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Introduction
At the RAN#86 meeting, the Study Item on “Study on solutions for NR to support non-terrestrial network” was completed [1] and the corresponding work item was then approved and later updated at RAN#91 meeting [2]. The new work item aims to specify the enhancements identified for NR NTN and has the following RAN2 objectives on user plane aspects:
· MAC
· Random access:
· Definition of an offset for the start of the ra-ResponseWindow for NTN.
· Introduction of an offset for the start of the ra-ContentionResolutionTimer to resolve Random access contention
· Solutions for resolving preamble ambiguity and extension of RAR window.
· Adaptation for Msg-3 scheduling
· Only for the case with pre-compensation of timing and frequency offset at UE side)
· [bookmark: _Hlk45617713]Enhancement on UL scheduling to reduce scheduling latency.
· DRX: 
· If HARQ feedback is enabled, introduction of offset for drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL.
· If HARQ is turned off per HARQ process, adaptions in HARQ procedure
· Scheduling Request: Extension of the value range of sr-ProhibitTimer 
· RLC
· Status reporting: Extension of the value range of t-Reassembly
· Sequence Numbers: extension of the SN space only for GEO scenarios 
· PDCP
· SDU discard: Extension of the value range of discardTimer.
· Sequence Numbers: extension of the SN space for GEO scenarios.
In this paper, we discuss Random access, TA pre-compensation, scheduling, timing, and RACK less handover, and issues of adapting NR to NTN.
Discussion on Random Access, TA pre-compensation, scheduling, and timing
4-step and 2-step RA basics
The 4-step RA is the baseline in NR. In 4-step RA the Msg1 (preamble) is sent to the gNB and gNB replies with Msg2 (random access response, RAR, addressed to the preamble ID used to send Msg1) which contains a grant for the UE to send Msg3 (for example RRC setup request) which gNB replies to with Msg4 (RRC setup, and contention resolution in case multiple UEs used the same preamble ID), as illustrated in Figure 1.

The design of 2-step RA was completed in Rel-16. 2-step random access transforms the 4-step random access to a 2-step procedure by combining the two uplink-messages Msg1 (preamble) and Msg3 to a MsgA, where the preamble is transmitted in a PRACH occasion as usual, followed by a PUSCH transmission (MsgA PUSCH) with the same content as Msg3 would have had, and combining the two downlink messages Msg2 (RAR) and Msg4 into MsgB, as illustrated in Figure 1. 
The obvious benefit of 2-step is completing the RA in only one RTT.
[image: ]
Figure 1. 4-step vs 2-step Random access
In case the UE does not provide its C-RNTI in MsgA PUSCH (i.e. the UE is not in RRC_CONNECTED state), the network responds with a MsgB with a MAC sub-PDU addressed to the preamble index (RAPID) of the preamble the UE transmitted in the PRACH occasion. Similar to a RAR, the MsgB is addressed to a MSGB-RNTI on the PDCCH, where the MSGB-RNTI is derived from the PRACH occasion. The MsgB may contain one or more successRAR MAC sub-PDU(s), each addressed to a UE’s preamble index. The successRAR is sent in response to a UE when the network successfully received the entire MsgA (i.e. both preamble and MsgA PUSCH). The successRAR contains a UE Contention Resolution ID, TPC, HARQ and PUCCH information, Timing Advance Command and C-RNTI and may also include backoff indicator to be used by UEs who don’t receive any response within the MsgB window. The MsgB may also contain one or more fallbackRAR MAC sub-PDU(s) addressed to a UE’s preamble index where the content in the fallbackRAR is the same as in a MAC RAR. The fallbackRAR is sent in response to a UE when the network successfully received the preamble but failed to receive MsgA PUSCH. The fallbackRAR effectively turns the 2-step RA into a 4-step RA and the UE retransmits the MsgA PUSCH content in the form of Msg3.
The UE monitors the PDCCH for a response within a configured MsgB response window with a max length of 40 ms where two SFN LSBs can be included in the DCI scheduling MsgB to make the corresponding PRACH occasion uniquely identified.
Note that 2-step RA fallback to 4-step does not require that 4-step RA resources are configured (the fallbackRAR is effectively the msg2 of 4-step and it schedules msg3 where ever it want – just as in 4-step – without configuring 4-step RA resources).
[bookmark: _Toc47522733]
Pre-compensation estimation and reporting
It is noted that RAN1 is discussing different options for estimating what the TA pre-compensation shall be as well as if all UEs can do pre-compensation. Therefore, we propose to postpone all such discussions until RAN1 have conclude.
[bookmark: _Toc53530716][bookmark: _Toc53531179][bookmark: _Toc53531212][bookmark: _Toc53531917][bookmark: _Toc53537451][bookmark: _Toc53562230][bookmark: _Toc54052740][bookmark: _Toc54077139][bookmark: _Toc54091125][bookmark: _Toc54257657][bookmark: _Toc54258818][bookmark: _Toc54260596][bookmark: _Toc54866376][bookmark: _Toc61297712][bookmark: _Toc61304180][bookmark: _Toc61304491][bookmark: _Toc61335246][bookmark: _Toc61335537][bookmark: _Toc61522117][bookmark: _Toc61522272][bookmark: _Toc61522313][bookmark: _Toc61550226][bookmark: _Toc61550627][bookmark: _Toc61559717][bookmark: _Toc61561834][bookmark: _Toc61561989][bookmark: _Toc61562016][bookmark: _Toc67610823][bookmark: _Toc67616117][bookmark: _Toc67616247][bookmark: _Toc67616389][bookmark: _Toc67616421][bookmark: _Toc67616500][bookmark: _Toc67616532][bookmark: _Toc67616541][bookmark: _Toc67616573][bookmark: _Toc67616582][bookmark: _Toc67616616][bookmark: _Toc67748954][bookmark: _Toc67749138][bookmark: _Toc67749406][bookmark: _Toc67749642][bookmark: _Toc68011740][bookmark: _Toc68037219][bookmark: _Toc68091759][bookmark: _Toc68178642][bookmark: _Toc68183021][bookmark: _Toc68208495][bookmark: _Toc68208725][bookmark: _Toc68208755][bookmark: _Toc68208878][bookmark: _Toc68208908][bookmark: _Toc68209279][bookmark: _Toc68209309][bookmark: _Toc68210460][bookmark: _Toc68210490]RAN2 to postpone discussions on TA estimation and offset estimation until RAN1 has concluded on this. 

There are ongoing discussions on what needs to be reported about pre-compensation to the gNB. To enable the gNB to track the TA that the UE will use as the satellite moves, the TA reporting may have to include a TA drift value, estimated by the UE, to lower the TA reporting rate. 
Note that reported TA can be used by the gNB to accurately estimate the position of the UE, only a few samples during a connection is needed. Thus, there is no point of the UE not reporting the position. 
Note that reported TA can be used by the gNB to estimate the position of the UE. One sample of the TA will give a circle on earths surface, a few samples during a connection will accurately give two possible poionts for the UE position, and if samples are from different satellites or if combined with measurement reports on other satellites the UE position is known. Further if TA and TA drift is reported, one sample of TA+ TA drift will give two points on earths surface, and if samples are from different satellites or if combined with measurement reports on other satellites the UE position is known. More samples will in both cases increase the accuracy.
[bookmark: _Toc67749140][bookmark: _Toc67749407][bookmark: _Toc67749643][bookmark: _Toc68011741][bookmark: _Toc68037220][bookmark: _Toc68091760][bookmark: _Toc68178643][bookmark: _Toc68183022][bookmark: _Toc68208726][bookmark: _Toc68208879][bookmark: _Toc68209280][bookmark: _Toc68210461]The UE reported TA can be used to accurately estimate the UE position. Reporting TA and TA drift will give a more accurate position or faster UE position acquisition. 
[bookmark: _Toc68178644][bookmark: _Toc68183023][bookmark: _Toc68208727][bookmark: _Toc68208880][bookmark: _Toc68209281][bookmark: _Toc68210462]Reporting TA in a MAC CE will enable any entity to estimate the UE position.
Thus, for privacy reason the TA reporting or position reporting shall be done using encrypted messages, that is RRC after security have been activated. 
[bookmark: _Toc68178645][bookmark: _Toc68183024][bookmark: _Toc68208496][bookmark: _Toc68208728][bookmark: _Toc68208756][bookmark: _Toc68208881][bookmark: _Toc68208909][bookmark: _Toc68209282][bookmark: _Toc68209310][bookmark: _Toc68210463][bookmark: _Toc68210491]The UE reporting of timing advance or position uses RRC signalling after security has been activated.

As the TA can easily be converted to position, there is no point for the UE to not report the position. Reporting the UE position instead of the TA has the advantage that using the satellite ephemeris the gNB can accurately predict how the TA will change, and thus the reporting frequency can be lower or reporting can be triggered by a UEs position changing more than a threshold. The UE position may also be used in the mobility management to know when the UE shall do handovers and for other things for example which measurements to configure. 
[bookmark: _Toc67610798][bookmark: _Toc67616093][bookmark: _Toc67616248][bookmark: _Toc67616390][bookmark: _Toc67616501][bookmark: _Toc67616542][bookmark: _Toc67616583][bookmark: _Toc67616617][bookmark: _Toc67748955][bookmark: _Toc67749139][bookmark: _Toc67749408][bookmark: _Toc67749644][bookmark: _Toc68011742][bookmark: _Toc68037221][bookmark: _Toc68091761][bookmark: _Toc68178646][bookmark: _Toc68183025][bookmark: _Toc68208729][bookmark: _Toc68208882][bookmark: _Toc68209283][bookmark: _Toc68210464]With the UE position and the satellite ephemeris, the gNB can predict TA variations with less signalling than the UE reporting TA and TA drift.
[bookmark: _Toc67610824][bookmark: _Toc67616118][bookmark: _Toc67616249][bookmark: _Toc67616391][bookmark: _Toc67616422][bookmark: _Toc67616502][bookmark: _Toc67616533][bookmark: _Toc67616543][bookmark: _Toc67616574][bookmark: _Toc67616584][bookmark: _Toc67616618][bookmark: _Toc67748956]
[bookmark: _Toc67749141][bookmark: _Toc67749409][bookmark: _Toc67749645][bookmark: _Toc68011743][bookmark: _Toc68037222][bookmark: _Toc68091762][bookmark: _Toc68178647][bookmark: _Toc68183026][bookmark: _Toc68208497][bookmark: _Toc68208730][bookmark: _Toc68208757][bookmark: _Toc68208883][bookmark: _Toc68208910][bookmark: _Toc68209284][bookmark: _Toc68209311][bookmark: _Toc68210465][bookmark: _Toc68210492]The UE shall report its position to the gNB.

Enhancement on UL scheduling to reduce scheduling latency
The purpose for the gNB to know the TA/position is that gNB may update the timing of scheduling to minimize the HARQ RTT or the one-way delay if HARQ retransmissions are not used. The Koffset may be tuned to match the full TA (RAN1 agreement last meeting was to support updating Koffset after initial access), or adapt k0/k1/k2 such that Koffset+k0/k1/k2 matches the TA and time needed for the UE/gNB to process an assignment/grant.
[bookmark: _Toc67610800][bookmark: _Toc67616095][bookmark: _Toc67616251][bookmark: _Toc67616393][bookmark: _Toc67616504][bookmark: _Toc67616545][bookmark: _Toc67616586][bookmark: _Toc67616620][bookmark: _Toc67748958][bookmark: _Toc67749142][bookmark: _Toc67749410][bookmark: _Toc67749646][bookmark: _Toc68011744][bookmark: _Toc68037223][bookmark: _Toc68091763][bookmark: _Toc68178648][bookmark: _Toc68183027][bookmark: _Toc68208731][bookmark: _Toc68208884][bookmark: _Toc68209285][bookmark: _Toc68210466]The purpose of the UE reporting the TA/position is for the gNB to adapt the scheduling timing to achieve lower delay for UEs that have low propagation RTT.

The possible one-way delay savings are (using values from 38.821):
10.3 ms or 10.3/270.73 = 3.8% for UE at shortest delay in GEO 
3.18 ms or 3.18/20.89 = 15.2% for UE at shortest delay in 1200 km LEO 
3.12 ms or 3.12/12.89 = 24.2% for UE at shortest delay in 600 km LEO
When the satellite moves, the delay will change for all UEs in a cell at the same time. It is complicated to signal new Koffset values to all UEs as the gNB need to know from when the new value will be applied, this can be avoided by gNB adjusting the k0/k1/k2 instead of adjusting Koffset.
[bookmark: _Toc67610801][bookmark: _Toc67616096][bookmark: _Toc67616252][bookmark: _Toc67616394][bookmark: _Toc67616505][bookmark: _Toc67616546][bookmark: _Toc67616587][bookmark: _Toc67616621][bookmark: _Toc67748959][bookmark: _Toc67749143][bookmark: _Toc67749411][bookmark: _Toc67749647][bookmark: _Toc68011745][bookmark: _Toc68037224][bookmark: _Toc68091764][bookmark: _Toc68178649][bookmark: _Toc68183028][bookmark: _Toc68208732][bookmark: _Toc68208885][bookmark: _Toc68209286][bookmark: _Toc68210467]It is simpler for the gNB to dynamically adjust k0, k1, and k2 in the DCI instead of adjusting Koffset as there will be a delay and uncertainty of when a new Koffset takes effect.
Only in cells that have areas experiencing the minimum elevation angle from the satellite and the maximum propagation RTT, and within those cells, only in a part of the coverage area there will be a delay gain. Cells close to nadir will have smaller differential delays, and smaller gain possible by utilizing TA/position reporting. 
[bookmark: _Toc67610802][bookmark: _Toc67616097][bookmark: _Toc67616253][bookmark: _Toc67616395][bookmark: _Toc67616506][bookmark: _Toc67616547][bookmark: _Toc67616588][bookmark: _Toc67616622][bookmark: _Toc67748960][bookmark: _Toc67749144][bookmark: _Toc67749412][bookmark: _Toc67749648][bookmark: _Toc68011746][bookmark: _Toc68037225][bookmark: _Toc68091765][bookmark: _Toc68178650][bookmark: _Toc68183029][bookmark: _Toc68208733][bookmark: _Toc68208886][bookmark: _Toc68209287][bookmark: _Toc68210468]Not all UEs in a cell and not all cells of a satellite will have a gain by adapting Koffset+k0/k1/k2 to match the propagation RTT compared to all UEs in a cell using a Koffset+k0/k1/k2 suitable for the maximum propagation RTT in the cell.
With TA/position reporting nothing further is needed to fulfil the WID objective “Enhancement on UL scheduling to reduce scheduling latency.” as the gNB can adjust scheduling for the UEs based on each UEs individual propagation delay.
[bookmark: _Toc67616119][bookmark: _Toc67616254][bookmark: _Toc67616396][bookmark: _Toc67616423][bookmark: _Toc67616507][bookmark: _Toc67616548][bookmark: _Toc67616589][bookmark: _Toc67616623][bookmark: _Toc67748961][bookmark: _Toc67749145][bookmark: _Toc67749413][bookmark: _Toc67749649][bookmark: _Toc68011747][bookmark: _Toc68037226][bookmark: _Toc68091766][bookmark: _Toc68178651][bookmark: _Toc68183030][bookmark: _Toc68208498][bookmark: _Toc68208734][bookmark: _Toc68208758][bookmark: _Toc68208887][bookmark: _Toc68208911][bookmark: _Toc68209288][bookmark: _Toc68209312][bookmark: _Toc68210469][bookmark: _Toc68210493]If UE reporting of TA or position to the gNB is agreed, nothing further is needed for the WID objective “Enhancement on UL scheduling to reduce scheduling latency.”

Discussion on uplink and downlink relative timing.
4-step random access is the baseline random access procedure in NR and should be the baseline for NTN as well. In Rel-16 SI, the needed enhancements for adapting 4-step random access have been heavily discussed. Several of the enhancements are also explicitly described in the Rel-17 NTN WID. RAN2 made the following decision at RAN2#113 
Agreements online:
3. RAN2 decision on starting ra-ContentionResolutionTimer, ra-ResponseWindow and msgB-ResponseWindow is postponed until further progress in RAN1 regarding UE pre-compensation method and TA estimation accuracy.

At RAN1#103e the following agreements were made
Agreement:
An NTN UE in RRC_IDLE and RRC_INACTIVE states is required to at least support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.

Agreement:
An NR NTN UE in RRC_IDLE and RRC_INACTIVE states shall be capable of at least using its acquired GNSS position and satellite ephemeris to calculate frequency pre-compensation to counter shift the Doppler experienced on the service link.
Thus, we can now consider the starting of these timers.

In 38.321 ra-ContentionResolutionTimer is started:
Once Msg3 is transmitted the MAC entity shall:
1>	start the ra-ContentionResolutionTimer and restart the ra-ContentionResolutionTimer at each HARQ retransmission in the first symbol after the end of the Msg3 transmission;
1>	monitor the PDCCH while the ra-ContentionResolutionTimer is running regardless of the possible occurrence of a measurement gap;
If the UE do not correctly estimate the TA (or do not have GNSS capabilities) and the UE uses this TA as an offset from the Msg3 transmission to start the ra-ContentionResolutionTimer and the gNB manage to decode the Msg3 (even though it is not received with correct timing), the UE may start monitoring PDCCH  too early or too late. Such a misalignment may also occur if the TA changes between when UE send the preamble, gNB estimate how TA shall be updated and provide in the Timing Advance Command of the RAR until the UE use it to send Msg3. 
[bookmark: _Toc54257644][bookmark: _Toc54258804][bookmark: _Toc54260582][bookmark: _Toc54866362][bookmark: _Toc61297694][bookmark: _Toc61304159][bookmark: _Toc61304470][bookmark: _Toc61335225][bookmark: _Toc61335516][bookmark: _Toc61522097][bookmark: _Toc61522252][bookmark: _Toc61522294][bookmark: _Toc61550207][bookmark: _Toc61550608][bookmark: _Toc61559698][bookmark: _Toc61561815][bookmark: _Toc61561970][bookmark: _Toc61561997][bookmark: _Toc67610804][bookmark: _Toc67616099][bookmark: _Toc67616256][bookmark: _Toc67616398][bookmark: _Toc67616509][bookmark: _Toc67616550][bookmark: _Toc67616591][bookmark: _Toc67616625][bookmark: _Toc67748963][bookmark: _Toc67749147][bookmark: _Toc67749415][bookmark: _Toc67749651][bookmark: _Toc68011749][bookmark: _Toc68037228][bookmark: _Toc68091768][bookmark: _Toc68178653][bookmark: _Toc68183032][bookmark: _Toc68208735][bookmark: _Toc68208888][bookmark: _Toc68209289][bookmark: _Toc68210470]If UE estimation of TA is not accurate, or if RTT changes before the TA is used, starting ra-ContentionResolutionTimer after an offset of TA after msg3 transmission, the UE may start PDCCH monitoring too early or too late.
In 38.211 we have the uplink-downlink timing relations at the UE: 
There is one set of frames in the uplink and one set of frames in the downlink on a carrier. 



Uplink frame number  for transmission from the UE shall start  before the start of the corresponding downlink frame at the UE where  is given by [5, TS 38.213], except for msgA transmission on PUSCH where  shall be used.


Figure 4.3.1-1: Uplink-downlink timing relation.
Each frame is 10 milliseconds. In TNs the UL and DL are reasonable aligned, for example for cell sizes of up to 150 km, the TA is less than a millisecond.
In NTNs the RTT and the timing advance is much longer than one frame. Thus, at the UE, the uplink frame i do not overlap in time with the downlink frame i. So clearly there is a need for an offset, or is it?
Basing the start of the ra-ContentionResolutionTimer on the uplink is not completely logical as it is for deciding what the UE shall do on the downlink. Therefore, we suggest implementing the offset as a change of the base for starting the ra-ContentionResolutionTimer from the corresponding symbol of the downlink frame instead of an uplink frame. 
[bookmark: _Toc61297696][bookmark: _Toc61304161][bookmark: _Toc61304472][bookmark: _Toc61335227][bookmark: _Toc61335518][bookmark: _Toc61522099][bookmark: _Toc61522254][bookmark: _Toc61522296][bookmark: _Toc61550209][bookmark: _Toc61550610][bookmark: _Toc61559700][bookmark: _Toc61561817][bookmark: _Toc61561972][bookmark: _Toc61561999][bookmark: _Toc67610806][bookmark: _Toc67616101][bookmark: _Toc67616258][bookmark: _Toc67616400][bookmark: _Toc67616511][bookmark: _Toc67616552][bookmark: _Toc67616593][bookmark: _Toc67616627][bookmark: _Toc67748965][bookmark: _Toc67749149][bookmark: _Toc67749417][bookmark: _Toc67749653][bookmark: _Toc68011751][bookmark: _Toc68037230][bookmark: _Toc68091770][bookmark: _Toc68178655][bookmark: _Toc68183034][bookmark: _Toc68208736][bookmark: _Toc68208889][bookmark: _Toc68209290][bookmark: _Toc68210471]Basing the start of UE timers, for monitoring of PDCCH, on the UL timing will always risk starting the timer late or early.
[bookmark: _Toc61297697][bookmark: _Toc61304162][bookmark: _Toc61304473][bookmark: _Toc61335228][bookmark: _Toc61335519][bookmark: _Toc61522100][bookmark: _Toc61522255][bookmark: _Toc61522297][bookmark: _Toc61550210][bookmark: _Toc61550611][bookmark: _Toc61559701][bookmark: _Toc61561818][bookmark: _Toc61561973][bookmark: _Toc61562000][bookmark: _Toc67610807][bookmark: _Toc67616102][bookmark: _Toc67616259][bookmark: _Toc67616401][bookmark: _Toc67616512][bookmark: _Toc67616553][bookmark: _Toc67616594][bookmark: _Toc67616628][bookmark: _Toc67748966][bookmark: _Toc67749150][bookmark: _Toc67749418][bookmark: _Toc67749654][bookmark: _Toc68011752][bookmark: _Toc68037231][bookmark: _Toc68091771][bookmark: _Toc68178656][bookmark: _Toc68183035][bookmark: _Toc68208737][bookmark: _Toc68208890][bookmark: _Toc68209291][bookmark: _Toc68210472]When UL and DL timing is aligned in the gNB, basing the start of UE timers, for monitoring of PDCCH, on the DL timing is always accurate no matter what the timing difference between DL and UL at the UE.

[bookmark: _Toc54052731][bookmark: _Toc54077130][bookmark: _Toc54091116][bookmark: _Toc54257648][bookmark: _Toc54258807][bookmark: _Toc54260585][bookmark: _Toc54866364][bookmark: _Toc61297698][bookmark: _Toc61304163][bookmark: _Toc61304474][bookmark: _Toc61335229][bookmark: _Toc61335520][bookmark: _Toc61522101][bookmark: _Toc61522256][bookmark: _Toc61522298][bookmark: _Toc61550211][bookmark: _Toc61550612][bookmark: _Toc61559702][bookmark: _Toc61561819][bookmark: _Toc61561974][bookmark: _Toc61562001][bookmark: _Toc67610808][bookmark: _Toc67616103][bookmark: _Toc67616260][bookmark: _Toc67616402][bookmark: _Toc67616513][bookmark: _Toc67616554][bookmark: _Toc67616595][bookmark: _Toc67616629][bookmark: _Toc67748967][bookmark: _Toc67749151][bookmark: _Toc67749419][bookmark: _Toc67749655][bookmark: _Toc68011753][bookmark: _Toc68037232][bookmark: _Toc68091772][bookmark: _Toc68178657][bookmark: _Toc68183036][bookmark: _Toc68208738][bookmark: _Toc68208891][bookmark: _Toc68209292][bookmark: _Toc68210473]Basing the start of ra-ContentionResolutionTimer on the downlink timing does not rely on the UE correctly estimating the TA and keeping it updated if the RTT drift away.
[bookmark: _Toc67748969][bookmark: _Toc67749153][bookmark: _Toc67749421][bookmark: _Toc67749657][bookmark: _Toc68011755][bookmark: _Toc68037234][bookmark: _Toc68091774][bookmark: _Toc68178659][bookmark: _Toc68183038][bookmark: _Toc68208499][bookmark: _Toc68208739][bookmark: _Toc68208759][bookmark: _Toc68208892][bookmark: _Toc68208912][bookmark: _Toc68209293][bookmark: _Toc68209313][bookmark: _Toc68210474][bookmark: _Toc68210494]Offset the start of the ra-ContentionResolutionTimer by starting it in the downlink symbol that has the same symbol number, slot number and system frame number as the first uplink symbol after the end of the Msg3 transmission.

A similar but stronger argument can be made for the starting of ra-ResponseWindow as well as the msgB-ResponseWindow as the TA used for preamble respectively MsgA are estimated by the UE itself and not adjusted by the Timing Advance Command of the RAR.
For UEs that do not have GNSS capabilities, the starting of ra-ResponseWindow based on the TA used for the msg1 transmission  as an offset after msg1 transmission can result in the UE starting to monitor PDCCH during the wrong SFN. That is, the UE may accept an RAR intended for a different UE as valid and we get a msg3 collision between different users (but as the TA used by the UE without GNSS capabilities is incorrect that UE will probably transmit outside of the intended msg3 transmission occasion and create interference for some other transmission). The situation for msgB-ResponseWindow is similar. 
[bookmark: _Toc54866367][bookmark: _Toc61297701][bookmark: _Toc61304166][bookmark: _Toc61304477][bookmark: _Toc61335232][bookmark: _Toc61335523][bookmark: _Toc61522104][bookmark: _Toc61522259][bookmark: _Toc61522300][bookmark: _Toc61550213][bookmark: _Toc61550614][bookmark: _Toc61559704][bookmark: _Toc61561821][bookmark: _Toc61561976][bookmark: _Toc61562003][bookmark: _Toc67610810][bookmark: _Toc67616105][bookmark: _Toc67616262][bookmark: _Toc67616404][bookmark: _Toc67616515][bookmark: _Toc67616556][bookmark: _Toc67616597][bookmark: _Toc67616631][bookmark: _Toc67748970][bookmark: _Toc67749154][bookmark: _Toc67749422][bookmark: _Toc67749658][bookmark: _Toc68011756][bookmark: _Toc68037235][bookmark: _Toc68091775][bookmark: _Toc68178660][bookmark: _Toc68183039][bookmark: _Toc68208740][bookmark: _Toc68208893][bookmark: _Toc68209294][bookmark: _Toc68210475]For UEs without GNSS capabilities, using an offset of TA after msg1 transmission to start ra-ResponseWindow, may create msg3 collisions.

[bookmark: _Toc53530718][bookmark: _Toc53531181][bookmark: _Toc53531214][bookmark: _Toc53531919][bookmark: _Toc53537453][bookmark: _Toc53562232][bookmark: _Toc54052742][bookmark: _Toc54077141][bookmark: _Toc54091127][bookmark: _Toc54257659][bookmark: _Toc54258820][bookmark: _Toc54260598][bookmark: _Toc54866378][bookmark: _Toc61297714][bookmark: _Toc61304167][bookmark: _Toc61304478][bookmark: _Toc61335233][bookmark: _Toc61335524][bookmark: _Toc61522105][bookmark: _Toc61522260][bookmark: _Toc61522301][bookmark: _Toc61550214][bookmark: _Toc61550615][bookmark: _Toc61559705][bookmark: _Toc61561822][bookmark: _Toc61561977][bookmark: _Toc61562004][bookmark: _Toc67610811][bookmark: _Toc67616106][bookmark: _Toc67616263][bookmark: _Toc67616405][bookmark: _Toc67616516][bookmark: _Toc67616557][bookmark: _Toc67616598][bookmark: _Toc67616632][bookmark: _Toc67748971][bookmark: _Toc67749155][bookmark: _Toc67749423][bookmark: _Toc67749659][bookmark: _Toc68011757][bookmark: _Toc68037236][bookmark: _Toc68091776][bookmark: _Toc68178661][bookmark: _Toc68183040][bookmark: _Toc68208500][bookmark: _Toc68208741][bookmark: _Toc68208760][bookmark: _Toc68208894][bookmark: _Toc68208913][bookmark: _Toc68209295][bookmark: _Toc68209314][bookmark: _Toc68210476][bookmark: _Toc68210495][bookmark: _Hlk54860292]From RAN2 perspective, the start of ra-ResponseWindow can be made in the first PDCCH occasion after the downlink symbol that has the same symbol number, slot number and system frame number as the last uplink symbol of the PRACH occasion where msg1 was transmitted.
[bookmark: _Toc54052743][bookmark: _Toc54077142][bookmark: _Toc54091128][bookmark: _Toc54257660][bookmark: _Toc54258821][bookmark: _Toc54260599][bookmark: _Toc54866379][bookmark: _Toc61297715][bookmark: _Toc61304168][bookmark: _Toc61304479][bookmark: _Toc61335234][bookmark: _Toc61335525][bookmark: _Toc61522106][bookmark: _Toc61522261][bookmark: _Toc61522302][bookmark: _Toc61550215][bookmark: _Toc61550616][bookmark: _Toc61559706][bookmark: _Toc61561823][bookmark: _Toc61561978][bookmark: _Toc61562005][bookmark: _Toc67610812][bookmark: _Toc67616107][bookmark: _Toc67616264][bookmark: _Toc67616406][bookmark: _Toc67616517][bookmark: _Toc67616558][bookmark: _Toc67616599][bookmark: _Toc67616633][bookmark: _Toc67748972][bookmark: _Toc67749156][bookmark: _Toc67749424][bookmark: _Toc67749660][bookmark: _Toc68011758][bookmark: _Toc68037237][bookmark: _Toc68091777][bookmark: _Toc68178662][bookmark: _Toc68183041][bookmark: _Toc68208501][bookmark: _Toc68208742][bookmark: _Toc68208761][bookmark: _Toc68208895][bookmark: _Toc68208914][bookmark: _Toc68209296][bookmark: _Toc68209315][bookmark: _Toc68210477][bookmark: _Toc68210496][bookmark: _Toc53530719][bookmark: _Toc53531182][bookmark: _Toc53531215][bookmark: _Toc53531920][bookmark: _Toc53537454][bookmark: _Toc53562233]From RAN2 perspective, the start of msgB-ResponseWindow can be made in the first PDCCH occasion after the downlink symbol that has the same symbol number, slot number and system frame number as the last uplink symbol of the PUSCH transmission of MsgA.

The two RAN1 agreements above also resolved preamble ambiguity and the UE perform pre-compensation with the agreements from RAN1#103e in the beginning of this section. Therefore, no further solutions for resolving preamble ambiguity and extension of RAR window is needed.
[bookmark: _Toc47522744][bookmark: _Toc47605991][bookmark: _Toc47613782][bookmark: _Toc47613790][bookmark: _Toc47615305][bookmark: _Toc47640202][bookmark: _Toc47657401][bookmark: _Toc53530720][bookmark: _Toc53531183][bookmark: _Toc53531216][bookmark: _Toc53531921][bookmark: _Toc53537455][bookmark: _Toc53562234][bookmark: _Toc54052745][bookmark: _Toc54077144][bookmark: _Toc54091130][bookmark: _Toc54257662][bookmark: _Toc54258823][bookmark: _Toc54260601][bookmark: _Toc54866381][bookmark: _Toc61297717][bookmark: _Toc61304183][bookmark: _Toc61304494][bookmark: _Toc61335249][bookmark: _Toc61335540][bookmark: _Toc61522120][bookmark: _Toc61522275][bookmark: _Toc61522314][bookmark: _Toc61550227][bookmark: _Toc61550628][bookmark: _Toc61559718][bookmark: _Toc61561835][bookmark: _Toc61561990][bookmark: _Toc61562017][bookmark: _Toc67610827][bookmark: _Toc67616120][bookmark: _Toc67616265][bookmark: _Toc67616407][bookmark: _Toc67616424][bookmark: _Toc67616518][bookmark: _Toc67616534][bookmark: _Toc67616559][bookmark: _Toc67616575][bookmark: _Toc67616600][bookmark: _Toc67616634][bookmark: _Toc67748973][bookmark: _Toc67749157][bookmark: _Toc67749425][bookmark: _Toc67749661][bookmark: _Toc68011759][bookmark: _Toc68037238][bookmark: _Toc68091778][bookmark: _Toc68178663][bookmark: _Toc68183042][bookmark: _Toc68208502][bookmark: _Toc68208743][bookmark: _Toc68208762][bookmark: _Toc68208896][bookmark: _Toc68208915][bookmark: _Toc68209297][bookmark: _Toc68209316][bookmark: _Toc68210478][bookmark: _Toc68210497]No further RAN2 solutions for resolving preamble ambiguity are needed.

The adaptation for Msg3 scheduling is listed as an objective for the case with pre-compensation of timing and frequency offset at UE side. This objective is already handled in the RAN1 discussions on Koffset+k0/k1/k2, and RAN2 discussion is not needed.
[bookmark: _Toc47522747][bookmark: _Toc47605992][bookmark: _Toc47613783][bookmark: _Toc47613791][bookmark: _Toc47615306][bookmark: _Toc47640203][bookmark: _Toc47657402][bookmark: _Toc53530721][bookmark: _Toc53531184][bookmark: _Toc53531217][bookmark: _Toc53531922][bookmark: _Toc53537456][bookmark: _Toc53562235][bookmark: _Toc54052746][bookmark: _Toc54077145][bookmark: _Toc54091131][bookmark: _Toc54257663][bookmark: _Toc54258824][bookmark: _Toc54260602][bookmark: _Toc54866382][bookmark: _Ref61296891][bookmark: _Toc61297718][bookmark: _Toc61304184][bookmark: _Toc61304495][bookmark: _Toc61335250][bookmark: _Toc61335541][bookmark: _Toc61522121][bookmark: _Toc61522276][bookmark: _Toc61522315][bookmark: _Toc61550228][bookmark: _Toc61550629][bookmark: _Toc61559719][bookmark: _Toc61561836][bookmark: _Toc61561991][bookmark: _Toc61562018][bookmark: _Toc67610828][bookmark: _Toc67616121][bookmark: _Toc67616266][bookmark: _Toc67616408][bookmark: _Toc67616425][bookmark: _Toc67616519][bookmark: _Toc67616535][bookmark: _Toc67616560][bookmark: _Toc67616576][bookmark: _Toc67616601][bookmark: _Toc67616635][bookmark: _Toc67748974][bookmark: _Toc67749158][bookmark: _Toc67749426][bookmark: _Toc67749662][bookmark: _Toc68011760][bookmark: _Toc68037239][bookmark: _Toc68091779][bookmark: _Toc68178664][bookmark: _Toc68183043][bookmark: _Toc68208503][bookmark: _Toc68208744][bookmark: _Toc68208763][bookmark: _Toc68208897][bookmark: _Toc68208916][bookmark: _Toc68209298][bookmark: _Toc68209317][bookmark: _Toc68210479][bookmark: _Toc68210498]No further RAN2 solutions for “Adaptation for Msg-3 scheduling” are needed.
[bookmark: _Toc16791000][bookmark: _Ref178064866]Discussion on RACH-less and 2-step CFRA
RACH-less handover was introduced as part of the mobility enhancements in LTE Rel-14. RACH-less HO was excluded during Rel-16 within the NR Mobility Enhancement WI when RAN4 questioned the benefit of NR RACH-less because in LTE it was only specified for TA=0 or TA equal between source and target cells. TA=0 is only for small cells and equal TA depends on propagation conditions in the deployment. The NW has thus limited ways to know that TA is equal and therfore if it can safely use RACH-less HO. Supporting RACH-less HO in NR Rel-16 was deemed to require a large amount of work effort from RAN1/4 to handle large TA differences between cells, which was the main reason the RACH-less HO was excluded. 
CBRA and CFRA are supported in 2-step RA and the 2-step RA procedure is also considered to be a valid solution for NTN and the Rel-16 2-step RA design is considered as baseline for 2-step RA in NTN. 
In the objectives in [2], it is assumed that an NTN UE will have GNSS capability. A GNSS capable UE with the ability to pre-compensate for the TA before the attach sequence is started will then not only be able to use 2-step RACH but it may also be able to use RACH less, at least for RA in connected mode where the TA is known. This could result in minimized interruption times, reduced signaling and decreased RACH load. 
RACH-less HO 
[bookmark: _Hlk68099771]The RACH-less feature basically means skipping Msg1 and Msg2 of the random access procedure when the UE accesses the target cell and that the first transmission is instead the message confirming the completion of the handover. In the absence of a random access procedure in the target cell, UL transmission resources for the UE’s first message in the target cell is allocated either through pre-allocated UL grants or UL grants dynamically allocated through PDCCH in the target cell without preceding scheduling requests. The pre-allocated UL grants potentially achieve shorter interruption, since the PDCCH allocation adds the delay waiting for a grant and when the grant is received a delay until it is valid, but PDCCH allocation is more flexible. We further discuss the need for RACH less HO in our connected mode paper [3]. 
RACH-less HO for NTN
The mobility for GEO based scenarios will to a large extent be similar to the mobility of terrestrial system. For the non-GEO, i.e. both MEO and LEO, it is expected that frequent HO will be seen due to the rapid satellite movement. In TR 38.821, it has been captured how to estimate the HO rate for different scenarios (cell size, UE speed, satellite speed, etc.). For a stationary UE in a LEO cell of 50km in diameter, we get a Time to HO of 6.61s (see Table 7.3.2.1.3-1 in TR 38.821 pasted below). Even for low UE densities, the total amount of HO per second will be very high and cause a large signalling load in both UE and NW.
Table 7.3.2.1.3-1: Time to HO for min/max cell diameter and varying UE speed.
	Cell Diameter Size (km)
	UE Speed (km/hr)
	Satellite Speed (km/s)
	Time to HO (s)

	50 (lower bound)
	+500
	7.56*
	6.49

	
	-500
	
	6.74

	
	+1200
	
	6.33

	
	- 1200
	
	6.92

	
	Neglected
	
	6.61

	1000 (upper bound)
	+500
	
	129.89

	
	-500
	
	134.75

	
	+1200
	
	126.69

	
	- 1200
	
	138.38

	
	Neglected
	
	132.28



[bookmark: _Toc23894671][bookmark: _Toc24019179][bookmark: _Toc24019424][bookmark: _Toc24037071][bookmark: _Toc45617255][bookmark: _Toc45617364][bookmark: _Toc45617397][bookmark: _Toc47371156][bookmark: _Toc47371171][bookmark: _Toc47522735][bookmark: _Toc47605981][bookmark: _Toc47613772][bookmark: _Toc47615295][bookmark: _Toc47640192][bookmark: _Toc47657391][bookmark: _Toc53530708][bookmark: _Toc53531171][bookmark: _Toc53531204][bookmark: _Toc53531909][bookmark: _Toc53537443][bookmark: _Toc53562222][bookmark: _Toc54052732][bookmark: _Toc54077131][bookmark: _Toc54091117][bookmark: _Toc54257649][bookmark: _Toc54258810][bookmark: _Toc54260588][bookmark: _Toc54866368][bookmark: _Toc61297703][bookmark: _Toc61304170][bookmark: _Toc61304481][bookmark: _Toc61335236][bookmark: _Toc61335527][bookmark: _Toc61522107][bookmark: _Toc61522262][bookmark: _Toc61522303][bookmark: _Toc61550216][bookmark: _Toc61550617][bookmark: _Toc61559707][bookmark: _Toc61561824][bookmark: _Toc61561979][bookmark: _Toc61562006][bookmark: _Toc67610813][bookmark: _Toc67616108][bookmark: _Toc67616268][bookmark: _Toc67616410][bookmark: _Toc67616521][bookmark: _Toc67616562][bookmark: _Toc67616603][bookmark: _Toc67616637][bookmark: _Toc67748976][bookmark: _Toc67749160][bookmark: _Toc67749428][bookmark: _Toc67749664][bookmark: _Toc68011762][bookmark: _Toc68037241][bookmark: _Toc68091781][bookmark: _Toc68178666][bookmark: _Toc68183045][bookmark: _Toc68208745][bookmark: _Toc68208898][bookmark: _Toc68209299][bookmark: _Toc68210480]The HO rate in non-GEO NTN may require very high signalling load.
Even with a PRACH configuration that maximizes the available PRACH opportunities in a cell, the collision rate will be high. Adding attach attempts from other UEs than the ones that are doing HO, the collision rate will increase even further. This means that in order to support mobility, the signalling needs to be reduced. 
[bookmark: _Toc23894672][bookmark: _Toc24019180][bookmark: _Toc24019425][bookmark: _Toc24037072][bookmark: _Toc45617256][bookmark: _Toc45617365][bookmark: _Toc45617398][bookmark: _Toc47371157][bookmark: _Toc47371172][bookmark: _Toc47522736][bookmark: _Toc47605982][bookmark: _Toc47613773][bookmark: _Toc47615296][bookmark: _Toc47640193][bookmark: _Toc47657392][bookmark: _Toc53530709][bookmark: _Toc53531172][bookmark: _Toc53531205][bookmark: _Toc53531910][bookmark: _Toc53537444][bookmark: _Toc53562223][bookmark: _Toc54052733][bookmark: _Toc54077132][bookmark: _Toc54091118][bookmark: _Toc54257650][bookmark: _Toc54258811][bookmark: _Toc54260589][bookmark: _Toc54866369][bookmark: _Toc61297704][bookmark: _Toc61304171][bookmark: _Toc61304482][bookmark: _Toc61335237][bookmark: _Toc61335528][bookmark: _Toc61522108][bookmark: _Toc61522263][bookmark: _Toc61522304][bookmark: _Toc61550217][bookmark: _Toc61550618][bookmark: _Toc61559708][bookmark: _Toc61561825][bookmark: _Toc61561980][bookmark: _Toc61562007][bookmark: _Toc67610814][bookmark: _Toc67616109][bookmark: _Toc67616269][bookmark: _Toc67616411][bookmark: _Toc67616522][bookmark: _Toc67616563][bookmark: _Toc67616604][bookmark: _Toc67616638][bookmark: _Toc67748977][bookmark: _Toc67749161][bookmark: _Toc67749429][bookmark: _Toc67749665][bookmark: _Toc68011763][bookmark: _Toc68037242][bookmark: _Toc68091782][bookmark: _Toc68178667][bookmark: _Toc68183046][bookmark: _Toc68208746][bookmark: _Toc68208899][bookmark: _Toc68209300][bookmark: _Toc68210481]To support mobility for NTN, signalling associated with handovers needs to be reduced.
The reason for excluding RACH-less from the mobility enhancement WI was the lack of accurate ways of estimating the TA between cells and thus, to be able to use RACH-less at HO, it requires the UE to have TA value equal to zero or a very small TA difference between the source and target cell. In an intra-satellite HO, the difference in propagation delay will be close to zero since the distance to the satellite is the same in the target and source cell (as illustrated in Figure 2) and therefore the TA can be reused at intra satellite HO in NTN.   


[image: ]
[bookmark: _Ref47603248]Figure 2 TA value difference between cells at intra satellite HO is zero

[bookmark: _Toc23326965][bookmark: _Toc23338401][bookmark: _Toc23419239][bookmark: _Toc23419246][bookmark: _Toc23894673][bookmark: _Toc24019181][bookmark: _Toc24019426][bookmark: _Toc24037073][bookmark: _Toc45617257][bookmark: _Toc45617366][bookmark: _Toc45617399][bookmark: _Toc47371158][bookmark: _Toc47371173][bookmark: _Toc47522737][bookmark: _Toc47605983][bookmark: _Toc47613774][bookmark: _Toc47615297][bookmark: _Toc47640194][bookmark: _Toc47657393][bookmark: _Toc53530710][bookmark: _Toc53531173][bookmark: _Toc53531206][bookmark: _Toc53531911][bookmark: _Toc53537445][bookmark: _Toc53562224][bookmark: _Toc54052734][bookmark: _Toc54077133][bookmark: _Toc54091119][bookmark: _Toc54257651][bookmark: _Toc54258812][bookmark: _Toc54260590][bookmark: _Toc54866370][bookmark: _Toc61297705][bookmark: _Toc61304172][bookmark: _Toc61304483][bookmark: _Toc61335238][bookmark: _Toc61335529][bookmark: _Toc61522109][bookmark: _Toc61522264][bookmark: _Toc61522305][bookmark: _Toc61550218][bookmark: _Toc61550619][bookmark: _Toc61559709][bookmark: _Toc61561826][bookmark: _Toc61561981][bookmark: _Toc61562008][bookmark: _Toc67610815][bookmark: _Toc67616110][bookmark: _Toc67616270][bookmark: _Toc67616412][bookmark: _Toc67616523][bookmark: _Toc67616564][bookmark: _Toc67616605][bookmark: _Toc67616639][bookmark: _Toc67748978][bookmark: _Toc67749162][bookmark: _Toc67749430][bookmark: _Toc67749666][bookmark: _Toc68011764][bookmark: _Toc68037243][bookmark: _Toc68091783][bookmark: _Toc68178668][bookmark: _Toc68183047][bookmark: _Toc68208747][bookmark: _Toc68208900][bookmark: _Toc68209301][bookmark: _Toc68210482]For intra satellite HO, the difference in delay between cells is zero.
As the assumption is that the UEs will have GNSS capability, the UE may also be able to estimate the TA to a cell in a different satellite as the source cell or broadcasting may provide the information needed for an accurate estimate. 
[bookmark: _Toc61304173][bookmark: _Toc61304484][bookmark: _Toc61335239][bookmark: _Toc61335530][bookmark: _Toc61522110][bookmark: _Toc61522265][bookmark: _Toc61522306][bookmark: _Toc61550219][bookmark: _Toc61550620][bookmark: _Toc61559710][bookmark: _Toc61561827][bookmark: _Toc61561982][bookmark: _Toc61562009][bookmark: _Toc67610816][bookmark: _Toc67616111][bookmark: _Toc67616271][bookmark: _Toc67616413][bookmark: _Toc67616524][bookmark: _Toc67616565][bookmark: _Toc67616606][bookmark: _Toc67616640][bookmark: _Toc67748979][bookmark: _Toc67749163][bookmark: _Toc67749431][bookmark: _Toc67749667][bookmark: _Toc68011765][bookmark: _Toc68037244][bookmark: _Toc68091784][bookmark: _Toc68178669][bookmark: _Toc68183048][bookmark: _Toc68208748][bookmark: _Toc68208901][bookmark: _Toc68209302][bookmark: _Toc68210483]For inter satellite HO, the UE can accurately estimate timing and needed TA.
It is believed that the RACH capacity will be limited even in sparsely populated areas due to the large supported cells in NTN. RACH-less will offload the PRACH resources and thus reduce the collision rate. It also has the potential to reduce the interruption time since it is possible to use dense pre-allocated grants in the HO command.  
[bookmark: _Toc23326967][bookmark: _Toc23338403][bookmark: _Toc23419241][bookmark: _Toc23419248][bookmark: _Toc23894675][bookmark: _Toc24019183][bookmark: _Toc24019428][bookmark: _Toc24037075][bookmark: _Toc45617258][bookmark: _Toc45617367][bookmark: _Toc45617400][bookmark: _Toc47371159][bookmark: _Toc47371174][bookmark: _Toc47522738][bookmark: _Toc47605984][bookmark: _Toc47613775][bookmark: _Toc47615298][bookmark: _Toc47640195][bookmark: _Toc47657394][bookmark: _Toc53530711][bookmark: _Toc53531174][bookmark: _Toc53531207][bookmark: _Toc53531912][bookmark: _Toc53537446][bookmark: _Toc53562225][bookmark: _Toc54052735][bookmark: _Toc54077134][bookmark: _Toc54091120][bookmark: _Toc54257652][bookmark: _Toc54258813][bookmark: _Toc54260591][bookmark: _Toc54866371][bookmark: _Toc61297706][bookmark: _Toc61304174][bookmark: _Toc61304485][bookmark: _Toc61335240][bookmark: _Toc61335531][bookmark: _Toc61522111][bookmark: _Toc61522266][bookmark: _Toc61522307][bookmark: _Toc61550220][bookmark: _Toc61550621][bookmark: _Toc61559711][bookmark: _Toc61561828][bookmark: _Toc61561983][bookmark: _Toc61562010][bookmark: _Toc67610817][bookmark: _Toc67616112][bookmark: _Toc67616272][bookmark: _Toc67616414][bookmark: _Toc67616525][bookmark: _Toc67616566][bookmark: _Toc67616607][bookmark: _Toc67616641][bookmark: _Toc67748980][bookmark: _Toc67749164][bookmark: _Toc67749432][bookmark: _Toc67749668][bookmark: _Toc68011766][bookmark: _Toc68037245][bookmark: _Toc68091785][bookmark: _Toc68178670][bookmark: _Toc68183049][bookmark: _Toc68208749][bookmark: _Toc68208902][bookmark: _Toc68209303][bookmark: _Toc68210484]RACH-less would reduce PRACH load and decrease the RA collision rate. Thus, RACH-less is highly beneficial for NTN 
Comparison of RACH-less HO with 2-step RA
Since the main gains from RACH-less HO is the elimination of Msg1 and Msg2 in the 4-step RA procedure in the target cell, it is interesting to compare HO with 2-step RA with RACH-less HO. With 2-step RA in the target cell, the UE can transmit the RRCReconfigurationComplete message as a part of the first transmission in the target cell already. Hence, the delay caused by the Msg1-Msg2 message exchange is eliminated in the case of HO with 2-step RA too.
[bookmark: _Toc23894676][bookmark: _Toc24019184][bookmark: _Toc24019429][bookmark: _Toc24037076][bookmark: _Toc45617259][bookmark: _Toc45617368][bookmark: _Toc45617401][bookmark: _Toc47371160][bookmark: _Toc47371175][bookmark: _Toc47522739][bookmark: _Toc47605985][bookmark: _Toc47613776][bookmark: _Toc47615299][bookmark: _Toc47640196][bookmark: _Toc47657395][bookmark: _Toc53530712][bookmark: _Toc53531175][bookmark: _Toc53531208][bookmark: _Toc53531913][bookmark: _Toc53537447][bookmark: _Toc53562226][bookmark: _Toc54052736][bookmark: _Toc54077135][bookmark: _Toc54091121][bookmark: _Toc54257653][bookmark: _Toc54258814][bookmark: _Toc54260592][bookmark: _Toc54866372][bookmark: _Toc61297707][bookmark: _Toc61304175][bookmark: _Toc61304486][bookmark: _Toc61335241][bookmark: _Toc61335532][bookmark: _Toc61522112][bookmark: _Toc61522267][bookmark: _Toc61522308][bookmark: _Toc61550221][bookmark: _Toc61550622][bookmark: _Toc61559712][bookmark: _Toc61561829][bookmark: _Toc61561984][bookmark: _Toc61562011][bookmark: _Toc67610818][bookmark: _Toc67616113][bookmark: _Toc67616273][bookmark: _Toc67616415][bookmark: _Toc67616526][bookmark: _Toc67616567][bookmark: _Toc67616608][bookmark: _Toc67616642][bookmark: _Toc67748981][bookmark: _Toc67749165][bookmark: _Toc67749433][bookmark: _Toc67749669][bookmark: _Toc68011767][bookmark: _Toc68037246][bookmark: _Toc68091786][bookmark: _Toc68178671][bookmark: _Toc68183050][bookmark: _Toc68208750][bookmark: _Toc68208903][bookmark: _Toc68209304][bookmark: _Toc68210485]The delay caused by the Msg1-Msg2 message exchange is eliminated both with RACH-less HO and with HO with 2-step RA. 
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However, there are other differences between the two methods. Since pre-allocated UL grants in the RACH-less HO case are allocated over a short temporary period, they can assumedly be dense than the PRACH occasions for 2-step RA. If dynamic grants are used for the RACH-less HO, there are some DL PDCCH resources used but the UL PUSCH resources needed will be kept to a minimum 
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The above analysis of RACH-less and to 2-step RA shows that both can be beneficial for NTN: 2-step RA has benefits over 4-step RA in in idle/inactive mode but in connected mode RACH-less HO shows clear benefits over HO with 2-step RA. We therefore propose RAN2 to further evaluate the support of RACH-less in the Rel-17 WI on “Solutions for NR to support non-terrestrial networks (NTN)”.
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Conclusion
[bookmark: _Hlk16780604]We made the following observations and proposals:
Proposal 1	RAN2 to postpone discussions on TA estimation and offset estimation until RAN1 has concluded on this.
Observation 1	The UE reported TA can be used to accurately estimate the UE position. Reporting TA and TA drift will give a more accurate position or faster UE position acquisition.
Observation 2	Reporting TA in a MAC CE will enable any entity to estimate the UE position.
Proposal 2	The UE reporting of timing advance or position uses RRC signalling after security has been activated.
Observation 3	With the UE position and the satellite ephemeris, the gNB can predict TA variations with less signalling than the UE reporting TA and TA drift.
Proposal 3	The UE shall report its position to the gNB.
Observation 4	The purpose of the UE reporting the TA/position is for the gNB to adapt the scheduling timing to achieve lower delay for UEs that have low propagation RTT.
Observation 5	It is simpler for the gNB to dynamically adjust k0, k1, and k2 in the DCI instead of adjusting Koffset as there will be a delay and uncertainty of when a new Koffset takes effect.
Observation 6	Not all UEs in a cell and not all cells of a satellite will have a gain by adapting Koffset+k0/k1/k2 to match the propagation RTT compared to all UEs in a cell using a Koffset+k0/k1/k2 suitable for the maximum propagation RTT in the cell.
Proposal 4	If UE reporting of TA or position to the gNB is agreed, nothing further is needed for the WID objective “Enhancement on UL scheduling to reduce scheduling latency.”
Observation 7	If UE estimation of TA is not accurate, or if RTT changes before the TA is used, starting ra-ContentionResolutionTimer after an offset of TA after msg3 transmission, the UE may start PDCCH monitoring too early or too late.
Observation 8	Basing the start of UE timers, for monitoring of PDCCH, on the UL timing will always risk starting the timer late or early.
Observation 9	When UL and DL timing is aligned in the gNB, basing the start of UE timers, for monitoring of PDCCH, on the DL timing is always accurate no matter what the timing difference between DL and UL at the UE.
Observation 10	Basing the start of ra-ContentionResolutionTimer on the downlink timing does not rely on the UE correctly estimating the TA and keeping it updated if the RTT drift away.
Proposal 5	Offset the start of the ra-ContentionResolutionTimer by starting it in the downlink symbol that has the same symbol number, slot number and system frame number as the first uplink symbol after the end of the Msg3 transmission.
Observation 11	For UEs without GNSS capabilities, using an offset of TA after msg1 transmission to start ra-ResponseWindow, may create msg3 collisions.
Proposal 6	From RAN2 perspective, the start of ra-ResponseWindow can be made in the first PDCCH occasion after the downlink symbol that has the same symbol number, slot number and system frame number as the last uplink symbol of the PRACH occasion where msg1 was transmitted.
Proposal 7	From RAN2 perspective, the start of msgB-ResponseWindow can be made in the first PDCCH occasion after the downlink symbol that has the same symbol number, slot number and system frame number as the last uplink symbol of the PUSCH transmission of MsgA.
Proposal 8	No further RAN2 solutions for resolving preamble ambiguity are needed.
Proposal 9	No further RAN2 solutions for “Adaptation for Msg-3 scheduling” are needed.
Observation 12	The HO rate in non-GEO NTN may require very high signalling load.
Observation 13	To support mobility for NTN, signalling associated with handovers needs to be reduced.
Observation 14	For intra satellite HO, the difference in delay between cells is zero.
Observation 15	For inter satellite HO, the UE can accurately estimate timing and needed TA.
Observation 16	RACH-less would reduce PRACH load and decrease the RA collision rate. Thus, RACH-less is highly beneficial for NTN
Observation 17	The delay caused by the Msg1-Msg2 message exchange is eliminated both with RACH-less HO and with HO with 2-step RA.
Observation 18	The interruption times are similar in RACH-less HO and HO with 2-step RA, depending on the relation between the (time domain) density of pre-allocated UL grants and that of PRACH occasions for 2-step RA.
Observation 19	RACH-less HO is a resource efficient alternative to 2-step RA.
Observation 20	RACH-less will not increase the preamble collision rate and will ensures the RA capacity of the cell can be used for other RA attempts.
Proposal 10	RAN2 to supports RACH-less HO for NTNs.


Here is a list of the proposals made
Proposal 1	RAN2 to postpone discussions on TA estimation and offset estimation until RAN1 has concluded on this.
Proposal 2	The UE reporting of timing advance or position uses RRC signalling after security has been activated.
Proposal 3	The UE shall report its position to the gNB.
Proposal 4	If UE reporting of TA or position to the gNB is agreed, nothing further is needed for the WID objective “Enhancement on UL scheduling to reduce scheduling latency.”
Proposal 5	Offset the start of the ra-ContentionResolutionTimer by starting it in the downlink symbol that has the same symbol number, slot number and system frame number as the first uplink symbol after the end of the Msg3 transmission.
Proposal 6	From RAN2 perspective, the start of ra-ResponseWindow can be made in the first PDCCH occasion after the downlink symbol that has the same symbol number, slot number and system frame number as the last uplink symbol of the PRACH occasion where msg1 was transmitted.
Proposal 7	From RAN2 perspective, the start of msgB-ResponseWindow can be made in the first PDCCH occasion after the downlink symbol that has the same symbol number, slot number and system frame number as the last uplink symbol of the PUSCH transmission of MsgA.
Proposal 8	No further RAN2 solutions for resolving preamble ambiguity are needed.
Proposal 9	No further RAN2 solutions for “Adaptation for Msg-3 scheduling” are needed.
Proposal 10	RAN2 to supports RACH-less HO for NTNs.
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