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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 new study item that had update SID [3] 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. The objectives for layer 2 and above are:
	· Study the following aspects and identify related solutions if needed: Propagation delay: Identify timing requirements and solutions on layer 2 aspects, MAC, RLC, RRC, to support non-terrestrial network propagation delays considering FDD and TDD duplexing mode. This includes radio link management. [RAN2]
· Handover: Study and identify mobility requirements and necessary measurements that may be needed for handovers between some non-terrestrial space-borne vehicles (such as Non Geo stationary satellites) that move at much higher speed but over predictable paths [RAN2, RAN1]
· Dual connectivity [RAN3 aspects] involving
· NTN-based NG-RAN (Transparent GEO or LEO satellites) and terrestrial based NG-RAN access: Xn terminated on the ground
· or two NTN-based NG-RAN access (between Regenerative LEO satellites): Xn over ISL

· Architecture: Identify needs for the 5G’s Radio Access Network architecture to support non-terrestrial networks (e.g. handling of network identities) [RAN3]
· Paging: procedure adaptations in case of moving satellite foot prints or cells

Note:
· This new study item does not address regulatory issues.




In this paper, we discuss the impact on SR delays due to the long propagation delays in NTN

[bookmark: _Ref178064866]Discussion
When new data arrives in the UEs uplink buffer it will trigger a buffer status report, BSR, to be sent to the network. If the UE at that point does not have any uplink PUSCH resources to use to communicate with the network, it may have been configured with Scheduling Request, SR, resources on the PUCCH to be used to indicate its need of a UL grant. The SR resources are unique for the UE and are repeated over time with a certain periodicity. 
If an SR is sent using the dedicated PUCCH resources, the network detects the presence of the signal and then knows which UE that are requiring UL resources. The network can then grant the UE with UL resources on PUSCH by sending an DCI to the UE using the PDCCH. The UE then sends its BSR to inform the network of its current buffer status and expects further grants accordingly.

SR for NR
The uplink scheduler needs to know if a device has UL data to be transmitted and in NR, the SR framework has been extended compared to LTE to allow the SR flag to carry more information on the UL data to be transmitted, i.e. the UE may be configured with more than one SR configuration where different logical channels may be mapped to different SR resources. When the SR is received in the network, the UL schedular sends a UL grant on the PDCCH matching the SR resources used. Nevertheless, it is still not possible to indicate the amount of data the UE has in its UL buffer. Thus, the UL schedular will typically only grant UL resources for the UE to send its buffer status report, BSR. When the BSR is received in the network, the UL schedular have the correct information on the amount of data of each logical channel group that the UE has been configured with and can therefore make suitable decisions on the grant sizes to send to the UE. As can be seen, this requires at least 2 RTTs from a UE perspective before a suitable grant is received to be use for UL data transmission.
[bookmark: _Toc16768149][bookmark: _Toc16792740]Existing SR functionality requires at least two RTTs before a UE receives a suitable large grant.
SR for NTN
Existing BSR procedure have been designed for terrestrial networks where the round-trip/ propagation delay is restricted to be within a few milliseconds. For UEs in cells experiencing longer delays, e.g. as such in a satellite communication system, the propagation delay will delay the closed loop of informing the network of the UEs current buffer status. 
A UE connected to a non-terrestrial system e.g. a GEO satellite, may experience a Round Trip Delay, RTD, (RTD = propagation delay plus processing time) around 550ms which will delay the data transmission several RTDs before a suitable sized grant is received.
[image: ]
Figure 1 Propagation and processing delays.
The long delay before the network receives the BSR may force the network to non-optimized scheduling by always overestimating the size of the first grant which will add a substantial overhead with reduced resource efficiency as a consequence of the inefficient scheduling. If the network on the other side only schedule a first suitable sized grant for transmission of the BSR, it may cause a degraded end user experience with reduced bitrates and service degradations.
[bookmark: _Toc12519926][bookmark: _Toc12519989][bookmark: _Toc12522045][bookmark: _Toc12522086][bookmark: _Toc16514562][bookmark: _Toc16710972][bookmark: _Toc16711643][bookmark: _Toc16711881][bookmark: _Toc16768150][bookmark: _Toc16792741]A proper SR-BSR procedure in NTN may take several RTDs before data can be transmitted which can be in the order of seconds.
It should be noted that while the SR-BSR procedure may be motivated in the terrestrial case where there might be large densities and next to non-existent propagation delays, thus resource efficiency will be important and low latency may still be attainable. For NTN-UEs with higher requirements on delay, it may be beneficial to utilize SPS, but in the case of infrequent data this procedure might become a major waste of resources that is difficult to motivate even when with benefits of reduced delay. From these discussions it would be beneficial to study and evaluate more efficient solutions for scheduling requests, thus perhaps bypassing the BSR.  
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One way to evaluate the different alternatives could be to quantify the amount of resources for required for the different alternatives and compare with the delay experienced by the UE under a simple scenario. 
[bookmark: _Toc16716855][bookmark: _Toc16792743][bookmark: _Toc16768152][bookmark: _Toc16768177]RAN2 to device a simple scenario to evaluate the delay and resource required for UE to gain uplink access. 
Conclusion
We made the following observations:
Observation 1	Existing SR functionality requires at least two RTTs before a UE receives a suitable large grant.
Observation 2	A proper SR-BSR procedure in NTN may take several RTDs before data can be transmitted which can be in the order of seconds.

We propose the following:
Proposal 1	RAN2 to study and evaluate more efficient SR requests for NTN.
Proposal 2	RAN2 to device a simple scenario to evaluate the delay and resource required for UE to gain uplink access.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref174151459][bookmark: _Ref189809556]RP-181370, New SID on Solutions for NR to support Non Terrestrial Networks, Thales, RAN#80, La Jolla, USA, June 2018
TR 38.811, Study on New Radio (NR) to support non-terrestrial network, Release 15




	1/2	
image1.jpg
RTD

UE NwW

™

SR response
with grant

BSR

GRANT

UL Data

A

T1




