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Introduction

After several meetings, there remains some MAC UP functions,e.g. DRX and Scheduling Request (SR), identified by RAN2 as needed further enhancement but haven’t been fully discussed due to limited online schedule. This contribution intends to discuss those remaining issues and identify possible solutions. 
Discussion
 Scheduling Request 
One important MAC function being impact by the large transmission delay in NTN is SR. Current SR takes 5 steps to request the UL grant for uplink transmission and transmits the UL data, which significantly increase the data transmission delay especially in GEO. There are several contributions in previous meeting discussed potential solutions to mitigate the transmission delay’s impact on SR, the solution proposed can be summarized as follows:

Option1: BSR is carried in SR

Option2: BSR is transmitted on configured grant without sending SR
Option3: Data is transmitted on configured grant
Option 1 has more specs impact to be considered, as it involves further consideration on the design of SR signal, which requires input from RAN1. Option 2 and Option 3 has already been able to support in current specs, but with a large cost of resource to be reserved. 

On top of that, one simpler and feasible solution would be to use 2-step RACH to send SR. According to current specs, when UL data arrives and no PUCCH resource is available for SR, then UE will initiate RACH to request UL grant. For 2-step RACH, the BSR can be sent in the payload of Msg1 to indicate the NW the amount of data buffered for transmission, and the UE can get a valid grant within 2-steps. 

To use 2-step RACH for SR can be done by NW implementation, e.g., no PUCCH resource is configured for SR, then no further specs modification is required. Per discussed above, 2-step RACH can be considered as a solution to minimize the steps for scheduling procedure.
Observation 1: Using 2-step RACH for SR can be done by NW implementation, e.g., no PUCCH resource is configured for SR, which can not only decrease the steps for SR but also minimize the impact on specifications.
Proposal 1: 2-step RACH can be considered as a solution to minimize the steps for scheduling procedure.
 DRX
HARQ is enabled
In RAN2#105 following agreements were made on DRX:
Agreements in RAN2#105
1: A modification of drx-LongCycleStartOffset, drx-StartOffset, drx-ShortCycle, drx-ShortCycleTimer, drx-onDurationTimer, drx-SlotOffset and drx-InactivityTimer is not needed to support NTN.

2: If HARQ is supported by NTN, the drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL, should be modified to support NTN.

3: FFS is if HARQ is supported by NTN whether the value range of drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL should be extended to support NTN or an offset is added.  

4: A modification of drx-RetransmissionTimerDL and drx-RetransmissionTimerDL is not needed to support NTN.

According to above highlighted agreements, how to deal with drx-HARQ-RTT-Timer (both DL and UL) in case HARQ is supported in NTN is left as an FFS issue with two possible solutions:

Opt1: To extend the length of drx-HARQ-RTT-Timers 

Opt2: To delay the start of drx-HARQ-RTT-Timers 
drx-HARQ-RTT-Timers is the minimum time waiting for a PDCCH for scheduling a retransmission, during which the UE is not expected to monitor the PDCCH to save the power consumption. Since the transmission delay in NTN is quiet large, it’s preferred to extend the length of drx-HARQ-RTT-TimerUL and drx-HARQ-RTT-TimerDL, which is beneficial for power saving at UE’s perspective and has less specs impact.

Observation 2: Extend drx-HARQ-RTT-Timers in case HARQ is supported is beneficial for power saving at UE’s side and has less impact on specifications.
Proposal 2: It’s preferred to extend the drx-HARQ-RTT-TimerUL and drx-HARQ-RTT-TimerDL in case HARQ is supported in NTN. 

HARQ is disabled
The DRX is controlled by a series of timers configured, where the handling of timers is closely related to the HARQ feedback. In case HARQ is disabled, there will be no feedback, therefore the DRX configuration in such cases, e.g., necessity of RTT timers and retransmission timers, shall be carefully studied.
Observation 3: There is no feedback when HARQ is disabled while the timer used for control DRX is closely linked with HARQ feedback.

Proposal 3: The DRX configuration, e.g., necessity of RTT timers and retransmission timers, shall be carefully studied in case HARQ is disabled.
drx-HARQ-RTT-Timer
drx-HARQ-RTT-Timers is the minimum time duration before DCI scheduling for DL retranmission or grant for UL retransmission is expected, which is started at the end of feedback transmission or UL data transmission. The utilize of HARQ-RTT-Timer allows UE to periodically go to sleep during the period waiting for next scheduling for retransmission which is only applicable in normal HARQ process, where gNB schedules retransmission after reception of feedback. Therefore HARQ-RTT-Timer is not needed when HARQ is disabled since there is no feedback. 

According to previous contributions[4-6], the disable of drx-HARQ-RTT-Timers can be handled with following alternatives: 

Alt 1: drx-HARQ-RTT-TimerUL is set 0 and RTT-TimerDL is not needed 
Alt 2: Neither of drx-HARQ-RTT-TimerDL/UL is needed 
The drx-HARQ-RTT-TimerDL is not needed in both alternatives mentioned above, while the handling of drx-HARQ-RTT-TimerUL remains uncertain. The only advantage for alt1 is that there is no further modification is needed for retransmissionTimerUL timer in case it is kept. Because if drx-HARQ-RTT-TimerUL is set as 0, then the drx-RetransmissionTimerUL will be started after the end of transmission of UL TB, which is the intended behavior. If retransmission Timer is not needed, then alt2 is much simpler and straightforward. Therefore how to deal with drx-HARQ-RTT-Timer can be jointly discussed with how to handle retransmission timers. 

Observation 4: The HARQ-RTT-Timer is configured based on the assumption that the gNB will schedule the retransmission only after the reception of HARQ feedback. In case there is no feedback, the RTT-Timer is unnecessary.
It’s argued in [5] that retransmission timer shall be kept to avoid configure a long drx-InactivtyTimer, so that UE does not required to monitor the PDCCH for a long time. It is also proposed in [5] that the drx-RetransmissionTimerDL shall be (re)started at the end of each DL reception. However, this might unnecessary be true, one example is given in Figure 1. 
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Figure 1 Open loop HARQ
As shown, in case UE is scheduled consecutively, the Active Time in case drx-RetransmissionTimer is removed is 1, while the Active Time in case drx-RetransmissionTimer is kept is 23456 which is much longer. For the example given, the retransmission Timer (re)started is useless as there is no PDCCH for retransmission is expected during such period.

Observation 5: For open loop HARQ, the PDCCH for scheduling retransmission can be sent consecutively in which the retransmission timer does not need to (re)start as there is no PDCCH is expected within such period of time.  

As discussed per above, if drx-RetransmissionTimer is not needed in case open loop HARQ with soft combination is supported,  then the advantage of alt 1 (e.g. disable drx-HARQ-RTT-TimerUL by implementation) is gone. In order to align the configuration in uplink and downlink as well as minimize the specs impact, the drx-HARQ-RTT-TimerUL can be removed as well.

Proposal 4: drx-HARQ-RTT-TimerUL/DL and drx-RetransmissionTimerUL/DL is not needed in case HARQ is disabled.

According to RAN2 agreements, if HARQ is disabled per HARQ process, then one UE can be configured with HARQ with and without feedback depending on different service type , which means different DRX configuration might be needed for one UE.  

Comparing the solutions proposed per above, for the case timer is not needed UE can just ignore the time configured, and no further modification is required. The only issue is the difference value configured for drx-InactivityTimer, as a larger value will be required when HARQ is disabled to guarantee enough time for reception of scheduling information from NW while a smaller value is sufficient when HARQ is enabled. 

Observation 6: One UE can be configured both HARQ with and without feedback, which means the DRX configuration will be different for one UE, e.g., more than one drx-InactivityTimer value could be required.

In case HARQ is disabled, the drx-InactivityTimer will be longer, but still acceptable for the case HARQ is enabled. Considering it would be odd to configure two drx-InactivityTimer in one UE, one unified drx-InactivityTimer with value covering the worst case can be configured for both cases to minimize specs impact.

Observation 7: When HARQ is disabled, the drx-InactivityTimer will be longer, but this value is still acceptable in case HARQ is enabled.
Proposal 5: To minimize the spec impact, e.g., not to configure two drx-InactivityTimer, a unified drx-InactivityTimer with value covering the worst case will be configured for both HARQ is disabled and enabled. 
Conclusion

Based on the above discussion, we have following observations and proposals:

- Scheduling Request
Observation 1: Using 2-step RACH for SR can be done by NW implementation, e.g., no PUCCH resource is configured for SR, which can not only decrease the steps for SR but also minimize the impact on specifications.
Proposal 2: 2-step RACH can be considered as a solution to minimize the steps for scheduling procedure.

- DRX
Observation 2: Extend drx-HARQ-RTT-Timers in case HARQ is supported is beneficial for power saving at UE’s side and has less impact on specifications.
Proposal 2: It’s preferred to extend the drx-HARQ-RTT-TimerUL and drx-HARQ-RTT-TimerDL in case HARQ is supported in NTN. 

Observation 3: There is no feedback when HARQ is disabled while the timer used for control DRX is closely linked with HARQ feedback.

Proposal 3: The DRX configuration, e.g., necessity of RTT timers and retransmission timers, shall be carefully studied in case HARQ is disabled.
Observation 4: The HARQ-RTT-Timer is configured based on the assumption that the gNB will schedule the retransmission only after the reception of HARQ feedback. In case there is no feedback, the RTT-Timer is unnecessary.

Observation 5: For open loop HARQ, the PDCCH for scheduling retransmission can be sent consecutively in which the retransmission timer does not need to (re)start as there is no PDCCH is expected within such period of time.  

Proposal 4: drx-HARQ-RTT-TimerUL/DL and drx-RetransmissionTimerUL/DL is not needed in case HARQ is disabled.
Observation 6: One UE can be configured both HARQ with and without feedback, which means the DRX configuration will be different for one UE, e.g., more than one drx-InactivityTimer value could be required.

Observation 7: When HARQ is disabled, the drx-InactivityTimer will be longer, but this value is still acceptable in case HARQ is enabled.
Proposal 5: To minimize the spec impact, e.g., not to configure two drx-InactivityTimer, a unified drx-InactivityTimer with value covering the worst case will be configured for both HARQ is disabled and enabled. 
Text Proposal:
/* Unchanged text omit /*

7.2.1.2
Discontinuous Reception (DRX)

Problem Statement

The Discontinuous Reception (DRX) supports UE battery saving by reducing the PDCCH monitoring time. Several RRC configurable parameters are used to configure DRX. [TS 38.321][TS38.331]

A modification of drx-LongCycleStartOffset, drx-StartOffset, drx-ShortCycle, drx-ShortCycleTimer, drx-onDurationTimer, drx-SlotOffset and drx-InactivityTimer is not needed to support NTN for the reason that the timer values were inspected to accommodate the RTD of NTN system.

drx-HARQ-RTT-TimerDL is the minimum duration before a downlink assignment for HARQ retransmission is expected by the MAC entity. In terrestrial communications this is configurable in the range of a few ms, which is too small for a communication-link with a satellite. drx-HARQ-RTT-TimerUL is the same as drx-HARQ-RTT-TimerDL just for the uplink.[TS 38.321][TS38.331]

If HARQ is supported by NTN, the handling of drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL, should be modified to support NTN. The drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL is configured based on the assumption that the gNB will schedules the retransmission only after the reception of HARQ feedback, if there is no HARQ feedback, then drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL is not needed. 
drx-RetransmissionTimerDL presents the maximum time until a downlink retransmission is received. The timer starts latest after 4ms after the corresponding transmission. During this timer runs, the UE monitors the PDCCH. drx-RetransmissionTimerUL is the same as drx-RetransmissionTimerDL just for the uplink.[TS 38.321][TS38.331]

A modification of drx-RetransmissionTimerDL and drx-RetransmissionTimerUL is not needed if HARQ is supported in NTN. In case HARQ is disabled in NTN, the handling of drx-RetransmissionTimerDL and drx-RetransmissionTimerUL requires further study. 

If there is no retransmission at all, then drx-RetransmissionTimerDL and drx-RetransmissionTimerUL is not needed. 
If open loop HARQ operation is adopted for improving transmission reliability, there is no timing restriction on the interval between the scheduling for new transmission and corresponding retransmission. In such case, a longer drx-InactivityTimer might be configured to make sure UE have enough time to receive the PDCCH for retransmissions. Since in open loop HARQ UE can be scheduled consecutively, then the maximum time for reception of the PDCCH won’t be to long, which shall be able to covered by the maximum length of drx-InacitivityTimer specified. Therefore drx-RetransmissionTimerDL is not needed. drx-RetransmissionTimerUL is the same as drx-RetransmissionTimerDL in the uplink, which is not needed as well.
HARQ can be disabled per HARQ process, which means one UE can be configured with both HARQ with feedback and without feedback, in such case, different drx-InactivityTimer value might be needed for one UE. Considering it would be odd to configure two drx-InactivityTimer in one UE, one possible sultion would be to have a unified drx-InactivityTimer with value covering the worst case, which is feasible for both HARQ is disabled and enabled.
Possible Solution
drx-HARQ-RTT-TimerUL and drx-HARQ-RTT-TimerDL is extended to support HARQ in NTN.
If HARQ is disabled, drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL shall not be used.

If HARQ is disabled, drx-RetransmissionTimerDL and drx-RetransmissionTimerUL shall not be used.
One unified drx-InactivityTimer with value covering the worst case can be configured for both HARQ is enabled and disabled.

7.2.1.3

Scheduling Request

Problem Statement

A UE can use a Scheduling Request (SR) to request UL-SCH resources from the gNB for a new transmission or a transmission with a higher priority. SR procedure specified in NR takes 5-steps to complete which leads to significant delay in data transmission, especially for GEO where the RTD is extremely high. The significant data transmission delay might not be acceptable to support service with delay requirement. 
SR transmission is configured by RRC. During the prohibit timer (sr-ProhibitTimer) is active, no further SR is initiated.[TS 38.321] The sr-ProhibitTimer will at latest expire after 128ms [TS 38.331] and initiate a SR. For GEO systems the value range is not sufficient because the RTD is larger.

According to above analysis, methods shall be considered to decrease the steps of SR procedure, also the sr-ProhibitTimer should be modified to support NTN.

Possible Solution

2-step RACH can be used to transmit SR,
The value range of sr-ProhibitTimer should be extended to support NTN.
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