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1 Introduction
At RAN#86, a new WI “Solutions for NR to support non-terrestrial networks (NTN)” [1] was agreed and has been updated in RAN#88-e[2]. The objectives for user plane procedures enhancements in MAC layer include UL scheduling enhancements:
· Random access:
· Definition of an offset for the start of the ra-ResponseWindow for NTN.
· Introduction of an offset for the start of the ra-ContentionResolutionTimer to resolve Random access contention
· Solutions for resolving preamble ambiguity and extension of RAR window.
· Adaptation for Msg-3 scheduling
· Only for the case with pre-compensation of timing and frequency offset at UE side)
· Enhancement on UL scheduling to reduce scheduling latency.
· DRX: 
· If HARQ feedback is enabled, introduction of offset for drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL.
· If HARQ is turned off per HARQ process, adaptions in HARQ procedure
· Scheduling Request: Extension of the value range of sr-ProhibitTimer 

In RAN2#111-e [3], first discussions on such enhancements took place and the following agreement was achieved:
Agreements via email - from offline 107:
1. At least the following methods to enhance UL scheduling are further studied in NTN: configured grant and BSR over 2-step RACH. (other solutions to enhance UL scheduling are not precluded)

This paper discusses the applicability and enhancements of configured grant and BSR over 2-step RACH for NTN.

2 Discussion
In terrestrial networks, if the UE buffer status changes and the UE does not have any PUSCH resources to transmit the BSR, the UE typically sends a Scheduling Request (SR) on the PUCCH, see Figure 1. The gNB usually replies with a grant to be used for the Buffer Status Report (BSR). Upon receiving the BSR from the UE, the gNB allocates a suitable amount of UL resources for the UL data transmission. 
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During the Study Item phase, it was identified that this 4-step procedure to get UL resources assigned could become prohibitively large in NTN due to the large propagation delay. Therefore, several solutions have been proposed, see Table 7.2.1.5-1 in TR 38.821[4]. In the first RAN2 meeting of the Work Item phase it was agreed that further study is needed at least on following two methods[3]:
· Configured grant
· BSR over 2-step RACH
The following sections discuss these two methods in detail.

2.1 Configured Grant 
Configured grant means that the network provides resources for a specific UE or a group of UEs without an SR or BSR transmitted in advance. In NTN, due to the large propagation delay, this reduces the delay until the first transmission of data significantly.
Observation 1: 		In NTN, the delay until the first transmission of data could be significantly reduced with a configured grant in comparison to the conventional SR-BSR-procedure. 

In NR UL, there are two types of transmission without dynamic grant specified [6]:-	configured grant Type 1 where an uplink grant is provided by RRC, and stored as configured uplink grant;
-	configured grant Type 2 where an uplink grant is provided by PDCCH, and stored or cleared as configured uplink grant based on L1 signalling indicating configured uplink grant activation or deactivation.
Type 1 and Type 2 are configured by RRC per Serving Cell and per BWP. Multiple configurations can be active simultaneously in the same BWP. For Type 2, activation and deactivation are independent among the Serving Cells. For the same BWP, the MAC entity can be configured with both Type 1 and Type 2.



Configured grant Type 1 is a fully RRC-configured UL grant, while Type 2 is an UL grant configured by DCI addressed to CS-RNTI. This means Type 2 is UE specific due to the use of CS-RNTI (Configured Scheduling RNTI), while Type 1 configured grant can be used by a group of UEs. This Type 1 is particularly relevant to support applications with aperiodic or sporadic traffic.
If the configured grant reserves radio resources for a group of UEs, packet collisions between UEs can happen. In NR, there is the possibility to transmit repetitions of the packet to combat such collisions. The corresponding parameter repK can be configured with {1, 2, 4, 8} [5].
The goal of the configuration should be to apply a balanced mix of provided and used resources in order to avoid waste of resources as well as numerous collisions.
Considering the large cell size in NTN, e.g. 90km satellite beam diameter in LEO-1200 S-band scenario, see Table 6.1.1.1-1 in TR 38.821 [4], we assume the typical number of UEs per cell will be in the range of several tens or even hundreds. Meaning UE specific configured grant will result in a large amount of required resources. As the goal of NTN is more to provide coverage everywhere than to provide high peak data rate, we propose the following:
Proposal 1: 	In NTN, the preferred configured grant is Type 1, which is configurable for a group of UEs.

In scenarios, with non-geostationary satellites, due to the movement of the satellites and the resulting changes in elevation angle, the channel quality or path loss may change drastically in a short period of time and may require a timely reconfiguration of the configured grant. In current NR specifications, configured grant parameters can be provided via RRC and need to be activated via DCI or RRC signalling. The long propagation delay in NTN, may have impacts on the configuration as well as the activation or deactivation of configured grant. Therefore, enhancements on e.g. how to adjust configured grant parameters without frequent RRC reconfigurations should be discussed in NTN.
Proposal 2: 		Enhancement to reduce the signaling overhead on configuration as well as activation / deactivation of configured grant should be discussed for NTN. 

For both types of configured grant, a periodicity of the configured UL grant is configurable. The supported periodicities are depending on the configured subcarrier spacing. The value range for a subcarrier spacing of 15kHz is from 2 symbols to 640*14symbols = 8960 symbols [5]. For a subcarrier spacing of 15kHz, 14 symbols present a subframe of 1ms duration meaning the range is from below 1ms to 640ms.
Observation 2: 	Configurable periodicity should provide enough flexibility for NTN.
Proposal 3: 	There is no need to modify parameter periodicity of information element (IE) ConfiguredGrantConfig to support NTN.

[bookmark: __DdeLink__29269_1446731309]Another parameter, configurable regarding configured grant is the maximum number of configured grant configurations per BWP maxNrofConfiguredGrantConfig-r16 and the maximum number of configured grant configurations per MAC entity maxNrofConfiguredGrantConfigMAC-r16. In Rel-16 [5] maxNrofConfiguredGrantConfig-r16  is equal 12 and maxNrofConfiguredGrantConfigMAC-r16 is equal 32. As in NTN, the goal is more to provide coverage everywhere and support high mobility than to provide high peak data rate, there is no need to configure a lot of UEs with a large number of configured grants.
Proposal 4: 	There is no need to modify maxNrofConfiguredGrantConfig-r16 and maxNrofConfiguredGrantConfigMAC-r16 to support NTN.

Due to above analysis, where we observed that the delay for providing resources for UL data transmission may decrease significantly, the resource utilization may be adjusted appropriately and the specification effort is manageable, we propose to support configured grant for NTN.
Observation 3: 		There is little specification impact to support configured grant in NTN.
Proposal 5: 	Support configured grant in NTN for UL scheduling.

2.2 BSR over 2-step RACH
Another method to get UL resources assigned and to avoid the delay of two times the RTD of the conventional SR-BSR-procedure, is to include a BSR in MsgA of the 2-step RACH procedure. 
In TS 38.300 Section 7.3.2 [7], it is specified that for UEs in RRC_IDLE and RRC_INACTIVE mode, a random access procedure, 2-step or 4-step RACH procedure, can be used to request for further SI. Considering the large propagation delay in NTN, the 2-step RACH procedure will be the preferred option for NTN. 
Proposal 6: 		2-step RACH procedure will be the preferred random access procedure to request for a grant for UL data transmission in NTN.
The BSR (SI request message) will be included in MsgA using PUSCH resources (corresponding to Msg3 in 4-step RACH procedure). Using this method, the delay until the first transmission of data could be significantly reduced compared to conventional SR-BSR-procedure. 
Observation 4:	In NTN, the delay until the first transmission of data could be significantly reduced using BSR over 2-step RACH in comparison to the conventional SR-BSR-procedure. 
However, considering the large cell size in NTN, e.g. 90km satellite beam diameter in LEO-1200  S-band scenario, see Table 6.1.1.1-1 in TR 38.821 [4], the number of UEs per cell/beam could become quite large. Therefore, it is worth to mention that the random access capacity is limited and using BSR over 2-step RACH will increase the collision probability. 
Observation 5:	Using BSR over 2-step RACH will increase the collision probability of RACH procedure.

From our perspective, low latency will not be of such importance for all NTN services. For example, if a UE wants to transmit huge amount of data, the delay until the first data transmission will not play such an important role and the usage of BSR over 2-step RACH could be avoided. All in all, in order to handle the RACH resource shortage, we propose to limit the usage of BSR over 2-step RACH in NTN.
Proposal 7: 	In NTN, use BSR over 2-step RACH only to a limited level. FFS whether a level should be specified or is up to network implementation.

Above analysis shows, that the specification impact to support BSR over 2-step RACH is limited. 
Observation 6: 		There is little specification impact to support BSR over 2-step RACH in NTN.

The specified RACH procedure allows multiplexing of several UEs on the same 2-step RA resources. This means that BSR over 2-step RACH procedure is a more resource-efficient method for performing access resource requests compared to configured grant.
Observation 7: 	BSR over 2-step RACH procedure is a more resource-efficient method for performing access resource requests compared to configured grant.
However, as discussed above the capacity for random access procedure is limited and therefore we propose to support both methods, configured grant and BSR over 2-step RACH for NTN. 
Proposal 8: 	Support BSR over 2-step RACH procedure in NTN for UL scheduling.

3 Conclusion and Proposals
In this document, we discussed enhancements for UL scheduling in NTN. The following observations and proposals are made: 
Observation 1:	In NTN, the delay until the first transmission of data could be significantly reduced with a configured grant in comparison to the conventional SR-BSR-procedure.
Observation 2: 	Configurable periodicity should provide enough flexibility for NTN.
Observation 3: 	There is little specification impact to support configured grant in NTN.
Observation 4:	In NTN, the delay until the first transmission of data could be significantly reduced using BSR over 2-step RACH in comparison to the conventional SR-BSR-procedure.
Observation 5:	Using BSR over 2-step RACH will increase the collision probability of RACH procedure.
Observation 6: 	There is little specification impact to support BSR over 2-step RACH in NTN.
Observation 7: 	BSR over 2-step RACH procedure is a more resource-efficient method for performing access resource requests compared to configured grant.

Proposal 1: 	In NTN, the preferred configured grant is Type 1, which is configurable for a group of UEs.
Proposal 2: 	Enhancement to reduce the signaling overhead on configuration as well as activation / deactivation of configured grant should be discussed for NTN. 
Proposal 3: 	There is no need to modify periodicity of information element (IE) ConfiguredGrantConfig to support NTN.
Proposal 4: 	There is no need to modify maxNrofConfiguredGrantConfig-r16 and maxNrofConfiguredGrantConfigMAC-r16 to support NTN.
Proposal 5: 	Support configured grant in NTN for UL scheduling.
Proposal 6: 		2-step RACH procedure will be the preferred random access procedure to request for a grant for UL data transmission in NTN.
Proposal 7: 	In NTN, use BSR over 2-step RACH only to a limited level. FFS whether a level should be specified or is up to network implementation.
Proposal 8: 	Support BSR over 2-step RACH procedure in NTN for UL scheduling.
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