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Introduction
This contribution discusses objectives and open issues listed in the Rel-17 NTN WID [1] related to MAC. The following sections present the objectives listed within the WID, as well as a summary of the issue and potential solutions captured during the SI phase in TR 38.821 [2].
It is noted that according to the WID, the following assumptions are made concerning UE capability and NTN deployment scenarios in Rel-17:
The work item aims to specify the enhancements identified for NR NTN (non-terrestrial networks) especially LEO and GEO with implicit compatibility to support HAPS (high altitude platform station) and ATG (air to ground) scenarios according to the following principles:
· FDD is assumed for core specification work for NR-NTN.
· NOTE: This does not imply that TDD cannot be used for relevant scenarios e.g. HAPS, ATG
· UEs with GNSS capabilities are assumed.
· Transparent payload is assumed
Discussion
Random Access
Topic 1: Timing relationship enhancements in RACH
From the WID [1], the following objectives have been captured for RAN2 Rel-17 standardization regarding enhancements to timing relationships in RACH:
· Definition of an offset for the start of the ra-ResponseWindow for NTN.
· Introduction of an offset for the start of the ra-ContentionResolutionTimer to resolve Random access contention
In terrestrial networks it is assumed that cell size is much smaller relative to those in NTN, leading to a propagation delay up to several orders of magnitude higher. As current Rel-16 RACH timing relationships assume propagation delay on the order of several ms, modification is required for NTN. As identified in 7.2.1.1.1.2 of TR 38.821 [2], two such timing relationships identified for modification at the ra-ResponseWindow and the ra-ContentionResolutionTimer.
The ra-ResponseWindow configured in RACH-ConfigCommon starts at the first PDCCH occasion from the end of the Random Access Preamble transmission (unless for CFRA for BFR) [3] and has a duration based on number of slots. The network configures a value lower than or equal to 10 ms when Msg2 is transmitted in licensed spectrum and 40 ms when Msg2 is transmitted with shared spectrum channel access [4] However, as the soonest possible reception time in NTN is 2 times the minimum round trip delay, under current timing relationships the UE may attempt multiple preamble transmissions before the gNB is able to provide the RA response message (i.e. Msg2) as shown in Figure 1. Current behaviour will therefore lead to unnecessary UL preamble transmission and increments to the preamble transmission counter, possibly leading to RACH failure.
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Figure 1: Example of current ra-ContentionResolutionTImer behaviour applied to an NTN environment.
A similar issue has been identified for the ra-ContentionResolutionTimer, which is started after transmission of Msg3 and has duration of up to 64 ms, which under certain satellite configurations such as the GEO transparent is less than 2 times the minimum propagation delay. 
To resolve the timing relationship issue for both ra-ResponseWindow and ra-ContentionResolutionTimer, several solutions have been captured in TR 38.821:
1. For UEs with location information, UE can calculate the distance and propagation delay to the satellite and apply an appropriate offset;
2. Via explicit signaling from the network, such as broadcasting a common offset/TA, for example equivalent to the minimum propagation delay from the gNB to the center of the cell.
[bookmark: _GoBack]Proposal 1: 	An offset to the start of ra-ResponseWindow and ra-ContentionResolutionTimer is introduced for NTN UEs as agreed in SI. Details of offset value to be coordinated with RAN1.
In addition to an offset to the start of each timer to align the start of the ra-ResponseWindow and ra-ContentionResolutionWindow to the 2 times the minimum propagation delay, TR 38.821 [2] and the WID [1] note that the duration of RA timer/monitoring windows may need to be considered as well. Considering that the maximum differential delay (defined as the minimum one-way delay minus the maximum one-way delay) within a cell can be up to 10.3 ms [2], where two times that delay (20.6 ms) exceeds the current maximum monitoring duration in a licensed spectrum for the ra-ResponseWindow (10 ms). For UEs at cell edge, if the ra-ResponseWindow is started in the first PDCCH monitoring occasion after 2 times the minimum delay, the monitoring duration may therefore expire before reception of the RA response. To resolve this issue, the following solutions have been captured in the TR:
1. Extension of the ra-ResponseWindow to at least cover the full duration of the differential delay in an NTN cell;
2. Calculate a UE specific offset proportional to the 2 times the delay from the UE to the gNB and start the ra-ResponseWindow at an appropriate time such that the RAR would fall within the ra-ResponseWindow.
Proposal 2: 	RAN2 to select between: Option 1: extension of the ra-ResponseWindow; Option 2: application of a UE-specific offset to start of ra-ResponseWindow.
It is also noted that although the ra-ContentionResolutionTimer duration is sufficient to cover the maximum differential delay, a UE located near cell edge of a large diameter cell may unnecessarily monitor for around 20 ms thus leading to unnecessary power consumption. If the UE can determine its specific timing offset, it may be beneficial to also apply this to the beginning of the ra-ContentionResolutionTimer to reduce UE monitoring duration and thus power consumption.
Proposal 3: 	RAN2 to discuss introduction of UE-specific offset to the start of ra-ContentionResolutionTimer.
Topic 2: Preamble ambiguity
From the WID [1], the following objectives have been captured for RAN2 Rel-17 standardization regarding RACH preamble ambiguity (where extension of the RAR window has addressed in the previous section):
· Solutions for resolving preamble ambiguity and extension of RAR window.
In Rel-17 4-step RACH, a UE may send a preamble associated with a RACH occasion, where the gNB will use the offset from the RACH occasion and reception preamble transmission to estimate the timing advance. In order to allow preamble transmission from UEs located in all positions within the cell, the preamble receiving window must be equivalent to 2 times the maximum one-way differential delay. To ensure that the gNB is able to associate the received preamble with the intended RACH occasion, the RACH occasions must be adequately spaced in the time domain to prevent overlap between successive preamble reception windows.
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Figure 2: Preamble ambiguity due to overlapping preamble receiving windows in NTN.
Given the large maximum differential delay possible in NTN, it is noted in section 7.2.1.1.1.2 of TR 38.821 [2] that certain RACH occasion periodicities configurable in Rel-16 NR may lead to such overlaps in preamble receiving windows between successive RACH occasions, meaning that the gNB may not be able to accurately estimate the appropriate timing advance as shown in Figure 2.
To resolve potential RACH preamble ambiguity and allow the gNB to estimate an accurate TA, the following potential solutions have been captured in TR 38.821 [2]:
1. Proper PRACH configuration in the time domain, where the interval between two consecutive RO (RACH Occasions) should be larger than 2 times the maximum differential delay within a cell
2. Preamble division, where preambles are divided into groups and mapped to different RO. ROs with timing separation less than 2 times the maximum differential delay are always assigned with different groups of preambles.
Note: additional solutions involving frequency hopping (e.g. identifying RO based on preamble transmission frequency band) and 2-step RACH (e.g. including assistance info in MsgA PUSCH) may be considered.
Proposal 4: 	RAN2 to address preamble ambiguity in NTN with the following options as baseline for discussion: Option 1: proper PRACH configuration in time domain; Option 2: Preamble division; Option 3: frequency hopping; Option 4: 2-step RACH.
Topic 3: Msg3 Scheduling adaptation
From the WID [1], the following objectives have been captured for RAN2 Rel-17 standardization regarding adaptation of Msg3 scheduling for UEs applying pre-compensation techniques:
· Adaptation for Msg-3 scheduling
· Only for the case with pre-compensation of timing and frequency offset at UE side)
As described in the previous section, the gNB uses the offset between a RACH occasion and preamble reception to estimate the TA, where the gNB will also use this initial timing advance to schedule the UE for Msg3 transmission. 
One of the solutions captured in the TR and previously described is for GNSS-capable UEs is to use location information of both the UE and satellite (via ephemeris location) to apply an offset to UE transmission. Though this will help solve issues related to timing relationship and synchronization, the gNB will not be aware of the pre-compensation applied on the UE side, and may schedule Msg3 transmission under the assumption that the UE is much nearer to the satellite than it really is, possibly resulting in the UE not being able to transmit in the provided UL grant.
Potential solutions to address adaptation for Msg3 scheduling for UEs applying pre-compensation captured in TR 38.821 [2] include:
1. The network scheduling Msg3 without knowledge of the absolute TA value, and scheduling MSg3 according to, for example, the maximum propagation delay of the cell or the maximum differential delay. The UE would the provide the gNB its absolute timing advance in Msg3.
2. The UE is restricted to only compensate a UE-specific portion of the timing advance (i.e. the difference between the common TA provided by a gNB and a UE-specific TA.
3. 2-Step RACH, where the UE may provide the UE-specific TA in MsgA PUSCH resource.
Proposal 5: 	RAN2 to address Msg3 scheduling for UEs applying pre-compensation with the following options as baseline for discussion: Option 1: Network schedules Msg3 without knowledge of absolute TA; Option 2: UE can only compensate UE-specific portion of TA; Option 3: 2-Step RACH, where UE provides pre-compensation TA in MsgA PUSCH.
HARQ
Topic 4: Enabling/Disabling HARQ feedback
From the WID [1], the following objectives have been captured for RAN2 Rel-17 standardization regarding enabling/disabling of HARQ and adaptation of the HARQ procedure in NTN:
· If HARQ is turned off per HARQ process, adaptions in HARQ procedure
In Rel-16 NR a HARQ process ID is assigned to a TB to associate the TB with, for example, HARQ feedback and subsequent HARQ retransmissions. Currently a single HARQ process supports one TB (when the PHY layer is not configured with spatial multiplexing), and up to 16 HARQ processes are supported. 
As HARQ process IDs (PID) assigned to a TB cannot be re-used until the associated TB is flushed from the buffer, for example, after ACK reception or upon timer expiry, in an NTN environment with large propagation delay if a TB requires one or more retransmission(s) it may mean that a HARQ PID is assigned to a TB for a significantly larger duration than in terrestrial networks. Should this occur for multiple TBs, the UE may run out of HARQ PIDs to assign to new data, thus introducing delay to transmission and requiring the UE to buffer or drop new packets.
Possible solutions to address HARQ stalling captured in TR 38.821 [2] include:
1. Intelligent TDM scheduling, where the gNB would only schedule the UE to transmit data sufficiently spaced out in time to ensure that a UE would have available HARQ processes for new data.
2. Increasing the number of HARQ PIDs (e.g. to 32).
3. Disabling HARQ feedback, for example, on a per-HARQ process basis.
In the SI, RAN2 agreed that although the HARQ processes remain configured, HARQ feedback may be disabled, for example, on a per-HARQ process basis. It was further agreed that the criteria and decision to enable/disable HARQ feedback is up to the network and will be signaled to the UE in a semi-static manner. However, several details associated with enabling/disabling HARQ feedback need to be discussed in the WI phase, with a summary of open issues captured in the TR summarized below:
· Semi-static RRC signaling of enabling/disabling HARQ feedback.
· Granularity of HARQ feedback enabling/disabling. Options captured in the TR include having HARQ feedback configurable on a per UE, per HARQ process, and per LCH basis.
· LCP impacts caused by disabling HARQ uplink retransmission.
· Details specific to semi-persistent scheduling.
· Methods to lower residual BLER should HARQ feedback be disabled. Possible options captured in the TR include: multiple transmissions of the same TB in a bundle, soft combining of multiple retransmission (e.g. MAC schedules the same TB on the same HARQ process without the NDI being toggled)
· Configuration parameters for different HARQ processes if HARQ feedback is enabled/disabled for a subset of HARQ processes.
Proposal 6: 	HARQ feedback can be enabled/disabled in Rel-17 NTN, but HARQ processes remain configured. The criteria and decision to enable/disable HARQ feedback is under network control and is signalled to the UE via RRC in a semi-static manner as agreed in the SI.
Proposal 7: 	Intelligent TDM scheduling to address HARQ stalling is de-prioritized.
Proposal 8: 	RAN2 may further consider increasing the number of HARQ PIDs pending outcome of RAN1 discussion.
Proposal 9: 	RAN2 to agree to the granularity of HARQ feedback enabling/disabling: Option 1: configuration per UE; Option 2: Configuration per HARQ process; Option 3: configuration per LCH.
Topic 5: Timing relationship enhancements for drx-HARQ-RTT-Timers
From the WID [1], the following objectives have been captured for RAN2 Rel-17 standardization regarding modification of drx-HARQ-RTT-Timers in NTN:
· If HARQ feedback is enabled, introduction of offset for drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL.
In Rel-16 NR, in addition to the DRX timers which control Active time, 38.321 [2] further describes the HARQ-RTT-TimerDL and HARQ-RTT-TimerUL, defined as the minimum duration before scheduling for a HARQ retransmission (for DL and UL respectively) is expected by the MAC entity. Intended to enable the UE to enter a short-term sleep when not expecting HARQ process scheduling, if a MAC PDU is received (transmitted) in a configured downlink assignment (uplink grant), then the respective drx-HARQ-RTT-Timer is started for the corresponding HARQ process, and the drx-RetransmissionTimer is stopped.
Similar to the previously described issue with ra-ResponseWindow and ra-ContentionResolutionTimer, the value range for HARQ RTT Timer UL/DL is maximum 56 symbols [TS 38.331 v16.1.0], which is insufficient for non-terrestrial environment given the increased propagation delay over terrestrial networks. As captured in TR 38.821, the following modifications have been proposed to the operation of the drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL in NTN: 
1. If HARQ is enabled, it is proposed that an offset be applied to the start of the timer to compensate for the additional propagation delay in NTN systems.
2. If HARQ is disabled, as the HARQ retransmission will never arrive. It is proposed to not start the RTT timers for the HARQ process that was disabled. 
Proposal 10: 	A modification of drx-LongCycleStartOffset, drx-StartOffset, drx-ShortCycle, drx-ShortCycleTimer, drx-onDurationTimer, drx-SlotOffset and drx-InactivityTimer is not needed as per SI conclusion 
Proposal 11: 	If HARQ feedback is enabled, an offset is applied to drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL.
Proposal 12: 	If HARQ feedback is disabled, drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL are not started.
Scheduling
Topic 6: Scheduling enhancements
From the WID [1], the following objectives have been captured for RAN2 Rel-17 standardization regarding UL scheduling enhancements:
· Enhancement on UL scheduling to reduce scheduling latency.
In Rel-16, upon arrival of a packet in a UE buffer for UL transmission, the UE may send a buffer status report (BSR) to the gNB to allow for proper allocation of UL grant resources. However, if the UE does not have UL resources configured for transmission of the BSR, the UE may first need to send a scheduling request (SR). Due to the much larger propagation delay in non-terrestrial networks, requiring the UE to wait two RTTs before transmitting UL data may introduce significant latency to data transmission.
To enhance UL scheduling in order to reduce potential latency, the following solutions have been captured in Table 7.2.1.5-1: Scheduling enhancement options in TR 38.821:
Table 1 [2]: Scheduling enhancement options
	Scheduling option
	Pros
	Cons
	Delays*

	SR-BSR procedure
	- Low resource overhead required
	- Large delays
	At least 2 RTTs of delay

	Sending large grant in response to SR
	- Potentially low resource overhead
	- Still takes 2 RTTs before UE has the BSR
- Might be a waste in terms of resources since network is still not aware of the buffer situation of the UE
	1 – 2 RTTs

	Configured grant
	- Low latency with right configuration
	- Large overhead
- Trade-off between latency and overhead
	0 – 1 RTT**

	BSR-indication in SR
	- Low latency with correct configuration
	- Large spec-impact
- Resource overhead impact unclear, larger than SR
	1 RTT

	BSR over 2-step random access
	- Low latency
- Low overhead
	- RACH resources required
	0 – 1 RTT**

	* the number of RTTs before full scheduling based on BSR can begin.
** if configured grant/2-step allocation is large enough and data can be transmitted in the grant.



Proposal 13: 	RAN2 to enhance UL scheduling in NTN with the following options as baseline for discussion: Option 1: SR-BSR procedure; Option 2: Sending large grant in response to SR; Option 3: Configured Grant; Option 4: BSR-indication in SR; Option 5: BSR over 2-step RACH
Topic 7: Value-range extension for sr-ProhibitTimer  
From the WID [1], the following objectives have been captured for RAN2 Rel-17 standardization regarding modification to the sr-ProhibitTimer:
· Scheduling Request: Extension of the value range of sr-ProhibitTimer 
Upon transmission of a scheduling request, the UE starts a sr-ProhibitTimer, where throughout the timer duration the UE is prevented from transmitting another SR. The current maximum value range is Rel-16 NR is 128 ms which given potential propagation delay in GEO scenario, can result in timer expiry and the UE transmitting additional SRs before the gNB has received the original. To resolve this solution, it is proposed in the TR that the value range of sr-ProhibitTimer be extended to compensate for additional propagation delay. 
Proposal 14: 	The value range of sr-ProhibitTimer is extended for Rel-17 NTN.
Conclusions
In this contribution the following proposals were made regarding MAC open issues:
Proposal 1: 	An offset to the start of ra-ResponseWindow and ra-ContentionResolutionTimer is introduced for NTN UEs as agreed in SI. Details of offset value to be coordinated with RAN1.
Proposal 2: 	RAN2 to select between: Option 1: extension of the ra-ResponseWindow; Option 2: application of a UE-specific offset to start of ra-ResponseWindow.
Proposal 3: 	RAN2 to discuss introduction of UE-specific offset to the start of ra-ContentionResolutionTimer.
Proposal 4: 	RAN2 to address preamble ambiguity in NTN with the following options as baseline for discussion: Option 1: proper PRACH configuration in time domain; Option 2: Preamble division; Option 3: frequency hopping; Option 4: 2-step RACH.
Proposal 5: 	RAN2 to address Msg3 scheduling for UEs applying pre-compensation with the following options as baseline for discussion: Option 1: Network schedules Msg3 without knowledge of absolute TA; Option 2: UE can only compensate UE-specific portion of TA; Option 3: 2-Step RACH, where UE provides pre-compensation TA in MsgA PUSCH.
Proposal 6: 	HARQ feedback can be enabled/disabled in Rel-17 NTN, but HARQ processes remain configured. The criteria and decision to enable/disable HARQ feedback is under network control and is signalled to the UE via RRC in a semi-static manner as agreed in the SI.
Proposal 7: 	Intelligent TDM scheduling to address HARQ stalling is de-prioritized.
Proposal 8: 	RAN2 may further consider increasing the number of HARQ PIDs pending outcome of RAN1 discussion.
Proposal 9: 	RAN2 to agree to the granularity of HARQ feedback enabling/disabling: Option 1: configuration per UE; Option 2: Configuration per HARQ process; Option 3: configuration per LCH.
Proposal 10: 	A modification of drx-LongCycleStartOffset, drx-StartOffset, drx-ShortCycle, drx-ShortCycleTimer, drx-onDurationTimer, drx-SlotOffset and drx-InactivityTimer is not needed as per SI conclusion 
Proposal 11: 	If HARQ feedback is enabled, an offset is applied to drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL.
Proposal 12: 	If HARQ feedback is disabled, drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL are not started.
Proposal 13: 	RAN2 to enhance UL scheduling in NTN with the following options as baseline for discussion: Option 1: SR-BSR procedure; Option 2: Sending large grant in response to SR; Option 3: Configured Grant; Option 4: BSR-indication in SR; Option 5: BSR over 2-step RACH
Proposal 14: 	The value range of sr-ProhibitTimer is extended for Rel-17 NTN.
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