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1 Introduction
Large propagation delay and wide geographical coverage of beam-spots (cells) result in significant increase in round-trip delay (RTD) and delay difference in NR-NTN. The effects of this high RTD and delay difference were discussed and analysed during the Rel. 16 NR-NTN Study Item (SI) [1]. Based on this study, RAN2 made the following recommendations for Random Access (RA), Scheduling Request (SR), Hybrid ARQ (HARQ), Discontinuous Reception (DRX), in Section 9.2 of 3GPP TR 38.821 [1].

	- Random access:
· Definition of an offset for the start of the ra-ResponseWindow for NTN and extension of the ra-ResponseWindow duration to support UE without location information.
· Introduction of an offset for the start of the ra-ContentionResolutionTimer to resolve Random access contention
· Solutions for resolving preamble ambiguity and extension of RAR window.
· Adaptations for UEs with GNSS capabilities; timing advance and msg3 scheduling.
- Timing advance: TA calculation and signaling adaptation to deal with NTN maximum round trip delay in LEO and GEO scenarios for UE with and without UE location information.
- DRX: 
· If HARQ feedback is enabled, an offset should be added for drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL.
· If HARQ is turned off per HARQ process, adaptions in HARQ procedure may be required
· Options for UE power saving for SR and CFRA can be discussed during work item phase
- Scheduling Request: Extension of the value range of sr-ProhibitTimer.
- HARQ
· Enabling / disabling of uplink HARQ feedback for downlink transmission at the UE receiver should be configurable per UE and per HARQ process. 
· Enabling / disabling of HARQ uplink retransmission should be configurable per UE or per HARQ process. The LCP impact caused by disabling the HARQ uplink retransmission configuration and its impact on UE's uplink transmission should be discussed in the work item phase.
· Multiple transmission of the same TB to lower residual BLER should also be configured.



Furthermore, the work item description (WID) [2] for Rel. 17 NR-NTN is aimed at specifying the enhancements identified for 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
• Earth fixed Tracking area is assumed with Earth fixed and moving cells
• UEs with GNSS capabilities are assumed.



Keeping the WID objective and assumptions in mind, in this contribution we discuss the required updates necessary in MAC timers related to RA, SR, DRX and HARQ in NR-NTN.

2 Discussion
The reference scenarios and major parameters for NR-NTN, mentioned in 3GPP 38.821 [1], are provided in the table below:
Table 1: Scenarios and Major Parameters in NR-NTN [1]
	Scenarios
	GEO based non-terrestrial access network (Scenario A and B)
	LEO based non-terrestrial access network (Scenario C & D)

	Altitude
	35,786 km
	600 km
1,200 km

	Spectrum (service link)
	<6 GHz (e.g. 2 GHz)
>6 GHz (e.g. DL 20 GHz, UL 30 GHz)

	Max channel bandwidth capability (service link)
	30 MHz for band < 6 GHz
1 GHz for band > 6 GHz

	Payload
	Scenario A: Transparent (including radio frequency function only)
Scenario B: regenerative (including all or part of RAN functions)
	Scenario C: Transparent (including radio frequency function only)
Scenario D: Regenerative (including all or part of RAN functions)

	Inter-Satellite link
	No
	Scenario C: No
Scenario D: Yes/No (Both cases are possible.)

	Max beam foot print size (edge to edge) regardless of the elevation angle
	3500 km (Note 5)
	1000 km

	Max distance between satellite and user equipment at min elevation angle
	40,581 km
	1,932 km (600 km altitude)
3,131 km (1,200 km altitude)

	Max Round Trip Delay (propagation delay only)
	Scenario A: 541.46 ms (service and feeder links)
Scenario B: 270.73 ms (service link only)
	Scenario C: (transparent payload: service and feeder links)
25.77 ms (600km)
41.77 ms (1200km)

Scenario D: (regenerative payload: service link only)
12.89 ms (600km)
20.89 ms (1200km)

	Max differential delay within a cell (Note 6)
	10.3 ms
	3.12 ms and 3.18 ms for respectively 600km and 1200km

	Service link
	3GPP defined New Radio

	Feeder link
	3GPP or non-3GPP defined Radio interface
	3GPP or non-3GPP defined Radio interface



Based on Table 1, we can conclude that the maximum total RTD for GEO NTN are 541.46ms and 270.73ms for Transparent Payload (Scenario A) and Regenerative Payload (Scenario B) respectively. Similarly, the maximum RTD for LEO NTNs at 600kms altitude are 25.77ms and 12.89ms for Transparent and Regenerative Payload respectively.  This delay further increases to 41.77ms and 20.89ms for Transparent and Regenerative Payload respectively as the altitude of the LEO satellite is increased to 1,200kms. 
The maximum differential delay is the maximum difference of RTD experienced by two UEs in the same beam-spot. Based on Table 1, we can conclude that the maximum differential delay within a cell are 10.3ms, 3.12ms and 3.18ms for GEO, LEO at 600km altitude and LEO at 1,200km altitude respectively.



2.1 Total Round-trip Delay Acquisition by UE
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With the assumption of GNSS capability Rel-17 NR-NTN WI [2], the UE can now perform the following operations required for uplink (UL) synchronization [3]:
1. UE can use its own position and real-time satellite position and velocity, broadcast on SIB, to determine satellite delay over the access links.
2. After determining the satellite delay, UE pre-compensate satellite delay to synchronize on UL before transmission on the access link

Observation 1: GNSS-capable UE can use its own position and real-time satellite position and velocity, broadcast on SIB, to determine and pre-compensate satellite delay (δa) in the access link for UL synchronization before transmission.
Once UL synchronization is achieved, the UE can use the pre-compensation delay to estimate the offset required for achieving UL Timing Advancement (TA). The details of the estimation of pre-compensation delay and timing advancement is out-of-scope of RAN2 and should be discussed in RAN1 [4]. gNB or GW can provide the feeder link delay (δf) between the satellite and gateways to the UE by using SIB. Either SIB9 or a dedicated SIB for NR-NTN could be designed. The details of the SIB contents and its frequency of transmission is out of scope of this contribution. Using this feeder link delay (δf), obtained from gNB, and its own estimated access link delay (δa) UE can estimate the total round-trip delay (δRTD) between UE and the gateway. UE can now use this δRTD to update the relevant MAC timers. 

Observation 2: Using the feeder link delay (δf), obtained from gNB, and its own estimated access link delay (δa) UE can estimate the total round-trip delay (δRTD) between UE and gNB. The details of the estimation of pre-compensation delay and timing advancement is out-of-scope of RAN2 and should be discussed in RAN1.

2.2 Random Access Timers and Preamble Ambiguity
After transmitting RA Preamble (msg1), UE monitors PDCCH for the Random Access Response (RAR) message (msg2). If no valid response is received during the ra-ResponseWindow, a new preamble is transmitted. If a certain number of preambles have been sent, an appropriate RA problem will be indicated to upper layers. As shown in Table 1, in NTN the RTD is much larger and therefore, the RAR cannot be received by the UE within the time interval, of ra-ResponseWindow, having values specific to terrestrial networks. 
Interestingly, the RTD might be different for different UEs. However, as mentioned in Observation 1, UE can estimate this RTD (δRTD) by using the feeder link delay (δf), obtained from gNB, and its own estimated access link delay (δa). Of course, this offset could be different for different UEs, located over different geographical areas. Thus, UE will use its pre-calculated δRTD as an offset to delay the start of the existing ra-ResponseWindow to compensate the high round trip delay (RTD). The same solution can be easily extended to 2-step RACH, where UE will use the same pre-calculated δRTD as an offset to delay the start of the existing msgB-ResponseWindow. Thus, there is no need to extend the ra-ResponseWindow and msgB-ResponseWindow and UE is required to monitor PDCCH only during the ra-ResponseWindow or msgB-ResponseWindow.

Proposal 1: Using its GNSS capability UE will pre-calculate the RTD and use it as an offset to delay the start of ra-ResponseWindow and msgB-ResponseWindow to compensate the high RTD in 4-step and 2-step RACH respectively. There is no need to extend the ra-ResponseWindow and msgB-ResponseWindow.
Similarly, after successful reception of RAR, UE transmits msg. 3 and starts Contention Resolution (CR) timer (ra-ContentionResolutionTimer). The UE now continues to wait for msg.4. If msg. 4 is not received before the expiry of ra-ContentionResolutionTimer, UE considers a failure in contention resolution. As the RTD is much larger in NTN similar to RAR, msg. 4 is also not likely to be received by the UE within the expiry of ra-ContentionResolutionTimer. Thus, similar to RAR window, UE will use its pre-calculated δRTD as an offset to delay the start of the existing CR timer to compensate the high RTD. UE is required to monitor PDCCH only during the ContentionResolutionTimer.

Proposal 2: UE will use its pre-compensated RTD as an offset to delay the start of existing ra-ContentionResolutionTimer to compensate the high round trip delay.
As shown in the Table 1, the maximum differential delay could be up to 10.3ms for GEO-NTN and 3.18ms for LEO-NTN. Based on this, during Rel-16 NR-NTN SI, it was discussed that if two UEs initiate the same RACH Opportunity (RO), using the same RA-RNTI, in two consecutive system frames, there is a non-zero probability that the separation of ROs can be less than the differential delay (i.e. <= 10.3ms). In that case, the preamble of the two UEs can fall into the same processing window of the gNB, leading to preamble ambiguity. However, with the GNSS-capability the UE will now use its pre-calculated RTD for delay pre-compensation. With this pre-compensation, the delay associated with msg.1 will also be updated and there will be no preamble ambiguity. However, if preamble ambiguity still exists, then network (gNB) can use sparse preamble configurations to ensure that two consecutive ROs are separated by more than maximum differential delay.

Proposal 3: With UE-based pre-compensation of RTD, the delay associated with msg1 (preamble) transmission will be updated and there will be no preamble ambiguity. If preamble ambiguity still exists, network (gNB) can use sparse preamble configurations to ensure that two consecutive ROs are separated by more than maximum differential delay.

2.3 SR Prohibit Timer Update
If a BSR is triggered, but there is no UL resource for BSR transmission, UE triggers SR for requesting PUSCH resources. The SR is considered pending until a UL grant is received and a BSR or available data is transmitted. If the timer expires due to high satellite RTD with a pending SR, a new SR is transmitted. To avoid unnecessary SR transmissions, an SR prohibit timer is introduced to reduce the load on PUCCH. UE starts this timer after transmitting an SR. When SR Prohibit timer is running, the UE does not transmit any more SR on PUCCH. As shown in Table 1, in NTN the RTD is much larger than SR Prohibit timer values of NR. Hence, the SR Prohibit timer will expire even before UE receives the UL grants (in PDCCH) for PUSCH transmission. In order to resolve this, the SR Prohibit timer needs to be extended. SR Prohibit timer in NR-NTN will be extended by UE’s pre-compensated RTD.

Proposal 4: In NR-NTN SR prohibit timer will be extended by UE’s pre-compensation offset to compensate the huge RTD. 

2.4 Updating DRX and HARQ Timers
In NR-NTN it was decided that the network could disable UL/DL HARQ feedback for DL/UL transmissions to cope up with long propagation delays and limited number of HARQ processes. Even if HARQ feedback is disabled, the HARQ processes are still configured. Enabling / disabling of HARQ feedback is a network decision signalled semi-statically to the UE by RRC signalling. The enabling / disabling of HARQ feedback for downlink transmission should be configurable on per UE and per HARQ process basis via RRC signalling. 
The drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL respectively specify the minimum number of subframes before a DL assignment and UL grant for HARQ retransmission is expected. However the DL assignment or UL grant for HARQ retransmissions might not be received due to the high RTD in NTN. Hence, it is required to update the corresponding HARQ timers. However, different treatment is needed depending on whether HARQ feedback is enabled or disabled. When HARQ feedback is enabled, pre-compensated deterministic offsets can be used to compensate the drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL. On the other hand, if HARQ feedback is turned off per HARQ process, drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL should not be started. 

Proposal 5: When HARQ feedback is enabled, UE’s pre-compensation offsets will be used to compensate the drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL. On the other hand, if HARQ feedback is turned off per HARQ process, drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL should not be started.

3 Conclusions
Large round-trip delay (RTD) of NR-NTN can result in expiry of major MAC timers. In this contribution, we discuss how UE can use its GNSS capability to estate the RTD and use this pre-compensated RTD to update the major MAC timers associated with random access, scheduling request and HARQ. 
Observation 1: GNSS-capable UE can use its own position and real-time satellite position and velocity, broadcast on SIB, to determine and pre-compensate satellite delay (δa) in the access link for UL synchronization before transmission.
Observation 2: Using the feeder link delay (δf), obtained from gNB, and its own estimated access link delay (δa) UE can estimate the total round-trip delay (δRTD) between UE and gNB. The details of the estimation of pre-compensation delay and timing advancement is out-of-scope of RAN2 and should be discussed in RAN1.
Proposal 1: Using its GNSS capability UE will pre-calculate the RTD and use it as an offset over the existing duration of ra-ResponseWindow to compensate the high round trip delay (RTD). There is no need to extend the RAR window.
Proposal 2: UE will use its pre-compensated RTD as an offset over the existing ra-ContentionResolutionTimer to compensate the high round trip delay (RTD).
Proposal 3: With UE-based pre-compensation of RTD, the delay associated with msg1 (preamble) transmission will be updated and there will be no preamble ambiguity. If preamble ambiguity still exists, network (gNB) can use sparse preamble configurations to ensure that two consecutive ROs are separated by more than maximum differential delay.
Proposal 4: In NR-NTN SR prohibit timer will be extended by UE’s pre-compensated offset to compensate the huge RTD.
Proposal 5: When HARQ feedback is enabled, pre-compensated deterministic offsets should be used to compensate the drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL. On the other hand, if HARQ feedback is turned off per HARQ process, drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerDL should not be started.
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