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1 Introduction- RACH Aspects
RAN2 has discussed the overall RACH aspects for an NTN [1][2] and has made some agreements [3]. Samsung has previously contributed to such discussions [4] [5]. 
Several important issues relevant to the RA procedure have not yet been discussed by RAN2. For example, the interpretation of the “timing compensation” has not been discussed. Furthermore, while enhancements to both 4-Step RA and 2-Step RA are within the scope of the NTN WI, 4-Step RA enhancements have not been discussed. Additionally, while the UEs are assumed to be GNSS-capable, the cases of (i) the UEs without having pre-compensation capability and (ii) the lack of reliable GNSS reception have not been considered. We suggest that RAN2 consider these topics to facilitate creation of a commercially viable, reliable, and high-performance NTN solution.
This contribution considers explains the NTN-specific RA issues and summarizes Samsung’s proposals in the following areas. 
A. Timing Compensation at the UE
B. 4-Step RA Enhancements for Enhanced Handover
C. RA Resource Selection
2  Discussion
We would like to offer some observations and related proposals below to facilitate the discussions toward normative specifications that are customized for an NTN. 
2.1 Timing Compensation
At this time, RAN2 has been waiting for RAN1 agreements on this topic. However, from the RAN2 perspective, we think that it would help if contributors have the same understanding or interpretation of the timing adjustments/compensation.

The issue of “timing compensation” was raised in [5]. However, it has not yet been addressed by RAN2. Hence, we have briefly summarized the issues below for the RAN2 consideration.

RAN2 made the following decision about the timing compensation in the RAN2 meeting #112e held in November 2020.

“RAN2 working assumption (for RRC idle. FFS for Inactive/Connected): Rel-17 UE with pre-compensation capability obtains UE specific UE-gNB RTT based on its GNSS in LEO/GEO. FFS how this is calculated and what/if anything needs to be broadcasted for the different pre-compensation methods (e.g. common TA) to help the UE to obtain the full UE-gNB RTT.”
We briefly discuss the calculation of the timing compensation and broadcast of relevant information below when the UE has pre-compensation capability.

Companies may have different views on exactly what delays may be compensated by the UE. As shown in Table T1 [2], the total round trip delay (RTD) or round trip time (RTT) between the UE and the gNB includes processing delays and propagation delays. The propagation delays are time-varying and are a function of the platform’s position, the NTN-GW position, and the UE position. Key propagation delays are the platform-NTN-GW delay (i.e., the feeder link delay, which the same for all UEs in the cell) and the platform-UE delay (i.e., the service or access link delay, which is different for different UEs in the cell. 

Let’s consider two basic approaches to enable the UE to determine (i) its RA preamble transmission time and (ii) time to receive a DL response (e.g., an RAR) from the gNB: propagation delay based approach and the time-based approach.

· Propagation Delay Approach. In this approach, the UE calculates the service link propagation delay based on its GNSS-based position and the NTN platform’s position. The UE can use the feeder link propagation delay broadcast by the gNB. 
· The advantage of this approach is simplicity. 
· One disadvantage of this approach is that the feeder link propagation delay is variable and may not be the right value when the UE is using the value broadcast by the gNB. To avoid frequent calculation and transmission of the variable feeder link delay by the gNB, the gNB can broadcast the NTN-GW position. In our understanding, the satellite gateway positions are often available in the FCC database and hence represent the public (and not confidential) information. The UE can more accurately calculate the feeder link propagation delay if the NTN GW positions are broadcast where allowed by the country regulations. The broadcast of the NTN-GW position is also much more efficient from the signaling perspective, because the NTN-GW positions are fixed and can be sent much less frequently in a SIB. Of course, when a country’s regulations prohibit such broadcast of the NTN-GW locations or the operator wishes to avoid such broadcast of the NTN-GW locations, the explicit feeder link delay can be broadcast as an option. 

· Another disadvantage of this approach is that the UE’s estimate of the UE-gNB RTT would be highly inaccurate when the total processing delay for LEOs and HAPS is comparable to the total propagation delay. For example, the one-way UE-gNB delay for the transparent payload case can be as little as 5.4 ms for a LEO at the 800 km altitude and 3.2 ms for HAPS. The processing delay can easily be on the order of few milliseconds and would most likely exceed these propagation delay and hence would not be negligible. To address this disadvantage of the propagation delay approach, the network can broadcast its estimate of the total processing delay.
· Time Approach. In this approach, the UE estimates RTT as (2*(Time at which SI is received – Reference Time specified in SI)). Such calculation automatically reflects the total delay, which includes (i) all the processing delays at the satellite, the NTN-GW, and the gNB for the UE-to-gNB link and the gNB-to-UE link and (ii) the service link and the feeder link delays. This calculation assumes symmetric processing and propagation delays. 
· The advantage of this method is that processing and propagation delays are automatically considered.
· The feasibility of this time-based approach needs to be evaluated from the perspective of achievable time resolution to ensure that timing and frequency requirements from RAN1 can be met.

Based on the RAN2 discussions so far, it appears that many companies may be thinking of the propagation delay based approach. However, it would be helpful if companies reach common understanding about what approach(es) RAN2 should focus on.

Observation 1. The RTT estimation by the UE that uses the propagation delay approach would be inaccurate when processing delays are comparable to propagation delays (e.g., in case of LEOs and HAPS).   

Proposal 1. Discuss the definition of RTT within the scope of the pre-compensation by the UE in the NTN and identify if it includes propagation delay only or both propagation delay and processing delay. Determine relevance of processing delays for UE’s first transmission and/or reception. Discuss propagation delay based approach and the time-based approach to reach common understanding of the RTT estimation approach for pre-compensation.  
In case an accurate GNSS-based UE location is unavailable (e.g., due to poor visibility of the GNSS) or if the UE does not have pre-compensation capability (e.g., a future Release 18 UE), the UE needs to get some help from the network so that it can compensate for a large fraction of the UE-gNB RTT. To facilitate the operation of such UEs, the network can broadcast the gNB-to-Reference Point delay, which can be the delay at the instant the SIB is created or the delay at a future instant when a hypothetical UE located at the Reference Point would receive a SIB carrying this delay.  Another possibility is for the gNB to broadcast the Reference Point coordinates. The UE can then use these Reference Point coordinates instead of the typical UE coordinates to estimate the RTT.

Observation 2. GNSS-capable R17 UEs may not have accurate or reliable GNSS-based location at all times.    

Proposal 2. Discuss a fallback mechanism such as the broadcast of the UE-Reference Point Delay or Reference Point coordinates to facilitate the RTT estimation by the UE when accurate GNSS-based location is unavailable at the UE.   
2.2 4-Step RA Enhancements for Enhanced Handover 
Both the 4-step random access (RA) procedure and the 2-step RA procedure for an NTN are considered by RAN2. The 4-step RA procedure is the traditional RA procedure defined in Release 15. Release 16 introduces a 2-step RA procedure to reduce the overall random access delay at the expense of higher complexity for the UE and the network and increased resource utilization. We suggest that RAN2 continues to support and enhance both the 4-step RA procedure and the 2-step RA procedure, especially during handover.
Due to the challenges associated with the 2-step RA procedure for an NTN, we think that it is important to support and enhance the 4-step RA procedure. As the industry gains more experience in NTN deployments, one procedure can be preferred over another. Supporting the 4-step and 2-step RA procedures for both Contention-Based Random Access (CBRA) and Contention Free Random Access (CFRA) will provide flexibility to the gNB. This support can help avoid any unforeseen challenges of a specific RA procedure in an NTN, leading to a smoother NTN deployment.
We have not seen any significant discussions for the 4-step RA procedure enhancements so far in RAN2.

Observation 3. A 2-step RA procedure can reduce the overall handover signaling delay but may not be more efficient than a 4-step RA procedure from the perspective of resource consumption. An NTN should have the flexibility of using both 4-step RA and 2-step RA just like a TN. The 2-step RA may not be reliable in an NTN due to (more) challenging radio channel conditions near the cell edge.
Proposal 3. We suggest that RAN2 discuss enhancements to the 4-step RA procedure, especially for handover.  
We have explained below challenges of using the 4-Step RA procedure for handover and how this procedure can potentially be enhanced for an NTN. 

A drawback of using the traditional 4-step RA procedure in an NTN is longer user traffic interruption time, because the user traffic is not typically exchanged between the RRC Reconfiguration message and the RRC Reconfiguration Complete message. Figure 1 illustrates a typical timeline for handover in LTE and 5G. In Figure 1, PD is the one-way propagation and processing delay between the UE and the gNB/eNB. According to Event A3, the UE sends a measurement report when the neighboring cell becomes an offset better than the serving cell and stays better than the serving cell for the duration of timeToTrigger. 
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Figure 1. Typical Handover Timeline in a 4G/5G Network

At time t2, Event A3 occurs, and, the UE sends a Measurement Report containing the measurements of the serving cell and the candidate cell. The gNB/eNB makes a handover decision, gets the approval of the target gNB/eNB and sends a handover command to the UE at time t4 in the form of an RRC message such as RRC Reconfiguration. The UE stops communicating with the source cell/Base Station and initiates the random access procedure toward the target cell/BS by sending a RA preamble at t6. The target BS replies with a Random Access Response and includes a timing adjustment to facilitate UL synchronization and UL resource allocation in the form of a grant. The UE sends an RRC Reconfiguration Complete message (so-called Msg3 or Message 3) at time t10 using the allocated UL grant to complete the handover process. In a typical gNB/eNB implementation, the gNB/eNB allocates DL/UL resources after receiving Msg3. User traffic transfer typically does not occur for a UE between t5 and t13.
However, it is possible to significantly reduce the user traffic transfer without altering the overall 4-tep RA signaling between the UE and the network though some simple enhancements. Consider Figure 2 for a proposed intra-handover/Random Access user traffic transfer mechanism. In Figure 2, ST is the Switching Time from the source cell to the target cell, PUA is Periodicity of Uplink Allocation, and PDA is Periodicity of Downlink Allocation. PUA and PDA are applicable if Configured Scheduling is used.
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 Figure 2. Proposed Intra-Handover/RA Timeline for an NTN
In Figure 2, after receiving the RRC Reconfiguration message from the S-gNB and after the period of ST, the UE is able to do data transfer with the target cell in the T-gNB using Configured, Semi-Persistent, or Dynamic Scheduling though suitable configuration specified by the T-gNB in the RRC Reconfiguration message. Any PUSCH transmission prior to receiving he RAR can have a guard time/band per gNB configuration. However, any PUSCH transmission after the reception of the RAR does not need any guard time/band. A UE that has implemented timing and frequency pre-compensation can make use of this feature. 

While Figure 2 illustrates Configured Scheduling, Dynamic Scheduling can also be used. In such case, the UE is asked to monitor DCIs containing the UE’s C-RNTI assigned for the target cell for dynamic scheduling.

Observation 4. An NTN UE with timing and frequency compensation capability can support uplink data transfer with the target cell while the random access procedure during handover is ongoing. The UE also has reliable downlink synchronization to support the DL data transfer in the target cell.   
Proposal 4. Support intra-handover user traffic transfer while the RA procedure for handover is ongoing to reduce the user traffic interruption in an NTN.
2.3 RA Resource Selection

RAN2 has agreed that only UEs with GNSS capabilities are supported in Rel-17. Based on this agreement, autonomous acquisition of the approximate TA at the UE (known as pre-compensation of TA) with UE-known location and satellite position is possible. However even with consideration that only UEs with GNSS capabilities are supported in Rel-17, the UE may not have valid UE location information available (e.g. because of poor GNSS visibility and so on). Thus, random access in an NTN should be able to support both UEs having a valid UE location information available and UEs having no valid UE location information available. To support both type of UEs, a separate RACH configuration for each type of UEs needs to be allowed in the NTN. 

Observation 5. An R17 NTN UE, although GNSS-capable, may or may not have a valid UE location available.

Proposal 5a. Random access in the NTN needs to support both UEs having valid UE location information and UEs having no valid UE location information. 

Proposal 5b. A gNB can configure separate RACH configurations for (i) the UEs with valid UE location information and (ii) the UEs without valid UE location information.

3 Conclusion

We have summarized our proposals below.
Proposal 1. Discuss the definition of RTT within the scope of the pre-compensation by the UE in the NTN and identify if it includes propagation delay only or both propagation delay and processing delay. Determine relevance of processing delays for UE’s first transmission and/or reception. Discuss propagation delay based approach and the time-based approach to reach common understanding of the RTT estimation approach for pre-compensation.  

Proposal 2. Discuss a fallback mechanism such as the broadcast of the UE-Reference Point Delay or Reference Point coordinates to facilitate the RTT estimation by the UE when accurate GNSS-based location is unavailable at the UE.

Proposal 3. We suggest that RAN2 discuss enhancements to the 4-step RA procedure, especially for handover.  
Proposal 4. Support intra-handover user traffic transfer while the RA procedure for handover is ongoing to reduce the user traffic interruption in an NTN.

Proposal 5a. Random access in the NTN needs to support both UEs having valid UE location information and UEs having no valid UE location information. 

Proposal 5b. A gNB can configure separate RACH configurations for (i) the UEs with valid UE location information and (ii) the UEs without valid UE location information.
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