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1. Introduction

In RAN#92e meeting, a new WID on NB-IoT/eMTC support for NTN [1] has been approved. In the WID, one of the objectives is to specify the enhancements re-using NR_NTN_Solutions WI agreements as a baseline, including the following:
	-
User Plane:

-
Enhancements to ra-ResponseWindowSize, mac-ContentionResolutionTimer, HARQ RTT timer, UL HARQ RTT timer, and sr-ProhibitTimer. 

-
Enhancements to RLC t-Reordering timer. 

-
Others:

-
Provisioning of ephemeris


In this contribution, we discuss user plane timers for NB-IoT/eMTC support for NTN and provide our views.
2. Discussion 
2.1 RACH timers
In NTN, due to the large propagation delay, after sending Msg1, UE could not receive Msg2 until a time interval of RTT has passed. In Rel-17 NR NTN WI, RAN1 has made the following agreements in RAN1#105 e-meeting:

	Agreement:
The starts of ra-ResponseWindow and msgB-ResponseWindow are delayed by an estimate of UE-gNB RTT. 

· The estimate of UE-gNB RTT is equal to the sum of UE’s TA and K_mac.
Note 1: The UE’s TA is based on the RAN1#104bis-e agreement on Timing Advance applied by an NR NTN UE given by  [image: image4.png]o X T
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. The estimate of gNB-satellite RTT is equal to the sum of  and K_mac.  How to treat [image: image6.png]
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 can be further discussed.

Note 2: According to the RAN1#104bis-e agreement: When UE is not provided by network with a K_mac value, UE assumes K_mac = 0.
Note 3: The accuracy of the estimated UE-gNB RTT with respect to the true UE-gNB RTT can be further discussed.

Note 4: Other options of determining the estimate of UE-gNB RTT can be further discussed.


Based on above RAN1 agreements, in NR NTN, an offset is used to delay to start of ra-ResponseWindow, and the offset is the estimated UE-gNB RTT.
Observation 1 In NR NTN, the start of ra-ResponseWindow is delayed by an estimate of UE-gNB RTT.
Unlike NR, for NB-IoT and eMTC, there is already an offset for the start of ra-ResponseWindow. For eMTC, the offset is fixed to 3 subframes, while for NB-IoT, the offset can be either 4 subframes or 41 subframes, which depends on the NPRACH transmission duration, as defined in the table below.

Table 1: Subframes between preamble transmission and RA Response Window in NB-IoT

	TDD/FDD mode
	Preamble format
	Number of NPRACH repetitions
	X 

	FDD
	0 or 1
	>= 64
	41

	FDD
	0 or 1
	< 64
	4

	FDD
	2
	>= 16
	41

	FDD
	2
	< 16
	4

	TDD
	Any
	Any
	4


For NB-IoT and eMTC in NTN, for the purpose of UE power saving, this offset value should be no shorter than UE-eNB RTT, if UE could derive UE-eNB RTT based on its GNSS capability. 

According to TR36.763, the following IoT NTN scenarios would be considered in R17 IoT NTN.


Table 2: IoT NTN reference scenarios

	NTN Configurations 
	Transparent satellite

	GEO based non-terrestrial access network 
	Scenario A

	LEO based non-terrestrial access network generating steerable beams (altitude 1200 km and 600km)
	Scenario B

	LEO based non-terrestrial access network generating fixed beams whose footprints move with the satellite (altitude 1200 km and 600km)
	Scenario C

	MEO based non-terrestrial access network generating fixed beams whose footprints move with the satellite (altitude 10000 km)
	Scenario D


The UE-eNB RTT for different IoT NTN scenarios are given in the following table.

Table 3: UE-eNB RTT in IoT NTN scenarios

	Scenarios
	Maximum UE-eNB RTT
	Minimum UE-eNB RTT

	GEO 

(Scenario A)
	541.46ms
	520.86

	LEO with satellite altitude of 600 km

(Scenario B&C)
	19.53ms
	25.77 ms

	LEO with satellite altitude of 1200 km

(Scenario B&C)
	35.41ms
	41.77ms

	MEO

(Scenario D)
	160.1 ms
	186.9 ms


It can be observed that for eMTC the current offset value is shorter than UE-eNB RTT for all the IoT NTN scenarios. For NB-IoT, the current offset value may be shorter or longer than UE-eNB RTT. So a straight way is to adjust the offset for the start of ra-ResponseWindow based on UE-eNB RTT, e.g., the offset for the start of ra-ResponseWindow can defined as max (current offset, UE-eNB RTT).
Observation 2 The current offset value for the start of ra-ResponseWindow may be shorter than UE-eNB RTT.
Proposal 1 In IoT NTN, define the offset value for the start of ra-ResponseWindow as max (current offset, UE-eNB RTT).
Regarding the offset for the start of mac-ContentionResolutionTimer in eMTC/NB-IoT NTN, UE may also use UE-eNB RTT as the offset for the start of mac-ContentionResolutionTimer.
Proposal 2 UE uses UE-eNB RTT as the offset for the start of mac-ContentionResolutionTimer in eMTC/NB-IoT NTN.
Similar as NR NTN, UE could derive UE-eNB RTT based on UE’s TA plus K_mac, where K_mac donotes the TA value pre-compensated by eNB when downlink timing and uplink timing are not aligned at eNB, and it can be broadcasted by eNB.
Proposal 3 UE estimates UE-eNB RTT in a similar way as in NR NTN, i.e., the estimated UE-eNB RTT is the sum of UE’s TA and K_mac.
Proposal 4 The K_mac value is broadcasted by network. 
2.2 DRX Timers
The solution overview for HARQ-RTT-Timer and UL-HARQ-RTT-Timer enhancement in IoT NTN has been captured in TR36.763, as below.

	Solution Overview

As the challenges associated with the expiry of MAC timers in NR NTN [3] remain the same in IoT NTN, it is assumed that the same solutions as NR NTN for the start of DL HARQ RTT Timer and UL HARQ RTT Timer can be reused as a baseline to support IoT NTN [10].


As a common understanding, the intention for HARQ-RTT-Timer and UL-HARQ-RTT-Timer enhancement in IoT NTN is the same as that in NR NTN. However, there are some difference in details.
In NR, for a UE configured with DRX function, both drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL are configured by gNB, the value fo which depends on the RTT, the processing delay at gNB, ect. The UE is not required to monitor PDCCH for retansmission during drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL. In NR NTN, due to the much larger RTT compared to terrestrial NR, RAN2 has made the following agreement in RAN2#113e meeting.

Agreements:

1. For HARQ processes with DL HARQ feedback enabled, drx-HARQ-RTT-TimerDL length is increased by offset (i.e. existing values within value range increased by offset). RAN2 working assumption: offset is equal to UE-gNB RTT (if RAN1 decides something that requires to change this we can revisit it)

Observation 3 In NR, for a UE configured with DRX function, both drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL are configured by gNB.
Observation 4 RAN2 has agreed to increase drx-HARQ-RTT-TimerDL length by an offset equal to UE-gNB RTT for the HARQ feedback enabled case in NR NTN.
In NB-IoT and eMTC, currently, for DL transmission, a UE starts the HARQ RTT Timer for the corresponding HARQ process in the subframe containing the last repetition of the corresponding PDSCH reception, and the UE may enter DRX active time when HARQ RTT Timer expires. For UL transmission, a UE starts the UL HARQ RTT Timer for the corresponding HARQ process in the subframe containing the last repetition of the corresponding PUSCH transmission, and the UE may enter DRX active time when UL HARQ RTT Timer expires. 

How to determine HARQ RTT timer or UL HARQ RTT timer is specified in TS36.321. In general, HARQ RTT Timer includes a time interval from last PDSCH repetion reception to HARQ-feedback transmission, the time duration of HARQ-feedback transmission, UE processing delay after HARQ-feedback transmission (e.g. the UL to DL switch delay for NB-IoT) with a fixed value of a few subframes, and additionally a time interval starting from the subframe after UE processing delay to the first subframe of the next PDCCH occasion for NB-IoT. UL HARQ RTT Timer includes UE processing delay after PUSCH transmission (e.g. the UL to DL switch delay for NB-IoT) with a fixed value of a few subframes, and additionally a time interval starting from the subframe after UE processing delay to the first subframe of the next PDCCH occasion for NB-IoT.

Observation 5 In LTE, How to determine HARQ RTT timer or UL HARQ RTT timer is specified in TS36.321.
Observation 6 HARQ RTT Timer includes a time interval from last PDSCH repetion reception to HARQ-feedback transmission, the time duration of HARQ-feedback transmission, UE processing delay after HARQ-feedback transmission, and additionally a time interval from the subframe after UE processing delay to the first subframe of the next PDCCH occasion for NB-IoT.
Observation 7 UL HARQ RTT Timer includes UE processing delay after PUSCH transmission, and additionally a time interval starting from the subframe after UE processing delay to the first subframe of the next PDCCH occasion for NB-IoT.
In terrestrial network, RTT is very short, typically shorter than 1ms, so the RTT is covered by the currently defined UE processing delay involved in (UL) HARQ RTT Timer. For NB-IoT and eMTC over NTN, the UE-eNB RTT is much longer than the UE processing delay, with the assumption of enabled HARQ-feedback, the UE-eNB RTT should be considered to determine the value of (UL) HARQ RTT Timer. For example, (UL) HARQ RTT Timer could be defined as below: 

· HARQ RTT Timer = TPDSCH to UCI + TUCI +max(Tprocessing, UE-eNB RTT)+delta PDCCH

· UL HARQ RTT Timer = max(Tprocessing, UE-eNB RTT) + delta PDCCH

Where, TPDSCH to UCI is the time interval from last PDSCH repetion reception to HARQ-feedback transmission;

       TUCI is HARQ-feedback transmission duration;

Tprocessing is UE processing delay after PUSCH or HARQ-feedback;
Proposal 5 RAN2 discuss how to adapt HARQ RTT Timer and UL HARQ RTT Timer based on UE-eNB RTT for NB-IoT and eMTC in NTN.
2.3 sr-ProhibitTimer

A UE can use a SR to request UL-SCH resources from the gNB for a new transmission. A prohibit timer, i.e. sr-ProhibitTimer, can be configured by network to avoid UE from sending SR too frequently. 
The solution overview for sr-ProhibitTimer enhancement in IoT NTN has been captured in TR36.763, as below.

	The sr-ProhibitTimer will be modified for including larger values to support IoT NTN. Alignment to NR NTN can be considered.


In Rel-17 NR NTN WI, RAN2 have agreed to extend the timer length of sr-ProhibitTimer. Although the details are FFS, the majority of companies think the length of sr-ProhibitTimer should be extended by adding the UE-gNB RTT to the configured sr-ProhibitTimer length. In general, this principle could also apply to IoT NTN, but there is some minor difference. Currently, the value of sr-ProhibitTimer configured by eNB is in the unit of SR period for eMTC and NPRACH period for NB-IoT. If sr-ProhibitTimer is extended by adding the UE-eNB RTT to the configured sr-ProhibitTimer length, the unit of this UE-eNB RTT should be aligned with the configured sr-ProhibitTimer, e.g. this used UE-eNB RTT can be expressed as floor (UE-eNB RTT/ SR period) for eMTC and floor (UE-eNB RTT/NPRACH period) for NB-IoT. 
Proposal 6 Extend sr-ProhibitTimer by adding the UE-eNB RTT to the configured sr-ProhibitTimer length, where the unit of this UE-eNB RTT should be aligned with the configured sr-ProhibitTimer.
2.4 pur-ResponseWindowSize

For a UE configured with PUR, after transmission using PUR or retransmission indicated by the UL grant identified by PUR-RNTI, the UE shall monitor PDCCH identified by PUR-RNTI in the PUR response window using timer pur-ResponseWindowTimer, which starts at the subframe that contains the end of the corresponding PUSCH transmission plus 4 subframes. Typically, the network would response to the transmission using PUR based on PUSCH reception, in other words, after the PUSCH ransmission, UE would not receive a PDCCH identified by PUR-RNTI until a time of UE-gNB RTT has passed. The the current offset to start pur-ResponseWindowTimer is much shorter than UE-gNB RTT in NTN, so from UE power saving point of view, for a UE who could derive UE-eNB RTT based on its GNSS capability, the current offset to start pur-ResponseWindowTimer should be extended to UE-gNB RTT.
Observation 8 The current offset value for the start of pur-ResponseWindowTimer is much shorter than UE-eNB RTT.
Proposal 7 The offset for the start of pur-ResponseWindowTimer should be adjusted based on UE-eNB RTT in eMTC/NB-IoT NTN.
3. Conclusion
Based on the discussion we make the following observation:

Observation 9 In NR NTN, the start of ra-ResponseWindow is delayed by an estimate of UE-gNB RTT.
Observation 10 The current offset value for the start of ra-ResponseWindow may be shorter than UE-eNB RTT.
Observation 11 In NR, for a UE configured with DRX function, both drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL are configured by gNB.
Observation 12 RAN2 has agreed to increase drx-HARQ-RTT-TimerDL length by an offset equal to UE-gNB RTT for the HARQ feedback enabled case in NR NTN.
Observation 13 In LTE, How to determine HARQ RTT timer or UL HARQ RTT timer is specified in TS36.321.
Observation 14 HARQ RTT Timer includes a time interval from last PDSCH repetion reception to HARQ-feedback transmission, the time duration of HARQ-feedback transmission, UE processing delay after HARQ-feedback transmission, and additionally a time interval from the subframe after UE processing delay to the first subframe of the next PDCCH occasion for NB-IoT.
Observation 15 UL HARQ RTT Timer includes UE processing delay after PUSCH transmission, and additionally a time interval starting from the subframe after UE processing delay to the first subframe of the next PDCCH occasion for NB-IoT.
Observation 16 The current offset value for the start of pur-ResponseWindowTimer is much shorter than UE-eNB RTT.
And we give the following proposals:

Proposal 1 In IoT NTN, define the offset value for the start of ra-ResponseWindow as max (current offset, UE-eNB RTT).
Proposal 2 UE uses UE-eNB RTT as the offset for the start of mac-ContentionResolutionTimer in eMTC/NB-IoT NTN.
Proposal 3 UE estimates UE-eNB RTT in a similar way as in NR NTN, i.e., the estimated UE-eNB RTT is the sum of UE’s TA and K_mac.
Proposal 4 The K_mac value is broadcasted by network. 
Proposal 5 RAN2 discuss how to adapt HARQ RTT Timer and UL HARQ RTT Timer based on UE-eNB RTT for NB-IoT and eMTC in NTN.
Proposal 6 Extend sr-ProhibitTimer by adding the UE-eNB RTT to the configured sr-ProhibitTimer length, where the unit of this UE-eNB RTT should be aligned with the configured sr-ProhibitTimer.
Proposal 7 The offset for the start of pur-ResponseWindowTimer should be adjusted based on UE-eNB RTT in eMTC/NB-IoT NTN.
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