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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. 
[bookmark: _Ref178064866]Last meeting the content of the e-mail discussion on Random access [107#60] [5] was agreed to be captured. In this paper we further discuss some remaining aspects on random access procedures for NTN.
Discussion
One of the most fundamental problems of adapting Rel-15 NR to the satellite case is the question of how to adapt the random access scheme. Regardless of the deployment (GEO or LEO), adapting the random access scheme needs to cope with challenges that are not present in the terrestrial case, namely:
· Large propagation delays
· Large differential delays within a cell
· Large doppler shifts and large doppler variation rates within a cell
Other issues such as how to enhance the 2-step RACH are not discussed in this paper.

Framework for GNSS-based procedure
As a result of the e-mail discussion [5], the below was agreed to be captured on random access with GNSS:
--------------------------------- beginning of TR --------------------------------
For UE with location information, the following framework should be considered as a baseline for UE to perform initial timing advance during 4-step random access procedure:
[image: ]
Figure 7.2.1.1.1.2-8. Framework on 4-step random access procedure for UE with location information
1) Estimation and application of the timing advance with respect to the satellite before UE sending Msg1 (i.e. random access preamble) to the network. 
2) In Msg2, when the UE receives the RAR, it applies a timing advance correction for the UE-based estimation. 
3) The network schedules Msg3 without knowing the absolute value of the timing advance. This can be solved by for instance:
Using the maximum propagation delay of the cell to schedule the UE.
4) Network receives Msg3 and gets to know the timing advance of the UE. At this point both UE and network are both aware of the UE-specific timing advance. 
--------------------------------- beginning of TR --------------------------------
In subsection 2.1.1 - 2.1.3 we go more in to detail on random access with GNSS. The details concerns the steps 1-3 from the text above. For this we have provided a text proposal with additions to the above part of the TR on random access with GNSS. 
[bookmark: _Toc21033328][bookmark: _Toc21533484][bookmark: _Toc23326955][bookmark: _Toc23338413][bookmark: _Toc23419534][bookmark: _Toc23498680][bookmark: _Toc24057258]RAN2 to take the text proposal on more details on random access with GNSS.

Step 1 - Details on estimation of the timing advance
For estimating the timing advance from UE to gNB there may be several methods that depend on the architecture that is to be considered. The most obvious one is that the UE must be able to determine its own location with enough accuracy. This accuracy depends on the altitude, where the higher the altitude, the less accurate are the requirements due to the fact that the altitude is a main contributing factor to the TA and that UE movements in the cell cause very small differences in TA values. 
Regarding the options for different architectures:
· In regenerative architecture, the satellite position is needed for UE to estimate the UE-to-satellite delay. For acquiring the satellite position:
· The position is broadcasted in SIB
· The satellite trajectory is pre-provisioned to the UE as described in our contribution [2]
· In transparent architecture, the estimation is a bit more involved as the delay that needs to be estimated is between the UE and the gNB interface on the ground. Options can be:
· Position of the satellite along with the delay from satellite to gateway where gNB interface is situated can be broadcasted.
· Satellite trajectory along with gateway position are pre-provisioned to the UE. 

[bookmark: _Toc21033329][bookmark: _Toc21533485][bookmark: _Toc23326956][bookmark: _Toc23338414][bookmark: _Toc23419535][bookmark: _Toc23498681][bookmark: _Toc24057259]There are several options for the UE to estimate the propagation delay to the base station before sending Msg1.
Finally, the options need to be considered from the perspective of LEO vs. GEO. While for simplicity it can be assumed that the GEO constellation is stationary and the LEO is moving, it is however true that GEO-stationary satellites will also be moving due to its inclination angle as described in [2]. While this GEO movement is not in the range of LEO satellites, it could be large enough such that there will be noticeable difference that needs to be taken into account. In the GEO case depending on the inclination angle, which typically increases with age, for higher inclination angles this means that the delay variation can be up to several milliseconds under the span of 24 hours. 
[bookmark: _Toc21001695][bookmark: _Toc21033324][bookmark: _Toc21533473][bookmark: _Toc23326726][bookmark: _Toc23326971][bookmark: _Toc23338407][bookmark: _Toc23419530][bookmark: _Toc23498676][bookmark: _Toc24057254]In both LEO and GEO the satellite movement needs to be taken into account.
[bookmark: _Toc21033330][bookmark: _Toc21533486][bookmark: _Toc23326957][bookmark: _Toc23338415][bookmark: _Toc23419536][bookmark: _Toc23498682][bookmark: _Toc24057260]RAN2 to consider that there will be movements in both LEO and GEO.

Step 2 - Timing advance and RAR reception
For the timing advance the main difference is that now the UE should estimate the timing advance which is different from the terrestrial case where the UE lines up its timing relative to the gNB. The result is that in the terrestrial case the UE may only have a TA adjusted in a positive direction in the RAR, while in the non-terrestrial case the UE may both overestimate and underestimate its TA. 
[bookmark: _Toc21001696][bookmark: _Toc21033325][bookmark: _Toc21533474][bookmark: _Toc23326727][bookmark: _Toc23326972][bookmark: _Toc23338408][bookmark: _Toc23419531][bookmark: _Toc23498677][bookmark: _Toc24057255]For GNSS-UEs the UE may overestimate or underestimate the TA.
[bookmark: _Toc21033331][bookmark: _Toc21533487][bookmark: _Toc23326958][bookmark: _Toc23338416][bookmark: _Toc23419537][bookmark: _Toc23498683][bookmark: _Toc24057261]The TA in RAR needs to be able to adjust for overestimation of the timing advance.
If a reduced TA as in the terrestrial case is used, this can be dealt with in several ways. One way would be to introduce a new TA that has both negative and positive values. When the UE overestimates the TA needs to be negative and in the under-estimation the TA should be positive. Another way to solve this would be to require the UE to artificially subtract an offset from the estimated RTT and use the resulted value. In this case a negative TA command would not be needed.

Step 3 – Message 3 scheduling

[image: ]
Figure 3. Message 3 scheduling utilizing UE-specific TA and maximum TA. 
Since the UE is not aware of the UE-specific RTT, the normal Msg3-scheduling procedure would result in that the network would not know when the Msg3 will arrive and would thus have to blindly detect the Msg3, which is not desirable. Instead the Msg3 could be scheduled based on the maximum RTT in the cell: 
k-Msg3 = k2 + (max_TA – UE_TA)/2
where k2 denotes the scheduling offset of Msg3 signalled in RAR grant. In other words, max_TA can be broadcast in the cell so that all UEs know this value. When the UE receives RAR in slot n, the UE would transmit Msg3 in slot m, where m is equal to n + k2 + Delta. Here Delta = (max_TA – UE_TA)/2. With this, gNB will receive all the Msg3 transmissions after max_TA + k2 slots have passed since the gNB sent Msg 2.
Due to the fact that the random access procedure would take 2 RTTs, the extra time to schedule based on maximum RTT would be negligible compared to the time that the whole procedure would take.
[bookmark: _Toc21001697][bookmark: _Toc21033326][bookmark: _Toc21533475][bookmark: _Toc23326728][bookmark: _Toc23326973][bookmark: _Toc23338409][bookmark: _Toc23419532][bookmark: _Toc23498678][bookmark: _Toc24057256]Msg3 scheduling based on maximum RTT would not increase the delay significantly.
[bookmark: _Toc21033332][bookmark: _Toc21533488][bookmark: _Toc23326959][bookmark: _Toc23338417][bookmark: _Toc23419538][bookmark: _Toc23498684][bookmark: _Toc24057262]Msg3 can be scheduled using the maximum RTT.

Co-existence with non-GNSS based random access
Both random access solutions (with or without GNSS based pre-compensation) were discussed in the RAN2 e-mail discussion 106#70. One of the benefits of the GNSS based random access compared with the non-GNSS based random access comes from the large differential delay within the satellite cells, which causes the preamble receiving window to be very large. A large preamble-receiving window might cause the resources required for random access to be excessively large for any type of system that does not have a large amount of bandwidth. This fact was further pointed out during the e-mail discussion. Due to the fact that a lot of the satellite UEs would require slightly more advanced processing compared to the terrestrial UEs, it is reasonable to expect that a lot of NTN UEs would have GNSS-capabilities to be used for random access. 
[bookmark: _Toc21001698][bookmark: _Toc21033327][bookmark: _Toc21533476][bookmark: _Toc23326729][bookmark: _Toc23326974][bookmark: _Toc23338410][bookmark: _Toc23419533][bookmark: _Toc23498679][bookmark: _Toc24057257] It would be reasonable to assume to a lot of UEs will have GNSS-capabilities in a non-terrestrial network.
However, it is possible that not all UEs would have the GNSS capabilities in the network, so there is a need to make sure that both GNSS and non-GNSS UEs can both perform random access in a way that can minimize the RACH resources required in the network.
[bookmark: _Toc16709254][bookmark: _Toc16781179][bookmark: _Toc21033333][bookmark: _Toc21533489][bookmark: _Toc23326960][bookmark: _Toc23338418][bookmark: _Toc23419539][bookmark: _Toc23498685][bookmark: _Toc24057263]RAN2 to study how GNSS and non-GNSS random access can co-exist in a satellite network.
Access based on random access capabilities
Given that it might be possible that in certain networks the position would be required due to regulatory reasons or, due to the fact that the network does not have the large preamble receiving windows, it would be important to make sure that the networks have a mechanism to prevent UEs without GNSS capabilities from accessing the network when necessary.
[bookmark: _Toc21033334][bookmark: _Toc21533490][bookmark: _Toc23326961][bookmark: _Toc23338419][bookmark: _Toc23419540][bookmark: _Toc23498686][bookmark: _Toc24057264]It should be possible the network to control whether UEs without GNSS-capabilities are allowed to connect or not.

Conclusion
In section 2 we made the following observations:

Observation 1	In both LEO and GEO the satellite movement needs to be taken into account.
Observation 2	For GNSS-UEs the UE may overestimate or underestimate the TA.
Observation 3	Msg3 scheduling based on maximum RTT would not increase the delay significantly.
Observation 4	It would be reasonable to assume to a lot of UEs will have GNSS-capabilities in a non-terrestrial network.

Based on the discussion in section 2 we propose the following:
[bookmark: _GoBack]
Proposal 1	RAN2 to take the text proposal on more details on random access with GNSS.
Proposal 2	There are several options for the UE to estimate the propagation delay to the base station before sending Msg1.
Proposal 3	RAN2 to consider that there will be movements in both LEO and GEO.
Proposal 4	The TA in RAR needs to be able to adjust for overestimation of the timing advance.
Proposal 5	Msg3 can be scheduled using the maximum RTT.
Proposal 6	RAN2 to study how GNSS and non-GNSS random access can co-exist in a satellite network.
Proposal 7	It should be possible the network to control whether UEs without GNSS-capabilities are allowed to connect or not.
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Text proposal
Text proposal is based on the running CR draft for 38.821 v0.9.0. 
-------------------------------------------- start of TP -------------------------------
[bookmark: _Toc2952269]7.2.1 	MAC
7.2.1.1 	Random access
[bookmark: _Toc23267421]7.2.1.1.1		4-Step RACH Procedure
Sections without change have been removed
[bookmark: _Toc23267423]7.2.1.1.1.2 4-step RACH enhancements for Non-Terrestrial Networks
Sections without change have been removed

Enhancement to timing advance
Sections without change have been removed
For UE with location information, the following framework should be considered as a baseline for UE to perform initial timing advance during 4-step random access procedure:
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Figure 7.2.1.1.1.2-8. Framework on 4-step random access procedure for UE with location information
1) Estimation and application of the timing advance with respect to the satellite before UE sending Msg1 (i.e. random access preamble) to the network. Examples of how this can be achieved:
a. For regenerative architecture the satellite position could be needed for UE to estimate the UE-to-satellite delay. For acquiring the satellite position, the position may either be broadcasted in System Information and/or the satellite trajectory may be pre-provisioned to the UE.
b. For transparent architecture the estimation is a bit more involved as the delay that needs to be estimated is between the UE and the gNB interface on the ground. One option could for instance be to broadcast the position of the satellite along with the delay from satellite to gateway where the gNB interface is situated. Another option could be for the satellite trajectory along with gateway position to be pre-provisioned to the UE.
2) In Msg2, when the UE receives the RAR, it applies a timing advance correction for the UE-based estimation. Since the UE is now estimating the timing advance the UE may now both under- and overestimate the timing advance, there may need to be some adjustments of the timing advance to deal with this.
3) The network schedules Msg3 without knowing the absolute value of the timing advance. This can be solved by for instance:
a. Using the maximum propagation delay of the cell to schedule the UE.
b. Using maximum differential delay
4) Network receives Msg3 and gets to know the timing advance of the UE. At this point both UE and network are both aware of the UE-specific timing advance. 

--------------------------------------------end of TP------------------------------------------------

Text proposal on random access co-existence
-------------------------------------------- start of TP -------------------------------
7.2.1 	MAC
Editor’s note: RAN2 will study impacts and possible enhancements to the following MAC functions including DRX, HARQ, Random Access procedure
Editor’s note: Discussion on 2-step RACH will be postponed until the procedures are more stable

Editor’s note: Both options (enhancing HARQ and disabling HARQ) will be studied
7.2.1.1 	Random access

7.2.1.1.X 	Co-existence with different random access capabilities
Problem Statement
If there are both UEs that have GNSS and non-GNSS capabilities and given that the random access scheme for these might be different, then it should be possible for the network to separate the resources and control access to the network given that the random access procedures and the resource may look very different. 

Possible Solution
One possible solution is for the network to be able to configure separate resources and differentiate these based on GNSS capabilities. 

--------------------------------------------end of TP------------------------------------------------
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