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1 Introduction- RACH Aspects
RAN2 started working on the Non Terrestrial Network (NTN) Work Item as part of Release 17 in August 2020 [1] [3].

RAN2 has held email discussions on RACH aspects for the NTN as part of “[Post111-e][908][NTN] RACH and HARQ feedback aspects” [4]. This contribution summarizes Samsung’s observations and proposals to address the RACH challenges for an NTN [2]. 
Here are the examples of RACH related key areas that need to be addressed.

A. Timing Compensation at the UE
B. RA Timers and Overall Timer Framework
C. Random Access Procedure Enhancements
This contribution briefly discusses these areas and makes specific proposals to facilitate collaboration among contributing companies and help RAN2 make progress toward solutions. 
2  Discussion
We would like to offer some observations and related proposals below to facilitate the discussions toward normative MAC specifications that are customized for an NTN. 
2.1 Timing Compensation
Responses to the email discussion on “RACH and HARQ feedback aspects” indicate that companies have widely different understanding and views of (i) the UE capability of timing pre-compensation, (ii) delays that need to be compensated by the UE for its RACH transmission and definitions of these delays (“terminology”) and (iii) the information that the UE needs to compensate for the overall UE-gNB delay. 
Furthermore, the timing issue is also within the scope of RAN1 and hence a common understanding of timings between RAN1 and RAN2 is also important. Once we have an agreement within RAN2, RAN2 can send an LS to RAN1 conveying RAN2 questions (if any), conclusions and decisions.

We suggest the following multi-step approach to facilitate discussions. 
· Step I: State and agree upon the assumptions about the UE’s timing and frequency compensation capability in Release 17.

· Step II. Identify and agree upon the main mechanisms to enable the UE to facilitate timing compensation at the UE (e.g., pre-compensation).

· Step III. Identify various delays (e.g., RF propagation delays, transport delays, and processing delays) between the UE and the gNB for the transparent payload.

Step IV. Agree on suitable assumptions about delays (e.g., what can be ignored and what should be  compensated by the UE and/or the network) and processing carried out by the entities involved (e.g., the platform such as a satellite or HAPS, NTN-GW, and the gNB).

· Step V. Identify and define the information that the UE needs from the network in support of the mechanisms identified in Step II. 

· Step VI. Identify the accuracy requirements for delays to facilitate timing compensation as well as estimation of the elevation angle and the distance between the UE and the platform. 

· Step VII. Determine how frequently the information needs to be sent from the gNB to the UE and how the UE should inform the gNB about its Timing Advance (TA) to facilitate UL scheduling. 

The following framework can be used as the starting point. Input from the satellite/HAPS companies will be highly valuable and help us make good progress.
· Step I: State and agree upon the assumptions about the UE’s timing and frequency compensation capability in Release 17.
a. Assumption 1. All R17 NTN UEs are GNSS-capable and hence can obtain their current GNSS-based location under normal circumstances. 

b. Assumption 2. An R17 NTN UE may not have accurate GNSS-based location at a given instant (e.g., lack of visibility of GNSS) but can still have normal communications with another platform (e.g., a LEO satellite or HAPS).

c. Assumption 3. A typical R17 NTN UE has timing and frequency pre-compensation capability, meaning that it can send the first transmission to a given cell (e.g., a RA preamble or msgA) with reasonably accurate time and frequency. Under this assumption, an R17 UE can reliably determine the total UE-gNB Round Trip Delay (RTD) (including propagation and processing delays).  
d. Assumption 4. Is it possible that some R17 NTN UEs, although GNSS capable, may not have timing and pre-compensation capability? If yes, should RAN2 address this case or not? RAN2 could start the work with Assumption 3 as the baseline and obtain clarity from RAN1 on this assumption.
· Step II. Identify and agree upon the main mechanisms to enable the UE to facilitate timing compensation at the UE (e.g., pre-compensation). 
a. Timing Reference. The network periodically provides a Timing Reference in System Information (SI) and the UE compares it with its current time to (eventually) identify the overall UE-gNB delay. 
b. Satellite Ephemeris Data. The network provides in System Information the platform’s location at a specific instant and the UE utilizes such location to (eventually) identify the overall UE-gNB delay.

· Step III. Identify various delays (e.g., RF propagation delays, transport delays, and processing delays) between the UE and the gNB for the transparent payload.

a. Please see Table 1 below for examples of various UE-gNB delays for the transparent payload, where the gNB is on the ground. Is any major delay missing in Table 1?

b. The UE-gNB Round Trip Delay (UGRTD), when estimated correctly using accurate and suitable System Information, can account for all the processing delays and propagation delays under the assumption of symmetric delays. In contrast, if UE-platform delay and platform-NTN-GW delay are separated, some processing delays may need to be accounted for, especially in non-GEO cases.

· Step IV. Agree on suitable assumptions about delays (e.g., what can be ignored and what must be compensated by the UE) and processing carried out by the entities involved (e.g., the platform such as a satellite or HAPS, NTN-GW, and the gNB).

a. We should have common understanding of typical values. We can assume some values as the starting point to have a general idea about the overall delays. Then, we can decide what can be ignored and under what circumstances. For example, numerical values of delays may lead us to conclude that some or all processing delays can be ignored for GEOs, because a vast majority of delay would be due to the UE-platform propagation delay (i.e., the service link or the access link delay) and the platform-NTN-GW propagation delays. In contrast, the total minimum processing delays (e.g., NTN GW processing delay, especially when the NTN-GW is exchanging information with the platform via non-3GPP signaling and potentially adjusting timing and/or platform ephemeris data for enhanced accuracy) may not be negligible for LEO satellites due to tens of milliseconds of propagation delays in LEOs (instead of few hundred milliseconds of propagation delays in GEOs).
b. Depending on the exact information that is transmitted in System Information and the periodicity of SI transmission, both the propagation delays and the processing delays can be accounted for. Otherwise, a distinction may be needed between the propagation delays and processing delays in SI.

· Step V. Identify and define the information that the UE needs from the network in support of the mechanisms identified in Step II. 

a. Timing Reference (e.g., original unaltered time recorded by the platform, time at the NTN-GW, time at the gNB)

b. Platform Location and Time (e.g., original time and GNSS location recorded by the platform, the platform’s time and GNSS location at the NTN-GW, the platform’s time and GNSS location at the gNB, and the platform’s time and GNSS location at the Reference Point in the cell). The use of non-original time and GNSS location of the platform can potentially enhance accuracy of delays, distances, and elevation angles. 
· Step VI. Identify the accuracy requirements for time and platform location to facilitate timing compensation, frequency compensation, and estimation of the elevation angle and the distance between the UE and the platform.
a. What is the time resolution (i.e., step size in milliseconds) that is achievable when “time” is conveyed to the UE in System Information?

b. How much time accuracy is adequate for timing compensation?

c. How much time accuracy is adequate for frequency compensation?

d. How much time accuracy is adequate for the Timing Advance reporting by the UE and the Timing Advance adjustments suggested by the gNB?

e. How much time accuracy is adequate for the estimation of the elevation angle?

f. How much time accuracy is adequate for the estimation of the distance?
· Step VII. Determine how frequently the information needs to be sent from the gNB to the UE. 

a. How frequently should the time information be sent in System Information?

b. How frequently should the time and platform’s GNSS location information be sent in System Information?

Table 1. Examples of Times and Delays in an NTN

	Time
	Description

	T1
	The platform obtains its GNSS-based position. 

	T2
	The NTN GW receives the platform’s position. T2=T1+ Tpl_pl_to_fl_tx +Tfl_pl_to_fl_pd, where Tpl_pl_to_fl_tx is the processing time needed by the platform to start sending the position, velocity, and time (PVT) information to the NTN GW and Tfl_pl_to_gw_pd is the propagation delay on the feeder link delay from the platform to the NTN GW.

	T3
	The gNB receives the PVT information from the NTN GW. T3=T2+ Tgw_gw_to_gnb_send + Tgw-gnb_gw_to_gnb_td, where Tgw_gw_to_gnb_send is the processing time needed by the NTN GW to start sending the platform’s PVT information to the gNB and Tgw-gnb_gw_to_gnb_td is the transport delay from the NTN GW to the gNB.

	T4
	The gNB starts transmitting a SIB containing the PVT information to the NTN GW. T4=T3+Tgnb_scheduling, where Tgnb_scheduling is the scheduling delay at the gNB.

	T5
	The NTN GW receives the SIB containing the PVT information from the gNB. T5=T4+Tgw-gnb_gnb_to_gw_td, where Tgw-gnb_gnb_to_gtw_td is the transport delay from the gNB to the NTN GW.

	T6
	The NTN-GW starts transmitting the SIB containing the PVT information to the platform. T6=T5+Tgw_gw_to_pl_tx, where Tgw_gw_to_pl_tx is the processing time needed by the NTN GW to start transmitting the SIB containing the PVT information to the platform.

	T7
	The platform receives the SIB containing the PVT information. T7=T6+Tfl_gw_to_pl_pd, where Tfl_gw_to_pl_pd is the propagation delay on the feeder link delay from the NTN GW to the platform.

	T8
	The platform starts transmitting the SIB containing the PVT information to UEs. T7=T6+Tpl_pl_to_UE_tx, where Tpl_pl_to_UE_tx is the processing time needed by the platform to start transmitting the SIB containing the PVT information to UEs in the NTN cell.

	T9
	The UE receives the SIB containing the PVT information from the platform. T9=T8+Tsl_pl_to_UE_pd, where Tsl_pl_to_UE_pd is the propagation delay on the service link (or the access link) from the platform to the UE.

	T10
	The UE transmits a signal to the platform.

	T11
	The platform receives the UE’s signal. T11=T10+Tsl_UE_to_pl_pd, where Tsl_UE_to_pl_pd is the propagation delay on the service link (or the access link) from the UE to the platform.

	T12
	The NTN GW receives the UE’s signal. T12=T11+ Tpl_pl_to_fl_tx +Tfl_pl_to_fl_pd, where Tpl_pl_to_fl_tx is the processing time needed by the platform to start sending the UE signal to the NTN GW and Tfl_pl_to_gw_pd is the propagation delay on the feeder link delay from the platform to the NTN GW.

	T13
	The gNB receives the UE’s signal from the NTN GW. T13=T12+ Tgw_gw_to_gnb_send + Tgw-gnb_gw_to_gnb_td, where Tgw_gw_to_gnb_send is the processing time needed by the NTN GW to start sending the UE’s signal to the gNB and Tgw-gnb_gw_to_gnb_td is the transport delay from the NTN GW to the gNB.


In Table T1, 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; when needed, the platform-Reference Point delay can be used to approximate the platform-UE delay). 
We further note that the delays such as (i) UE-to-platform delay and platform-to-UE-delay and (ii) platform-to-NTN-GW delay and NTN-GW-to-platform delay can be asymmetric depending on the changes in the platform’s position and (to a smaller extent) the UE’s position as a function of time. However, delays can be assumed to be asymmetric for short intervals such as few milliseconds. 
The most accurate timing compensation mechanism, when the accurate locations of the platform and the UE are available, seems to be the one where the UE determines the UE-gNB round trip delay (UGRTD). In case this mechanism cannot be used (e.g., lack of the availability of an accurate GNSS-based UE location) or if the network wants to have more control and/or visibility of the overall delay used by UEs, the common TA representing Reference Point-gNB Round Trip Delay (RPGRTD) can be utilized. 
When the UE can obtain its GNSS-based location accurately, the following approach can enable the UE to achieve timing and frequency compensation and estimate the platform’s elevation angle and the distance to the platform.
1. The gNB transmits in System Information (SI) the Reference Time associated with the instant of System Information (“RTSI” for Reference Time System Information), the platform’s position and velocity at the time a Reference Point would receive System Information, and the Reference Time when a Reference Point would receive SI (RPRT for Reference Time at Reference Point).

2. The UE can estimate the platform’s current position and velocity by using the platform’s position and velocity specified in SI, RPRT, the actual time it received the SI, and the recent history of the platform positions and velocities. To simplify the UE operation, the UE can simply use the platform’s position and velocity that are broadcast in SI as the estimated platform position and velocity.

3. The UE can estimate UGRTD as (2*(Time at which SI is received – Reference Time specified in SI)).
Note. In case a distinction is made between the service/access link and the feeder link for the purpose of timing compensation (e.g. “common delay for all UEs in the cell” vs. “UE-specific delay on the service link”), the transmission of the NTN-GW position in SI can be quite useful. However, since the NTN-GW is not expected to change frequently compared to the platform itself, the NTN-GW information can be transmitted less frequently.
When the UE cannot obtain its accurate GNSS-based location or when the network wants UEs to utilize the network-indicated delay or TA, the following approach can enable the UE to achieve timing and frequency compensation and estimate the platform’s elevation angle and the distance to the platform.

1. The gNB transmits the following in System Information (SI): RPGRTD, the platform’s position and velocity at the time a Reference Point would receive SI, and RTRF.

2. The UE can estimate the platform’s current position and velocity by using the platform’s position and velocity specified in SI, RPRT, the actual time it received the SI, and the recent history of the platform positions and velocities. To simplify the UE operation, the UE can simply use the platform’s position and velocity that are broadcast in SI as the estimated platform position and velocity.

3. When accurate GNSS-based UE location is unavailable, the UE can approximate UGRTD as RPGRTD. When accurate GNSS-based UE location is available, the UE can more accurately estimate UGRTD by considering RPGRTD, the distance between the platform and Reference Point (DPRP), and the distance between the platform and the UE (DPU): UGRTD=RPGRD+ 2*(DPU-DPRP). 
The use of a common TA indication (i.e., RPGRD) by UE ensures that a large portion of the overall delay can be compensated by the UE even if an accurate GNSS-based UE location is unavailable. Note that the UE may not be able to reliably and accurately determine its GNSS-based location although it is GNSS-capable. The network-indicated common TA can also serve as a fallback mechanism. 
Observation 1. Companies have widely different understanding and views of (i) the UE capability of timing pre-compensation, (ii) delays that need to be compensated by the UE for its RACH transmission and definitions of these delays (“terminology”) and (iii) the information that the UE needs to compensate for the overall UE-gNB delay. 

Proposal 1. Discuss and agree upon the UE (pre)compensation capability assumptions, definitions of delays, timing accuracy requirements, assumptions on processing delays, and the information to be broadcast in System Information to enable the UE to estimate the UE-gNB Round Trip Delay (including propagation and processing delays), the platform position and velocity, the platform’s elevation angle, and the distance to the platform.  
2.2 RA Timers and Overall Timer Framework

RAN2 has discussed the adjustments to the use of RA timers such as ra-ResponseWindow (equivalently, msgB-ResponseWindow for a 2-step RA procedure) and ra-ConetionResolutionTimer.

There is a wide support for adding an offset to these timers. We also support addition of an offset. Since there are multiple timers that would benefit from such offset, we think it is more efficient from the signaling perspective to add an offset to all the timers (where appropriate).
We suggest to add the offset=UGRTD before starting RA timers of ra-ResponseWindow (equivalently, msgB-ResponseWindow for a 2-step RA procedure) and ra-ConetionResolutionTimer. In other words, before using these timers, the UE waits for the time duration of UGRTD.

UGRTD can be estimated using one of the two approaches suggested in Section 2.1.

We note that there are other timers (e.g., t-ReassemblyTimer for the RLC layer) that can benefit from the range extension in the NTN. For those parameters, we suggest the following generic framework. 
The actual timer value can be “(minimum_NTN_delay + scaling factor*R16 timer value)” or “(minimum_NTN_delay + R16 timer value)*scaling factor” depending on the timer under consideration. The parameter “minimum NTN delay” is the minimum expected round-trip-delay (including the propagation delays and processing delays) and can be set to UGRTD or RPGRTD. The parameter “scaling factor” is used to fine tune the overall timer or delay. The default value of “scaling_factor” is 1.0.  The parameter “minimum NTN delay” is a function of NTN Type (e.g., GEO, LEO, or HAPS). Furthermore, the parameter “scaling_factor” is transmitted only if necessary (e.g., only if the default value of 1.0 is inadequate per gNB determination). 
Such framework is reusable for various timers. Furthermore, this framework enables reuse of existing R16 timers and provides a better time resolution compared to the case when timer values are extended by adding new numerical values. 
Additionally, this framework is more efficient from signaling and processing perspectives. For example, if minimum_NTN_delay is set to RPGRTD, there is no need to keep recalculating and updating t-ReassenblyTimer frequently due to the ever-changing propagation delays, especially for quasi-Earth-fixed beams and Earth-moving beams. The use of RPGRTD as “minimum_NTN_delay” enables both the gNB and the UE to know the exact timer value.
If minimum_NTN_delay is set to UGRTD, the timing would be more accurate. However, the gNB would not know about the value of UGRTD unless the UE informs the gNB. To address this problem, in one possible approach, the UE may send the TA report containing UGRTD autonomously in a MAC Control Element (CE) when certain conditions are met (e.g., when the absolute or relative TA exceeds an amount). In another approach, just like periodic Buffer Status Report (BSR), the UE can send the TA report containing UGRTD periodically (e.g., every X ms). 
We also note that TA reporting in or along with a traditional Measurement Report can potentially help the gNB make a handover decision.
Observation 2. RAN2 has identified the need to add an offset to the time-based RA parameters such as ra-ResponseWindow, ra-ContentionResolutionTimer, and msgB-ResponseWindow. 
Proposal 2-A. Use the same common value (e.g., UE-gNB Round Trip Delay or Reference Point- gNB Round Trip Delay) as the common offset for multiple timers instead of specifying separate offsets for ra-ResponseWindow, ra-ContentionResolutionTimer, and msgB-ResponseWindow. 

Proposal 2-B. A common framework such as the “NTN timer value = (minimum_NTN_delay + R16 timer value)*scaling factor” can be used for multiple time-based parameters, where minimum_NTN_delay is UE-gNB Round Trip Delay or Reference Point- gNB Round Trip Delay (informally, “common delay” or “common TA”).
2.3 Random Access Procedure Enhancements
Both the 4-step random access (RA) procedure and 2-step RA procedure for an NTN are considered in [RAN2_August]. 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.

We observe that the 2-step procedure modifies timings of messages to shorten the overall time needed to complete the RA procedure. While we like the reduction in handover delay offered by the 2-step RA procedure, we have identified following challenges of a 2-Step RACH procedure in the context of reducing user traffic interruption in an NTN. 

· It requires additional PRACH resources to be reserved. Since many UEs would generally be experiencing handover, there would be increased requirement of PRACH capacity when both 4-step and 2-step RA procedures are simultaneously configured in a given cell for a UE.
· Its PUSCH is intended for an uplink RRC signaling message and uplink small user traffic packets. User traffic and signaling on PUSCH are effectively tied to a given Modulation and Coding Scheme (MCS). It would be more spectral efficient to support independence of signaling and user traffic, especially in the uplink. It may not be efficient to use PUSCH resources specified as part of the 2-step RA configuration to transfer large amounts of data.
· The 2-step RACH is intended for UEs in a good radio environment such as the existence of a dominant cell. However, in an NTN, RSRPs are expected to be similar for the serving cell and the target cell. Hence, reliability of a 2-step RA procedure may not be high in an NTN. Note that fallback to the 4-step RA procedure is supported when the 2-step RA procedure is unsuccessful. The cost of an incorrect or failed handover is high in an NTN due to potentially long delays. Hence, it is important to aim for a more reliable RA procedure.
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.
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 perspectives of resource consumption and RACH capacity. 
Proposal 3. Support and enhance both the 4-step RA procedure and the 2-step RA procedure for Contention Based Random Access (CBRA) and Contention Free Random Access (CFRA), especially for handover.

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 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.

In the last RAN2 e-meeting, it was agreed that only UEs with GNSS capabilities are supported in Rel-17. With this agreement, autonomous acquisition of the approximate TA at the UE (known as pre-compensation of TA) with UE-known location and satellite ephemeris is possible. Note that this option was captured in [1] and also discussed in last RAN2 e-meeting [2][3]. 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 GNSS/GPS signaling is poor, GNSS/GPS signaling is not detected, 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. In order 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 RACH proposals below.
Proposal 1. Discuss and agree upon the UE (pre)compensation capability assumptions, definitions of delays, timing accuracy requirements, assumptions on processing delays, and the information to be broadcast in System Information to enable the UE to estimate the UE-gNB Round Trip Delay (including propagation and processing delays), the platform position and velocity, the platform’s elevation angle, and the distance to the platform.  
Proposal 2-A. Use the same common value (e.g., UE-gNB Round Trip Delay or Reference Point- gNB Round Trip Delay) as the common offset for multiple timers instead of specifying separate offsets for ra-ResponseWindow, ra-ContentionResolutionTimer, and msgB-ResponseWindow. 

Proposal 2-B. A common framework such as the “NTN timer value = (minimum_NTN_delay + R16 timer value)*scaling factor” can be used for multiple time-based parameters, where minimum_NTN_delay is UE-gNB Round Trip Delay or Reference Point- gNB Round Trip Delay (informally, “common delay” or “common TA”).

Proposal 3. Support and enhance both the 4-step RA procedure and the 2-step RA procedure for Contention Based Random Access (CBRA) and Contention Free Random Access (CFRA), 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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