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1 Introduction- MAC Aspects
RAN2 has discussed the miscellaneous MAC aspects for an NTN [1][2] and has made some agreements [3]. Samsung has previously contributed to such discussions [4] [5].  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 should be discussed by RAN2. 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 enhancements to the UL scheduling has been discussed but not all solutions were considered; in particular, it is important to utilize the NTN radio resources efficiently instead of wasting them while trying to reduce the UL scheduling delay.  The issue of logical channel prioritization has been discussed in the past RAN2 meetings and we offer our observations in that area. Consideration of these miscellaneous MAC topics will help create an efficient and high-performance NTN solution.
This contribution explains NTN-specific issues and summarizes Samsung’s proposals in the following MAC-related areas. 
A. HARQ Stalling 

B. RNTI Enhancements

C. UL Scheduling Enhancements

D. Logical Channel Prioritization in the UL 
2 Discussion
We would like to offer some observations and related proposals related to the MAC layer below to facilitate the discussions toward normative specifications that are customized for an NTN. 
2.1 HARQ Stalling
The issue of unnecessary monitoring of PDCCHs by the UE in case of HARQ stalling was identified in [2] and summarized in [5]. 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 1. 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 1a. We suggest that RAN2 discuss the issue of unnecessary and continuous PDCCH monitoring during HARQ stalling as part of HARQ enhancements.  

Proposal 1b. We suggest that RAN2 consider a mechanism that reduces the wait time for the resource allocation when the UE is operating in the DRX mode but ready to resume data transfer.  
2.2 RNTI Enhancements 
We observed in [4] and [5] 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 2. 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 2. 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.  

2.3 UL Scheduling Enhancements
RAN2 has identified the need to enhance the UL scheduling procedure to reduce the UL scheduling delay in an NTN [2]. 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 and representative (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.
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). 

· 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 3. 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 3. We suggest that RAN2 consider mechanisms that reduce the delay without increasing the radio resource consumption such as simple modifications to PUCCHs, repurposing of PUCCHs, and simplified BSRs.
2.4 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 4. 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 4. Allowed HARQ process list is introduced as an LCP restriction for NTN.
3 Conclusion

We have summarized our proposals below.
Proposal 1a. We suggest that RAN2 discuss the issue of unnecessary and continuous PDCCH monitoring during HARQ stalling as part of HARQ enhancements.  

Proposal 1b. We suggest that RAN2 consider a mechanism that reduces the wait time for the resource allocation when the UE is operating in the DRX mode but ready to resume data transfer.  

Proposal 2. 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 3. We suggest that RAN2 consider mechanisms that reduce the delay without increasing the radio resource consumption such as simple modifications to PUCCHs, repurposing of PUCCHs, and simplified BSRs.
Proposal 4. Allowed HARQ process list is introduced as an LCP restriction for NTN.
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