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Introduction
One of the RAN2-lead objectives in the NTN WID [1], [2] is identifying solutions for UL scheduling latency reduction. 

In this contribution, we provide our views on this topic and potential solutions which RAN2 can look into to help resolve high scheduling latencies in UL. 
Discussion
Satellite Round Trip Times
Based on [3], Figure 1. indicates the maximum round trip times for various satellite configurations. These configurations are indicated as a triple of [satellite altitude| Cell size range | RTT at max cell size]. This is primarily due to the large propagation delays in these NTN systems as opposed to existing terrestrial systems. Due to these large RTTs most request-response procedures of 3GPP will incur additional delays and will need to be optimized or enhanced. An additional outcome of these delays is increase in the burstiness of traffic at RLC and higher layers using windowing techniques to move data especially due to the UE awaiting grant responses to its grant requests. The enhancements in these situations of UL scheduling for grants can happen in two ways
· UE providing additional information in its requests for initial grants – especially in regards to RACH procedures 
· Network providing additional grant request opportunities to the UEs beyond those that currently specified. A variation of this method is to introduce additional opportunities by defining newer request mechanisms. 
 Both these mechanisms are discussed in detail in the following sub-sections.  
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Figure 1. Satellite Architectures, Cell Size Ranges and Maximum Round Trip Delays 
Enhancements to UE RACH Request Procedures
In this section, we consider two of the basic mechanisms of UE requests for RACH. Current 4-step RACH mechanism involves 2 back-to-back request-response steps (1.MSG1-MSG2, 2.MSG3-MSG4) before a UE is able to send any user plane data from its buffers to the network. The delay incurred for user data in GEO, MEO and even in many LEO scenarios is much higher than current terrestrial networks leading to highly unreliable user experiences especially for the eMBB scenarios indicated in [3]. A basic form of the 4-Step RACH procedure is shown in Figure 2. Note that, the propagation delay and the processing delay as marked on the x- and the y- axes respectively. In NTN networks propagation delay > processing delay as opposed to current terrestrial networks where typically processing delay is not a major bottleneck criteria. The network provides a small grant in MSG2 along with TA information for UE to request an RRC Connection which is then used by the UE to send the RRCConnectionRequest followed by subsequent grants for RRCConnectionSetupComplete. In some of the current deployments, UL grants are provided to the UE once the RRCConnectionSetupComplete message is received by the network. Each of these steps adds an additional round trip on the long propagation delay NTN networks. Additionally, in some deployments, these grants are provided only after the Security Mode Procedure is completed, thus, incurring additional round trip procedural latencies to the network. The application PDUs accumulate on the UE buffers during these procedural latencies introducing burstiness. 
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Figure 2. 4-Step RACH procedure with 2 Request-Response
Observation 1: Multiple RTTs to the UL grant request-response mechanisms cause large variations in application layer connection attempts.  

A simple solution to handle this problem would be to use the 2-step RACH as a baseline for NTN networks [4] thus cutting down on multiple propagation delay latencies. An additional advantage with 2-Step RACH would be for the UE to have the ability to indicate grant requirements in MSG-A, thus, providing additional information to the network. However, regression issues in terms of older UEs (non 2-Step RACH capable) can make such strict deployments difficult and a fallback solution that covers 4-step RACH would also be needed. For 4-Step RACH, MSG1 could indicate additional data requirements from UE specifically when in NTN networks. As discussed in [5] if the TA information is broadcasted, allowing no preamble ambiguity at the network, additional resources to reduce latency on UE application data at MSG3 can be provided to the UE instead of after the RRCConnectionSetupComplete message. 

Proposal 1. RAN2 to focus on 2-Step RACH design for NTN RACH procedures.

Proposal 2. RAN2 to consider mechanisms for UE to request additional grants in Msg1 step of 4-Step RACH procedure when UE is unable to use 2-Step RACH in NTN networks.

Once this initial connection setup is complete, the network can provide grants based on the BSR requests sent by the UE. 
Enhancements to Network grant procedures
An alternate mechanism would be for the network to provide additional grant opportunities to the UE for scenarios where multiple request-response mechanisms are needed. These provided opportunities can be based on additional UE information as described in the earlier sections or proactively based on network architecture - LEO, GEO, Transparent mode, On-board mode etc.. 

Small Data Enhancements [6] was specified by 3GPP in Rel-17 as a new WI. Though most of those methodologies are applicable to RRC Connected or RRC Inactive UE, some of the same techniques can be applied and expanded for NTN networks especially in terms of proactive grants. 

Proposal 3: RAN2 to consider and expand on techniques identified for Small Data Enhancements for NTN networks. 

Alternately, mechanism such as Pre-BSR [3] which has been specified for IAB Nodes [7] and encourage pro-active indications of accumulated buffers can be expanded to include NTN capable UEs. A control mechanism to ensure that UEs do not misuse this feature can be defined. 
 
Proposal 4: RAN2 to consider supplementary proactive grant requests from UE to network to reduce UL latency for NTN networks.  
Conclusion
In this contribution, we provided our views on timing advance enhancements for NTN. Our observations and proposals are as follows: 

Observation 1: Multiple RTTs to the UL grant request-response mechanisms cause large variations in application layer connection attempts.

Proposal 1. RAN2 to focus on 2-Step RACH design for NTN RACH procedures.

Proposal 2. RAN2 to consider mechanisms for UE to request additional grants in Msg1 step of 4-Step RACH procedure when UE is unable to use 2-Step RACH in NTN networks.

Proposal 3: RAN2 to consider and expand on techniques identified for Small Data Enhancements for NTN networks. 

Proposal 4: RAN2 to consider supplementary proactive grant requests from UE to network to reduce UL latency for NTN networks.  
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