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1 Introduction

This is the e-mail discussion report on[107#60][NR/NTN] RACH capacity evaluation and procedures ( ZTE):

· [107#60][NR/NTN]  RACH capacity evaluation and procedures ( ZTE )


Intended outcome: TP on RACH capacity and procedure evaluation taking into account the new assumption


Deadline: 2019-10-10

In RAN2#107, a TP [1] has been agreed to update the reference scenarios and parameters. Especially, the maximum differential delay has been updated to 10.3ms, which may have impact on the random access procedures. In this e-mail discussion, we will study the issues and evaluate possible solutions in random access procedures based on the new assumption and aim to provide a TP capturing RACH capacity estimation as well as issues and solutions in random access procedure. To leave time for Rapporteur to update the TP, Rapporteur would suggest to have two phase discussion:

Phase 1: Companies are invited to provide your views on the issues and possible solutions in random access procedure as well as RACH capacity estimation based on the new assumption; Deadline for phase 1: Thursday 2019-09-29

Phase 2: Companies are invited to provide comments on the TP; Deadline for phase 2: Thursday 2019-10-10
2 Status of Random Access Procedure for NTN

RAN2#104 started some first discussion on Random access and agreed the following: 
Agreements:

-
Discussion on 2-step RACH will be postponed until the procedures are more stable. 

During RAN2#105 meeting, RAR window related issues were discussed and the following agreements were made:

Agreements:

1:
The two principles, increasing the value range and applying a RTD compensation offset, and the joint usage of these two principles are used as a starting point for the discussion on how to adapt the user plane timers, impacted by the large RTD of NTN, for NTN. Which principle is applied is examined for each timer separately. Further principles are not excluded. 
2: 
The ra-ResponseWindow should be modified to support NTN.
3: 
Introduce an offset for the start of the ra-ResponseWindow for NTN. The offset shall be configurable to accommodate different scenarios.
4: 
RAN2 will study if other than delaying the start of ra-ResponseWindow an extension of ra-ResponseWindow is needed to support NTN.

5: 
The ra-ContentionResolutionTimer should be modified to support NTN.

6:
Introduce an offset for the start of the ra-ContentionResolutionTimer for NTN.
The benefits of utilizing 2-step RACH in NTN were also confirmed in RAN2#105:

Agreement:

-
2-step RACH in general can be beneficial for NTN and can be studied after the Rel-16 WI on 2-step RACH has progressed

After RAN2#106, an e-mail discussion [106#70] was triggered to evaluate the RACH capacity and study issues and potential solutions in random access procedures [2]. In RAN2#107, a TP has been agreed to update the reference scenarios and parameters. Especially, the maximum differential delay has been updated to 10.3ms, which may have impact on the random access procedure. 

In this e-mail discussion, we will study the issues and evaluate possible solutions in random access procedures based on the new assumption and aim to provide a TP capturing RACH capacity estimation as well as issues and solutions in random access procedure. 

In addition, during e-mail discussion [106#73] [NR-NTN] Mobility issues and solutions, some random access enhancements have been proposed to address mobility issues. After coordination with the rapporteur of e-mail discussion [107#62] [NR/NTN] TP Mobility, we decide to include these random access related enhancements in this e-mail discussion for the experts in random access to provide comments.
The issues in random access procedures are listed as follows:

· Ambiguity on preamble reception

· Initial timing advance for UE with and without location information

· Whether to extend the RAR window

The random access related enhancements to address mobility issues are listed as follows:

· RACH back off indication
· RACH-less HO
· 2-step RACH
In this e-mail discussion, the above issues are analysed and companies are invited to provide your views on the possible solutions. RACH capacity is also estimated and companies are invited to provide comments on the estimation.
3 Discussion 

3.1 Revision of the maximum differential delay

In RAN2#107, a TP has been agreed to update the reference scenarios and parameters. Especially, the maximum differential delay has been updated to 10.3ms, which may has impact on the random access procedure. The detailed modifications on the reference scenario parameters can be found below.

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 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.)

	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 size (edge to edge) regardless of the elevation angle
	3500 km (Note 5)
	1000km

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

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

6.44ms (1200km)

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

	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
	1200km/h (e.g. aircraft)
	500 km/h (e.g. high speed train)

Possibly 1200 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 20  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


NOTE 1:
Each satellite has the capability to steer beams towards fixed points on earth using beamforming techniques. This is applicable for a period of time corresponding to the visibility time of the satellite

NOTE 2:
Max delay variation within a beam (earth fixed user equipment) is calculated based on Min Elevation angle for both gateway and user equipment

NOTE 3:
Max differential delay within a beam is calculated based on Max beam foot print size 
NOTE 4:
Speed of light used for delay calculation is 299792458 m/s.
NOTE 5: The Maximum beam foot print size for GEO is based on current state of the art GEO High Throughput systems, assuming either spot beams at the edge of coverage (low elevation).

NOTE 6: The maximum differential delay at cell level has been computed considering the one at beam level for largest beam size. It doesn’t preclude that cell may include more than one beam when beam size are small or medium size. However the cumulated differential delay of all beams within a cell will not exceed the maximum differential delay at cell level in the table above.

In this e-mail discussion, ambiguity on preamble reception, RAR window extension, initial timing advance and RACH capacity estimation issues will be analysed based the new assumption that the maximum differential delay within a cell is 10.3ms.

3.2 Random Access Procedure in NTN 

The large transmission delay in NTN results in differential delay experienced by two different UEs served by the same beam at a given time. As a result, the preambles sent by different UEs in the same RACH occasion may reach the network at different time. As shown in Figure 1, to make sure the network can receive preambles from all the UEs, the preamble receiving window should start from [RO timing + minimum one way delay*2] and end with [RO timing +maximum one way delay*2].

Observation 1: The preamble receiving window should start from [RO timing + minimum one way delay*2] and end with [RO timing +maximum one way delay*2] to make sure the network can receive preambles from all the UEs.
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Figure 1. Preamble receiving window in NTN [3]
3.2.1 Ambiguity on preamble reception [3, 4, 5, 6]

During e-mail discussion [106#70], the following solutions have been discussed.

· Solution 1: Proper PRACH configuration in the time domain. The interval between two consecutive RO should be larger than the maximum delay difference within the cell [3] [4] [5] [6].

· Solution 2: Preamble division. Preambles are divided in groups and mapped to different RO, such that ROs with separation less than maximum delay difference are always assigned with different preambles [5][6].

· Solution 3: Frequency hopping. Network can use frequency hopping of preambles to identify the RO based on the specific frequency band in which the preamble is received [5] [6].

· Solution 4: Indication in MsgA of 2 step RACH. For the case when 2-step RACH is used, assistance information, e.g., SFN index can be included in MsgA to help network link the received preamble to the corresponding RO. The detailed solution can be discussed after the general architecture of 2-step RACH is clear [6].
All the companies agreed that solution (1) is workable to avoid RACH preamble detection ambiguity with minimum impact on Rel-15 specification. One company mentioned that the wording “Sparse PRACH configuration” is misleading. Taking this comment into consideration, the wording will be changed to “Proper PRACH configuration”. Ten companies agreed that solution (2) which has similar RACH capacity with solution (1) can also be considered if solution (1) is not sufficient. Six companies agreed that solution (3) should also be studied as it is more beneficial from RACH capacity point of view. Four companies mentioned solution (4) with the comment that it should be postponed until the 2-step RACH procedures are more stable.

Based on the comments received in e-mail discussion [106#70], we concluded that the following solutions should be studied to avoid RACH preamble detection ambiguity:

(1) Proper PRACH configuration in the time domain. The interval between two consecutive RO should be larger than the maximum delay difference within the cell.

(2) Preamble division. Preambles should be divided in groups and mapped to different RO, such that ROs with separation less than maximum delay difference are always assigned with different preambles.

Frequency hopping can also be studied, e.g., network use frequency hopping of preambles to identify the RO based on the specific frequency band in which the preamble is received.
FFS on solutions related to 2-step RACH, e.g. indication in MsgA of 2 step RACH. For the case when 2-step RACH is used, assistance information, e.g., SFN index can be included in MsgA to help network link the received preamble to the corresponding RO. Solutions related to 2-step RACH can be studied when the 2-step RACH procedures are more stable.

Q1: For the ambiguity on preamble detection, whether the solutions concluded after e-mail discussion [106#70] are still applicable under the new assumption?

	Company name
	Yes/No
	Comments

	Huawei, HiSilicon
	Yes
	Based on the new assumption, the ambiguity issue on preamble detection is more critical.

	Vodafone
	Yes
	This is good starting point

	Thales
	Yes
	Both solutions 1 and 2 are still applicable to LEO scenarios.

Solution 1 may not be applicable for GEO scenarios with a max differential delay of 10.3 ms, with the preamble receiving window size is 20.6 ms. This is bigger than the frame duration (10ms). But GEO can still benefit from solution 2.

	MediaTek
	Yes
	We believe the preamble ambiguity problem can be solved by solution (1), which is the baseline in Rel. 15. If Solution (1) is not sufficient, then Solution (2) could be studied in RAN1. We don’t think there is any need to look into other solutions.

	OPPO
	Yes
	Since the max differential delay has be updated to 10.3 ms, if using solution (1), RO intervals should be larger than 20.6 ms, which may reduce the RACH capacity. For solution (2), the similar problem can be foreseen as solution (1). Solution (1) and solution (2) could be used as a baseline if the RACH capacity is not a problem. If not sufficient, solutions related to 2-step RACH can be further studied.

	ZTE
	Yes
	Solution 1, solution 2 and 2-step RACH solution can all be studied. 

	Spreadtrum
	Yes
	

	Nokia
	Yes, but
	This is only valid for UE without location information. For UE with location information which can estimate and apply the estimated initial timing advance in Msg1, we think no ambiguity on preamble reception. 

	CATT
	Yes
	RAN2 can discuss how to solve the more critical challenge with the new assumption.

We need to discuss if UE with location info will be the baseline for RA process.

There won’t be this issue if UE knows its location info before RA process. But there is an ambiguity on preamble reception issue without UE location info.

	Ericsson
	Yes
	Yes, both are still applicable for the case where the UE cannot do any pre-compensation. We have a preference for (1) since we do not see how (2) would not cause the same reduction in terms of RACH capacity.

	ETRI
	Yes
	Both solutions are still applicable.

	NEC
	Yes
	We also think UE location be reported to the network during initial access brings a lot of benefit, not only to evaluate the transmission delay for RA, but also for measurement configuration. 

	Panasonic
	Yes
	Solution 1 only would not be sufficient especially for GEO.

	Sony
	Yes
	Agree with Thales that both solution 1 and 2 should be applicable.


Rapporteur’s Summary: All the companies agreed that the solutions concluded after e-mail discussion [106#70] are still applicable under the new assumption. Two companies mentioned that if the UE can estimate and applied the initial timing advance in Msg1, there will be no ambiguity on preamble detection. Two companies emphasized that 2-step RACH solution can also be studied.

Based on the received comments, the following proposal is made:

Proposal 1: The following solutions should be studied to avoid RACH preamble detection ambiguity:

(1) Proper PRACH configuration in the time domain. The interval between two consecutive RO should be larger than the maximum delay difference within the cell.

(2) Preamble division. Preambles should be divided in groups and mapped to different RO, such that ROs with separation less than maximum delay difference are always assigned with different preambles.

Frequency hopping can also be studied, e.g., network use frequency hopping of preambles to identify the RO based on the specific frequency band in which the preamble is received.
Solutions related to 2-step RACH can also be studied when the 2-step RACH procedure is more stable. For the case when 2-step RACH is used, assistance information, e.g., SFN index can be included in MsgA to help network link the received preamble to the corresponding RO. 
3.2.2 Initial timing advance [7, 8, 9, 10]

Timing Advance is used to adjust the uplink frame timing relative to the downlink frame timing. As shown in Figure 2(b), the DL and UL timing is aligned at gNB with timing advance. The timing advance is twice the value of the propagation delay. Different UEs usually have different timing advance.
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Figure 2. Timing alignment at gNB side
The timing advance is derived from the UL received timing and sent by the gNB to the UE. UE uses the timing advance to advance/delay its timings of transmissions to the gNB so as to compensate for propagation delay and thus time align the transmissions from different UEs with the receiver window of the gNB. There are two possible ways for gNB to provide timing advance to UE:

(1)Initial timing advance during random access procedure: gNB derives the timing advance by measuring the received random access preamble and sends the value to UE via the Timing Advance Command field in MAC RAR [11].
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Figure 3: MAC RAR

In NR, Uplink frame number for transmission from the UE shall start 
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Figure 4: Uplink-downlink timing relation
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 is defined in [13] and is relative to the SCS of the first uplink transmission from the UE after the reception of the random access response.
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The maximum timing advance in NR which can be compensated during initial access is calculated in the following Table 1:

Table 1. Maximum timing advance compensated during initial access for different SCS
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 kHz
	Maximum timing advance compensated during initial access

	0
	15
	2ms

	1
	30
	1ms

	2
	60
	0.5ms

	3
	120
	0.27ms

	4
	240
	0.15ms


(2)Timing advance refinement in RRC_CONNECTED: gNB derives the timing advance by measuring the UL transmission and refines the timing advance via the Timing Advance Command MAC CE [11].
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Figure 5: Timing Advance Command MAC CE

The timing advance command, 
[image: image20.wmf]A

T

, for a TAG indicates adjustment of a current 
[image: image21.wmf]TA

N

 value, 
[image: image22.wmf]TA_old

N

, to the new 
[image: image23.wmf]TA

N

 value, 
[image: image24.wmf]TA_new

N

, by index values of 
[image: image25.wmf]A

T

 = 0, 1, 2,..., 63, where for a SCS of 
[image: image26.wmf]15

2

×

m

 kHz, 
[image: image27.wmf](

)

m

2

64

16

31

A

TA_old

TA_new

×

×

-

+

=

T

N

N

[12]. 

The maximum timing advance which can be adjusted via Timing Advance Command is calculated in the following Table 2:

Table 2. Maximum timing advance adjusted via Timing Advance Command
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	0
	15
	0.017ms

	1
	30
	0.008ms

	2
	60
	0.004ms

	3
	120
	0.002ms
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As mentioned above, the timing advance is twice the propagation delay. In NTN, the maximum round trip delay is 541.46ms for GEO and 25.77ms for LEO. The timing advance in NR as calculated in Table 1 and Table 2 is far from sufficient. Solutions for both UE with and without GNSS-capabilities should be considered.

Observation 2: The timing advance in NR is not sufficient to compensate for propagation delay in NTN.

3.2.2.1 Initial TA for UE without location information [7] [8] [9]

For UE without location information and incapable of compensate the propagation delay itself, the following solutions can be considered:

· Solution 1: Broadcast a common TA for NTN or extend the value range of the existing TA offset broadcast in system information to compensate the propagation delay within the satellite cell [7]. The UE specific TA is compensated via RAR and Timing Advance Command MAC CE.
As shown in Figure 6, the value of common TA is determined by d0 for regenerative payload and d0+d0_F for bent-pipe payload while the value of UE specific TA is determined by d1-d0. The length of d0 or d0+d0_F is continuously changing due to the movement of satellite, thus the broadcast common TA can be a configurable parameter to adapt to the changing of d0 or d0+d0_F. The details on how to broadcast the up-to-date common TA or to extend the existing TA offset broadcast in system information can be considered in the future.
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Figure 6: Common TA and UE specific TA calculation [9]

· Solution 2: TA compensation at both network and UE side. The common TA is compensated at network side and the UE specific TA is compensated at UE side via RAR and Timing Advance Command MAC CE [8] [9]. 
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Figure 7: TA compensation at both network and UE side [9]

During e-mail discussion [106#70], eleven companies supported solution (1) and three of them were open to both solutions. Only two companies showed preference of solution (2). 
Based on the comments received in [106#70], we concluded that for UE without UE location information, broadcasting a common TA for NTN or extending the value range of the existing TA offset broadcast in system information is the baseline for initial timing advance during random access procedure in NTN. FFS on compensating the common TA at network side by implementation. The UE specific TA is compensated via Timing Advance Command field in random access response.

Q2: For the initial timing advance, whether the solutions concluded after email discussion [106#70] are still applicable under new assumption?

	Company name
	Yes/No
	Comments

	Huawei, HiSilicon
	Yes
	

	Vodafone
	Yes
	Broadcast a common Tracking Area for NTN

	Thales
	Yes
	Both solutions are still applicable under new assumption in condition that the timing advance in random access response will be extended.

	MediaTek
	Yes
	We think solution (1) is the right way, as the same information can be reused as offset in the RAR window and contention resolution timers.

	OPPO
	Yes
	We think that both solutions can be studied.

	ZTE
	Yes
	Prefer solution 1. solution 2’s feasibility shall be studied at RAN1 first.

	Spreadtrum
	Yes
	Both solutions can be studied. Solution 2 has no impacts to PHY Spec on K1 and K2. For regenerative satellites, d0 can be gotten roughly via ephemeris then the offset for RAR window and contention resolution timers can be estimated. For bent pipe satellites, only the part of TA caused by d0_Fneed to be broadcasted in SI.

	Nokia
	Yes
	

	CATT
	No
	In NTN scenario, the common TA is quite large, especially in GEO case. Therefore, we prefer solution 2, in which UE is not caring about the common TA, and network can compensate the common TA. In the solution 2, UE’s implementation is simpler and UE can still keep legacy behavior. Common TA is cell specific, so it may or may not be known by the UE, because network can manage the common TA.

	Ericsson
	Yes
	We have preference for solution 1, but we think that both solutions should still be on the table.

	ETRI
	Yes
	Both solutions are still applicable.

	NEC
	No
	Agree with CATT’s view, a common TA doesn’t match all UEs. We support solution 2. The d0 (+d0_f) can be compensated by the network. 

	Panasonic
	Yes
	Regarding the FFS point, for transparent satellite compensating a part of the common TA at network side by implementation would be necessary to compensate feeder link delay which should be invisible to UE.

	Sony
	Yes
	Broadcast a common NTA per cell. FFS: how common TA value is determined.


Rapporteur’s Summary: Twelve companies agreed that the solutions concluded after email discussion [106#70] are still applicable under new assumption for initial timing advance. Two companies raised concern that a common TA does not match all UEs within a cell and showed preference for solution 2 while one company raised that the feasibility of solution 2 should be studied at RAN1 first.

Based on the comments received so far, the following proposal is made:

Proposal 2: For UE without UE location information, broadcasting a common TA for NTN or extending the value range of the existing TA offset broadcast in system information is the baseline for initial timing advance during random access procedure in NTN. FFS on compensating the common TA at network side by implementation. The UE specific TA is compensated via Timing Advance Command field in random access response.
In both solution (1) and solution (2), the UE specific TA is initially compensated via RAR and refined via Timing Advance Command MAC CE. Considering that maximum differential delay within a cell is 10.3ms for GEO and 3.18ms for LEO, the initial timing advance in NR (as shown in Table 1) is not sufficient. The value range of timing advance in RAR should be extended in NTN.

During e-mail discussion [106#70], twelve companies agreed that the value range of timing advance in random access response should be extended to compensate the UE specific TA in NTN for UE without UE location information. One company proposed that the value range of TA needs to be decided in RAN1 while another company mentioned the multi-beam scenario in which the beam-specific transmission delay may need to be reflected in UE specific TA and that may exceed the maximum value range.

Based on the comments received in [106#70], we concluded that for UE without UE location information, the value range of timing advance in random access response should be extended to compensate the UE specific TA in NTN.

Q3: Whether the conclusion that “UE without UE location information, the value range of timing advance in random access response should be extended to compensate the UE specific TA in NTN” is still applicable under the new assumption?
	Company name
	Yes/No
	Comments

	Huawei, HiSilicon
	Yes
	

	Vodafone
	Yes
	Tracking Area Specific Timing Advance is a sensible and practical way forward. This Timing Advance may need to be tuned as satellite altitude over the earth may differ from region to region and this may need to be tuned. Furthermore, due to elliptical nature of LEO satellites, fine tuning may be needed during the flight of the LEO satellite over the use or the region.

	Thales
	Yes
	Both solutions should still be studied and the value range of timing advance in random access response should be extended to compensate the UE specific TA in NTN.

	MediaTek
	Yes
	We agree that the value range of timing advance in random access response needs to be extended to compensate the UE-specific delay.

	OPPO
	Yes
	Agree to extend the TA range in RAR.

	ZTE
	Yes
	

	Spreadtrum
	Yes
	

	Nokia
	Yes
	

	CATT
	Yes
	The value range of timing advance in random access response should be extended because of the large cell coverage.

	Ericsson
	Yes
	See response to Q2. 

	ETRI
	Yes
	

	NEC
	Yes
	Yes, we agree to extend the TA range in RAR.

	Panasonic
	Yes
	

	Sony
	Yes
	

	ITRI
	Yes
	The value range of timing advance in RAR may need to be extended due to large coverage.


Rapporteur’s Summary: All the companies agreed that “UE without UE location information, the value range of timing advance in random access response should be extended to compensate the UE specific TA in NTN” is still applicable under the new assumption.

Proposal 3: For UE without UE location information, the value range of timing advance in random access response should be extended to compensate the UE specific TA in NTN.

3.2.2.2 Initial TA for UE with location information [10]

If the UE has a rough location information and the position of the satellite through ephemeris data, the UE may be able to determine the satellite-to-UE distance and the timing advance needed for performing random access while coping with large propagation delays. 

· Solution based on 4-step random access procedure

To perform initial timing advance for UE with location information, the framework in figure 8 may be considered.
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Figure 8. Framework on 4-step random access procedure for UE with location information

The example framework for performing random access involves 4 important steps:

1) Estimation and application of the timing advance with respect to the satellite before UE sending Msg1 (i.e. random access preamble) to the network. 

2) In Msg2, when the UE receives the RAR, it applies a timing advance correction for the UE-based estimation. 

3) The network schedules Msg3 without knowing the absolute value of the timing advance. This can be solved by for instance:

Using the maximum differential delay of the cell to schedule the UE.

4) Network receives Msg3 and gets to know the timing advance of the UE. At this point both UE and network are both aware of the UE-specific timing advance. 

Q4: Whether the above framework on 4-step RACH is feasible for UE with location information?

	Company name
	Yes/No
	Comments

	Huawei, HiSilicon
	Yes
	We are fine to take above procedure as a baseline.

Regarding step 3, we think the gNB should assume the worst case, i.e. the farthest UE, and schedule the UE at a delay equal to the maximum delay in order to leave enough time for UE processing.

Besides, unlike UE without GNSS, sparse PRACH configuration is not necessary for UE with GNSS as TA can be estimated before Msg1.

	Vodafone
	Yes
	

	Thales
	Yes
	

	MediaTek
	No
	We cannot determine if the mechanism is feasible, since the procedure in step 1 above is unknown. While the explanation suggests the use of ephemeris data, the discussion is incomplete without first defining what constitutes ‘ephemeris data’. Estimation and application of timing advance by the UE before sending Msg1 cannot be the baseline without first discussing how the UE is expected to do so. We need to wait for RAN1 to conclude RACH preamble design to meet the new propagation delay requirements, mentioned in TR 38.821.


	OPPO
	Yes
	We agree with the 4-step RACH framework except one point that in the transparent satellite case, the TA comprises two parts, one depends on the length of feeder link, and the other depends on the length of the service link, a UE with location information could estimate the timing advance part with respect to the service link only, but could not estimate the timing advance part with respect to the feeder link. How to compensate timing advance part with respect to the feeder link should be studied.

	ZTE
	Yes, but
	We think the above RACH procedure is feasible, but might downgrade RACH performance and complex the RACH design. 

Firstly, since anyway we will support UE without location capability in NTN, then solutions shall be defined to differentiate those two RACH procedures at both NW and UE’s side, which will greatly complex the RACH design. 

Secondly, the NW will always assume maximum delay to schedule Msg3 which will introduce unnecessary access delay, especially for GEO. 

According to above analysis, we can see that there is not much performance gain to support 4-step RACH with location information at this stage. But if majority considers that there is a beneficial to support, than we think at least the NW can have the flexibility to configure whether RACH with location information can be used or not, e.g. NW can configure to only allow normal RACH procedure in NTN.

	Spreadtrum
	Yes
	

	Nokia
	Yes
	

	CATT
	Yes
	We suggest RA with location information as baseline.

There won’t be too much challenge such as the sparse PRACH configuration, RAR TA command range extension compared with UE without location info.

Additionally, there are two ways of Estimation and application of the timing advance with respect to the satellite before UE sending Msg1 (i.e. random access preamble) to the network.

1. The Estimation and application of the timing advance in UE is the same.

2. The application of TA in UE can be shorter than estimation TA, because the network compensates the common reference TA.

CATT prefer option2 considering the legacy of UE in NR.

	Ericsson
	Yes
	Yes, given the increased maximum RTT we believe that the benefits of this framework are even more clear, for instance no preamble ambiguity and RACH capacity is not decreased. 
For the step 1 case, there can be several solutions depending on architecture and RAN2 should continue studying the details here.

	ETRI
	Yes
	We agree with the 4-step RACH framework as a baseline but the details should be studied.

	NEC
	Yes
	The legacy 4-step random access works. Also we support to include UE location in initial access. 

	Panasonic
	Yes
	It’s not clear if the network need to know the UE’s GNSS based TA value. Necessity of UE’s GNSS based TA value in msg3 should be discussed. Not to increase Msg3 payload size would be important to keep the coverage.

	Sony
	Yes
	

	ITRI
	Yes
	The above framework on 4-step RACH is feasible if UE is able to obtain location information before sending preamble.


Rapporteur’s Summary: Fourteen companies agreed that the 4-step framework is feasible for UE with location information to perform initial timing advance. One company was still not sure of the feasibility and mentioned that we need to wait for RAN1 to conclude RACH preamble design to meet the new propagation delay requirements. One company pointed out that the timing advance for the transparent case compromises two parts, one depends on the delay in the feeder link and the other depends on the delay in the service link and was not sure how a UE with location information will evaluate and compensate the timing advance required for the feeder link. One company raised two options for the estimation and application in the UE side while another company raised that the necessity of UE GNSS-based TA value in msg3 should also be discussed and emphasized that not to increase the msg3 payload size would be very important to keep the coverage.

Based on the majority’s comments, the following proposal is made and some more details raised by companies can be further discussed in the WI phase:

Proposal 4: To perform initial timing advance for UE with location information during 4-step RACH, the following framework should be considered as a baseline:

1) Estimation and application of the timing advance with respect to the satellite before UE sending Msg1 (i.e. random access preamble) to the network. 

2) In Msg2, when the UE receives the RAR, it applies a timing advance correction for the UE-based estimation. 

3) The network schedules Msg3 without knowing the absolute value of the timing advance. This can be solved by for instance:

Using the maximum differential delay of the cell to schedule the UE.

4) Network receives Msg3 and gets to know the timing advance of the UE. At this point both UE and network are both aware of the UE-specific timing advance. 

· Solution based on 2-step random access procedure

2-step random access procedure, which can be helpful in mitigating the impact of the transmission delay, has been identified to be beneficial in NTN. The following figure givens an example of 2-step RACH procedure. The MSGA of the 2-step RACH includes a preamble on PRACH and a payload on PUSCH. After MSGA transmission, the UE monitors for a response from the network within a configured window. If contention resolution is received successfully in MSGB, it ends the random access procedure.
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Figure 9. Example of 2-step RACH

The main challenge for UE with location information to perform 4-step random access is that the network has to schedule Msg3 without knowing the absolute value of the initial timing advance applied at the UE side. As a sequence, the network may have to schedule UE using the maximum differential delay of the cell. While in 2-step random access procedure, UE can include some assistance information in the PUSCH payload for network to know the value of TA applied by UE. The following framework can be considered for UE with location information to perform 2-step random access procedure:
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Figure 10. Framework on 2-step random access procedure for UE with location information
1) UE estimate and apply the initial timing advance before transmission of MsgA. UE will include assistance information in the PUSCH payload for network to know the value of initial timing advance applied by UE. 

2) If contention resolution is successful UE apply a timing advance correction for the UE-based estimation in MsgB. By this time, both UE and network is aware of the final UE specific timing advance.
Q5: Whether the above framework on 2-step RACH is feasible for UE with location information?

	Company name
	Yes/No
	Comments

	Huawei, HiSilicon
	Yes
	Similar with 4-step RACH.

	Vodafone
	Yes
	Yes this is practical as long as the UE before the Message A has been able to obtain the location and assistance information.

	Thales
	Yes
	As long as the UE is able to obtain its location

	MediaTek
	No
	As indicated in Q4, feasibility of the mechanism cannot be determined without first discussing how step 1 is achieved by the UE. Estimation and application of timing advance by the UE before transmitting MsgA cannot be the baseline without a discussion on how the UE is expected to do so. As mentioned in response to Q4, we need to wait for RAN1 to conclude RACH preamble design to meet the new propagation delay requirements, mentioned in TR 38.821.


	OPPO
	Yes
	We agree with the 2-step RACH framework except one point as reply to Q4.

	ZTE
	Yes
	As aforementioned in Q4, if majority agrees that RACH with location information can be beneficial, then we prefer to support 2-step RACH with location information, as in 2-step RACH, NW is able to schedule RAR normally with fully understanding of the UE specific TA. Also, the total access delay can be decreased significantly.

	Spreadtrum
	Yes
	

	Nokia
	Yes
	

	CATT
	Yes
	The frame work is feasible. While how to estimate and apply the initial timing advance before transmission of MsgA should be discussed more.

As commented in question 4, in the case of UE with the location information, UE still can only compensate UE specific TA while network compensates the common TA. But here two different solutions have not been mentioned even, so we strongly propose clarify the UE TA compensation behaviors for the UE with the location information. 

	Ericsson
	Yes
	

	ETRI
	Yes
	We agree with the 2-step RACH framework as a baseline but the details should be studied.

	NEC
	Yes
	For the UE with location information, UE knows the location of satellite as well based on the ephemeris, so the propagation delay can be estimated. 

	Panasonic
	Yes
	Same as Q4. Necessity of the assistance information should be discussed.

	Sony
	Yes
	

	ITRI
	Yes
	If UE has been able to obtain the location information before sending Message A, the above framework on 2-step RACH is feasible.


Rapporteur’s Summary: Fourteen companies agreed that the 2-step framework is feasible for UE with location information to perform initial timing advance. One company was still not sure of the feasibility and mentioned that we need to wait for RAN1 to conclude RACH preamble design to meet the new propagation delay requirements. One company pointed out that the timing advance for the transparent case compromises two parts, one depends on the delay in the feeder link and the other depends on the delay in the service link and was not sure how a UE with location information will evaluate and compensate the timing advance required for the feeder link. One company raised two options for the estimation and application in the UE side while another company raised that the necessity of assistance information in msgA should be discussed.

Based on the majority’s comments, the following proposal is made and some more details raised by companies can be further discussed in the WI phase:

Proposal 5: To perform initial timing advance for UE with location information during 2-step RACH, the following framework should be considered as a baseline:

1) UE estimate and apply the initial timing advance before transmission of MsgA. UE will include assistance information in the PUSCH payload for network to know the value of initial timing advance applied by UE. 

2) If contention resolution is successful UE apply a timing advance correction for the UE-based estimation in MsgB. By this time, both UE and network is aware of the final UE specific timing advance.
3.2.3 Whether to extend the RAR window [3, 5, 10, 14, 15, 16, 17]

After transmitting Random Access Preamble (Msg1), UE monitors the PDCCH for the Random Access Response (RAR) message (Msg2). The response window (ra-ResponseWindow) starts at a determined time interval after the preamble transmission. If no valid response is received during the ra-ResponseWindow, a new preamble is sent. If a certain number of preambles have been sent, an appropriate random access problem will be indicated to upper layers. 

In NTN the propagation delay is much larger and therefore, the RAR cannot be reached at the UE within the time interval, of ra-ResponseWindow, having values specific to terrestrial networks. The major related agreements made in RAN2#105 are mentioned in the following table:

Agreements

1. The two principles, increasing the value range and applying a RTD compensation offset, and the joint usage of these two principles are used as a starting point for the discussion on how to adapt the user plane timers, impacted by the large RTD of NTN, for NTN. Which principle is applied is examined for each timer separately. Further principles are not excluded. 

2. The ra-ResponseWindow should be modified to support NTN. 

3. Introduce an offset for the start of the ra-ResponseWindow for NTN. The offset shall be configurable to accommodate different scenarios. 

4. RAN2 will study if other than delaying the start of ra-ResponseWindow an extension of ra-ResponseWindow is needed to support NTN.

As mentioned in [10], for UE with location information, the exact round-trip propagation delay can be estimated. In that case, the estimated RTD can be used as an offset to delay the start of the ra-ResponseWindow and there appears to be no need for extending the ra-ResponseWindow, instead only to offset the starting time with the round-trip delay.

During e-mail discussion [106#70], seven companies agreed that the exact round-trip propagation delay can be estimated and applied as an offset to delay the ra-ResponseWindow and there appears to be no need for extending the ra-ResponseWindow. Four companies raised that it should be UE instead of network who estimate the round trip delay and use it as an offset to delay the RAR window.

Q6: Whether the conclusion made after e-mail discussion [106#70] that “the exact round-trip propagation delay can be estimated and applied as an offset to delay the ra-ResponseWindow and there appears to be no need for extending the ra-ResponseWindow” is still applicable under the new assumption?

	Company name
	Yes/No
	Comments

	Huawei, HiSilicon
	Yes
	

	Vodafone
	It depends
	The round trip delay would depends on the type of Satellite (transparent or regenerative) and also on the Ground Installation in a particular region or territory.  

	Thales
	Yes
	For UE with location information, no need to extend ra-ResponseWindow as long as the exact round-trip propagation delay can be computed by the UE (accurate offset to delay).
In order to computing the round-trip propagation delay, the UE would need the following information:


· Satellite ephemeris

· Type of the satellite (transparent or regenerative)

· Ground station position (if the satellite is transparent)



	MediaTek
	Yes, but
	We agree that the exact round-trip propagation delay can be estimated and applied as an offset to delay the ra-ResponseWindow. While the round-trip propagation delay can be compensated for with an offset to the ra-ResponseWindow, there is a need to extend ra-ResponseWindow for GEO-NTN as indicated in Q7.

	OPPO
	Yes
	We agree with the conclusion. For a UE with location information, the exact round-trip propagation delay can be estimated by UE, and the UE applies the estimated propagation delay as an offset to delay the ra-ResponseWindow

	ZTE
	Yes, and
	Agree with Thales that the RAR window for RACH with location information doesn’t need to extend as long as UE can derive the exact round trip delay, which means solutions shall be studied to allow UE to derive the feeder link delay.

	Spreadtrum
	Yes
	

	Nokia
	Yes
	Yes for UE with location information.

	CATT
	Yes, but 
	When there is NO location info of UE, RAR window length should be extended. When there is location info of UE, no need to extend the RAR window length.
But for SIB signaling, the RAR window length should be same for the UE with and without location information. For the UE with the location information, it can adjust its RAR monitoring starting offset on top of common offset, but it doesn’t impact the SIB signaling.

	Ericsson
	Yes
	Yes and this avoids the problem of preamble ambiguity.

	ETRI
	Yes
	

	NEC
	Yes
	As the comment to the last question, the UE with location information can estimate the propagation delay 

	Panasonic
	Yes
	No need to extend Ra-ResponseWindow by offsetting the starting time. The offset value would be indicated by gNB considering the round trip delay including feeder link and satellite processing delay. 

	Sony
	Yes
	

	ITRI
	Yes
	If the RTD can be properly estimated, we agree no need to extend the RAR window.


Rapporteur’s Summary: Fourteen companies agreed that the conclusion made after e-mail discussion [106#70] that “the exact round-trip propagation delay can be estimated and applied as an offset to delay the ra-ResponseWindow and there appears to be no need for extending the ra-ResponseWindow” is still applicable under the new assumption. Two company raised that the round trip delay would depend on the type of the satellite (transparent or regenerative), the Ground station position and the satellite ephemeris. One company mentioned that solutions shall be studied to derive the feeder link delay for the transparent case while another company mentioned that the RAR window length broadcast in system information should be the same for UE with and without location information.

Based on the majority’s comments, the following proposal is made:

Proposal 6: For UE with location information, the exact round-trip propagation delay can be estimated and applied as an offset to delay the ra-ResponseWindow and there appears to be no need for extending the ra-ResponseWindow.
For UE without location information, the exact round trip delay cannot be estimated to help network configure an accurate offset to delay the start of the RAR window. 

Figure 11 illustrates a worst case in which a UE with minimum one way transmission delay and a UE with maximum one way transmission delay (e.g. locates at cell edge) initiate random access using the same time-frequency resource. 
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Figure 11. RAR window in NTN [14]

Assuming the configured offset to delay the start of the RAR window equals to 2* minimum delay and neglecting the process delay between reception of preamble and transmission or RA Response at gNB side, it can be observed that the RAR monitoring duration shall cover at least 2*maximum differential delay. Otherwise RAR for UE will fall out of RAR window [3] [14]. The maximum differential delay is defined as maximum one way delay minus minimum one way delay.  
Furthermore, time flexibility is required for the NW to schedule the RARs which means several miliseconds should be added on top of the 2*maximum differential delay.
As updated in [1], the maximum differential delay within one cell is 10.3ms for GEO and 3.18ms for LEO. For GEO case, 2*maximum differential delay= 20.6ms > 10ms. For LEO, 2*maximum differential delay=6.36ms < 10ms. It seems that the RAR window should be extended at least for GEO.
Q7: Whether the extension of RAR window is required or not in NTN? If the answer is “Yes”, for which scenario the extension of RAR window is required, GEO or LEO or both?

	Company name
	Yes/No
	Comments

	Huawei, HiSilicon
	Yes
	Both.

We think a unified solution for all scenarios is preferred.

	Vodafone
	Yes
	Initially the RAR window should be extended for GEO applications due to the large coverage cells and large differential delays. The RAR Window should be calibrated, as unnecessarily long RAR Window would cause unnecessary random access delays, which should be avoided where possible. Furthermore the same approach should be applied for LEO Satellites for fine tuning.

	Thales
	Yes, only for GEO with big cell size
	The RAR window is needed to be extended for GEO with the size of the cell equivalent to a differential delay bigger than 5ms.

	MediaTek
	No (LEO)

Yes (GEO)
	RAR window might need an extension for GEO-NTN, as the 2*maximum differential delay > 10ms. However, for LEO-NTN, this is not needed, as the 2* maximum differential delay < 10ms

	OPPO
	Yes, both
	Currently, the maximum length of RAR window is 10ms. 

For GEO case, 2*maximum differential delay= 20.6ms > 10ms, so the RAR window should be extended for GEO.

For LEO case, 2*maximum differential delay=6.36ms < 10ms, so if the RAR window is not extended, the maximum allowed time for network to process msg2 and schedule msg3 for the served UE with the largest delay is only 10-6.36=3.64ms. We are not sure whether this time is enough or not, especially in the heavy load case. If not, the RAR window should also be extended for LEO.

	ZTE
	Yes
	The RAR window shall be extended at least for GEO. We are fine to extend in LEO as well if more scheduling flexibility is required. 

	Spreadtrum
	Yes
	Share Thales’s view

	Nokia
	Yes
	Both GEO and LEO.

We think the ra-ResponseWindow shall be extended to consider both scheduling flexibility of RAR and the maximum differential delay among the UEs (i.e. 2*maximum differential delay+10ms), otherwise the RAR window in gNB which cell edge UE can be scheduled will be reduced to [10ms – 2* maximum differential delay].
We prefer the extension to keep the scheduling flexibility high.

	CATT
	Yes
	When there is NO location info of UE, RAR window length should be extended. For both GEO and LEO case, the RAR window extension can be considered if the cell size is large.
As the comment in Q6, the RAR window configuration in system information may be same for the UE with and without location information.

	Ericsson
	Yes
	We believe that the correct question to ask is whether an extension is required or not for UEs without GNSS-capabilities in worst case scenario given by the updated maximum differential delay. And whether that extension itself is applied to LEO or GEO is up to deployment.

	ETRI
	Yes
	The RAR window should be extended for GEO. We prefer to keep it for LEO with a unified solution.

	NEC
	Yes
	both

	Panasonic
	No
	As discussed in our contribution R1-1908818, RAR window extension is not required if gNB appropriately adjust the transmission timing of RAR as shown in below figure.
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	Sony
	Yes
	Both and a unified solution is preferred.

	ITRI
	Yes
	The RAR window should be extended for GEO because the 2*maximum differential delay > 10ms. If scheduling flexibility is required, it is fine to extend the RAR window for LEO.


Rapporteur’s Summary: Fourteen companies agreed that the extension of RAR window is required for UE without location information. Only one company proposed that RAR window extension is not required if gNB approximately adjust the transmission timing of RAR. Nine companies proposed that RAR window extension is applied for both GEO and LEO while three companies proposed that the extension is only required for LEO. One company mentioned that whether to extension is applied to GEO or LEO is up to deployment.

Based on the majority’s comments, the following proposal is made:

Proposal 7: For UE without location information, extension of the ra-ResponseWindow is required and can be applied in both GEO and LEO.
A limiting factor of the maximum RAR window length is the way the RA-RNTI is computed. In NR, it is computed as:

RA-RNTI= 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id

where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier).

It should be noted that the RA-RNTI is only unique per radio frame. Hence, if the maximum allowed RAR window is larger than 10ms, it may happen that two different PRACH occasions obtain the same RA-RNTI. In this case the UE cannot be sure if the received RAR corresponds to a response to preambles transmitted in the PRACH occasion the UE used or to some other PRACH occasion [3][15][16][17].
If the answer to Q7 is “Yes”, the following solutions can be considered to handle the RA-RNTI when the RAR window is extended:

· Solution 1: Modify the RA-RNTI calculation formula or redefine some parameters in the formula.

· Solution 2: Extend the RAR window without modifying RA-RNTI by including LSBs of SFN in Msg2.
Extension of RAR window and impact on RA-RNTI has been discussed in NR-U WI [1] and the following agreement has been made during RAN2#107:
Agreements
· Will support extension of RAR window without modifying RA-RNTI. 

· Include LSBs of SFN in MSG2

To avoid duplicated discussion in NTN, maybe we can follow the agreement in NR-U to extend the RAR window without modifying RA-RNTI by including LSBs of SFN in Msg2.
Q8: If the answer to Q7 is “Yes”, whether the solution agreed in NR-U can be reused in NTN that the RAR window should be extended without modifying RA-RNTI by including LSBs of SFN in Msg2?

	Company name
	Yes/No
	Comments

	Huawei, HiSilicon
	FFS
	In NTN, TA may need to be extended. Thus it is not possible to reuse the same solution (RAR format) in NR-U. 

We should wait for the conclusion of TA discussion before determining the solution here.

	Vodafone
	No
	Solution 1: The Satellite coverage area is a unique environment and it is independent of the Terrestrial Cellular network and in our view a number of modifications should be allowed and one of them would be to calculate the RA_RNTI separately. So in this case, in order not to further elongate the RAR Window, the RN-RNTI for Satellite should take into account the long latencies etc.

	Thales
	No
	We propose not to modify the RAR window size.

We propose a FFS to modify the RA-RNTI calculation formula for GEO scenarios with large cell size only if needed.

	MediaTek
	Yes (GEO)

No (LEO)
	We believe that we can use the NR-U agreements to increase RAR window without modifying RA-RNTI (for GEO-NTN). For LEO, it is not needed.

	OPPO
	FFS
	When RAR window size is extended, the same RA-RNTI will be obtained only if more than one ROs with an interval not larger than RAR window size are located at the same slot id as well as the same OFDM symbol in a system frame. We should first study if this problem can be avoided by RACH configuration. If not, we agree to reuse the solution in NR-U.

	ZTE
	Yes
	To resue NR-U sulotion does not imply to reuse NR-U RAR format, since we anyway need a new RAR format in NTN if TA is extended, I don’t see there is a problem to include the LSB of SFN in the new format. The RA-RNTI solution is not future proofing considering the limited RA-RNTI space.
Therefore, we prefer to reuse the NR-U solution to avoid duplicated discussion, which can be beneficial for the progress of SI. 

	Spreadtrum
	Yes
	

	Nokia
	FFS
	NR-U solution can be baseline for NTN while it should be checked in Rel-17(NTN WI) whether the solution adopted for NR-U (in Rel-16) would suffice or not.

	CATT
	FFS
	If the TA is to be changed in NTN, the RA-RNTI may need the modification. Further study if NR-U solution is workable in NTN.

	Ericsson
	FFS
	Agree with Nokia. This approach seems to work and we do not see anything that would block this solution to be used for NTN.

	ETRI
	FFS
	It is not clear whether the NR-U solution can be applied to NTN scenario.

	NEC
	FFS
	It is clear by the formula of RA-RNTI that if the TA windows is modified, the RA-RNTI should be modified. We need more study on this issue. 

	Sony
	FFS
	Agree with Nokia.

	ITRI
	FFS
	It should be checked whether the solution for NR-U can be reused in NTN.


Rapporteur’s Summary: Six companies agreed that the solution in NR-U (i.e. extending the RAR window without modifying RA-RNTI by including LSBs of SFN in Msg2) can be a baseline for NTN. One company raised that we should first study if the collision can be avoided by RACH configuration and agree to use the NR-U solution if this problem cannot be solved by configuration. Three companies mentioned that the TA may be changed in NTN and may have impact on the RA-RNTI. Two companies showed preference on modification of the RA-RNTI calculation formula. Two companies are not sure whether the NR-U solution can be applied to NTN or not.

Based on the comments received so far, the following proposal is made:

Proposal 8: When the RAR window is extended, including LSBs of SFN in Msg2 can be a baseline in NTN. FFS on modifying the RA-RNTI calculation formula or redefining some parameters in the formula.

3.3 RACH Capacity Estimation [4,19]
The PRACH provides a slotted aloha type of access. The PRACH preamble collision probability between contending system access attempts on a PRACH radio resource can be calculated as:
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 is the random-access arrival rate per second. In a cellular system, the collision likelihood is usually kept at a level as low as 1% to secure a high quality of service. As a rule of thumb, we need to provide approximately 100 more random access opportunities per actual random access attempt. 
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arrivals per second we need to provide approximately [image: image46.png]% 14500

tonD



 preamble opportunities per second and cell in order to support the UEs accessing the cell. A higher accepted collision rate would reduce the PRACH capacity consumption. It is however relevant to keep the collision rate low as the random access performed by idle mode UEs is contention-based, which means more than one UE may select the same preamble and send it on the same uplink time slot. If a collision occurs, or if the network is not able to correctly detect the preamble used, the UE is not receiving the so-called message 2 (Msg2) and needs to resend another preamble (Msg1). Note that in addition to UEs that have been paged, also idle mode UEs performing mobile originated access would perform contention-based random access and thus compete for the same RACH resources.

The random access capacity can be calculated by looking at the random access opportunities and how many preambles that are configured for each random access opportunities. If we denote the maximum number of PRACH opportunities per second as [image: image48.png]


, which is given by the PRACH configuration, such as preamble format, PRACH configuration index as well as whether the spectrum is paired/unpaired and whether it is for FR1 or FR2. Furthermore the PRACH occasions may be FDM:ed by up to [image: image50.png]


 different location in frequency for the same PRACH occasion in time. Then the M as mentioned above is simply  [image: image52.png]* Peonfigured * F



, where [image: image54.png]Peonfigured



 is the number of configured preambles available, where the maximum is 64, but where a number of preambles may be reserved for Contention-Free Random Access. 

As an example, for PRACH configuration 27 the slots that are available in an SFN are the slots 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 giving 1000 PRACH opportunities per second. In the table below some more examples are given for FR1 paired:

	Freq range and config
	Preamble format
	PRACH Config Index
	PRACH opportunities per second ([image: image56.png]


)

	FR1 paired
	0
	0
	6,25

	FR1 paired
	0
	21
	200

	FR1 paired
	0
	27
	1000

	FR1 paired
	2
	41
	100


The number of random access attempts supported per second is thus:

[image: image57.png]Ysupported = — In(1 — P(collision)) * M = —In(1 — P(collision)) * p * peonsigurea * F




The supported user densities is thus given by:

[image: image58.png]supported UE density = ———— —PE—
overage + RACH per second per UE




Given the collision rate being 0.01, the number of configured preambles for CBRA being 56, preamble format 0, PRACH config index 27, [image: image60.png]


 we get the following as an example:

	Coverage (km2)
	RACH per second per UE
	Supported UE density

	163 000 (hex with r=250km)
	1.157 * 10-5 (= 1 time per day per UE)
	~2390 UE/km2

	163 000 
	2.78 * 10-4 (= 1 time per hour per UE)
	~100 UE/km2

	163 000 
	0.0017 (= 1 time per 10 min per UE)
	~17 UE/km2

	26 000 (hex with r=100km)
	1.157 * 10-5 (= 1 time per day per UE)
	~14866 UE/km2

	26 000
	2.78 * 10-4 (= 1 time per hour per UE)
	~618 UE/km2

	26 000
	0.0017 (= 1 time per 10 min per UE)
	~101 UE/km2


As can be seen, if the use-cases of the UEs is such that many accesses to the cell is required, then the supported UE density will be relatively low.

Based on the current specs, the ambiguity of preamble reception can only be avoided by proper configuration of RACH resource, in which case the NW ensure the time interval between two consecutive RO is larger than the maximum delay difference*2 within the cell (i.e. Solution 1 in 3.2.1), which is 20.6ms considering the worst case in GEO. 
Referring to Table 6.3.3.2-2 to Table 6.3.3.2-3 in TS 38.211, only limited PRACH configuration can meet the requirement on RO interval at time domain, which can significantly impact the RACH density to be supported in time domain. Some feasible examples for the PRACH configuration are listed as follows:
	Freq range and config
	Preamble format
	PRACH Config Index
	PRACH opportunities per second ([image: image62.png]


)

	FR1 paired
	0
	8
	25

	FR1 paired
	1
	36
	25

	FR1 paired
	2
	55
	25


Given the collision rate being 0.01, the number of configured preambles for CBRA being 56, preamble format 0, PRACH config index 8, [image: image64.png]


 we get the following as an example:

	Coverage (km2)
	RACH per second per UE
	Supported UE density

	163 000 (hex with r=250km)
	1.157 * 10-5 (= 1 time per day per UE)
	~60 UE/km2

	163 000 
	2.78 * 10-4 (= 1 time per hour per UE)
	~2 UE/km2

	163 000 
	0.0017 (= 1 time per 10 min per UE)
	~0 UE/km2


For LEO, the time interval between two consecutive RO is larger than the maximum delay difference*2 within the cell, which is 6.36ms considering the worst case in LEO. Referring to Table 6.3.3.2-2 to Table 6.3.3.2-3 in TS 38.211, only limited PRACH configuration can meet the requirement on RO interval at time domain, which can significantly impact the RACH density to be supported in time domain. Some feasible examples for the PRACH configuration are listed as follows:
	Freq range and config
	Preamble format
	PRACH Config Index
	PRACH opportunities per second ([image: image66.png]


)

	FR1 paired
	0
	16
	100

	FR1 paired
	1
	44
	100

	FR1 paired
	2
	58
	100


Given the collision rate being 0.01, the number of configured preambles for CBRA being 56, preamble format 0, PRACH config index 16, [image: image68.png]


 we get the following as an example:

	Coverage (km2)
	RACH per second per UE
	Supported UE density

	26 000 (hex with r=100km)
	1.157 * 10-5 (= 1 time per day per UE)
	~1497 UE/km2

	26 000 
	2.78 * 10-4 (= 1 time per hour per UE)
	~ 62 UE/km2

	26 000 
	0.0017 (= 1 time per 10 min per UE)
	~ 10 UE/km2


Based on the table above, it can be observed that the solution based on RO configuration will decrease the RACH capacity significantly.
Q9: Do companies agree with the above RACH capacity estimation based on the new assumption? If not, please provide your comments.
	Company name
	Yes/No
	Comments

	Huawei, HiSilicon
	FFS
	The RACH capacity will be decreased more or less since we have additional restriction on the RO configuration (i.e. >10.3ms) for UEs without location information. But for UEs with location information no restriction is needed for the RO configuration. Thus we are not sure about the conclusion that the RACH capacity will decrease “significantly”. And we need to analyse the requirement based on use case of NTN and then decide whether the decreasing RACH capacity is acceptable.

	Vodafone
	Difficult to say
	The coverage footprints for a LEO Satellites shown in the last table are very large and significantly greater than a typical LEO Beam Footprint coverage, For example assuming a LEO footprint of 40 Km in diameter, the area covered by this beam would be ~1256 Km2 and in that coverage we would expect to have approximately 400 users  per square Kilometre in a rural setting or in a sparsely populated area so for a Satellite foot print of 40 Km we expect to have ~500,000 user (or devices)[See R2-1901405] Therefore we are looking at significantly higher device densities per Square kilometres that those shown in the table and as a result the RACH attempts would be higher per square kilometres

	Thales
	FFS
	We need further analysis before concluding on the RACH capacity estimation that strongly depends on the cell size and UE density defined for RAN1 simulations. Again, RAN1 simulations have been performed with a different objective that the analysis of adaptation for RAN2.

The computation should consider typical cell sizes, not the maximum value

	MediaTek
	Yes, but with no meaningful impact
	Even with the new assumptions, considering the above tables, 66,000 ~ 9.78 million users can be supported per GEO cell, while a LEO cell can support 260,000 and 38 million users according to the tables above. While the RACH capacity may be reduced compared to the baseline, it does not impact NTN operation, as the user capacity derived using link budget is even lower than this. 


	OPPO
	FFS
	Agree with Thales.

	ZTE
	Yes
	The analysis reflects the UE density can be supported with current resource configuration. Whether this value is acceptable can be further discussed.

	Spreadtrum
	FFS
	Agree with Thales.

	Nokia
	FFS
	We share the same view as Huawei.



	CATT
	FFS
	There is no critical issue of RACH capacity when there is UE location info. We should firstly discuss the requirement and use case and then analyses the RACH capacity issue.

	Ericsson
	Yes
	While we do not have any problems with the calculations and the methodology and the fact that the RACH capacity might decrease, it needs to be put into the perspective of reasonable network configurations and user densities. For instance it is highly unlikely that the RACH capacity is the limiting factor for increasing the user densities. For example, for some RACH configurations it is possible for RACH to occupy more than 50% of the available system bandwidth. 

We thus propose to remove the sentence “Based on the table above, it can be observed that the solution based on RO configuration will decrease the RACH capacity significantly.” entirely as this is up to the use case. 

	ETRI
	FFS
	We share the view with Thales.

	NEC
	FFS
	The RA capacity should be studied carefully. For the UEs with location information, the capacity can be resolved. 

	Panasonic
	FFS
	For UE with location information, the RACH capacity would not be degraded with the current PRACH configuration. For UE without location information, due to the large maximum differential delay (20.6ms for GEO, 6.36ms for LEO) new format, new detection method and/or new PRACH configuration might be needed, but this would be up to RAN1.

	Sony
	FFS
	Agree with Thales.


Rapporteur’s Summary: Three companies agree with the calculation. Six companies raised that computation should consider typical cell size rather than the maximum value. Five companies mentioned that the interval between two consecutive RO is not necessary to be larger than the maximum delay difference*2 within a cell for UE with location information and thus the RACH capacity will not decrease. Six companies mentioned that we need to analyse the requirement first to see whether the RACH capacity is acceptable or not. 

To address the above comments, the rapporteur will remove the last sentence “Based on the table above, it can be observed that the solution based on RO configuration will decrease the RACH capacity significantly.” in the draft TP. The remaining RACH capacity calculation will be kept as it is in the draft TP and companies are invited to provide comments in phase 2 about the capacity evaluation, for example by providing typical cell sizes for GEO and LEO separately so that the rapporteur can update the calculation based on the typical cell size.
The RACH resources are configured per cell and NW has no idea whether the UE has location information or not when broadcasting the RACH configuration. To make sure there will be no ambiguity on preamble detection, NW has to provide RACH configuration applicable to both UE with and without location information in which the interval between two consecutive RO should be larger than the maximum delay difference*2 within a cell, causing a decrease in RACH capacity. If separate RACH resources are configured for UE with and without location information, the RACH capacity will decrease only for UE without location information as the interval between two consecutive RO should be larger than the maximum delay difference*2 within a cell.
3.4 Random access enhancements to address mobility issues

During e-mail discussion [106#73], the following random access enhancements have been proposed [20] [21]:
· RACH back-off indication: A back-off indication may be provided in the HO command message, with back-off achieved via random number generation within an interval, or via explicit setting of different back-off indications in the RACH sync reconfiguration message.

· RACH-less HO: Based on satellite ephemeris and UE location, the UE can estimate the required TA value of the target gNB enabling the UE to perform RACH-less handover. FFS the feasibility of this solution given the large propagation delay and possible uncertainties in satellite/UE position.

· 2-step RACH: The agreements of the 2-step RACH WI will be used as baseline, and further enhancements for NTN may be considered.

For RACH back-off indication and 2-step RACH, the majority agreed that it can be applied in NTN. While for RACH-less HO, companies raised concern about the feasibility given the large propagation delay and possible uncertainties in satellite/UE location. In addition, the following agreement has been made in RAN2#107 in NR mobility enhancement WI:

Agreements

1
We will not work on RACHless HO any further in Rel16 (Can be revisited if CFRA is not agreed to be part of 2 Step RACH in Rel-16)

During RAN#85, CFRA has been agreed as part of the 2-step RACH WI and it has been officially agreed that we will not work any further on RACH less HO in Rel16. Supporting RACH less HO requires a lot of input from RAN1/4, it may not be possible for RAN2 to finish the study since RAN1/4 has stopped investigating on RACH less HO. Thus, maybe we can consider to down-prioritize RACH less HO in NTN.

Q10: Whether we should down-prioritize RACH less HO in NTN, in case the RACH less HO has already been excluded from NR mobility enhancement WI

	Company name
	Yes/No
	Comments

	Vodafone
	Yes
	RACH-Less Handover should be down selected, we agreed with the previous agreement not to work on this feature due to complexities 

	Thales
	Yes
	We propose to wait for the conclusion of this activity in NR mobility enhancement WI

	MediaTek
	Yes
	RACH-less handover should be down-prioritized.

	OPPO
	Yes
	We agree to down-prioritize RACH less HO in NTN in Rel-16.

	ZTE
	Yes, and
	Since RACH less HO has been excluded from NR mobility enhancement WI, I don’t see there is a need to discuss it in NTN. 

	Spreadtrum
	Yes
	

	Nokia
	Yes
	Agree to follow conclusion of mobility enhancement WI.

	CATT
	FFS
	We observe the benefit of RACH less HO in NTN such as latency reduction. The feasibility of RACH less HO in NTN can be further studied.

	Ericsson
	No, and we do not think we can down-prioritize this without having studied it properly.
	We do not agree and we think that in the above analysis several aspects have not been mentioned:

· While 2-step CFRA has been agreed to be included in the 2-step RA WI, the priority is explicitly set to low, thus we cannot know with certainty whether 2-step CFRA will be completed at this point.

· We need to study 2-step CFRA and RACH less from an NTN perspective before we can conclude on this.

· We believe that RACH less has the potential to reduce signalling and alleviate things such as RACH capacity. Given that the TA difference between cells from the same satellite is expected to be small the gains even using the Rel-14 RACH less solution is potentially a lot higher for NTN compared to the terrestrial case.

	ETRI
	No
	We believe that RACH less HO will help solve the latency issue. Regardless of Mobility WI, RACH less HO can be one of solutions for mobility in NTN.

	NEC
	FFS
	We think RACH less HO still have some benefit. We may keep the RACH less HO, and further compare it with other solutions. 

	Panasonic
	No
	As RACH-less HO has clear benefits in reducing the HO latency, it is better to keep it in the scope in the study item phase. Although the mobility enhancement WI decides to down-prioritize the RACH-less HO in rel-16, it might come back in rel-17. In addition, we cannot predict the progress of CFRA 2-step RACH in RAN2, thus we should not rely on it to limit the study on other alternative solutions.

	Huawei, HiSilicon
	Yes
	We agree to down-prioritise RACH-less handover.

	Sony
	No
	We think that RACH less HO has benefits to reduce the latency and control signalling overhead. It is worth studying in NTN and additional enhancements could be investigated by taking ephemeris and location information into consideration. 

	ITRI
	Yes
	We agree to down-prioritize RACH less HO in NTN since RAN1/4 has stopped investigating on RACH less HO and it requires a lot of input from RAN1/4.


Rapporteur’s Summary: Nine companies agreed to down-prioritize RACH less HO in NTN, in case the RACH less HO has already been excluded from NR mobility enhancement WI. Six companies see benefits of RACH less HO in latency reduction and propose to further study it in NTN.
Based on the comments received so far, the following proposal is made:

Proposal 9: RACH less HO is down prioritized but not excluded in NTN.

4 Conclusions 

Based on the above analysis, the following observations and proposals are given:

Observation 1: The preamble receiving window should start from [RO timing + minimum one way delay*2] and end with [RO timing +maximum one way delay*2] to make sure the network can receive preambles from all the UEs.

Proposal 1: The following solutions should be studied to avoid RACH preamble detection ambiguity:

(1) Proper PRACH configuration in the time domain. The interval between two consecutive RO should be larger than the maximum delay difference within the cell.

(2) Preamble division. Preambles should be divided in groups and mapped to different RO, such that ROs with separation less than maximum delay difference are always assigned with different preambles.

Frequency hopping can also be studied, e.g., network use frequency hopping of preambles to identify the RO based on the specific frequency band in which the preamble is received.
Solutions related to 2-step RACH can also be studied when the 2-step RACH procedure is more stable. For the case when 2-step RACH is used, assistance information, e.g., SFN index can be included in MsgA to help network link the received preamble to the corresponding RO. 
Proposal 2: For UE without location information, broadcasting a common TA for NTN or extending the value range of the existing TA offset broadcast in system information is the baseline for initial timing advance during random access procedure in NTN. FFS on compensating the common TA at network side by implementation. The UE specific TA is compensated via Timing Advance Command field in random access response.

Observation 2: The timing advance in NR is not sufficient to compensate for propagation delay in NTN.

Proposal 3: For UE without location information, the value range of timing advance in random access response should be extended to compensate the UE specific TA in NTN.

Proposal 4: To perform initial timing advance for UE with location information during 4-step RACH, the following framework should be considered as a baseline:

1) Estimation and application of the timing advance with respect to the satellite before UE sending Msg1 (i.e. random access preamble) to the network. 

2) In Msg2, when the UE receives the RAR, it applies a timing advance correction for the UE-based estimation. 

3) The network schedules Msg3 without knowing the absolute value of the timing advance. This can be solved by for instance:

Using the maximum differential delay of the cell to schedule the UE.

4) Network receives Msg3 and gets to know the timing advance of the UE. At this point both UE and network are both aware of the UE-specific timing advance. 

Proposal 5: To perform initial timing advance for UE with location information during 2-step RACH, the following framework should be considered as a baseline:

1) UE estimate and apply the initial timing advance before transmission of MsgA. UE will include assistance information in the PUSCH payload for network to know the value of initial timing advance applied by UE. 

2) If contention resolution is successful UE apply a timing advance correction for the UE-based estimation in MsgB. By this time, both UE and network is aware of the final UE specific timing advance.
Proposal 6: For UE with location information, the exact round-trip propagation delay can be estimated and applied as an offset to delay the ra-ResponseWindow and there appears to be no need for extending the ra-ResponseWindow.
Proposal 7: For UE without location information, extension of the ra-ResponseWindow is required and can be applied in both GEO and LEO.
Proposal 8: When the RAR window is extended, including LSBs of SFN in Msg2 can be a baseline in NTN. FFS on modifying the RA-RNTI calculation formula or redefining some parameters in the formula.

Proposal 9: RACH less HO is down prioritized but not excluded in NTN.
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Is this needed?


Is this relevant?


Consider addition of Gilles’ earlier estimate of NTN UEs per cell.
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