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1 Introduction- User Plane Aspects
Overall Status of User Plane Discussions

Since the beginning of the NTN Work Item, RAN2 has discussed various User Plane aspects as part of these Agenda Items: (i) RACH Aspects (AI 8.10.2.1), (ii) Other (i.e., miscellaneous) MAC Aspects (AI 8.10.2.2), and (iii) RLC/PDCP Aspects (AI 8.10.2.3). The overall status of these items in RAN2 and associated NTN enhancements are briefly summarized below and discussed in detail in Section 2.  Several important topics have not yet been discussed by RAN2. We suggest that RAN2 consider these topics and associated enhancements to facilitate creation of a commercially viable, reliable, and high-performance NTN solution.
RACH Aspects

RAN2 has discussed the overall RACH aspects for an NTN [1][2] and has made some agreements [3]. Samsung has previously contributed to such discussions [4] [5] [6]. 
Several important issues relevant to the RA procedure have not yet been discussed by RAN2. For example, the interpretation of the “timing compensation” has not been discussed. Furthermore, while enhancements to both 4-Step RA and 2-Step RA are within the scope of the NTN WI, 4-Step RA enhancements have not been discussed. Additionally, while the UEs are assumed to be GNSS-capable, the cases of (i) the UEs without having pre-compensation capability and (ii) the lack of reliable GNSS reception have not been considered.  We suggest that RAN2 consider these RACH topics. 
Miscellaneous MAC Aspects

RAN2 has discussed several miscellaneous MAC aspects for an NTN [12][13] and has made some agreements [1]. Samsung has previously contributed to such discussions [9] [10] [11] [14].  This contribution highlights miscellaneous MAC issues that need further discussions and decisions in RAN2.

Several important issues relevant to the MAC layer need to be discussed by RAN2 to identify a set of candidate solutions for each issue and possibly finalize solutions. The issue of unnecessary PDCCH monitoring in case of HARQ stalling (especially for non-GNSS satellites such as LEO satellites) should be discussed by RAN2 to save UE processing power. Furthermore, the capacity bottleneck of RNTI should be addressed for the NTN due to large cell sizes and the need to support a large number of RRC connections, especially IoT devices with intermittent data traffic arrivals. We also note that the topic of UL scheduling has been discussed and the reuse of legacy mechanisms such as the 2-Step RACH procedure and the Configured Grant (CG) has been agreed upon so far. However, candidate enhancements have not been analysed yet. In particular, we observe that while these legacy mechanisms reduce the UL scheduling delay, they lead to excessive use of precious radio resources due to a large of UEs per NTN cell. It is important to utilize the NTN radio resources efficiently while trying to reduce the UL scheduling delay.  Hence, mechanisms that reduce the UL scheduling delay without consuming a significant amount of radio resources should be discussed. The issue of logical channel prioritization (LCP) has been discussed in the past RAN2 meetings and we offer our observations in that area. In the RAN2$113bis-e meeting in April 2021, an agreement was made to discuss candidate UE behaviors related to drx-HARQ-RTT-TimerUL. These UE behaviors should be discussed further along with an efficient mechanism of conveying HARQ feedback enabling/disabling to the UE. 
RLC/PDCP Aspects

RAN2 started working on the Non Terrestrial Network (NTN) Work Item as part of Release 17 in August 2020 [7][8][1]. RAN2 held email discussions on RLC and PDCP aspects for the NTN as part of “[POST111e][909][NTN] RLC and PDCP aspects” [15]. Samsung previously contributed to the discussions on RLC and PDCP issues for an NTN [17] [18].

RAN2 held email discussions on the RLC/PDCP aspects [19] and made the following agreements.
This contribution considers explains the NTN-specific issues and summarizes Samsung’s proposals in the following areas. 
A. Timing Compensation at the UE
B. 4-Step RA Enhancements for Enhanced Handover
C. RA Resource Selection
D. HARQ Stalling 

E. RNTI Enhancements

F. UL Scheduling Enhancements

G. Logical Channel Prioritization in the UL 
H. Management of UE Behaviors for drx-HARQ-RTT-TimerUL
I. Framework for Timer Modifications for RLC t-Reassembly Timer, PDCP discardTimer, and PDCP t-reordering Timer.
2  Discussion
We would like to offer some observations and related proposals below to facilitate the discussions toward normative specifications that are customized for an NTN. 
2.1 RACH Aspects: Timing Compensation
 We think that it would help if RAN2 contributors have the same understanding or interpretation of the timing adjustments/compensation.

The issue of “timing compensation” was raised in [5]. However, it has not yet been addressed by RAN2, primarily due to the wait associated with RAN1 progress on the topic. 

RAN2 made the following decision about the timing compensation in the RAN2 meeting #112e held in November 2020.

“RAN2 working assumption (for RRC idle. FFS for Inactive/Connected): Rel-17 UE with pre-compensation capability obtains UE specific UE-gNB RTT based on its GNSS in LEO/GEO. FFS how this is calculated and what/if anything needs to be broadcasted for the different pre-compensation methods (e.g. common TA) to help the UE to obtain the full UE-gNB RTT.”
We briefly discuss the calculation of the timing compensation and broadcast of relevant information below when the UE has pre-compensation capability.

Companies may have different views on exactly what delays may be compensated by the UE. As shown in Table T1 [2], the total round trip delay (RTD) or round trip time (RTT) between the UE and the gNB includes processing delays and propagation delays. The propagation delays are time-varying and are a function of the platform’s position, the NTN-GW position, and the UE position. Key propagation delays are the platform-NTN-GW delay (i.e., the feeder link delay, which the same for all UEs in the cell) and the platform-UE delay (i.e., the service or access link delay, which is different for different UEs in the cell. 

Let’s consider two basic approaches to enable the UE to determine (i) its RA preamble transmission time and (ii) time to receive a DL response (e.g., an RAR) from the gNB: propagation delay based approach and the time-based approach.

· Propagation Delay Approach. In this approach, the UE calculates the service link propagation delay based on its GNSS-based position and the NTN platform’s position. The UE can use the feeder link propagation delay broadcast by the gNB. 
· The advantage of this approach is simplicity. 
· One disadvantage of this approach is that the feeder link propagation delay is variable and may not be the right value when the UE is using the value broadcast by the gNB. To avoid frequent calculation and transmission of the variable feeder link delay by the gNB, the gNB can broadcast the NTN-GW position. In our understanding, the satellite gateway positions are often available in the FCC database and hence represent the public (and not confidential) information. The UE can more accurately calculate the feeder link propagation delay if the NTN GW positions are broadcast where allowed by the country regulations. The broadcast of the NTN-GW position is also much more efficient from the signaling perspective, because the NTN-GW positions are fixed and can be sent much less frequently in a SIB. Of course, when a country’s regulations prohibit such broadcast of the NTN-GW locations or the operator wishes to avoid such broadcast of the NTN-GW locations, the explicit feeder link delay can be broadcast as an option. 

· Another disadvantage of this approach is that the UE’s estimate of the UE-gNB RTT would be highly inaccurate when the total processing delay for LEOs and HAPS is comparable to the total propagation delay. For example, the one-way UE-gNB delay for the transparent payload case can be as little as 5.4 ms for a LEO at the 800 km altitude and 3.2 ms for HAPS. The processing delay can easily be on the order of few milliseconds and would most likely exceed these propagation delay and hence would not be negligible. To address this disadvantage of the propagation delay approach, the network can broadcast its estimate of the total processing delay.
· Time Approach. In this approach, the UE estimates RTT as (2*(Time at which SI is received – Reference Time specified in SI)). Such calculation automatically reflects the total delay, which includes (i) all the processing delays at the satellite, the NTN-GW, and the gNB for the UE-to-gNB link and the gNB-to-UE link and (ii) the service link and the feeder link delays. This calculation assumes symmetric processing and propagation delays. 
· The advantage of this method is that processing and propagation delays are automatically considered.
· The feasibility of this time-based approach needs to be evaluated from the perspective of achievable time resolution to ensure that timing and frequency requirements from RAN1 can be met.

Based on the RAN2 discussions so far, it appears that many companies may be thinking of the propagation delay based approach. However, it would be helpful if companies reach common understanding about what approach(es) RAN2 should focus on.

Observation 1. The RTT estimation by the UE that uses the propagation delay approach would be inaccurate when processing delays are comparable to propagation delays (e.g., in case of LEOs and HAPS).   

Proposal 1. Discuss the definition of RTT within the scope of the pre-compensation by the UE in the NTN and identify if it includes propagation delay only or both propagation delay and processing delay. Determine relevance of processing delays for UE’s first transmission and/or reception. Discuss propagation delay based approach and the time-based approach to reach common understanding of the RTT estimation approach for pre-compensation.  
In case an accurate GNSS-based UE location is unavailable (e.g., due to poor visibility of the GNSS) or if the UE does not have pre-compensation capability (e.g., a future Release 18 UE), the UE needs to get some help from the network so that it can compensate for a large fraction of the UE-gNB RTT. To facilitate the operation of such UEs, the network can broadcast the gNB-to-Reference Point delay, which can be the delay at the instant the SIB is created or the delay at a future instant when a hypothetical UE located at the Reference Point would receive a SIB carrying this delay.  Another possibility is for the gNB to broadcast the Reference Point coordinates. The UE can then use these Reference Point coordinates instead of the typical UE coordinates to estimate the RTT.

Observation 2. GNSS-capable R17 UEs may not have accurate or reliable GNSS-based location at all times.    

Proposal 2. Discuss a fallback mechanism such as the broadcast of the UE-Reference Point Delay or Reference Point coordinates to facilitate the RTT estimation by the UE when accurate GNSS-based location is unavailable at the UE.   
2.2 RACH Aspects: 4-Step RA Enhancements for Enhanced Handover 
Both the 4-step random access (RA) procedure and the 2-step RA procedure for an NTN are considered by RAN2. 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 and increased resource utilization. We suggest that RAN2 continues to support and enhance both the 4-step RA procedure and the 2-step RA procedure, especially during handover.
Due to the challenges associated with the 2-step RA procedure for an NTN, we think that it is important to support and enhance the 4-step RA procedure. As the industry gains more experience in NTN deployments, one procedure can be preferred over another. 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.
We have not seen any significant discussions for the 4-step RA procedure enhancements so far in RAN2.

Observation 3. A 2-step RA procedure can reduce the overall handover signaling delay but may not be more efficient than a 4-step RA procedure from the perspective of resource consumption. An NTN should have the flexibility of using both 4-step RA and 2-step RA just like a TN. The 2-step RA may not be reliable in an NTN due to (more) challenging radio channel conditions near the cell edge.
Proposal 3. We suggest that RAN2 discuss enhancements to the 4-step RA procedure, especially for handover.  
We have explained below challenges of using the 4-Step RA procedure for handover and how this procedure can potentially be enhanced for an NTN. 

A drawback of using the traditional 4-step RA procedure in an NTN is longer user traffic interruption time, because the user traffic is not typically exchanged between the RRC Reconfiguration message and the RRC Reconfiguration Complete message. Figure 1 illustrates a typical timeline for handover in LTE and 5G. In Figure 1, PD is the one-way propagation and processing delay between the UE and the gNB/eNB. According to Event A3, the UE sends a measurement report when the neighboring cell becomes an offset better than the serving cell and stays better than the serving cell for the duration of timeToTrigger. 
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Figure 1. Typical Handover Timeline in a 4G/5G Network

At time t2, Event A3 occurs, and, the UE sends a Measurement Report containing the measurements of the serving cell and the candidate cell. The gNB/eNB makes a handover decision, gets the approval of the target gNB/eNB and sends a handover command to the UE at time t4 in the form of an RRC message such as RRC Reconfiguration. The UE stops communicating with the source cell/Base Station and initiates the random access procedure toward the target cell/BS by sending a RA preamble at t6. The target BS replies with a Random Access Response and includes a timing adjustment to facilitate UL synchronization and UL resource allocation in the form of a grant. The UE sends an RRC Reconfiguration Complete message (so-called Msg3 or Message 3) at time t10 using the allocated UL grant to complete the handover process. In a typical gNB/eNB implementation, the gNB/eNB allocates DL/UL resources after receiving Msg3. User traffic transfer typically does not occur for a UE between t5 and t13.
However, it is possible to significantly reduce the user traffic transfer without altering the overall 4-tep RA signaling between the UE and the network though some simple enhancements. Consider Figure 2 for a proposed intra-handover/Random Access user traffic transfer mechanism. In Figure 2, ST is the Switching Time from the source cell to the target cell, PUA is Periodicity of Uplink Allocation, and PDA is Periodicity of Downlink Allocation. PUA and PDA are applicable if Configured Scheduling is used.
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 Figure 2. Proposed Intra-Handover/RA Timeline for an NTN
In Figure 2, after receiving the RRC Reconfiguration message from the S-gNB and after the period of ST, the UE is able to do data transfer with the target cell in the T-gNB using Configured, Semi-Persistent, or Dynamic Scheduling though suitable configuration specified by the T-gNB in the RRC Reconfiguration message. Any PUSCH transmission prior to receiving he RAR can have a guard time/band per gNB configuration. However, any PUSCH transmission after the reception of the RAR does not need any guard time/band. A UE that has implemented timing and frequency pre-compensation can make use of this feature. 

While Figure 2 illustrates Configured Scheduling, Dynamic Scheduling can also be used. In such case, the UE is asked to monitor DCIs containing the UE’s C-RNTI assigned for the target cell for dynamic scheduling.

Observation 4. An NTN UE with timing and frequency compensation capability can support uplink data transfer with the target cell while the random access procedure during handover is ongoing. The UE also has reliable downlink synchronization to support the DL data transfer in the target cell.   
Proposal 4. Support intra-handover user traffic transfer while the RA procedure for handover is ongoing to reduce the user traffic interruption in an NTN.
2.3 RACH Aspects: RA Resource Selection

RAN2 has agreed that only UEs with GNSS capabilities are supported in Rel-17. Based on this agreement, autonomous acquisition of the approximate TA at the UE (known as pre-compensation of TA) with UE-known location and satellite position is possible. However even with consideration that only UEs with GNSS capabilities are supported in Rel-17, the UE may not have valid UE location information available (e.g. because of poor GNSS visibility and so on). Thus, random access in an NTN should be able to support both UEs having a valid UE location information available and UEs having no valid UE location information available. To support both type of UEs, a separate RACH configuration for each type of UEs needs to be allowed in the NTN. 

Observation 5. An R17 NTN UE, although GNSS-capable, may or may not have a valid UE location available.

Proposal 5a. Random access in the NTN needs to support both UEs having valid UE location information and UEs having no valid UE location information. 

Proposal 5b. A gNB can configure separate RACH configurations for (i) the UEs with valid UE location information and (ii) the UEs without valid UE location information.

2.4 Miscellaneous MAC Aspects: HARQ Stalling

The issue of unnecessary monitoring of PDCCHs by the UE in case of HARQ stalling was identified in [13] and summarized in [10]. However, this issue has not been formally discussed in any email discussions or a RAN2 meeting after the work on normative specifications started. Hence, we would like to again draw attention to this issue so that RAN2 can discuss this issue and determine a good solution. Note that the HARQ stalling example illustrated in Figure 1 below is for the case of DRX. However, HARQ stalling can also occur while the UE is operating in the continuous Tx/Rx mode in the RRC_CONNECTED state.

Figure 1 depicts the problem of HARQ stalling for a UE operating in the DRX mode in the RRC_CONNECTED state. In Figure 1, the UE is configured with N HARQ processes.
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Figure 1. HARQ Stalling for a UE in the DRX Mode in the RRC_CONNECTED State

When a UE is operating with DRX, the UE continuously monitors PDCCHs for the duration of drx-InactivityTimer after the last DL/UL assignment is received on a PDCCH. Since no assignment can occur when HARQ is stalled (i.e., all N HARQ processes have sent their data and have been waiting for their respective ACKs/NACKs), the UE is unnecessarily monitoring PDCCHs continuously during drx-InactivityTimer, leading to waste of the UE’s battery power. 
Additionally, upon expiration of drx-InactivityTimer, the UE enters DRX and continues to monitor PDCCHs during the On period of the DRX cycle.  However, no downlink assignment on a PDCCH can occur for at least the Minimum Round Trip Time (MRTT) duration corresponding to the earliest unacknowledged HARQ process when HARQ is stalled. When the network is ready to allocate DL/UL resources at the end of MRTT, it needs to wait for the On period of the DRX cycle, causing an additional packet delay.
Observation 6. A UE, even while operating in the DRX mode, wastes precious battery power by continuously monitoring PDCCHs when HARQ stalling occurs. Long delays in an NTN and a practical limit on the number of HARQ processes can make HARQ stalling a frequent occurrence, especially for the eMBB use case.     

Proposal 6. We suggest that RAN2 discuss the issue of unnecessary and continuous PDCCH monitoring during HARQ stalling as part of HARQ enhancements.  

2.5 Miscellaneous MAC Aspects: RNTI Enhancements 
We observed in [10] and [11] that there is a need to support more RNTIs to support IoT devices in an NTN. We would like to again draw the attention of RAN2 to this issue.

In deployment scenarios where a large number of UEs have RRC connections with a given cell, the constraint of only 16 bits as the RNTI size limits the number of devices that can be in the RRC_CONNECTED state, leading to a huge increase in the signaling load and processing load due to frequent state transitions between the RRC_CONNECTED state and other RRC states such as RRC_INACTIVE or RRC_IDLE. In particular, the signaling load can become excessive and highly inefficient when the cells are large (i.e., covering more devices), amount of traffic is low (e.g., less than few hundred bytes) and the frequency of data transmission is intermittent (e.g., every few seconds or minutes).

5G aims to support a huge variety of devices and Apps, and, many of them and the network would benefit if devices can stay in the RRC_CONNECTED state for a long period, especially with the help of features such as the DRX mode, configured scheduling, and aperiodic Channel State Information (CSI) reporting in the RRC_CONNECTED state.

IoT devices are expected to grow significantly in the coming years for different verticals such as agriculture, energy, and transportation, and, this will require support for a massive number of low-rate delay-tolerant services. As an example, about 40% of rural farms in the U.S. lacked internet connectivity, making most farming IoT solutions difficult to implement. A report by BI Intelligence estimates the number of data points gathered on an average farm will grow from 190,000 today to 4.1 million in 2050.  The number of connected agricultural devices is expected to grow from 13 million at the end of 2014 to 225 million by 2024. An NTN (e.g., a GEO satellite or HAPS) can be a cost-effective solution to support a massive number of IoT devices scattered across a large geographic area. Furthermore, in disaster situations where a Terrestrial Network (TN) is unavailable, an NTN can provide communications capability to UEs, and, a higher capacity in the radio interface will help at least with low data rate connectivity (e.g., SMSs).

Observation 7. The existing 16-bit RNTI is inadequate to support a large number of users in the RRC_CONNECTED state in an NTN cell, especially when there are numerous IoT devices requiring intermittent connectivity.

Proposal 7. We suggest that RAN2 consider introducing a “High Capacity- RNTI” to support a larger size RNTI and give the gNB flexibility to choose a regular 16-bit RNTI or an HC-RNTI with more bits.  

2.6 Miscellaneous MAC Aspects: UL Scheduling Enhancements

RAN2 has identified the need to enhance the UL scheduling procedure to reduce the UL scheduling delay in an NTN [13]. In the RAN2-113e meeting in January, it was agreed that the legacy mechanisms of (i) Configured Scheduling and (ii) 2-Step RA can be used to reduce the UL scheduling delay. However, we had observed during the meeting that these mechanisms will lead to significant radio resource consumption in an NTN. For example, when hundreds and thousands of UEs are in RRC_CONNECTED state in a large NTN cell, the gNB would need to allocate precious UL radio resources to these UEs. Note that any number of these UEs may need to send an uplink scheduling request/BSR at a given instant. If dedicated UL resources are allocated to the RRC_CONNECTED UEs via Configured Scheduling, a significant amount of radio resources would be consumed. If shared UL resources are allocated to the RRC_CONNECTED UEs via Configured Scheduling (as suggested by some companies in the past), there would be unpredictable delay due to potential collision, defeating the original purpose of reducing the UL scheduling delay. Furthermore, it would be a non-trivial matter to determine how many UEs can share the same UL radio resource to send an uplink Scheduling Request. If RA resources are used to convey an uplink Scheduling Request/BSR, more RA resources would need to be reserved for many UEs, leading to resource consumption of precious UL radio resources. Determination of required additional PRACH resources to accommodate additional load of UL scheduling requests/BSRs would be a non-trivial matter. Hence, we suggest RAN2 to consider alternatives to Configured Scheduling and 2-Step RA. We would like to suggest a candidate solution below that (in our view) strikes a good balance among the factors such as resource consumption, the UL scheduling delay, and implementation complexity.

If a gNB knows about the buffer status at the time of Scheduling Request, it can allocate a suitable amount of radio resources in the first UL Grant itself rather than waiting for a regular Buffer Status Report. We would like to do this in an efficient and reliable way so that simplified, representative, and compact (SR+BSR) can be essentially conveyed without sending an actual BSR with SR. If an actual BSR is sent with an SR, it would require many changes in specifications and would likely utilize more radio resources.
We observe that a typical short BSR contains ID of the highest priority logical channel group (LCG) and 5 bits representing the amount of data. The BSR information can be condensed to create Compact Uplink Buffer Information (CUBI). The CUBI aims to represent the UL Buffer Status Information using fewer bits than the original BSR. The fewer the CUBI bits are, the less complex its indication would be (e.g., fewer PUCCH sequences would be needed). The goal of CUBI is to reduce the number of bits compared to a regular BSR while giving the gNB adequate information to allocate fewer or more resources for the uplink. It is possible to create a new table with fewer options of the amount of data. For example, instead of 32 options in the original table (which needs 5 bits), if there are 4 options in the new compact table, only two bits would suffice. A subset of options can be selected from the 32 options in the existing table in R16 specifications.
Consider Figure 2 for an example solution to the UL scheduling problem. This solution reduces the delay by 50% (i.e., one RTD instead of 2 RTDs) but does not consume additional resources compared to the existing R16 procedure.
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Figure 2. Reducing the Scheduling Delay in an NTN using an Enhanced UL Scheduling Procedure
The key idea in Figure 2 is to convey the Scheduling Request and buffer status information indirectly, efficiently, and reliably without sending an actual BSR with SR. Here are example approaches to implement this solution.
· Use different PUCCH sequences to represent different contents of a BSR (e.g., create more sequences per UE; increasing the number of groups is one possibility, where more than 30 groups are utilized to create PUCCH sequences). In our understanding, it may not be too complex for RAN1 to create a PUCCH-based method to convey combined BSR/SR or compact BSR/SR.
· Apply QPSK modulation to the SR sequence on the PUCCH to represent four values of simplified or compact BSR.

· Repurpose PUCCH formats to convey a BSR (e.g., the ACK/NACK-carrying PUCCH can represent 4 values of a simplified BSR).

To reduce the number of bits to represent a BSR (e.g., 2 bits can represent 2^2= 4 different simplified BSR contents and 3 bits can 2^3= 8 different simplified BSR contents), the existing BSR content can be simplified to reduce # of bits that represent the simplified BSR content. In one possibility, a subset of the existing BSR table entries can be selected to represent a simplified BSR. The gNB can convey relevant threshold(s) to the UE so that the UE can report a suitable content of a simplified BSR (e.g., to indicate X kbytes of data).

Observation 8. An NTN UE experiences a long scheduling delay in the UL. The legacy mechanisms of Configured Scheduling and Random Access, when used to reduce the UL scheduling delay, are complex to implement in large NTN cells with a large number of RRC_CONNECTED UEs and can cause significant consumption of precious UL radio resources in an NTN.

Proposal 8a. We suggest that RAN2 consider mechanisms that reduce the delay without increasing the radio resource consumption associated with PRACH or Configured Scheduling. A combined Scheduling Request and simplified BSR can be conveyed by the UE to the gNB using enhanced PUCCHs (e.g., more PUCCH sequences to represent), repurposed PUCCHs, and simplified or compact BSRs.

Proposal 8b. We suggest that RAN2 send an LS to RAN1 to explore the feasibility of enhancing or repurposing PUCCHs so that a significant amount of radio resources can be saved while reducing the UL scheduling delay.
2.7 Miscellaneous MAC Aspects: Logical Channel Prioritization in the Uplink
RAN2 has agreed to support selective enabling or disabling of HARQ processes in the UL. To achieve target QoS for a given logical channel, we support a suitable mapping between a logical channel and a set of one or more HARQ processes.

RAN2 has agreed to support selective enabling or disabling of HARQ retransmission in the UL, without specification changes. It is possible because, in the UL, UE does not know until the actual retransmission resource allocation if gNB enables or disables HARQ. So, we would prefer not to explicitly indicate enabling/disabling HARQ retransmission. However, to achieve target QoS for a given logical channel, we support a suitable mapping between a logical channel and a set of one or more HARQ processes. In contrast to downlink, gNB cannot fully control the contents of each MAC PDU without LCP restriction.

In Rel-16, MAC specification has six LCP restrictions as follows:

· allowedSCS-List

· maxPUSCH-Duration

· configuredGrantType1Allowed

· allowedServingCells

· allowedCG-List 

· allowedPHY-PriorityIndex 

A new LCP restriction could be similarly introduced for this purpose. A straightforward way is to introduce “allowed HARQ process List.”

Observation 9. To achieve target QoS for a given logical channel, a suitable mapping between a logical channel and a set of one or more HARQ processes is necessary.

Proposal 9. Allowed HARQ process list is introduced as an LCP restriction for NTN.
2.8 Miscellaneous MAC Aspects: Efficient and Dynamic HARQ Feedback Enabling/Disabling for the Downlink and the Uplink
RAN2 has agreed to support semi-static enabling/disabling of HARQ feedback per HARQ process in the downlink via RRC signaling. However, based on the extensive email discussions in the last RAN2#113bis-e meeting [12][13], it is clear that a dynamic (i.e., at the PHY layer) enabling/disabling of the HARQ feedback is highly beneficial for both the downlink and the uplink. Furthermore, the UE should know at the time of DL assignment specified in a DCI whether it needs to prepare to send a HARQ feedback to the gNB in response the received DL packet/transport block. Similarly, the UE should know at the time of UL assignment specified in a DCI whether this specific assignment would utilize HARQ retransmission or not so that the UE can carry out suitable LCP. 

It is also possible to configure some HARQ processes for “HARQ only”, “No HARQ,” and “Dynamic HARQ/No HARQ” for the DL and/or the UL.  Our preference is “Dynamic HARQ/No HARQ” to maximize the utilization of radio resources and try to increase throughput (e.g., disable HARQ feedback and send a new packet) or improve reliability (e.g., disable HARQ feedback and carry out blind retransmission). 

Based on the email discussions [12][13], our view is that NDI by itself is inadequate to support dynamic enabling/disabling of HARQ feedback; an additional PHY mechanism is needed to dynamically enable/disable HARQ feedback in the DL and the UL. We suggest repurposing DCI bits in an NTN (e.g., using MSB of the MCS if a higher-order MCS is not expected to be used in an NTN due to the challenging radio environment) or using Reserved Bits in a DCI to convey dynamic enabling/disabling of HARQ feedback for the DL and/or the UL. This will minimize RAN1 work instead of designing a new DCI for an NTN.

Observation 10. Dynamic enabling/disabling of HARQ feedback will enable the gNB to optimize the radio resource utilization and continue using HARQ feedback based retransmission, assign resources for a new transmission without waiting for HARQ feedback to improve throughput, or assign resources for a retransmission without waiting for HARQ feedback to improve reliability. The UE should know at the time of DL/UL assignment whether the HARQ feedback-based retransmission is intended or not.

Proposal 10a. We suggest that RAN2 consider DCI-based dynamic enabling/disabling of HARQ feedback in addition to semi-static RRC signaling-based enabling/disabling of HARQ feedback to utilize radio resources more efficiently and to adapt to the prevailing radio environment and QoS requirements. 

Proposal 10b. We suggest that RAN2 send an LS to RAN1 to explore the feasibility of repurposing PDCCH DCI bits.
2.9 Miscellaneous MAC Aspects: Management of UE Behaviors for drx-HARQ-RTT-TimerUL
In RAN2#113bis-e meeting held in April 2021, the following agreement was made regarding drx-HARQ-RTT-TimerUL.

“In NTN, the drx-HARQ-RTT-TimerUL is configured per UE DRX group and the behavior can be configured per HARQ process. FFS the different behaviors and how to indicate the behavior to the UE and the number of behaviors (e.g., two or more behaviors).”

The gNB can set the value of drx-HARQ-RTT-TimerUL based on the type of the HARQ transmission for a given process. For example, one behavior corresponds to regular HARQ retransmission and drx-HARQ-RTT-TimerUL in the NTN can be set to the TN value plus the UE-specific UE-gNB RTT. The UE would then expect to receive a grant after PUSCH is decoded by the gNB. Another behavior can correspond to anytime blind retransmission with drx-HARQ-RTT-TimerUL set to 0 or to another short value retransmissionMonitoring determined by gNB.  

The UE behaviors can be configured via RRC signaling. Activation of a specific behavior can be based on the combination of one or more of the following quantities: (i) the HARQ enabling/disabling indicator (e.g., in a DCI) as explained in Section 2.5, (ii) the time of the DCI assignment, and (iii) a separate implicit or explicit behavior indicator in the DCI carrying the UL assignment.

Observation 11. Different UE behaviors regarding drx-HARQ-RTT-TimerUL are expected depending upon enabling/disabling of HARQ feedback and the use or absence of blind retransmissions. Dynamic activation of a given UE behavior would enable the gNB to optimize the network performance and the UE performance.

Proposal 11. We suggest that RAN2 consider dynamic selection of the UE behavior for drx-HARQ-RTT-TimerUL from the set of RRC-configured UE behaviors based on DCI-based HARQ enabling/disabling. 

2.10 RLC t-Reassembly Timer 
We observe that RAN2 had made following agreements in RAN2#113bis-e meeting [19].

Agreements:

1. The UE utilizes the t-Reassembly timer value that does not depend on the time-varying UE-gNB delay.
2. The value range of t-Reassembly shall be extended. The following set of values are possibly added for t-Reassembly timer: {ms210, ms220, ms340, ms350, ms550, ms1100, ms1650, ms2200}. Any other values are FFS.

3. The network can configure the values of PDCP discardTimer and PDCP t-Reordering timer greater than the RLC t-Reassembly timer.

4. Extend the range of the PDCP discardTimer and the PDCP t-reordering timer. One option is to enlarge the set of allowed values for the PDCP discardTimer and the PDCP t-reordering timer. The exact values FFS
In summary, the following timers need to be extended for an NTN: t-Reassembly timer, PDCP discardTimer, and PDCP t-Reordering timer.
We continue to think it would be simpler and more efficient to use a common offset for multiple parameters instead of individually adding more values to individual timers, because the existing parameter settings can be reused. In case RAN2 decides to use a common offset, a framework described below can be utilized.

The actual timer value can be defined as Eq. (1) or Eq. (2) depending on the timer under consideration
NTN Timer Value= (minimum_NTN_delay + scaling factor*R16 timer value) 

Eq. (1) 

NTN Timer Value= (minimum_NTN_delay + R16 timer value)*scaling factor

Eq. (2) 

The parameter “minimum NTN delay” is the minimum expected round-trip-delay (including the propagation delays and processing delays). The parameter “scaling factor” is used to fine tune the overall delay relative to “minimum_NTN_delay.” The default value of “scaling_factor” is 1.0.  The parameter “minimum NTN delay” is a function of NTN Type (e.g., GEO vs. non-GEO) and is transmitted only if necessary (e.g., only if the default value is inadequate per gNB determination, which may be the case when one of the R16 parameter setting is adequate). Furthermore, the parameter “scaling_factor” is transmitted only if necessary (e.g., only if the default value of 1.0 is inadequate per gNB determination). 
More specifically, for t-ReassemblyTimer, we can use the following formula: 

NTN t-ReassemblyTimer= (minimum_NTN_delay + R16 t-ReassemblyTimer value)*scaling factor        Eq. (3)

 Here are the benefits of such framework.

A. This framework is reusable for various timers.
B. This framework enables reuse of existing R16 timers and provides a better time resolution for a given NTN type compared to the case when timer values are extended by adding new numerical values.
C. The framework is more efficient from signaling and processing perspectives. For example, there is no need to keep recalculating and updating t-ReassemblyTimer due to the ever-changing propagation delay for quasi-Earth-fixed beams and Earth-moving beams. 
D. This option enables both the gNB and the UE to know the exact timer value.

Observation 12. A common offset for multiple timers would enable reuse of existing settings.    

Proposal 12. We suggest that RAN2 consider timer modification such that both the gNB and the UE have the same value. Furthermore, we suggest the following formula to update RLC t-Reassembly timer, PDCP discardTimer, and PDCP t-reordering timer. NTN Timer = (minimum_NTN_delay + R16 Timer  value)*scaling factor. This formula can be further simplified by setting scaling factor to 1.0.  
3 Conclusion

We have summarized our User Plane proposals for the NTN below.
Proposal 1. Discuss the definition of RTT within the scope of the pre-compensation by the UE in the NTN and identify if it includes propagation delay only or both propagation delay and processing delay. Determine relevance of processing delays for UE’s first transmission and/or reception. Discuss propagation delay based approach and the time-based approach to reach common understanding of the RTT estimation approach for pre-compensation.  
Proposal 2. Discuss a fallback mechanism such as the broadcast of the UE-Reference Point Delay or Reference Point coordinates to facilitate the RTT estimation by the UE when accurate GNSS-based location is unavailable at the UE.   
Proposal 3. We suggest that RAN2 discuss enhancements to the 4-step RA procedure, especially for handover.  
Proposal 4. Support intra-handover user traffic transfer while the RA procedure for handover is ongoing to reduce the user traffic interruption in an NTN.
Proposal 5a. Random access in the NTN needs to support both UEs having valid UE location information and UEs having no valid UE location information. 

Proposal 5b. A gNB can configure separate RACH configurations for (i) the UEs with valid UE location information and (ii) the UEs without valid UE location information.
Proposal 6. We suggest that RAN2 discuss the issue of unnecessary and continuous PDCCH monitoring during HARQ stalling as part of HARQ enhancements.  

Proposal 7. We suggest that RAN2 consider introducing a “High Capacity- RNTI” to support a larger size RNTI and give the gNB flexibility to choose a regular 16-bit RNTI or an HC-RNTI with more bits.
Proposal 8a. We suggest that RAN2 consider mechanisms that reduce the delay without increasing the radio resource consumption associated with PRACH or Configured Scheduling. A combined Scheduling Request and simplified BSR can be conveyed by the UE to the gNB using enhanced PUCCHs (e.g., more PUCCH sequences to represent), repurposed PUCCHs, and simplified or compact BSRs.

Proposal 8b. We suggest that RAN2 send an LS to RAN1 to explore the feasibility of enhancing or repurposing PUCCHs so that a significant amount of radio resources can be saved while reducing the UL scheduling delay.

Proposal 9. Allowed HARQ process list is introduced as an LCP restriction for NTN.
Proposal 10a. We suggest that RAN2 consider DCI-based dynamic enabling/disabling of HARQ feedback in addition to semi-static RRC signaling-based enabling/disabling of HARQ feedback to utilize radio resources more efficiently and to adapt to the prevailing radio environment and QoS requirements. 

Proposal 10b. We suggest that RAN2 send an LS to RAN1 to explore the feasibility of repurposing PDCCH DCI bits.

Proposal 11. We suggest that RAN2 consider dynamic selection of the UE behavior for drx-HARQ-RTT-TimerUL from the set of RRC-configured UE behaviors based on DCI-based HARQ enabling/disabling. 

Proposal 12. We suggest that RAN2 consider timer modification such that both the gNB and the UE have the same value. Furthermore, we suggest the following formula to update RLC t-Reassembly timer, PDCP discardTimer, and PDCP t-reordering timer. NTN Timer = (minimum_NTN_delay + R16 Timer  value)*scaling factor. This formula can be further simplified by setting scaling factor to 1.0.  
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