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1 Introduction- MAC UP Enhancements
RAN2 has identified several areas for enhancements to the Release 15/16 MAC User Plane to adapt 5G to an NTN. These areas include random access, UL scheduling, DRX, and UL Scheduling Request. Furthermore, there are some areas that overlap RAN1 and RAN2 activities such as the number of HARQ processes and disabling/enabling HARQ feedback. This contribution summarizes our preliminary observations and proposals for these areas and reflect the discussions presented in RAN2 [1] [2]. 
The MAC UP enhancements, like many other enhancements, are influenced by the NTN type. While there are different types of NTNs, RAN2 has decided to focus on two types of the NTN in Release 17- GEO satellites with a transparent payload and LEO satellites with a transparent payload. In these configurations, the gNB radio interface protocol stack is on the ground, and the satellite essentially acts as a repeater. HAPS is implicitly supported due to the support for LEO satellites. In future (i.e., after R17), an airborne/space vehicle with a regenerative payload may also be supported. In such case, the entire gNB may be on the airborne/space vehicle. In another possibility, the gNB-DU may be on the airborne/space vehicle and the gNB-DU may be on the ground. Any MAC UP enhancements would need to reflect expected NTN types in the near foreseeable future.
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 Random Access
Enhancements to both the 4-step random access (RA) procedure and 2-step RA procedure for an NTN are considered in [2]. 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. The 2-step procedure modifies timings of messages to shorten the overall time needed to complete the RA procedure. 
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.
RAN2 can study enhancements that reduce the overall amount of RA signaling such as those associated with RRC state transitions and Tracking Area Update (TAU) signaling. The use of longer DRX cycles in the RRC_CONNECTED mode, where applicable and suitable, can reduce the RRC state transitions. Efficient signaling mechanisms in support of Earth-fixed Tracking Areas can reduce the TAU signaling. 

Note that the impact of higher per-user signaling is magnified by a large factor in an NTN, because multiple UEs would be going through messaging related to RRC state transitions and TAUs. NTN cells tend to be much larger than Terrestrial Network (TN) cells. Hence, more UEs per cell are expected in an NTN cell compared to a TN cell. The radio resource constraints are likely to be more severe in an NTN compared to a TN due to relatively narrower channel bandwidths in a typical NTN.
Observation 1. RAN2 is enhancing both the 4-step RA procedure and the 2-step RA procedure. 
Proposal 1. Both the 4-step RA procedure and the 2-step RA procedure for CBRA and CFRA should also be supported in NTN.
Propagation delays can be quite long in an NTN. Hence, time-dependent parameters of the RA procedure such as ra-ResponseWindow, ra-ContentionResolutionTimer, and Timing Advance Command require adjustments. These parameters can benefit from the knowledge of the minimum Round Trip Time (RTT) for a given NTN.

A timing offset that reflects the NTN-type based RTT can be used to delay the start times for ra-ResponseWindow and ra-ContentionResolutionTimer. Furthermore, the minimum RTT can help specify a common Timing Advanced (TA). A scaling factor (which can be common across all time-based and/or non-time based parameters) can then be used to fine-tune the actual values of ra-ResponseWindow, ra-ContentionResolutionTimer, and Timing Advance Command.
Since the impact of the RTT due to long propagation delays is common across time-based parameters at the MAC and other layers, a common RTT adjustment based on the minimum propagation delay for a given NTN type can be made. Such adjustment would be efficient from the signaling and management perspectives. This adjustment approach will enable the reuse of the existing R16 parameter settings. The NTN type-based time can reflect the minimum RTT, and, finer adjustments can be made to the existing parameter settings using a scaling factor.
Observation 2. RAN2 has identified the need to enhance to the time-related RA parameters such as ra-ResponseWindow, ra-ContentionResolutionTimer, and common TA. 
Proposal 2. Use the knowledge of the NTN type to delay the start times of ra-ResponseWindow and ra-ContentionResolutionTimer and to specify common TA and make similar changes to other time-based parameters at the MAC and other layers. 
2.2 Uplink Scheduling
In a typical UL scheduling procedure in R16, the UE sends a Scheduling Request (SR) on the PUCCH to the gNB, and, the gNB typically allocates a small amount of UL radio resources for the UE’s Buffer Status Report (BSR). Upon receiving the BSR from the gNB, the gNB can allocate a suitable amount of UL resources that reflects the BSR. Hence, there is a scheduling delay of (2*RTT) for the uplink data transfer when new data arrives in the buffer and the UE does not have any PUSCH resources assigned to it. 
In a TN cell, the RTT is negligible and not a major problem. However, the RTT could be quite long in an NTN. Hence, a method to reduce such long scheduling delay would certainly be welcome. RAN2 has identified example solutions such as the gNB sending a large grant in response to SR, configured grant, BSR-indication in SR, and BSR over 2-step random access [2]. No specific solution has been finalized for this UL scheduling problem. An evaluation of these mechanisms is needed. 
In general, these mechanisms or other mechanisms that may be proposed have different costs in the form of latency, resource utilization, and complexity (e.g., the amount of work needed to change the specifications). NTN resources are more scarce than TN resources, because the overall amount of accessible spectrum is less, the average achievable spectral efficiency is lower, and the number of active connections per cell could be higher in an NTN compared to a TN. Hence, resource utilization needs to be carefully tracked while evaluating the delay-reducing mechanisms.
Observation 3. A solution to the long UL scheduling problem for an NTN is needed. 
Proposal 3.  Prioritize mechanisms that can reduce the UL scheduling latency without consuming a significant amount of radio resources although they may be more complex.
2.3 DRX
DRX helps save precious UE power, increasing the UE battery life. In support of an NTN, most DRX parameters do not need adjustments for an NTN but adjustments for the handling of drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL are needed to support NTN.
A suitable offset that reflects the NTN type can be added before the start of drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL. This offset can be the RTT that is common to several other timers. Furthermore, a scaling factor can provide additional fine-tuning if needed to adjust an R16 parameter setting.
Observation 4. Adjustments to drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL are needed when HARQ feedback is enabled. 
Proposal 4. Use the knowledge of the NTN type to delay the start of drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL.  
When the HARQ feedback is enabled and HARQ stalling has occurred for one or both links, the UE unnecessarily monitors PDCCHs for relevant DCIs even though no resource assignment can occur. The UE’s precious power is thus wasted, reducing the UE battery life. RAN2 can explore mechanisms to avoid such unnecessary PDCCH monitoring.

Observation 5. When DRX is active and HARQ stalling occurs, the UE unnecessarily monitors PDCCHs.
Proposal 5. Explore mechanisms to avoid unnecessary PDCCH monitoring during HARQ stalling.    
2.4 Scheduling Request Transmissions
The UE sends a Scheduling Request to the gNB to receive an uplink assignment for a new UL transmission (or a higher priority UL transmission) [2]. After sending the SR, the UE starts the timer sr-ProhibitTimer. The UE does not send another SR as long as this timer is running. This timer, configured by the gNB, gives the gNB adequate time to respond to the UL resource request and ensures that there is no excessive SR signaling. 

RAN2 has observed that the value of sr-ProhibitTimer is inadequate for the NTY type GEO, because the maximum value is 128 ms, while GEO delays are much longer. To prevent unnecessary SRs and to ensure proper SR operations, an adjustment to sr-ProhibitTimer is needed [2].
Observation 6. RAN2 has identified the need to make an adjustment for sr-ProhibitTimer. 
Proposal 6. Use the knowledge of the NTN type to delay the start of sr-ProhibitTimer.
2.5 HARQ Configuration
Since propagation delays can be quite long in an NTN, 3GPP is considering HARQ enhancements. For example, RAN1 is evaluating the need to increase the number of HARQ processes to at least partially account for long propagation delays. If the number of HARQ processes is too high, the buffer requirements and the processing requirements at the UE (and the gNB) can be quite high. 
Since different NTN types have widely different delays, making the (maximum) number of HARQ processes a function of the NTN type will be helpful. This will result in the use of a minimum number of bits to indicate the HARQ process ID for a given NTN type. Simply increasing the number of HARQ processes for all NTN types would result in an unnecessary increase in the number of bits at lower layer (e.g., PHY layer) signaling, where every bit is precious! 

Conveying the NTN Type would likely be within RAN2 scope (e.g., broadcast of the NTN Type in System Information messages such as SIB1), while RAN1 would determine the number of HARQ processes for a given NTN Type. Coordination with RAN1 would be needed to associate the NTN Type and the (maximum) number of HARQ processes.
Observation 7. The number of HARQ processes would likely be increased for an NTN. 

Proposal 7. Making the (maximum) number of HARQ processes a function of the NTN Type will be helpful from the signaling and efficiency perspectives. 
RAN1 and RAN2 have decided to support enabling of the HARQ feedback (i.e., ACKs and NACKs) as well as disabling of the HARQ feedback. This decision provides flexibility to the gNB in managing radio resources and QoS requirements. Note that HARQ processes are still configured even when the HARQ feedback is disabled.
Enabling or disabling of the HARQ feedback can be carried out via RRC signaling [2].
In addition to the RRC signaling-based HARQ feedback enabling/disabling, it may be worthwhile evaluating the HARQ enabling/disabling at the MAC and/or PHY layer. Such lower-layer and faster change of HARQ feedback enabling/disabling enables the gNB to promptly reconfigure the HARQ feedback option. The benefit of lower layer signaling for HARQ disabling/enabling is more pronounced when the gNB-DU is on the airborne/space vehicle and the gNB-CU is on the ground. 

Consider the case of Earth-fixed cells created using beam tracking, where a satellite goes from one end of the horizon to the other end of the horizon.  The gNB-DU can disable HARQ using lower layer signaling when it is about to go below the horizon and thus maximize the time period during which HARQ is used. The use of RRC signaling by the gNB-CU would lead to a shorter time period during which the HARQ feedback can be utilized, because the RRC signaling message would have to be sent much earlier. Although R17 focuses on the transparent payload, such forward-looking mechanism can be beneficial in making the RAN2 solution more efficient.
Observation 8. RAN2 has mentioned the support for HARQ enabling/disabling via RRC signaling. 

Proposal 8. In addition to RRC signaling-based HARQ enabling/disabling, it may be worthwhile evaluating the HARQ enabling/disabling at the MAC or PHY layer. 

3 Conclusion

We have reiterated our preliminary proposals for MAC enhancements below.
Proposal 1. Both the 4-step RA procedure and the 2-step RA procedure for CBRA and CFRA should also be supported in NTN.
Proposal 3.  Prioritize mechanisms that can reduce the UL scheduling latency without consuming a significant amount of radio resources although they may be more complex.
Proposal 5. Explore mechanisms to avoid unnecessary PDCCH monitoring during HARQ stalling.    
Proposal 8. In addition to RRC signaling-based HARQ enabling/disabling, it may be worthwhile evaluating the HARQ enabling/disabling at the MAC or PHY layer. 
Consolidated Proposal 2, 4, 6, and 7. Use the knowledge of the NTN type to increase timer values or delay the start times of timers of ra-ResponseWindow, ra-ContentionResolutionTimer, common TA, drx-HARQ-RTT-TimerDL, drx-HARQ-RTT-TimerUL, sr-ProhibitTimer, along with the increase of other time-based parameters at various layer (e.g., common TA at the PHY layer and the maximum number of HARQ processes at the MAC layer).
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