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Introduction

It’s agreed in RAN2#103bis that following aspects will be discussed:

	UP 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

Impacts to study for CP

1.Mobility 

2.TA management and update 


This paper will discuss NTN’s impact on Random Access procedure.
Discussion

RAR window
------------------------------------------------  From 38.821 v 0.3.0  ----------------------------------------------------

Table 4.1-1: Types of NTN platforms
	Platforms
	Altitude range
	Orbit
	Typical beam footprint size

	Low-Earth Orbit (LEO) satellite
	300 – 1500 km
	Circular around the earth
	100 – 500 km

	Medium-Earth Orbit (MEO) satellite
	7000 – 25000 km
	
	100 – 500 km

	Geostationary Earth Orbit (GEO) satellite
	35 786 km
	notional station keeping position fixed in terms of elevation/azimuth with respect to a given earth point
	200 – 1000 km

	UAS platform (including HAPS)
	8 – 50 km (20 km for HAPS)
	
	5 - 200 km

	High Elliptical Orbit (HEO) satellite
	400 – 50000 km
	Elliptical around the earth
	200 – 1000 km


**************************************  Omit  *****************************************
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


------------------------------------------------  From 38.821 v 0.3.0  ----------------------------------------------------

As captured in Table 4.1-1 and Table 4.2-2 of TR 38.821, the cell size in NTN is from 5 km to 1000 km in diameter, leading to up to 16- ms differential delay within a cell, which is dozens of times of that in terrestrial communications. Moreover, the Max Round Trip Delay (RTD) can be up to 541.14ms, way exceeding the maximum RAR window length (defined as 10 ms in specs), thus the behavior of RAR window shall be modified to accommodate to the significant long round trip time as well as the large cell size in NTN.

Previous meeting has proposed two approaches to handle the impact of large RTD on RAR window. One way is to extend the RAR widow to cover the whole RTD, which is very power consuming since UE will need to monitor PDCCH for very long time. Another approach is more power efficient, which is to delay the start of the RAR window. To adapt to different NTN scenarios, a configurable common delay can be broadcasted to compensate different RTDs.
Proposal 1: To compensate the large RTD, a time offset shall be broadcasted in system information to delay the start of RAR window.
However, only to delay the start of RAR window is not sufficient for NTN since the length of RAR window is closely related to the cell size. 2Figure -1
 illustrates a corner case where a UE with minimum delay to BS (i.e. locates at nadir) and a UE with maximum delay to BS (locates at cell edge) initiate RACH using the same time-frequency resource. Assuming RAR window is started after a common delay, i.e. 1 minimum RTD, then in order to ensure both UE can receive their RARs, the RAR window shall at least covers 2*differential delay, where differential delay equals maximum delay minus minimum delay.
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Figure 2-1 RAR window in NTN 

Considering the worst case listed in Table 4.2-2, RAR window shall be extended to 32 ms for 16 ms differential delay, which is way larger than defined maximum RAR window in current specs. If the length of RAR window is not extended, then some UE within the cell will not receive RARs intended for them even though their preamble have been well received and BS has already granted PUSCH resource for them. Thus those UE can only re-initiate RACH after RAR window expires, which will lead to increment of total RACH attempts a UE is required to access to the cell. Considering the large RTD in NTN, more RACH attempts will also result in increasing of access delay. Also the granted PUSCH will not be used since the RAR is not received, which is a waste of both RACH resource and PUSCH resource. 

According to above discussion, we can see that insufficient RAR window length has non negligible negative impact on overall RACH performance. Thus it’s beneficial to extend RAR window length to guarantee most UEs within the cell have the opportunities to receive RARs intended for them.   

Proposal 2: For NTN, the length of RAR window shall be extended to overcome the “delay variation within a beam”.
Timing Advance

In the existing system, the proper TA for UL transmission is guaranteed in via both RACH procedures and MAC-initialized TA refinement. However, performance degradation can be foreseen on these approaches with consideration of the characteristics for NTN communication, e.g., extensive coverage, high mobility and large RTT.

More specifically, for the RACH-way, since the TA value will be obtained by the BS via detection of preamble and corresponding value will be indicated in RAR, the feasibility on this way highly depends on the design of preamble, which is mainly based on assumption of certain cell size or coverage of BS. In the NTN system as shown in Figure 1, large coverage than terrestrial system is observed and the maximal distance between two UEs in cell edge will be changed since the pattern of footprint of beam/cell will be different along the movement of satellite and influence of terrestrial.
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Figure 2-2 Illustration of coverage of NTN with common TA
In this case, for the initial access, the design for RACH will be complicated and large resource overhead will be expected to support both large number of terminal and longer propagation delay if no assisting information is provided, especially for the normal terminal without capability for TA calculation and limited accuracy on positioning even with known of the constellation/ephemeris. Then, introduction of the common TA part, which is determined by L2 shown in Figure 1, via broadcasting way will be beneficial. 

Proposal 3: A common TA shall be broadcasted in system information.
The length of L2 is continuously changing due to the movement of satellite, thus the common TA shall be a configurable parameter to adapt to the changing of L2. Together with the broadcast of common TA, a validity period can be broadcasted as well, and the broadcasted common TA is considered valid during this period. 

Observation 1: The common TA broadcasted is changing continuously due to the movement of satellite.

Proposal 4: A validity period for the common TA can be broadcasted, and within which the UE consider the common TA received as valid. 

The update of common TA in system information can be very frequent due to the fast movement of satellite,which will increase unnecessary signaling overhead, especially for UEs which does not initiate RACH since the common TA part is only for assisting the RACH procedure. To cope with this problem, the update of common TA in system information shall not result in system information change notifications. At each RACH attempt UE is required to read common TA value in system information if broadcasted common TA is considered invalid.

Proposal 5: The change of common TA in system information shall not result in the system information change notifications.
timeAlignmentTimer

timeAlignmentTimer is used to control how long the MAC entity considers the Serving Cells belonging to the associated TAG to be uplink time aligned. According to 38.331, the length of timeAlignmentTimer can be configured as [500 ms, 750 ms, 1280 ms, 1920 ms, 2560 ms, 5120 ms, 10240 ms, infinity], which is sufficient for NTN, thus no modification on timeAlignmentTimer is needed.

Proposal 6: No modification is needed for value range of TimingAlignment timer.   

Power Control
Open loop power control method is adapted for RACH in current specs. The initial preamble transmission power is configured by preambleReceivedTargetPower: For each failure attempts, UE will increase transmission power by a power ramping factor defined by powerRampingStep or powerRampingStepHighPriority until reaches configured maximum transmission power. 
In order to overcome the large path loss caused by the long propagation distance in NTN, some companies have proposed to always send preamble using the configured maximum transmission power. Although this approach can help increase the receiving power at BS to guarantee the required SNR for decoding, to always use maximum transmission power can severe the interference between different users. Since pathloss is highly related to RTD, network can configure a higher preambleReceivedTargetPower for scenarios with larger RTD which can as well achieve similar purpose. 

Current power ramping mechanism has already proven to be an efficient way for power control in RACH, since there is not clear gain in other method, to minimize the impact on protocol we propose to reuse current power control design for Random Access procedure in NTN.
Proposal 7: Reuse the power ramping mechanism for Random Access procedure in NTN.
Conclusion

In this paper we discussed NTN’s impact on RACH, Based on above discussions we propose the following:

Proposal 1: To compensate the large RTD, a time offset shall be broadcasted in system information to delay the start of RAR window.
Proposal 2: The length of RAR window shall be extended to overcome the “delay variation within a beam” for NTN.
Proposal 3: A common TA shall be broadcasted in system information.
Observation 1: The common TA broadcasted is changing continuously due to the movement of satellite.

Proposal 4: A validity period for the common TA can be broadcasted, and within which the UE consider the common TA received as valid. 

Proposal 5: The change of common TA in system information shall not result in the system information change notifications.
Proposal 6: No modification is needed for value range of TimingAlignment timer.   

Proposal 7: Reuse the power ramping mechanism for Random Access procedure in NTN.
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