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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 results are summarized in [2]. The new study item 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. 

In RAN2#103bis, it is agreed to study the following UP and CP aspects:
UP Impacts to study 
1. DRX
2. HARQ 
3. Random access response 
4. RLC/PDCP reordering (e.g. timers and SN space)
5. SDAP => no impact
Impacts to study for CP
1. Mobility 
2. TA management and update 

In RAN2#104, the following agreements on UP were reached:
RACH Agreements:s
-	Discussion on 2-step RACH will be postponed until the procedures are more stable. 
HARQ Agreements:
-	Both options (enhancing HARQ and disabling HARQ) will be studied.  
RLC Agreements:
-	All RLC modes are supported.  
-	Study the need to extend the RLC/PDCP SN and window sizes based on throughput requirements.  

In this paper, we discuss the benefits and some details on configured scheduling for NTN.

[bookmark: _Ref178064866]Discussion
Configured scheduling, CS, in NR is configurable for downlink and uplink, where there are two types for the uplink configured grant. For terrestrial network, CS aims to reduce the PDCCH load for DCI scheduling and decrease the latency for application such as URLLC since sending SR is not needed as illustrated below. One of the main benefits for NTN with configured grant is due to the large delays associated with UE getting uplink resources when the propagation delays are high. In the baseline case, the UE has to go through the SR->Grant(for BSR)->BSR->Grant(for UL data) procedure in order to get sufficient uplink resources. This procedure may be sufficiently fast for most terrestrial cases (except some URLLC use cases), but in non-terrestrial case the delay before UL data is sent would be prohibitively long as seen by Figure 1. 
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Figure 1. Dynamic scheduling when UE does not have uplink resources
Uplink configured grant
As mentioned above, there are two different types of uplink grants that during data transmission mainly function the same way but have different methods for setting up the configured grant. Type 1 is the method where the configured grant parameters, such as periodicity and HARQ-processes of the pre-configured grant as well as the information that would normally go in to the DCI of a dynamic uplink grant are signalled in RRC only. For Type 2, the information such as periodicity and HARQ-processes are signalled by RRC and the information that normally goes in to a grant is signalled once over PDCCH using CS-RNTI. 
Assuming that the configured grant is already set up, it works in the following way: 
When the configured grant is set up, the UE is given a periodicity, MCS, offset and the information that is usually required for dynamic scheduling for the UE to send uplink data if data is available. The UE is also set up with a number of HARQ processes allocated to be used with the configuredGrantTimer for the configured grant so that the UE can calculate the HARQ process ID to use at a specific configured grant occasion. Other HARQ-processes can be configured to be used also for dynamic scheduling.
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Figure 2. Configured grant.
Effect of large propagation delays
When considering the uplink configured grant for NTN the first question is whether there are any impacts on the procedure due to large propagation delays. In principle the configured grant procedure should work as is, due to that it is not a closed-loop procedure except for when the configured grant is reconfigured or if a retransmission is triggered using dynamic scheduling. The timer configuredGrantTimer is used to protect HARQ retransmission and to prevent the configured grant from reusing the same HARQ-process ID scheduled by dynamic scheduling before HARQ feedback is possible. This is seen in Figure 3.
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Figure 3. A dynamic grant uses HARQ process reserved by configured grant.
Furthermore, if allowed by the configuredGrantTimer, the HARQ-processes to be used for a configured grant occasion is selected based on the following formula:
HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
This formula is used to make sure that the configured grant toggles the HARQ-process IDs if consecutive CS opportunities are used. In our understanding configuredGrantTimer is used to prevent the configured grant from reusing the same HARQ process for transmissions or retransmissions that are currently in-flight due to large propagation delay. 
[bookmark: _Toc441861][bookmark: _Toc888217][bookmark: _Toc1064586][bookmark: _Toc4406011][bookmark: _Toc4526184][bookmark: _Toc4620754][bookmark: _Toc4673137][bookmark: _Toc4686788][bookmark: _Toc4697351][bookmark: _Toc4699258]If HARQ is enabled, the configuredGrantTimer needs to be able to cover the round-trip delay.
The timer is expressed in terms of the periodicity of the configured grant with a maximum value of 64 periods, and the periodicity is expressed in terms of symbols. For 15kHz SCS the maximum periodicity is 640 ms, meaning that the maximum timer value in seconds is 640ms*64 = 40.96 seconds, which should be sufficient. For higher SCS the periodicities scale, meaning that the maximum timer value will remain constant with higher SCS. Due to the flexibility of the periodicity-values, it is also possible to configure values that are close enough to certain more specific round-trip times.
[bookmark: _Toc441862][bookmark: _Toc888218][bookmark: _Toc1064587][bookmark: _Toc4406012][bookmark: _Toc4526185][bookmark: _Toc4620755][bookmark: _Toc4673138][bookmark: _Toc4686789][bookmark: _Toc4697352][bookmark: _Toc4699259]The range of configuredGrantTimer should be sufficient to cover NTN RTDs.
[bookmark: _Toc441863][bookmark: _Toc888221][bookmark: _Toc1064259][bookmark: _Toc1064542][bookmark: _Toc4406007][bookmark: _Toc4526186][bookmark: _Toc4686790][bookmark: _Toc4697353][bookmark: _Toc4699260]RAN2 to confirm that no changes are needed for configuredGrantTimer.

[bookmark: _Ref189046994]Turning off HARQ for configured grant
In a previous contribution [3] we discussed some details on how the network is already able to partially turn off HARQ functionality. In the uplink case the HARQ-functionality can be disabled by 1) the network continuously feeding the transmitter with UL grants with NDI toggled and 2) gNB not sending HARQ-feedback. For configured grant, only the 2) can be used to partially turn-off HARQ-functionality and since there is no UL grant with NDI constantly toggled, there should not be any modifications needed to switch off HARQ for configured grant.
[bookmark: _Toc441864][bookmark: _Toc888222][bookmark: _Toc1064260][bookmark: _Toc1064543][bookmark: _Toc4406008][bookmark: _Toc4526187][bookmark: _Toc4686791][bookmark: _Toc4697354][bookmark: _Toc4699261][bookmark: _Toc888223][bookmark: _Toc1064261][bookmark: _Toc1064544][bookmark: _Toc888224][bookmark: _Toc1064262][bookmark: _Toc1064545][bookmark: _Toc888225][bookmark: _Toc1064263][bookmark: _Toc1064546][bookmark: _Toc888226][bookmark: _Toc1064264][bookmark: _Toc1064547][bookmark: _Toc888227][bookmark: _Toc1064265][bookmark: _Toc1064548][bookmark: _Toc888228][bookmark: _Toc1064266][bookmark: _Toc1064549][bookmark: _Toc888229][bookmark: _Toc1064267][bookmark: _Toc1064550][bookmark: _Toc888230][bookmark: _Toc1064268][bookmark: _Toc1064551][bookmark: _Toc888231][bookmark: _Toc1064269][bookmark: _Toc1064552]RAN2 to confirm that no changes are needed for turning off HARQ for configured grant.
Downlink Semi-persistent Scheduling
In the downlink, Semi-persistent scheduling is used to allow for assignment-free downlink transmissions. The HARQ process ID that is normally signalled on PDCCH is instead derived by the equation (See TS 38.321, 5.3):
HARQ Process ID = [floor (CURRENT_slot × 10 / (numberOfSlotsPerFrame × periodicity))] modulo nrofHARQ-Processes
The SPS-Config includes parameters such as periodicity, nrofHARQ-Processes, n1PUCCH-AN and mcs-Table. As seen in the downlink SPS IE, there are no timers in the SPS procedure itself. Therefore, it is not believed that any adaptions are directly needed in order to make the procedure work with large propagation delays. 
[bookmark: _Toc4406009][bookmark: _Toc4526188][bookmark: _Toc4686792][bookmark: _Toc4697355][bookmark: _Toc4699262]RAN2 to confirm that no changes are needed for downlink SPS due to long propagation delays.
However, if HARQ is switched off there could possibly be a need to adapt the procedures. We therefore propose that RAN2 should study if there are impacts to the DL SPS if HARQ is switched off.
[bookmark: _Toc4406010][bookmark: _Toc4526189][bookmark: _Toc4686793][bookmark: _Toc4697356][bookmark: _Toc4699263]RAN2 to study how to switch off HARQ for DL SPS.
Conclusion
In section 2 we made the following observations:
Observation 1	If HARQ is enabled, the configuredGrantTimer needs to be able to cover the round-trip delay.
Observation 2	The range of configuredGrantTimer should be sufficient to cover NTN RTDs.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 to confirm that no changes are needed for configuredGrantTimer.
Proposal 2	RAN2 to confirm that no changes are needed for turning off HARQ for configured grant.
Proposal 3	RAN2 to confirm that no changes are needed for downlink SPS due to long propagation delays.
Proposal 4	RAN2 to study how to switch off HARQ for DL SPS.
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