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1. Introduction

In RAN2#115e meeting, user plane impact for NB-IoT/eMTC support for NTN was discussed, and the following agreements have been made.
· Start of ra-ResponseWindow is delayed by an offset. Postpone discussion on the offset value until further agreements regarding RACH are made in RAN1.

· If the start of the RA Response window is accurately compensated by UE-eNB RTT and no extension of repetition is required, there is no need to extend the ra-ResponseWindowSize for IoT NTN.

· Start of mac-ContentionResolutionTimer is delayed by an offset, (assumed equal to UE-eNB RTT). This can be revisited if RAN1 decides something that requires to change this. 

· If the start of mac-ContentionResolutionTimer is accurately compensated by UE-eNB RTT and no extension of repetition is required, there is no need to extend the mac-ContentionResolutionTimer for IoT NTN.

· From RAN2 perspective, for UE with UE-specific pre-compensation as a baseline it is up to eNB implementation to ensure sufficient time on UE side for the Msg3 transmission for IoT NTN.

· RAN2 assumes that TA information (FFS what) reporting by the UE on network enabling will be needed in IoT NTN. Expect RAN1 need to progress on this, and can maybe reuse NR NTN progress. FFS in which message this is provided.

· UE-eNB RTT is taken into account when calculating the (UL) HARQ RTT timer. 

· RAN2 assumes that sr-ProhibitTimer need to be extended. Postpone treatment of sr-ProhibitTimer values until the NR NTN details have been decided.

· From RAN2’s perspective, delayed start of pur-ResponseWindowTimer with UE-eNB RTT can be supported. This can be revised if RAN1 finds issues to support PUR that are not small.

· pur-ResponseWindowSize is not extended for IoT NTN.

· SPS is supported without modification for IoT NTN.

· RAN2 confirm the SI agreement that the value range of the RLC t-Reordering timer will be extended to support IoT NTN.

· Do not extend the PDCP discardTimer for NB-IoT over NTN. 

· FFS whether to extend the PDCP discardTimer for eMTC over NTN. 

· Do not extend PDCP t-Reordering for IoT NTN.

In this contribution, we further discuss left open issues on UP for IoT over NTN and provide our views.
2. Discussion 
2.1 offset for ra-ResponseWindow
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.

In RAN2#115e meeting, RAN2 discussed how to determine the offset for the start of ra-ResponseWindow in IoT over NTN, and reached the following agreement:

· Start of ra-ResponseWindow is delayed by an offset. Postpone discussion on the offset value until further agreements regarding RACH are made in RAN1.

In RAN1#106e meeting, RAN1 made the following agreement:

	Agreement:

The following agreements from NR NTN are re-used for IoT NTN as working assumption.

a) The Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink is compensated by the GW and satellite-payload without any specification impacts in Release 17.

b) The orbital propagator model to be used at UE side can be left to implementation

c) Timing Advance formula can be transposed to IoT-NTN with Ts used instead of Tc 

The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:
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  is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 

· FFS: details of NTA update/accumulation.

· [image: image13.png]N1 AUE-specific



  is UE self-estimated TA to pre-compensate for the service link delay.
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 is network-controlled common TA, and may include any timing offset considered necessary by the network.
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 with value of 0 is supported. 

· FFS:  details of signaling including granularity.  
· [image: image19.png]NTaoffset



 is a fixed offset used to calculate the timing advance. 


Conclusion:

For IoT NTN, no modifications are needed for the calculation in NR NTN for estimate of UE-eNB RTT.
Based on the RAN1 agreements, similar as NR NTN, in IoT 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.

Observation 2 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 1 The K_mac value is broadcasted by network. 
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, depending 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


The current offset can be understood as the minimum time for which UE has to wait before being ready for receiving the first PDCCH repetition, due to some transmission/reception restrictions, e.g. some UL/DL switching gaps and/or some other gaps for DL synchronization. For NB-IoT and eMTC in NTN, to save UE power, the new offset value should not be 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


As shown in figure1 below, the current offset (due to various transmission/reception gaps) starts from the last preamble repetition, and by the nature of propagation, the UE-eNB RTT also starts at the same time. Both time periods are actually the minumum time required for receiving the earliest PDCCH transmission. To take both time periods into account, we think it would be reasonable to take the new offset value as the maximum of the current offset and UE-eNB RTT,, rather than the sum of the two.
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Figure 1 the offset for the start of ra-ResponseWindow

Observation 3 Both the current offset and UE-eNB RTT are the minumum time required for receiving the earliest PDCCH transmission and they are counted at the same time.
Observation 4 The current offset value for the start of ra-ResponseWindow may be longer or shorter than UE-eNB RTT.
Proposal 2 In IoT NTN, define the offset value for the start of ra-ResponseWindow as max (current offset, UE-eNB RTT).
2.2 (UL) HARQ RTT Timer
In RAN2#115e meeting, RAN2 has made the following agreement for HARQ-RTT-Timer and UL-HARQ-RTT-Timer enhancement in IoT NTN.

	UE-eNB RTT is taken into account when calculating the (UL) HARQ RTT timer.


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 5 In NR, for a UE configured with DRX function, both drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL are configured by gNB.
Observation 6 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 7 In LTE, How to determine HARQ RTT timer or UL HARQ RTT timer is specified in TS36.321.
Observation 8 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 9 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. Considering the large RTT impact on (UL) HARQ RTT Timer, we think that UE is actually waiting for both the UE processing delay and the UE-eNB RTT before being ready to receive the earliest PDCCH transmission, and these two time periods are counted in parallel instead of one after another, in the similar way as we discussed RAR window start as above in section 2.1. To take both UE processing time and UE-eNB RTT into account, we think that (UL) HARQ RTT Timer should 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;
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Figure 2 HARQ RTT Timer and UL HARQ RTT Timer
Observation 10 Both UE processing time and UE-eNB RTT are the minumum time required for receiving the earliest PDCCH transmission after UL transmission and they are counted at the same time.
Proposal 3 In IoT NTN, HARQ RTT Timer and UL HARQ RTT Timer are defined as following:

· 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
3. Conclusion
Based on the discussion we make the following observation:

Observation 11 In NR NTN, the start of ra-ResponseWindow is delayed by an estimate of UE-gNB RTT.
Observation 12 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.

Observation 13 Both the current offset and UE-eNB RTT are the minumum time required for receiving the earliest PDCCH transmission and they are counted at the same time.
Observation 14 The current offset value for the start of ra-ResponseWindow may be shorter than UE-eNB RTT.
Observation 15 In NR, for a UE configured with DRX function, both drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL are configured by gNB.
Observation 16 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 17 In LTE, How to determine HARQ RTT timer or UL HARQ RTT timer is specified in TS36.321.
Observation 18 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 19 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 20 Both UE processing time and UE-eNB RTT are the minumum time required for receiving the earliest PDCCH transmission after UL transmission and they are counted at the same time.
And we give the following proposals:

Proposal 1 The K_mac value is broadcasted by network. 
Proposal 2 In IoT NTN, define the offset value for the start of ra-ResponseWindow as max (current offset, UE-eNB RTT).
Proposal 3 In IoT NTN, HARQ RTT Timer and UL HARQ RTT Timer are defined as following:

· 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
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