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Introduction
In RAN#80, a new SI “Solutions for NR to support Non-Terrestrial Network” was agreed [1]. It is a continuation of the preceding SI “NR to support Non-Terrestrial Networks” (RP-171450), where the objective was to study the channel model for the non-terrestrial networks, to define deployment scenarios, parameters and identify the key potential impacts on NR. The results are summarized in [2]. The new study item has the objective at evaluating potential solutions addressing the minimum necessary identified key impact areas from the previous activity and to study impact on RAN protocols/architecture. 
Last meeting there was an e-mail discussion:
[107#60][NR/NTN] RACH capacity evaluation and procedures ( ZTE) 
	Intended outcome: TP on RACH capacity and procedure evaluation taking into account the new assumption 
	Deadline:  Thursday 2019-10-10

In the last part of the e-mail discussion, some aspects on mobility-enhancements related to random access was discussed. In this contribution we try to address some of those enhancements.
Discussion on RACH-less and 2-step CFRA
[bookmark: _Ref178064866]Discussion on RACH-less and 2-step CFRA
RACH-less handover and SCG change was introduced as part of the mobility enhancements in LTE Rel-14. The feature consists of that Msg1 and Msg2 are skipped when the UE accesses the target cell and the first transmission is instead the message confirming the completion of the handover, i.e. RRCConnectionReconfigurationComplete in LTE and RRCReconfigurationComplete in NR (i.e. the RRC message which is normally included in Msg3 in a regular RACH-based handover). 
It has been officially agreed that no further work will be executed on RACH-less HO in Rel-16 within the Mobility Enhancement WI. 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 and was the main reason the RACH-less was excluded. 
However, during the studies done by RAN4, the following was concluded: 
· Agreement: For FR1 with the same SCS for SSB and data between source and target cells, the reply for simultaneous reception and transmission is the same as for LTE mobility enhancement.
· Agreement: RACH-less handover with 0 or equal TA for FR1 when the source and target cells have the same SCS is feasible in RAN4 point of view. RAN4 will further discuss the case when the TA is not the same.
CBRA and CFRA has been agreed to be part of the 2-step RACH WI and 2-step RACH is also considered to be a valid solution for NTN in general as it was agreed to be captured during the e-mail discussion 107#60[4]. Given the high requirements on correct TA value when sending MsgA(the combination of preamble and Msg3), it seems only NTN UEs with GNSS capabilities will be able to make use of this feature. Since the study of NTN so far also has emphasized non-GNSS capable UEs, 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 to skip Msg1 and Msg2 of the random access procedure when the UE accesses the target cell and 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 achieves 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 as cell size, UE speed, satellite speed etc. 
To be able to optimize the end-user experience during HO in a satellite network, it is important to reduce the interruption time, reduce the signalling overhead and maximize the battery lifetime. In the TR 38.821, it has been captured how to calculate the handover rate for a given set of parameters such as the cell diameter/area, UE and satellite speed, UE density etc. If using these equations for a stationary UE in a LEO cell of 50km in diameter and a UE density 100 UEs per km2 we get a Time to HO of 6.61s, see Table 7.3.2.1.3-1 in TR 38.821 and pasted below. Using this value, we get 24,565 HOs per cell per second.

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: _Toc24057292]Using the equations as in the TR for a cell diameter of 50km and UE density of 100 UEs per sq.km, the minimum handover rate is 24,565 handovers per cell per second.
With a PRACH configuration that maximize the available PRACH opportunities in a cell, i.e. PRACH occasion every subframe, 64 preambles available and max frequency multiplexing, using the equations in TR 38.821 on RACH capacity and collision probability, this gives a collision rate around 5% which is well above the usual targeted collision rate of 1%. 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 in order to support such a use-case. 
1. [bookmark: _Toc23894672][bookmark: _Toc24019180][bookmark: _Toc24019425][bookmark: _Toc24037072][bookmark: _Toc24057293]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, see Figure 1 and therefore the TA can be reused at intra satellite HO in NTN.   


[image: cid:image001.png@01D57E8B.A193A760]
Figure 1 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: _Toc24057294]For intra satellite HO, the difference in delay between cells is zero.
For compensating TA, the current text is in the TR(38.821, v0.9.0 draft) from RAN2 perspective:
----- BEGINNING OF TR -----
Possible Solutions
As shown in Figure 7.2.1.1.1.2-8, the value of common TA is determined by d0 for regenerative payload and d0+d0_F for bent-pipe payload while the value of UE specific TA is determined by d1-d0. 
[image: ]
Figure 7.2.1.1.1.2-8: Common TA and UE specific TA calculation
For UE without UE location information, broadcasting a common TA for NTN or extending the value range of the existing TA offset broadcast in system information is the baseline for initial timing advance during random access procedure in NTN. Compensating the common TA at network side by implementation can be discussed in WI phase. The UE specific TA is compensated via Timing Advance Command field in random access response.
---- END OF TR -----

From the perspective of RACH-less: 
· If the network uses MAC CE TA to compensate for the full delay, this means that when doing handover from cell1 to cell2 the TAcell1=TAcell2. 
· If the network partly compensates for the TA, the impact is different but not very large:
· If the network compensates equally much for all cells it is obvious that there are no impact thus TAcell1=TAcell2.
· If the network compensates, for instance by using the minimum delay in the cell and then uses TA to adjust for the differential delay, then the compensation factor should be relatively static, thus it should be known for all cells. Therefore the UE could easily be given a TA-compensation addition, TAcell1=TAcell2+TAcomp where the compensation is fully known by the network TAcomp = TAnetwork-compensation2 – TAnetwork-compensation1.

It is highly probable that the available PRACH occasion in a NTN cell will be sparse in order to mitigate ambiguities that arises due to large differential delays in NTN cells. It also believed that the RACH capacity will be limited even in less populated areas, again 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-allocate grants in the HO command.  
1. [bookmark: _Toc23326966][bookmark: _Toc23338402][bookmark: _Toc23419240][bookmark: _Toc23419247][bookmark: _Toc23894674][bookmark: _Toc24019182][bookmark: _Toc24019427][bookmark: _Toc24037074][bookmark: _Toc24057295]RACH-less would not suffer from sparse PRACH occasion and could therefore minimize the interruption time. 
1. [bookmark: _Toc23326967][bookmark: _Toc23338403][bookmark: _Toc23419241][bookmark: _Toc23419248][bookmark: _Toc23894675][bookmark: _Toc24019183][bookmark: _Toc24019428][bookmark: _Toc24037075][bookmark: _Toc24057296]RACH-less would offload the PRACH and decrease the RA collision rate. Something that is most valuable for NTN 
Comparison of RACH-less HO with 2-step CFRA
Since the gains mainly targeted by RACH-less HO is the elimination of Msg1 and Msg2 in the 4-step RA procedure in the target cell, it is highly interesting to see how HO with 2-step RA would measure up against 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 in the first RACH occasion. 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: _Toc24057297]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: _Toc24057298]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.
1. [bookmark: _Toc23894678][bookmark: _Toc24019186][bookmark: _Toc24019431][bookmark: _Toc24037078][bookmark: _Toc24057299]The large differential delay as due to the large cell sizes supported in NTN, the PRACH occasion for 2-step RA might need to be spares in order to not introduce ambiguities during RA attempts.  
[bookmark: _Toc23894679]The pre-allocated UL grants 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 not increase the RA collision rate at HO. 
1. [bookmark: _Toc23894680][bookmark: _Toc24019187][bookmark: _Toc24019432][bookmark: _Toc24037079][bookmark: _Toc24057300]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. 

Table 1 Comparisons between 2-step RACH and RACH-less
	Mobility/RACH enhancements
	2-step CFRA
	RACH-less

	Specification impact
	Low specification impact*
	Low/medium specification impact for FR1. FR2 is FFS.

	Scenario: Intra-satellite handover
	Pros
- May be a reliable solution.
Cons
- Large amount of RACH required due to constant handovers.
- One RTT before UL/DL transmission may continue.
	Pros
- No RACH-resources required.
- Minimized interruption with dense pre-allocated UL resources
Cons
- Needs accurate TA

	* If CFRA for 2-step RA is finished for the 2-step RA WI. 



Given the above analysis of RACH-less as compared to 2-step RACH we propose to include the below TP into the TR to capture the potential gains of using RACH-less in 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: _Toc24057301]RAN2 capture the below TP in TR 38.821.

Conclusion
In section 2 we made the following observations:

Observation 1	Using the equations as in the TR for a cell diameter of 50km and UE density of 100 UEs per sq.km, the minimum handover rate is 24,565 handovers per cell per second.
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 not suffer from sparse PRACH occasion and could therefore minimize the interruption time.
Observation 5	RACH-less would offload the PRACH and decrease the RA collision rate. Something that is most valuable for NTN
Observation 6	The delay caused by the Msg1-Msg2 message exchange is eliminated both with RACH-less HO and with HO with 2-step RA.
Observation 7	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.
[bookmark: _GoBack]Observation 8	The large differential delay as due to the large cell sizes supported in NTN, the PRACH occasion for 2-step RA might need to be spares in order to not introduce ambiguities during RA attempts.
Observation 9	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.

Based on the discussion in section 2 we propose the following:

Proposal 1	RAN2 capture the below TP in TR 38.821.
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Text proposal

-------------------------------------------- start of TP -------------------------------
[bookmark: _Toc23267425]7.2.1.1.3	 RACH-less HO 
Problem Statement
An extensive HO rate is predicted for Non-GEO based NTN. This could result in excessive signalling, data interruption etc with decreased end user experience as a result. It could also result in a large amount of access attempts using PRACH which would lead to a higher collision probability and further delays as a result. 
Possible Solution
When TA is known in the target cell, RACH-less HO can reduce the signalling on PRACH as compared with 2-step CFRA and thus reduce the collision probability on the PRACH. Since PRACH in NTN needs to account for large cells and thus needs to configure sparser PRACH occasions, RACH less could decrease the interruption time by dense pre allocated PUSCH resources included in the HO command. 
Table 7.x.x.x Comparisons between 2-step RACH and RACH-less
	Mobility/RACH enhancements
	2-step CFRA
	RACH-less

	Specification impact
	Low specification impact*
	Low/medium specification impact for FR1. FR2 is FFS.

	Scenario: Intra-satellite handover
	Pros
- May be a reliable solution.
Cons
- Large amount of RACH required due to constant handovers.
- One RTT before UL/DL transmission may continue.
	Pros
- No RACH-resources required.
- Minimized interruption with dense pre-allocated UL resources
Cons
- Needs accurate TA

	* If CFRA for 2-step RA is finished for the 2-step RA WI. 




7.2.1.1.43	 Random access enhancements to address mobility issues
· RACH back-off indication: A back-off indication may be provided in the HO command message, with back-off achieved via random number generation within an interval, or via explicit setting of different back-off indications in the RACH sync reconfiguration message.
· RACH-less HO: Based on satellite ephemeris and UE location, the UE can estimate the required TA value of the target gNB enabling the UE to perform RACH-less handover. FFS the feasibility of this solution given the large propagation delay and possible uncertainties in satellite/UE position.
· 2-step RACH: The agreements of the 2-step RACH WI will be used as baseline, and further enhancements for NTN may be considered.


--------------------------------------------end of TP------------------------------------------------
	1/2	
image1.png
UV-plane





image2.png
-!-
Z, Satellite

d1 do d1
Reference p Reference p /{
UE UE ~
UE specific TA= 2* (d1-d0)/c UE specific TA= 2* (d1-d0)/c
Common reference TA= 2*d0/c Common reference TA= 2*(d0+dO_F)/c
Case a: TA calculation Case b: TA calculation

for regenerative payload for bent-pipe payload




