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1 Introduction

We discussed NR NTN in RAN2#103bis and agreed to study UP impacts as follows.

Impacts to study 

1. DRX

2. HARQ 

3. Random access response 

4. RLC/PDCP reordering (e.g. timers and SN space)

5. SDAP => no impact
In this paper, we analyze DRX aspects and give our views.
2 Discussion
2.1 Large RTT of NR NTN.

According to 38.821, we shall consider in this document non-terrestrial networks providing access to user equipment in six reference scenarios including

· Circular orbiting and notional station keeping platforms.

· Highest RTD constraint

· Highest Doppler constraint

· A transparent and a regenerative payload

· One ISL case and one without ISL. Regenerative payload is mandatory in the case of inter-satellite links. 

· Fixed or steerable beams resulting respectively in moving or fixed beam foot print on the ground
Six scenarios are considered as depicted in Table 4.2-1 and are detailed in Table 4.2-2.

Table 4.2-1: Reference scenarios

	
	Transparent satellite
	Regenerative satellite

	GEO based non-terrestrial access network
	Scenario A
	Scenario B

	LEO based non-terrestrial access network:

steerable beams
	Scenario C1
	Scenario D1

	LEO based non-terrestrial access network:

the beams move with the satellite
	Scenario C2
	Scenario D2


Table 4.2-2: Reference scenario parameters

	Scenarios
	GEO based non-terrestrial access network (Scenario A and B)
	LEO based non-terrestrial access network (Scenario C & D)

	Orbit type
	notional station keeping position fixed in terms of elevation/azimuth with respect to a given earth point 
	circular orbiting around the earth

	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 (service link)
	30 MHz for band < 6 GHz

400 MHz 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

	Earth-fixed beams
	Yes
	Scenario C1: Yes (steerable beams), see note 1

Scenario C2: No (the beams move with the satellite)

Scenario D 1: Yes (steerable beams), see note 1

Scenario D 2: No (the beams move with the satellite)

	Max beam foot print diameter at nadir
	500 km
	200 km

	Min Elevation angle for both sat-gateway and user equipment
	10°
	10°

	Max distance between satellite and user equipment at min elevation angle
	40,586 km
	1,932 km (600 km altitude)

3,131 km (1,200 km altitude)

	Max Round Trip Delay (propagation delay only)
	Scenario A: 541.14 ms (service and feeder links)

Scenario B: 271.57ms (service link only)
	Scenario C: (transparent payload: service and feeder links)

· 25.76ms(600km)

· 41.75ms(1200km)

Scenario D: (regenerative payload: service link only)

· 12.88ms(600km)

· 20.87ms(1200km)

	Max delay variation within a beam (earth fixed user equipment)
	16ms
	4.44ms (600km)

6.44ms (1200km)

	Max differential delay within a beam
	1.6 ms
	0.65 ms (600km and 1200km)

	Max Doppler shift (earth fixed user equipment)
	0.93 ppm
	24 ppm (600km)

21ppm(1200km) 

	Max Doppler shift variation (earth fixed user equipment)
	0.000 045 ppm/s 
	0.27ppm/s (600km)

0.13ppm/s(1200km)

	User equipment motion on the earth
	1000 km/h (e.g. aircraft)
	500 km/h (e.g. high speed train)

Possibly 1000 km/h (e.g. aircraft)

	User equipment antenna types
	Omnidirectional antenna (linear polarisation), assuming 0 dBi

Directive antenna (up to 60 cm equivalent aperture diameter in circular polarisation)

	User equipment Tx power
	Omnidirectional antenna: UE power class 3 with up to 200 mW

Directive antenna: up to 4 W

	User equipment Noise figure
	Omnidirectional antenna: 7 dB

Directive antenna: 1.2 dB

	Service link
	3GPP defined New Radio

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


Observation 1: RTT in NTN is much larger than in Terrestrial Network.

2.2 Potential impacts of large RTT on DRX in NTN.
DRX is a mechanism for UE to save power by reducing PDCCH monitoring. According to 38.321, when a DRX cycle is configured, the Active Time includes the time while:

-
drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or

-
a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or

-
a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble (as described in subclause 5.1.4).
DRX cycle is the periodic repetition of the on-duration followed by a possible period of inactivity, which is illustrated in Figure 1. UE need not to monitor PDCCH during the period of inactivity.

[image: image1.emf]UE shall monitor 

PDCCH

OnDuration

DRX Cycle

Opportunity for DRX


Figure 1
UE keep in active during On Duration for drx-onDurationTimer is running.
As illustrated in Figure 2, drx-InactivityTimer starts or restarts after the PDCCH occasion in which a PDCCH indicates a new UL or DL transmission for the MAC entity. The timer is designed to adapt data transmissions that usually happen continuously with short intervals. 
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Figure 2
As illustrated in Figure 3, drx-RetransmissionTimerDL running keeps UE in active to enable gNB to schedule a HARQ retransmission. It is started after drx-HARQ-RTT-TimerDL expires in case of DL HARQ NACK. Similar mechanism is used for UL transmission. So there are drx-RetransmissionTimerUL and drx-HARQ-RTT-TimerUL.
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Figure 3
2.2.1 DRX in RA procedure.

UE is active while ra-ContentionResolutionTimer is running. ra-ContentionResolutionTimer is started right after msg3 is transmitted and restarted at each HARQ retransmission for msg3. So UE expects to receive msg4 during the time. However, RTT is the minimum duration between msg3 transmission and msg4 receiption. The reason why RTT between the first copy of msg3 and msg4 is not considered here is that RTT in Terrestrial Network is very short. 

It’s worthy to visit the DRX behaviour between msg1 and msg2 as well. According to 38.321 5.1.4, currently UE shall start the ra-ResponseWindow at the first PDCCH occasion from the end of the Random Access Preamble transmission to receive RAR. Thus, the RTT is not considered between msg1 and msg2 either.
So we can see that currently DRX isn’t exploited in RA procedure in Terrestrial Network.
Observation 2: DRX is not applied in RA procedure in Terrestrial Network.
However, in NTN UE will consume much power in vain because of large RTT if we don’t exploit DRX in RA procedure in Terrestrial Network, e.g. between the msg1 and msg2, and between the msg3 and msg4.
Proposal 1: UE can perform DRX in RA procedure considering large RTT in NTN.
2.2.2 DRX in SR procedure.

UE keep in active after a SR is sent on PUCCH and is pending. So a response to the sent SR is expected right after the SR sent. 
Observation 3: DRX is not applied in SR procedure in Terrestrial Network.
However, RTT is the minimum duration between SR transmission and SR response. So UE can’t receive the response to SR in RTT after the first copy of SR is sent. The RTT is very short in Terrestrial Network so few impacts there. While in NTN, it’s better to take much larger RTT into consideration.
Proposal 2: UE can perform DRX in SR procedure considering large RTT in NTN.
2.2.3 DRX in HARQ procedure.

The drx-HARQ-RTT-TimerDL is the minimum duration between the point that UE sent a DL HARQ feedback and the point that gNB may schedule a DL HARQ retransmission during which UE can leave active state. The duration including the time of RTT and the minimum time needed for gNB handling. So as drx-HARQ-RTT-TimerUL.

Observation 4: drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL include the time of RTT and the minimum time needed for gNB handling.

Currently, value of drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL is in number of symbols of the BWP where the transport block was received and the value can be
drx-HARQ-RTT-TimerDL



INTEGER (0..56),

drx-HARQ-RTT-TimerUL



INTEGER (0..56),
Based on the possible of RTT in NTN in section 2.1, we have to modify the possible value range of the two timers in NTN. Different from Terrestrial Network, the minimum value of RTT in NTN is much larger than 0.

The DRX cycle can be from 2 ms to 10240 ms currently. Shorter DRX cycles have shorter delay in communication but more power consumption. Larger DRX cycles have impacts on communication delay while save more power. In general, many services use DRX cycle with the medium values in the range, which is similar to RTT of NTN. The result is that in many cases the point of drx-HARQ-RTT-Timer expiration is close to the next On Duration, which is illustrated in Figure 4
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Figure 4
As in the Figure 4, UE become active at the point of drx-HARQ-RTT-TimerDL and keep active for drx-Retransmission-TimerDL. After that the UE leaves active state first and then enters active state for the next On Duration in a short while. However, if the UE does not become active at this point in this case, the UE loses little gain in delay while saving much more power. So it’s better for the UE to defer the PDCCH monitoring for HARQ retransmission to the next On Duration if the point of drx-Retransmission-TimerDL expiration is close to the next On duration, e.g. according to the configuration of network.
Proposal 3: UE can defer HARQ DL retransmission RX or HARQ UL retransmission TX to next On Duration in some cases in NTN.
3 Conclusion

Based on the discussions in this paper we propose:
Observation 1: In NTN, RTT is much larger than what it is in Terrestrial Network.

Observation 2: DRX is not applied in RA procedure in Terrestrial Network.
Proposal 1: UE can perform DRX in RA procedure considering large RTT in NTN.
Observation 3: DRX is not applied in SR procedure in Terrestrial Network.
Proposal 2: UE can perform DRX in SR procedure considering large RTT in NTN.
Observation 4: drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL include the time of RTT and the minimum time needed for gNB handling.

Proposal 3: UE can defer HARQ DL retransmission RX or HARQ UL retransmission TX to next On Duration in some cases in NTN.
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