift: Not assumed
· Frequency offset: 0.1 ppm

Agreement
For coverage evaluation of PUSCH in NR NTN, the following table is assumed.
	Parameter
	Value

	Frequency hopping 
	w/ or w/o frequency hopping

	BLER
	For low data rate service, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.
For VoIP, 2% rBLER.

	Number of UE transmit chains 
	1, 2 (optional) 

	DMRS configuration 
	For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
For frequency hopping: Type I, 1 or 2 DMRS symbol for each hop, no multiplexing with data.
PUSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	Waveform
	DFT-s-OFDM, CP-OFDM (optional)

	PUSCH duration        
	14 OS

	Repetitions 
	w/ type A repetition, optional for type B repetition.
The actual number of repetitions is reported by companies.

	HARQ configuration 
	Whether/How HARQ is adopted is reported by companies. 

	PRBs/TBS/MCS for low data rate service
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. 
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.

	PRBs/MCS for VoIP
	Any value of PRBs reported by companies will be considered in the discussion.
QPSK, pi/2 BPSK (optional)

	Other parameters
	Reported by companies



Agreement
For coverage evaluation of PUCCH in NR NTN, the following table is assumed.
	Parameter
	Value

	PUCCH format 
	Format 1, 2bits UCI.
Format 3, 11 bits UCI

	Frequency hopping
	w/ frequency hopping

	BLER
	-     For PUCCH format 1: 
DTX to ACK probability: 1%. NACK to ACK probability: 0.1%.
ACK missed detection probability: 1%.
-     For PUCCH format 3: 
BLER for Ack/Nack, SR: 1%
BLER for CSI: 1%, optional for 10%.

	Number of UE transmit chains
	1 

	DMRS configuration 
	Number of DMRS symbols for PUCCH Format 3: Reported by companies

	Repetitions
	w/ repetition.
The maximum number of repetitions is 8.

	PUCCH duration        
	14 OS

	Number of PRBs
	1 PRB

	Other parameters
	Reported by companies



Agreement
For coverage evaluation of PRACH in NR NTN, the following table is assumed.
	Parameter
	Value

	Format
	Format 0, Format B4, Format 2

	SCS
	Reported by companies.

	Performance metric
	1% missed detection at 0.1% false alarm probability
10% missed detection: reported by companies if this value is used

	Number of UE transmit chains
	1, 2 (optional)

	Other parameters
	Reported by companies.



Agreement
For coverage evaluation of PUSCH Msg.3 in NR NTN, the following table is assumed.
	Parameter
	Value

	Frequency hopping
	w/ or w/o frequency hopping

	Number of UE transmit chains
	1, 2 (optional)

	Number of DMRS symbol
	w/o frequency hopping: 3,
w/ frequency hopping: 2 for each hop

	Waveform 
	DFT-s-OFDM

	HARQ configuration
	Whether/How is adopted is reported by companies.

	PUSCH duration        
	14 OS

	Number of PRBs
	2

	TBS
	56 bits

	Other parameters
	Reported by companies.



Agreement
For coverage evaluation of SSB in NR NTN, the following table is assumed.
	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz

	Periodicity
	20ms

	Performance metric
	Combination of 4 SSBs in 80ms.
Note: UE is not assumed to know the SS/PBCH block index

	Other parameters
	Reported by companies.



Agreement
For coverage evaluation of PDSCH in NR NTN, the following table is assumed.
	Parameter
	Value

	BLER
	For low data rate service, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.
For VoIP, 2% rBLER.

	Waveform
	CP-OFDM

	Number of UE receive chains
	2 for 2GHz

	HARQ configuration
	Whether/How HARQ is adopted is reported by companies.

	DMRS configuration
	3 DMRS symbols is used for PDSCH of Msg.2.
For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
PDSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	PRBs/TBS/MCS for low data rate service
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. 
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.

	PRBs/MCS for VoIP
	Any value of PRBs reported by companies will be considered in the discussion.
QPSK

	PDSCH duration
	12 OS

	Payload size for PDSCH of Msg.4
	1040 bits

	Other parameters
	Reported by companies.

	Other parameters
	Reported by companies



Agreement
For coverage evaluation of PDCCH in NR NTN, the following table is assumed.
	Parameter
	Value

	Number of UE receive chains
	2 for 2GHz

	Aggregation level
	16

	Payload
	40 bits

	CORESET size
	2 symbols, 48 PRBs

	Tx Diversity
	Reported by companies

	BLER
	1% BLER
optional for 10% BLER

	Number of SSB for broadcast PDCCH of Msg.2
	Reported by companies

	Other parameters
	Reported by companies
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Conclusion
For Rel-18 coverage enhancement in NTN, NLOS environment is deprioritized.

R1-2207809	Summary #2 on 9.12.1 Coverage enhancement for NR NTN	Moderator (NTT DOCOMO, INC.)

Agreement
For NR-NTN coverage enhancement, RAN1 concludes that coverage enhancements specifically for GEO and MEO are de-prioritized in Rel-18.
· Potential enhancements for LEO can also apply to GEO and MEO

Agreement
For NR-NTN coverage enhancement in Rel-18, link budget of parameter set-1 for LEO-1200 operating at LOS is considered as the target to evaluate whether each channel/signal with the existing specification needs to be enhanced or not. The targeted performances are used to evaluate the following services:
· VoIP using AMR 4.75 kbps. 
· Low data rate of 3 kbps. 
· Potential enhancements for deployments with parameter set-1 can also apply for deployments for parameter set-2

Observation
For PUCCH format 1 with parameter set-1 for LEO-1200 operating at LOS,
· Five sources observed that the existing specification can meet the performance requirement

Conclusion
RAN1 concluded that enhancement is unnecessary for PUCCH format 1 with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

Observation
For PUCCH format 3 with parameter set-1 for LEO-1200 operating at LOS,
· Six sources observed that the existing specification can meet the performance requirement
· One source observed that the existing specification cannot meet the performance requirement with at least 0.6 dB gap

Conclusion
RAN1 concluded that enhancement is unnecessary for PUCCH format 3 with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

Observation
For PUCCH for Msg4 HARQ-ACK with parameter set-1 for LEO-1200 operating at LOS,
· One source observed that the existing specification can meet the performance requirement
· Three sources observed that the existing specification cannot meet the performance requirement with a gap of 1.8 to 6 dB.

Conclusion
RAN1 concluded that PUCCH for Msg4 HARQ-ACK should be enhanced to meet the coverage requirements for parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

Observation
For PUSCH for low data rate of 3 kbps with parameter set-1 for LEO-1200 operating at LOS,
· Eight sources observed that the existing specification can meet the performance requirement

Conclusion
RAN1 concluded that enhancement is unnecessary for PUSCH for low data rate of 3 kbps with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

R1-2207811	Summary #4 on 9.12.1 Coverage enhancement for NR NTN	Moderator (NTT DOCOMO, INC.)

Observation
For PRACH format 0 with parameter set-1 for LEO-1200 operating at LOS,
· One source observed that the existing specification can meet the performance requirement
· Eight sources observed that the existing specification cannot meet the performance requirement with a gap of 0.3 to 5.3 dB
For PRACH format 2 with parameter set-1 for LEO-1200 operating at LOS,
· Ten sources observed that the existing specification can meet the performance requirement
· Two sources observed that the existing specification cannot meet the performance requirement with a gap of 1.9 to 8.8 dB
For PRACH format B4 with parameter set-1 for LEO-1200 operating at LOS,
· Ten sources observed that the existing specification cannot meet the performance requirement with a gap of 1.2 to 11.9 dB
Note: for the observations above, some sources used 1 Rx antenna and some sources used 2 Rx antennas at the satellite.

Observation
For PUSCH for VoIP with parameter set-1 for LEO-1200 operating at LOS,
· Six sources observed that the existing specification can meet the performance requirement with a margin of 0 to 1.7 dB
· One company simulated by using 20 repetitions without DMRS bundling
· Four companies simulated by using 20 repetitions with DMRS bundling
· One company simulated by using 32 repetitions with DMRS bundling
· Note: this is the only result using frame combining by application layer
· Nine sources observed that the existing specification cannot meet the performance requirement with a gap of 0.3 to 8.6 dB
· Eight companies simulated by using 20 repetitions without DMRS bundling
· Seven companies simulated without frequency hopping
· One company simulated by using 16 repetitions with DMRS bundling
Note: for the observations above, some sources used 1 Rx antenna and some sources used 2 Rx antennas at the satellite.

Observation
RAN1 concluded that enhancement for PUSCH for VoIP may be needed to meet the coverage requirements for parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain, when DMRS bundling is not applied.

Observation
For Msg3 PUSCH with parameter set-1 for LEO-1200 operating at LOS,
· Eight sources observed that the existing specification can meet the performance requirement
· One source observed that the existing specification cannot meet the performance requirement with a gap of 1.5 dB.

Conclusion
RAN1 concluded that enhancement is unnecessary for Msg3 PUSCH with parameter set-1 for LEO-1200 operating at LOS, assuming -5dBi UE antenna gain.

[bookmark: _Toc135300779]Network verified UE location 
Agreement
The following 3GPP defined RAT dependent positioning methods shall be considered as starting point for the study on Network verified UE location in case of NGSO based NTN deployment:
· Multi-RTT
· DL/UL-TDOA
Note-1: Other methods (e.g. AoA based) are not precluded
Note-2: RAT independent positioning methods are not under the scope of the study

Agreement
For evaluating positioning performance in NTN, the following metrics apply.
· Horizontal accuracy:
· Horizontal accuracy is the difference between a calculated horizontal position by the network and the actual horizontal position of a UE (for evaluation purposes)
· At least CDFs of horizontal positioning errors are used as a performance metrics in NR positioning evaluations
· At least the following percentiles of positioning error is analyzed 50%, 67%, 80%, 90%, 95%

[bookmark: _Toc135300780]3GPP TSG RAN WG1 Meeting #110-bis
[bookmark: _Toc135300781]Coverage enhancement
Agreement
For PUCCH for Msg4 HARQ-ACK,
· Support PUCCH repetition
· Further discuss the specification impact for at least the following
· Procedure and signaling (e.g., cell-specific configuration, request to gNB and dynamic indication from gNB, UE capability indication before Msg4, etc.)
· Repetition factor
· Repetition slot counting for FDD
· Further study whether to enhance or support the following
· Frequency hopping
· DMRS bundling

Agreement
For PUCCH repetition for Msg4 HARQ-ACK,
· Discuss the following options of procedure to perform repetitions
· Option 1: UE always performs repetition if configured in cell-specific manner
· FFS: details of cell-specific configuration
· FFS: behavior of UE being incapable of repetition
· Option 2: UE requests repetition and is dynamically indicated to perform repetition
· FFS: details of repetition request
· FFS: details of configuration and dynamic repetition indication
· Option 3: UE indicates repetition capability and is dynamically indicated to perform repetition
· How UE indicates repetition capability before Msg4

Conclusion
For PUCCH repetition for Msg4 HARQ-ACK,
· The existing mechanism on repetition slot counting (as in section 9.2.6 of TS 38.213) can be applied.
· FFS: whether specification update to apply the existing mechanism to PUCCH repetition for Msg4 HARQ-ACK is needed.

R1-2210345	Summary #2 on 9.11.1 Coverage enhancement for NR NTN	Moderator (NTT DOCOMO, INC.)

Agreement
For NTN-specific PUSCH DMRS bundling,
· Discuss further the need of enhancement in consideration of at least the following:
· Phase difference due to timing drift and/or doppler shift.
· e.g., whether/how long a UE can meet phase continuity requirement specified as Table 6.4.2.5-1 in 38.101-1 in consideration of frequency error within ± 0.1 PPM specified in section 6.4.1 of 38.101-5 and timing error specified in Table 7.1C.2-1 of 38.133, whether RAN1 should introduce enhancement to meet the requirement and/or recommend RAN4 to update the requirement or UE should pre-compensate phase difference by UE implementation, etc.
· An event which causes power consistency and phase continuity not to be maintained.
· e.g., whether the new event is necessary to determine actual TDW(s) from each nominal TDW or the existing specification can work without any specification change or whether such event may not occur depending on implementations, etc.
· Note: baseline performance for legacy UEs can include antenna switching

[bookmark: _Hlk117153843]Agreement
For PUCCH transmission for Msg4 HARQ-ACK, supported number of transmissions are 1, 2, 4, 8.
· Note: single PUCCH transmission is performed as in the existing specification, and/or (if supported for single PUCCH transmission) according to configuration/indication e.g., in signaling with respect to number of transmissions.
· FFS: whether larger number of transmissions is supported
· FFS: whether/how single PUCCH transmission can be configured and/or indicated

[bookmark: _Toc135300782]Network verified UE location 
Agreement
Deprioritize the discussion on UE location verification during initial access.


Agreement
For the evaluation of time based positioning methods, further evaluation results taking into account satellite movement between TX and RX measurements should be provided.
· How this is characterised is also reported by companies

[bookmark: _Toc135300783]3GPP TSG RAN WG1 Meeting #111
[bookmark: _Toc135300784]Coverage enhancement
Conclusion
For the study of NTN-specific PUSCH DMRS bundling, RAN1’s understanding is that Phase variation due to constant frequency error within ± 0.1 PPM specified in section 6.4.1 of 38.101-1 does not have impact on the phase continuity requirement for two adjacent slots specified as Table 6.4.2.5-1 in 38.101-1, according to annex F.9 and F.4 of 38.101-1.

Conclusion
RAN1 concluded that PUSCH DMRS bundling with sufficient TDW size should be applicable in NTN to meet the performance requirement for VoIP
· FFS: How to determine TDW size, including UE capability.
· Note: The above does not mean the performance requirements will be satisfied with DMRS bundling


Working assumption
For PUCCH repetition for Msg4 HARQ-ACK,
· One or more repetition factors may be configured via SIB
· If only one repetition factor is configured via SIB and if the value is one of {[1], 2, 4, 8}, UE capable of PUCCH repetition for Msg4 HARQ-ACK can perform repetition with the repetition factor
· FFS: whether UE requests repetition or indicates repetition capability
· If multiple factors from {1, 2, 4, 8} are configured via SIB, PUCCH repetition for Msg4 HARQ-ACK may be dynamically determined and indicated by gNB 
· FFS: whether UE requests repetition or indicates repetition capability
· FFS: whether repetition factor is indicated by UE
· FFS: UE behavior when repetition factor is not configured via SIB
· FFS: whether one or more UE capabilities are needed for the above is for further discussion

[bookmark: _Toc135300785]Network verified UE location 
Observation
For network verified UE location based on multi-RTT positioning method using Rx-Tx time difference measurements with single satellite, assuming the ambiguity of the mirror image position is resolved, if the UE reports needed to perform multi-RTT can be assumed to be trusted:
· Five sources observed that multi-RTT positioning method can meet the NTN UE location verification accuracy requirement for LEO 600km:
· Four sources observed that the positioning horizontal accuracy of less than 10km can be achieved with few seconds over-the-air latency (less or equal to 10s) with 95-percentile confidence level.
· Regarding the above observation, the following inputs were reported by companies:
· One source reported that the timing measurement error of SRS is smaller than 232 ns with 95% probability. And the timing measurement error of PRS can be smaller than 13ns and 16ns with 95% probability under the bandwidth of 8.64 MHz and 4.5 MHz, respectively. This source, reported also that satellite’s movement between TX and RX measurements is taken into account in the evaluation.
· One source reported that the timing measurement error is around 11ns for PRS detection with PRS bandwidth of 9.36 MHz. While for the SRS measurement, the maximum timing error is around 50ns with SRS bandwidth of 9.36 MHz. Further, this source, proposed that the RTT estimation error due to the movement of the satellite should be taken into account.
· Note: this source provided results using 2D positioning method.
· One source considered the maximum timing measurement error: 30ns, 50ns, 100ns, 200ns and uniform distribution of timing measurement error.
· One source reported that the timing measurement error of 95 percentile is equal to 8ns and 12.6ns for PRS and SRS respectively with an oversampling of 8. To take into account satellite movement between TX and RX measurements, for RTT calculation this source observed that the RTT between a satellite and a UE at time t0 can be approximated by the sum of the one-way delay at t0-T and the one-way delay at t0+T when T is small, e.g., less than 200 ms.
· One source observed that the positioning horizontal accuracy of less than 10km can be achieved with 180 seconds latency for earth fixed beam with 90-percentile confidence level
· This source reported that the timing measurement error of SRS and PRS can be smaller than 26.7ns and 6.1ns respectively with 95% probability under 30 degree elevation angle for LEO-600. Further, it observed that the satellite movement is taken into consideration when calculating the RTT.
· Two sources observed that multi-RTT positioning method require latency larger than 60 seconds for UE located nearby the orbital plane of a satellite during a certain time duration.
Note 1: Some companies observed that when 2D positioning method is used (e.g. when UE altitude is known to the network) better positioning latency/accuracy can be achieved compared to 3D positioning method.


R1-2210950	FL Summary #2: Network verified UE location for NR NTN	THALES

Conclusion:
For network verification of UE location in NR NTN with single satellite in view with multi-RTT positioning: 
· From RAN1 perspective, if the UE’s Rx-Tx time difference measurements report can be assumed to be trusted, multi-RTT positioning method using Rx-Tx time difference measurements can meet the accuracy requirement of less than 10km with 90% confidence, in case of:
· At least LEO600 based deployment
· Earth fixed cells
· Earth moving cell at least if UE dwell time within the cell is enough to perform at least two RTT measurements
· Note: the required over-the-air latency reported in evaluations ranged from less than 10s up to 180s



R1-2210951	FL Summary #3: Network verified UE location for NR NTN	THALES

Observation
For network verified UE location based on DL-TDOA positioning method with single satellite:
Eight companies commented on the suitability of the method: Assuming the ambiguity of the mirror image position is resolved and if the UE reports needed to perform DL-TDOA can be assumed to be trusted:
· Five sources observed that DL-TDOA positioning method can meet the NTN UE location verification accuracy requirement for LEO 600km without considering UE Clock drift:
· Four sources observed that the positioning horizontal accuracy of less than 10km can be achieved with 30 seconds or less:
· One of these 4 sources observed that horizontal positioning error is equal to 2.5km with 95% probability.
· This source reported that the timing measurement error is around 11ns for PRS detection with PRS bandwidth of 9.36 MHz
· Note 1: this source provided results using 2D positioning method.
· One of these 4 sources observed that horizontal positioning error of DL-TDOA via PRS with 3 RSTDs and a latency of 24s is equal to 5.33km with 90% probability and 8.92km with 95% probability.
· This source reported that the timing measurement error of PRS can be smaller than 13ns and 16ns with 95% probability under the bandwidth of 8.64 MHz and 4.5 MHz, respectively.
· This source observed that existing CSI RS can be used to meet the requirement with comparable latency
· One of these 4 sources observed that horizontal positioning accuracy for a latency of 30s with SNR of 5dB and with 90% probability is equal to 9.44km.
· This source observed that the maximum timing measurement error that can be allowed to meet the accuracy requirement of 10km is about 80ns.
· One of these 4 sources observed the horizontal positioning accuracy of less than 10km can be achieved for 90% of UEs with 12 seconds latency and for 95% of UEs with 20 seconds latency.	
· The maximum time measurement error considered by this source is equal to 6ns
· One source observed that the horizontal positioning error of DL-TDOA method can be smaller than 10 km with over 80% probability with 180 seconds latency.
· This source reported that the timing measurement error of PRS can be smaller than 6.1ns with 95%
· [bookmark: _Hlk119665285]One source observed that the geometry of UE location relative to the satellite orbit will impact the positioning performance in DL-TDOA method e.g. for UE’s location at 200km away from the orbital plane, the NTN UE location verification accuracy requirement can be met and the positioning error of DL-TDOA method can be smaller than 10 km with 95% probability (for UE’s location at 200km away from the orbital plane) and a latency of 220 seconds in case of LEO600km and 342 seconds in case of LEO1200km. For UE located under the satellite orbit, NTN UE location verification accuracy requirement can be meet only with 30% probability.
· Note 2: This source considered 10 ns UE Clock drift for all time measurement window.
· Note 3: Position accuracy requirements may not be met if realistic assumption on UE clock drift is considered.


Observation
For network verified UE location based on UL-TDOA positioning method with single satellite:
Two companies commented on the suitability of the method: Assuming the ambiguity of the mirror image position is resolved and if the measurements needed to perform UL-TDOA can be assumed to be trusted:
· One source observed that UL-TDOA cannot meet the target requirement for both earth fixed beam and earth moving beam. With 180s latency, positioning error performance that can be achieved is 34 km, CDF=90% and 13km, CDF=80%.
· This source reported that the timing measurement error of SRS can be smaller than 26.7ns with 95% probability under 30 degree elevation angle for LEO-600 set-1, rural LOS S-band scenario.
· One source observed that the geometry of UE location relative to the satellite orbit will impact the positioning performance in UL-TDOA method e.g. for UE’s location at 200km away from the orbital plane, the NTN UE location verification accuracy requirement can be met and the positioning error of UL-TDOA method can be smaller than 10 km with 95% probability (for UE’s location at 200km away from the orbital plane) and a latency of 220 seconds in case of LEO600km and 342 seconds in case of LEO1200km. For UE located under the satellite orbit, NTN UE location verification accuracy requirement can be meet only with 30% probability.

Conclusion
For network verification of UE location in NR NTN with single satellite in view with DL-TDOA positioning: From RAN1 perspective, if the UE’s RSTD measurements report can be assumed to be trusted, DL-TDOA positioning method can meet the accuracy requirement of less than 10km with 90% confidence, in case of:
· At least LEO600 based deployment
· Earth fixed cells
· Earth moving cell at least if UE dwell time within the cell is enough to perform at least two RSTD measurements
Note 1: the above is based on evaluation results that didn’t account for UE Clock drift
Note 2: the required over-the-air latency reported in evaluations ranged from less than 20s up to 180s
Note 3: The requirements of Network verification of UE location may not be met if realistic assumption on UE clock drift is considered.

Conclusion
For network verification of UE location in NR NTN based on multi-RTT using UE RX-TX time difference report, if the UE reports needed to perform multi-RTT can be assumed to be trusted, existing multi-RTT framework may be reused with potential enhancements to adapt it to NTN context. This may include, but not limited to:
· If justified: NTN-specific definition of UE RX-TX time difference, including as an example, potential modifications to UE Rx – Tx time difference to enable network verification of UE location without introducing any additional measurements at the UE (with respect to Rel-17 NTN)
· The following is not precluded: the UE Rx – Tx time difference is defined as TUE-RX – TUE-TX, where TUE-RX – TUE-TX is directly derived from the timing advance TTA applied by the UE at a given subframe.
· Above does not imply that the relevant work is prioritized.
· Other assistance data (e.g. ephemeris) to be transferred from gNB to the LMF.
· If justified: Other assistance data (e.g. to resolve ambiguity on mirror position issue) to be transferred from UE to LMF
· If justified: Adaptations enabling Rx-TX measurements for Multi-RTT involving multiple cells within the same satellite
For network verification of UE location in NR NTN based on DL-TDOA positioning, if the UE reports needed to perform DL-TDOA positioning can be assumed to be trusted, existing DL-TDOA positioning framework may be reused with potential enhancements to adapt it to NTN context.

[bookmark: _Toc135300786]3GPP TSG RAN WG1 Meeting #112
[bookmark: _Toc135300787]Coverage enhancement
Observation
For NTN-specific PUSCH DMRS bundling, in LEO 1200 with elevation angle 30 deg. and SCS = 15 kHz, RAN1’s understanding is the following:
· Timing error limit (Table 7.1C.2-1 in 38.133) can be satisfied within at most 13 slots if TA pre-compensation update is not assumed.
· FFS: whether/how to consider the initial timing error at the beginning
· FFS: TA pre-compensation update is assumed
· Frequency error limit (Section 6.4.1 in 38.101-5) can be satisfied over 32 slots if frequency pre-compensation update is not assumed.
· FFS: impact of phase difference limit

R1-2301836	Summary #2 on 9.11.1 Coverage enhancement for NR NTN	Moderator (NTT DOCOMO, INC.)

Working assumption
For PUCCH repetition for Msg4 HARQ-ACK, discuss the following options as container of the [repetition request or capability report] indicated by UE.
· Option A: PRACH preamble and/or occasion
· FFS: whether PRACH resource partitioning is needed for indication of [repetition request  or capability report]
· FFS: whether or not indication of repetition factor is assumed 
· Note: the relation with R18 NR coverage enhancements for PRACH may need to be considered in future meetings
· Option B: Higher layer signaling in Msg3 PUSCH
· FFS: which signaling is used
· Note: if higher layer signaling is preferred in RAN1, the feasibility will be asked to RAN2.
· Option C: Physical layer signaling in Msg3 PUSCH
· FFS: which signaling is used, e.g. DMRS ports

R1-2301837	Summary #3 on 9.11.1 Coverage enhancement for NR NTN	Moderator (NTT DOCOMO, INC.)

[bookmark: _Hlk128590381]Agreement
For PUCCH repetition for Msg4 HARQ-ACK, discuss the following alternatives for dynamic indication of repetition factor from gNB.
· Alt 1: Field in DCI scheduling the Msg4 PDSCH
· Alt 1-1: One or two bits of the existing field
· Alt 1-1a: MCS field
· Alt 1-1b: PUCCH resource indicator field (e.g., with repetition factor configuration per PUCCH resource)
· Alt 1-1c: HARQ process number filed
· Alt 1-1d: DAI field
· Alt 1-1e: PDSCH-to-HARQ_feedback timing indicator field
· Alt 1-2: New field with one or two bits
· Alt 2: Field in DCI scheduling Msg3 PUSCH
· PUCCH repetition factor is indicated jointly with Msg3 repetition factor by using a pre-defined/configured relationship between PUCCH repetition factor and Msg3 repetition factor
· Note: it is assumed that there is impact on DCI design
· Alt 3: CRC scrambling of DCI scheduling the Msg4 PDSCH
· One or two CRC bits other than bits scrambled by TC-RNTI is used for the dynamic indication, etc.
· Alt 4: Implicit mapping between Msg4 HARQ ACK repetition factor and indication of Msg3 PUSCH repetition with no re-interpreted field / new field (i.e. no change to DCI design)


Working assumption
For PUCCH repetition for Msg4 HARQ-ACK,
· A RSRP threshold can be configured via SIB at least when the number of repetitions is configured by SIB.
· If the RSRP threshold is configured and the configured RSRP threshold is smaller than X,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK transmits repetition request if measured RSRP is lower than a RSRP threshold.
· If the RSRP threshold is not configured, or Iif the configured RSRP threshold is X,
· UE capable of PUCCH repetition for Msg4 HARQ-ACK reports the capability of PUCCH repetition for Msg4 HARQ-ACK
· FFS: value of X (the maximum configurable value of the RSRP threshold)
· FFS: the exact UE behavior if the RSRP threshold is not configured
· Down-select one from the following alternatives for the RSRP threshold.
· Alt A: The same RSRP threshold as R17 Msg3 repetition (i.e., rsrp-ThresholdMsg3-r17) is used.
· Alt B: New RSRP threshold is introduced.
· Note: UE incapable of PUCCH repetition for Msg4 HARQ-ACK transmits neither repetition request nor capability report

[bookmark: _Toc135300788]Network verified UE location 
Agreement
Existing DL/UL reference signals for positioning are used for supporting Network verified UE location in NTN. 
FFS: Whether some enhancements on these reference signals are needed for NTN

Agreement
In NTN, for the position of the reference point for definition of gNB Rx – Tx time difference measurement, consider the following options:
· Option 1: Onboard the satellite
· Option 2: The uplink time synchronization reference point
· Option 3: on the gNB

R1-2300321	FL Summary #2: Network verified UE location for NR NTN	THALES
R1-2300322	FL Summary #3: Network verified UE location for NR NTN	THALES
R1-2300323	FL Summary #4: Network verified UE location for NR NTN	THALES

Agreement
Select one (or more) of the following options for enhancing UE Rx-Tx time difference in NTN
· Option 1: The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX
Where:
· UE Rx-Tx time difference is defined with respect to the Rx and Tx subframe timing associated with the TRP.
For a Transmission Point 
· TUE-RX is the UE received timing of downlink subframe #i from this Transmission Point (TP), defined by the first detected path in time.
· TUE-TX is the UE transmit timing of the uplink subframe corresponding to subframe #i received from the TP
· One or multiple DL RS for positioning, as instructed by higher layers, can be used to determine the start of one subframe of the first arrival path of the TP.
FFS: For a Transmission Point different from the serving cell (e.g. a DL-PRS-only TP)
· Option 2:
· For RTT measurement in NTN, support UE report that indicates the time difference between the arrival time of a DL RS for positioning and the transmit time of an SRS. 
· FFS: details of report and the definition of UE Rx-Tx time difference    
· Option 3: The legacy R17 definition of UE Rx-Tx time difference is adopted for NTN with an offset that is determined based on one of the following options: 
· Option 3-1: This offset is reported as the nearest integer value in the unit of milliseconds by rounding the time difference of transmit timing of uplink subframe #i and receive timing of downlink subframe#i
· Option 3-2: UE report the index of the subframe j that is closest in time to the subframe #i received from the TP and LMF can derive the offset
· Option 3-3: TA report which corresponds to the time difference of received timing of downlink subframe #i and transmit timing of uplink subframe#i rounding up to slot granularity.
· Option 4: 
· UE Rx – Tx time difference TUE-RX – TUE-TX  can be directly derived from timing advance TTA 
· FFS: the granularity and the reporting range of TA.
· Note: This implies that the existing framework for Multi-RTT positioning report can be used without need to specify a new TA report.
Note: The impact of UE autonomous adjustment of TA (when applied) should be taken into account

Agreement
Select one (or more) of the following options for the enhancement of gNB Rx-Tx time difference in NTN
· Option 1: The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX
Where:
For a Transmission Point 
· TgNB-RX is the Transmission and Reception Point (TRP) received timing of uplink subframe #i containing SRS associated with UE, defined by the first detected path in time.
· TgNB-TX is the TRP transmit timing of the downlink subframe corresponding to uplink subframe #i received from the UE
· Multiple SRS resources can be used to determine the start of one subframe containing SRS.
FFS: For a Transmission Point different from the serving cell (e.g. a DL-PRS-only TP)
· Option 2:
· For RTT measurement in NTN, support gNB report of gNB Rx-Tx time as defined in 38.215 with the following change:
· Only the SRS resource starting within a subframe can be used to determine the start of the subframe. 
· Option 3: 
· Keep the current gNB Rx-Tx definition, and report an offset which can covers the time duration corresponds to kmac if needed.
· Option 4:
· For RTT measurement in NTN, support gNB report that indicates the time difference between the transmit time of a DL RS for positioning and the arrival time of an SRS. 

· FFS: details of report.
Note: The impact of UE autonomous adjustment of TA (when applied) should be taken into account

Agreement
Study the following options to resolve the mirror positions ambiguity for multi-RTT positioning:
· Option 1: gNB or LMF implementation to solve the mirror error issue.
· FFS: whether there is spec impact
· Option 2: Reuse existing ECID method (e.g. combine UE neighbor measurements to solve the ambiguity between mirror positions), with potential enhancements
· Option 3: NR NTN UE should report the Doppler calculated on the service link
· Option 4: a VSAT UE should report its beam pointing in respect to satellite beam line of sight
· Option 5: Reporting of cell coverage information (e.g. cell footprint and reference point, or antenna pattern) to the LMF
· Option 6: Support and potentially enhance the optional Rel-17 UL-AoA measurements defined for multi-RTT positioningOther solutions are not precluded

Conclusion
Geometry relating the UE and the TRPs (satellites) affects positioning accuracy for network verified UE location based on Multi-RTT.

[bookmark: _Toc135300789]3GPP TSG RAN WG1 Meeting #112-bis
[bookmark: _Toc135300790]Coverage enhancement

Observation
For NTN-specific PUSCH DMRS bundling, 
· In LEO 1200 with elevation angle 30 deg. and SCS = 15 kHz, RAN1’s understanding is the following:
· Phase difference limit (Table 6.4.2.5-1 in 38.101-1) cannot be satisfied over multiple slots (for carrier bandwidth 5 MHz or larger), if the PRB allocation is not within 6 PRBs from the DC carrier, pre-compensation by UE and post-compensation by gNB are not assumed, and 70.5 (us/s) timing drift rate is assumed.
· Note: this does not imply that UE shall be scheduled within 6 PRBs from the DC carrier.

Working assumption
For NTN-specific PUSCH DMRS bundling, to satisfy the phase difference limit without causing phase discontinuity, it is assumed that pre-compensation to keep phase rotation due to timing drift within the phase difference limit can be performed at UE side.
· UE shall not perform TA pre-compensation update within an actual TDW if it causes phase discontinuity that may violate the phase difference limit.
· FFS: how to determine the actual TDW
· FFS: specification impact
· Send an LS to RAN4

R1-2304093	[Draft] LS on PUSCH DMRS bundling for NR NTN coverage enhancement	Moderator (NTT DOCOMO, INC.)

Agreement
Final LS is endorsed in R1-2304094 with the following revision to the action:
ACTION: RAN1 respectfully asks RAN4 to take the above RAN1 observations and agreement working assumption into account.

R1-2303951	Summary #2 on 9.9.1 Coverage enhancement for NR NTN	Moderator (NTT DOCOMO, INC.)

Working assumption
For PUCCH repetition for Msg4 HARQ-ACK, support Option B as container of the repetition request or capability report indicated by UE.
· Option B: Higher layer signaling in Msg3 PUSCH

Send an LS to RAN2 at RAN1#113 to provide details of “repetition request or capability report”, to ask the feasibility of Option B, and if feasible, to specify the details of Option B.

Agreement
For NTN-specific PUSCH DMRS bundling, support Alt 2 for TDW determination.
· Alt 2: gNB-centric TDW determination
· Nominal TDW is determined based on gNB configuration.
· Actual TDW is determined based on gNB configuration/indication.
· Note: Alt 2 does not imply that spec impact of actual TDW determination is assumed for NTN.
· FFS: details, including UE capability and assistance information reporting

Agreement
For PUCCH repetition for Msg4 HARQ-ACK, support Alt 1-1 for dynamic indication of repetition factor from gNB. Further discuss which field(s) to be used.
· Alt 1: Field in DCI scheduling the Msg4 PDSCH
· Alt 1-1: One or two bits of the existing field(s)
· Alt 1-1a: MCS field
· Alt 1-1b: PUCCH resource indicator field (e.g., with repetition factor configuration per PUCCH resource)
· Alt 1-1c: HARQ process number filed
· Alt 1-1d: DAI field
· Alt 1-1e: PDSCH-to-HARQ_feedback timing indicator field

Agreement
For PUCCH repetition for Msg4 HARQ-ACK, apply frequency hopping mechanism in R15/16/17 defined for PUCCH transmission for Msg4 HARQ-ACK, in every slot.


R1-2303952	Summary #3 on 9.9.1 Coverage enhancement for NR NTN	Moderator (NTT DOCOMO, INC.)
R1-2303953	Summary #4 on 9.9.1 Coverage enhancement for NR NTN	Moderator (NTT DOCOMO, INC.)

R1-2304252              [Draft] LS on higher layer signaling in Msg3 PUSCH for PUCCH repetition for Msg4 HARQ-ACK   Moderator (NTT DOCOMO, INC.)

Agreement
For PUCCH repetition for Msg4 HARQ-ACK, candidate values of only one repetition factor configuration via SIB are {2, 4, 8}.
· i.e., configuration of only ‘1’ is not supported.

[bookmark: _Toc135300791]Network verified UE location 

Agreement
For RTT determination in NTN, discuss further the accuracy, and reporting details of combinations of the following UE and gNB receive-transmit time difference measurements:
· Alt-1: UE Rx-Tx time difference based on Option 3 and gNB Rx-Tx time difference as defined in TS 38.215. 
· Note 1: The signaling method of UE Rx-Tx time difference definition option 1 is not precluded if Alt1 is adopted
· Alt-2: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference as defined in TS 38.215. 
· Note 2: The LMF will use the time stamp of the PRS and the time stamp of SRS to calculate the time difference between the transmission of PRS and the reception of SRS
· Alt-3: UE Rx-Tx time difference based on Option 2 and gNB Rx-Tx time difference based on Option 4
      FFS: One or multiple SRS can be used in determining the arrival time
      FFS: Additional enhancement including additional information to be reported, if justified
Note 3: The impact of UE autonomous adjustment of TA (when applied) should be taken into account
Note 4: The gNB Rx-Tx time difference option in the above alternatives may need updates accordingly based on the outcome of discussion on reference point for the gNB Rx – Tx time difference
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