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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#88 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 give an overview of the random access enhancements and related issues of adapting NR to NTN.
Discussion on 4-step RA
4-step random access is the basic 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. 
Due to the large round-trip times in NTN, it was identified in the TR that it would be necessary to introduce an offset for the start of the ra-ResponseWindow for NTN, as well as an offset for the start of the ra-ContentionResolutionTimer. 
It is however noted that the start of the ra-ResponseWindow is defined in RAN1 specification TS 38.213, while the start of the ra-ContentionResolutionTimer is defined in RAN2 specification TS 38.321. So, it may be more suitable for RAN1 to decide how to adapt the start of the ra-ResponseWindow for NTN, taking into account other potential timing relationship aspects in RAN1 specifications that may require adaptation in NTN.
[bookmark: _Hlk47520478][bookmark: _Toc47522743]Regarding introducing an offset for the start of the ra-ContentionResolutionTimer, RAN2 should check the need and may introduce the offset if the need is confirmed.
[bookmark: _Toc47605989][bookmark: _Toc47613780][bookmark: _Toc47613788][bookmark: _Toc47615303][bookmark: _Toc47640200][bookmark: _Toc47657399]RAN2 to leave the adaptation of the start of the ra-ResponseWindow to RAN1.
[bookmark: _Toc47605990][bookmark: _Toc47613781][bookmark: _Toc47613789][bookmark: _Toc47615304][bookmark: _Toc47640201][bookmark: _Toc47657400]RAN2 to check the offset based solution for the start of the ra-ContentionResolutionTimer for NTN.
It is noted that the Rel-17 NTN WID assumes that NTN UE equipped with GNSS would have pre-compensation capability. RAN1 will further look into whether there are scenarios where UE has GNSS but does not have pre-compensation capability. Solutions for resolving preamble ambiguity and extension of RAR window are only required when UE cannot perform pre-compensation. Therefore, RAN2 could wait for RAN1 input before discussing solutions for resolving preamble ambiguity and extension of RAR window.
[bookmark: _Toc47522744][bookmark: _Toc47605991][bookmark: _Toc47613782][bookmark: _Toc47613790][bookmark: _Toc47615305][bookmark: _Toc47640202][bookmark: _Toc47657401]RAN2 to wait for RAN1 progress before discussing solutions for resolving preamble ambiguity and extension of RAR window
The adaptation for Msg-3 scheduling is listed as an objective for the case with pre-compensation of timing and frequency offset at UE side. This objective is a bit unclear. If it is about scheduling timing relationship for Msg-3, it appears to be a topic within RAN1 expertise. 
[bookmark: _Toc47522747][bookmark: _Toc47605992][bookmark: _Toc47613783][bookmark: _Toc47613791][bookmark: _Toc47615306][bookmark: _Toc47640203][bookmark: _Toc47657402]RAN2 to clarify the scope of the objective “Adaptation for Msg-3 scheduling”.
What is pertinent to RAN2 could be the content of Msg-3. For example, Msg-3 may need to carry UE’s pre-compensated timing advance value so that network can utilize the knowledge for scheduling in later messages. However, it is worth discussing which UL message, Msg-3 or a different one, should be chosen for reporting UE’s pre-compensated timing advance value.
[bookmark: _Toc47605993][bookmark: _Toc47613784][bookmark: _Toc47613792][bookmark: _Toc47615307][bookmark: _Toc47640204][bookmark: _Toc47657403]RAN2 to discuss how the UE should report its pre-compensated value.

Discussion on 2-step RA
The design of 2-step RA was completed in Rel-16, and in the NTN SI [1] it was concluded that:
· 2-step RACH: The agreements of the 2-step RACH WI will be used as baseline, and further enhancements for NTN may be considered.

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. 
[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, TA 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.

Discussion on 2-step RA for NTN
When 2-step RA is configured, the network need to ensure to have enough guard times for MsgA PUSCH to enable reception. In the WI description it is assumed that NTN UEs also have GNSS capabilities and the UE may then use its GNSS capability to pre-compensate for the uplink TA before sending the random access preamble and the MsgA PUSCH, to minimize the guard times needed. The considerations will then be very similar to 4-step RA and the agreed offset based solution for ra-ResponseWindow and ra-ContentionResolutionTimer applies equally to msgB-ResponseWindow. 
Also here it is noted that the start of the msgB-ResponseWindow is defined in RAN1 specification TS 38.213, So, it may be more suitable for RAN1 to decide how to adapt the start and the value range of the msgB-ResponseWindow for NTN.
[bookmark: _Toc47605994][bookmark: _Toc47613785][bookmark: _Toc47613793][bookmark: _Toc47615308][bookmark: _Toc47640205][bookmark: _Toc47657404]RAN2 to leave the start of the msgB-ResponseWindow to RAN1.
Due to larger TA and Doppler shift variations among UEs in NTN cells, greater guard gaps in time and frequency between MsgA PUSCH resources (PUSCH occasions) will be needed for NTN.
A UE with GNSS capabilities may estimate its differential delay in the cell and apply the correct TA value, i.e. pre-compensate, before the preamble is sent. This will however introduce an ambiguity in the NW on what TA value the UE used for the pre-compensation. If the UE can include the TA compensation it used for the preamble transmission in MsgA PUSCH, it would allow the gNB to adapt its UL grants scheduling accordingly.
[bookmark: _Toc47522733][bookmark: _Toc16790998][bookmark: _Toc16801220][bookmark: _Toc45617253][bookmark: _Toc45617362][bookmark: _Toc45617395][bookmark: _Toc47371154][bookmark: _Toc47371169][bookmark: _Toc47605979][bookmark: _Toc47522734][bookmark: _Toc47613770][bookmark: _Toc47615293][bookmark: _Toc47640190][bookmark: _Toc47657390] By including the TA value used for pre-compensation in MsgA, the ambiguity of MsgB scheduling can be avoided
The use of 2-step RA in NTN could reduce the latency for the attach sequence compared to 4-step RA and should be further studied by RAN2 to ensure support for NTN in Rel-17.
[bookmark: _Toc47522748][bookmark: _Toc47605995][bookmark: _Toc47613786][bookmark: _Toc47613794][bookmark: _Toc47615309][bookmark: _Toc47640206][bookmark: _Toc47657405]RAN2 to investigate 2-step RA adaptations for NTN.
[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. It seems important to consider the difference between 2-step CFRA and RACH-less.
RACH-less HO 
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 are allocated either through pre-allocated UL grants or UL grants dynamically allocated through the PDCCH in the target cell without preceding scheduling requests. The pre-allocated UL grants potentially achieve shorter interruption, since the PDCCH allocation adds some additional delay, but PDCCH allocation is more flexible.
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 signaling 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



1. [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]The HO rate in non-GEO NTN may require very high signaling 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 signaling needs to be reduced. 
1. [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]To support mobility for NTN, signaling 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

1. [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]For intra satellite HO, the difference in delay between cells is zero.
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.  
1. [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]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.
1. [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]The delay caused by the Msg1-Msg2 message exchange is eliminated both with RACH-less HO and with HO with 2-step RA. 
1. [bookmark: _Toc23894677][bookmark: _Toc24019185][bookmark: _Toc24019430][bookmark: _Toc24037077][bookmark: _Toc45617260][bookmark: _Toc45617369][bookmark: _Toc45617402][bookmark: _Toc47371161][bookmark: _Toc47371176][bookmark: _Toc47522740][bookmark: _Toc47605986][bookmark: _Toc47613777][bookmark: _Toc47615300][bookmark: _Toc47640197][bookmark: _Toc47657396]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.
However, there are other noteworthy 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 denser 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 
1. [bookmark: _Toc23894678][bookmark: _Toc24019186][bookmark: _Toc24019431][bookmark: _Toc24037078][bookmark: _Toc45617261][bookmark: _Toc45617370][bookmark: _Toc45617403][bookmark: _Toc47371162][bookmark: _Toc47371177][bookmark: _Toc47522741][bookmark: _Toc47605987][bookmark: _Toc47613778][bookmark: _Toc47615301][bookmark: _Toc47640198][bookmark: _Toc47657397]RACH-less HO may be a resource efficient alternative to 2-step RA.  
[bookmark: _Toc23894679]Also, the pre-allocated or dynamic UL grants in RACH-less may be adapted for the UE, e.g. larger if desired and with tailored MCS, based on measurement reports from the UE. Furthermore, with RACH-less HO the UE can avoid the overhead of the RA preamble transmission and therefore the RA collision rate at HO is not increased. 
1. [bookmark: _Toc23894680][bookmark: _Toc24019187][bookmark: _Toc24019432][bookmark: _Toc24037079][bookmark: _Toc45617262][bookmark: _Toc45617371][bookmark: _Toc45617404][bookmark: _Toc47371163][bookmark: _Toc47371178][bookmark: _Toc47522742][bookmark: _Toc47605988][bookmark: _Toc47613779][bookmark: _Toc47615302][bookmark: _Toc47640199][bookmark: _Toc47657398]RACH-less will not increase the preamble collision rate and will leave the RA capacity of the cell to be used for other RA attempts. 
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)”.
[bookmark: _Toc16711644][bookmark: _Toc16768151][bookmark: _Toc16768176][bookmark: _Toc16792742][bookmark: _Toc16716854][bookmark: _Toc21001371][bookmark: _Toc21032443][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc23412525][bookmark: _Toc23895325][bookmark: _Toc23895440][bookmark: _Toc24019188][bookmark: _Toc24037082][bookmark: _Toc45617269][bookmark: _Toc45617358][bookmark: _Toc47371164][bookmark: _Toc47522749][bookmark: _Toc47605996][bookmark: _Toc47613787][bookmark: _Toc47613795][bookmark: _Toc47615310][bookmark: _Toc47640207][bookmark: _Toc47657406]RAN2 to evaluate the support of RACH-less HO in Rel-17 WI for NTN.

Conclusion
[bookmark: _Hlk16780604]In section 4 we made the following observations:
Observation 1	By including the TA value used for pre-compensation in MsgA, the ambiguity of MsgB scheduling can be avoided
Observation 1	The HO rate in non-GEO NTN may require very high signaling load.
Observation 2	To support mobility for NTN, signaling associated with handovers needs to be reduced.
Observation 3	For intra satellite HO, the difference in delay between cells is zero.
Observation 4	RACH-less would reduce PRACH load and decrease the RA collision rate. Thus, RACH-less is highly beneficial for NTN
Observation 5	The delay caused by the Msg1-Msg2 message exchange is eliminated both with RACH-less HO and with HO with 2-step RA.
Observation 6	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 7	RACH-less HO may be a resource efficient alternative to 2-step RA.
Observation 8	RACH-less will not increase the preamble collision rate and will leave the RA capacity of the cell to be used for other RA attempts.

We propose the following:
Proposal 1	RAN2 to leave the adaptation of the start of the ra-ResponseWindow to RAN1.
Proposal 2	RAN2 to check the offset based solution for the start of the ra-ContentionResolutionTimer for NTN.
Proposal 3	RAN2 to wait for RAN1 progress before discussing solutions for resolving preamble ambiguity and extension of RAR window
Proposal 4	RAN2 to clarify the scope of the objective “Adaptation for Msg-3 scheduling”.
Proposal 5	RAN2 to discuss how the UE should report its pre-compensated value.
Proposal 6	RAN2 to leave the start of the msgB-ResponseWindow to RAN1.
Proposal 7	RAN2 to investigate 2-step RA adaptations for NTN.
Proposal 8	RAN2 to evaluate the support of RACH-less HO in Rel-17 WI for NTN.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref45534353][bookmark: _Ref509923152][bookmark: _Ref174151459][bookmark: _Ref189809556]TR 38.821 “Study on solutions for NR to support non-terrestrial networks” 
[bookmark: _Ref534127550][bookmark: _Ref488061725][bookmark: _Ref521659446][bookmark: _Ref479756368][bookmark: _Ref481486326]RP-201256, “Solutions for NR to support non-terrestrial networks (NTN)”, Thales, RAN#88, July 2020

image2.png




image1.png
gNB >

Ms%sx Msg 3 Msg 4

TT 2RTT

UE

v

gNB >

{Msg 1, Msg 3} {Msg 2, Msg 4}
= Msg A =MsgB

1RTT





