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Introduction

In this contribution, we address the observation on the ambiguity of preamble reception at gNB side caused by large transmission delay, discuss potential solutions and impact on RACH capacity.  
Discussion

In TS 38.211, RACH definition in LTE is inherited. To be more specific, the total number of preambles for RACH per cell is still 64. Since the cell size in NTN scenarios is expected to be much larger than that in a terrestrial NR cell, it is necessary to revisit the RACH capacity in NTN scenarios.

Possible transmission delay in NTN
Firstly, descriptions on the transmission delay of satellite communication system can be found in TR 38.821 as follows. 

---------------------------------------------------------- From 38.821 Start --------------------------------------------------------

Table 8.1-1: NTN scenarios versus delay constraints, Source [2]
	NTN scenarios
	A
	B
	C1
	C2
	D1
	D2

	
	GEO transparent payload
	GEO regenerative payload
	LEO transparent payload
	LEO regenerative payload

	Satellite altitude
	35 786 km
	600 km

	Relative speed of Satellite wrt earth
	negligible
	7.56 km per second

	Min elevation for both feeder and service links
	10° for service link and 5° for feeder

	Typical Min / Max NTN beam foot print diameter (note 1) 
	100 km / 1000 km
	50 km / 500 km

	Maximum Round Trip Delay on the radio interface between the gNB and the UE
	541.75 ms (Worst case)
	270.57 ms
	28.41 ms
	12.88 ms

	Minimum Round Trip Delay on the radio interface between the gNB and the UE
	477.14 ms
	238.57 ms
	8 ms
	4 ms

	Maximum Delay variation as seen by the UE

(note 2)
	Negligible
	Up to +/- 40 µs/sec (Worst case)
	Up to +/- 20 µs/sec

	Maximum delay difference within a NTN beam as seen by the UE

(note 3)
	16 ms (Worst case)
	4.44 ms

	Max rate of hand-over (FFS)
	
	
	
	
	
	

	NOTE 1: The beam foot print diameter are indicative. The diameter depends on the orbit, earth latitude, antenna design and radio resource management strategy in a given system.

NOTE 2: The delay variation measures how fast the round trip delay (function of UE-satellite-NTN gateway distance) varies over time when the satellite moves towards/away from the UE. It is expressed in µs/s and is negligible for GEO scenario

NOTE 3: The delay difference compares the delay (function of UE-satellite-NTN gateway distance) experienced by two different UEs served by the same beam at a given time


---------------------------------------------------------- From 38.821 end --------------------------------------------------------
Observation 1: The differential delay within a satellite beam in Non-GEO can be up to 4.44 ms while for Non-GEO can be up to 16 ms.
Ambiguity on preamble reception 
As depicted in Figure 1, due to the large transmission delay in NTN, there might be case where two UE initiate at the same RO at separated system frames. If the separation of ROs in time domain is smaller than the differential delay between UE’s propagation paths, then their preambles will fall into the same processing window at gNB and gNB cannot differentiate which ROs the received preamble is transmitted on.  
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Figure 1: Preamble transmission at different SFN

Therefore, the ROs allocation in time domain should be sparse enough, e.g., separated with time interval larger than maximum delay difference within the beam (up to 16 ms in GEO), to guarantee that gNB is able to differentiate the ROs each received preambles transmitted on. 

Observation 2: In case the time interval between two consecutive RO is smaller than the Maximum delay difference, the gNB can not determine the RO from which the preamble is transmitted
If gNB cannot identify in which RO the received preamble is transmitted on, then gNB is unable to estimate the correct timing advance, leading to uncertain behavior in both UE and gNB side. Thus the the ambiguity of preamble reception in NTN RACH procedure shall be avoided, and the NW shall be able to identify in which RO the preamble is transmitted. 

Proposal 1: The ambiguity of preamble reception in NTN RACH procedure shall be avoided, and the NW shall be able to identify in which RO the preamble is transmitted.
Following alternatives can be considered to avoid ambiguity on preamble reception:

Alt1: PRACH configuration. Based on the current specs, the ambiguity of preamble reception can only be avoided by the configuration of RACH resource, in which case the NW ensure the time interval between two consecutive RO is larger than the maximum delay difference within the cell. 
Alt2: Preamble division. Preambles can be divided in groups and mapped to different RO, so long as the same preamble will not be used in ROs with separation less then maximum delay difference.
Alt3: Frequency hopping. To adapt frequency hopping of preamble, thus gNB can identify the RO according to the frequency band received preamble is transmitted with
Alt4: Indication in MsgA of 2 step RACH. For the case 2-step RACH is used, assisting information, e.g., SFN index 
As for alt1, considering the worst case in GEO, the time interval between consecutive ROs shall be larger then 16 ms. Thus only some PRACH configuration can satisfy this condition, e.g., PARCH configuration index 1~15 in FR1 unpaired spectrum. Taking into account the restriction on PRACH density in time domain, in the following an analysis on RACH capacity is provided.
RACH capacity in current NR specifications

The capacity of RACH is determined by sparsity of time and frequency resources, which is configured by higher-layer parameters prach-ConfigurationIndex and msg1-FDM defined in TS 38.331. Provided that time interval of consecutive ROs is larger than 16 ms, the max PRACH density in time domain for “FR1 and paired spectrum” and “FR1 and unpaired spectrum” is 0.05 number/ms according the Table 6.3.3.2-2 to Table 6.3.3.2-3 in TS 38211, while no PRACH configuration in “FR2 and paired spectrum” can satisfy the restriction.
Assuming msg1-FDM is 8 and all 64 preambles are used for contention-based RACH, then we can obtain the maximum RACH attempts supported per cell with 
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, and the user density supported for “FR1 and paired spectrum” and “FR1 and unpaired spectrum” as given in following tables. (The detailed calculation is provided in Annex 1)
Table 1. Maximum RACH attempts supported per cell, with 
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	FR1/FR2 and spectrum type
	Max RACH attempt supported

 (attempts/second/cell)

	FR1 and paired spectrum
	-12800*ln(1-0.01) = 129

	FR1 and unpaired spectrum
	-12800*ln(1-0.01) = 129


Table 2. User density supported for “FR1 and paired spectrum” and “FR1 and unpaired spectrum”
	Cell coverage

(km2)
	User density can be supported

(UE number/km2)

	
	RACH requirement per UE = 0.001667

attempts per second
	RACH requirement per UE = 0.0001667

attempts per second
	RACH requirement per UE = 0.00001667

attempts per second

	10000
	15.4
	154.2
	1541.7 

	50000
	3.1
	30.8
	308.3

	100000
	1.5
	15.4
	154.2

	400000
	0.4
	3.9
	38.5

	800000
	0.2
	1.9
	19.3


Based on the table above, it can be observed that the solution based on RO configuration may decrease the RACH capacity significantly, leading to very limited user density in NTN, which is not future proof for supporting IoT service.
Observation 3: If the NW ensure the time interval between two consecutive RO is larger than the Maximum delay difference based on PRACH configuration, then the RACH capacity will decrease significantly, and the target UE density in NTN can not be achieved.

Proposal 2: RAN2 is kindly asked to confirm the issue that, based on the current specs, the RACH capacity in NTN can not be satisfied in case the Maximum delay difference is large.

Proposal 3: One LS can be sent to RAN1 to inform RAN1 the preamble ambiguity issue and ask if any solution can be identified from RAN1’s point of view.

Proposal 4: Capture the issue of ambiguity on preamble reception in the TR.
Conclusion and proposals

With the above analysis, we have the following observation and proposals:

Observation 1: The differential delay within a satellite beam in Non-GEO can be up to 4.44 ms while for Non-GEO can be up to 16 ms.
Observation 2: In case the time interval between two consecutive RO is smaller than the Maximum delay difference, the gNB can not determine the RO from which the preamble is transmitted
Proposal 1: The ambiguity of preamble reception in NTN RACH procedure shall be avoided, and the NW shall be able to identify in which RO the preamble is transmitted.

Observation 3: If the NW ensure the time interval between two consecutive RO is larger than the Maximum delay difference based on PRACH configuration, then the RACH capacity will decrease significantly, and the target UE density in NTN can not be achieved.

Proposal 2: RAN2 is kindly asked to confirm the issue that, based on the current specs, the RACH capacity in NTN can not be satisfied in case the maximum delay difference is large.

Proposal 3: One LS can be sent to RAN1 to inform RAN1 the preamble ambiguity issue and ask if any solution can be identified from RAN1’s point of view.

Proposal 4: Capture the issue of ambiguity on preamble reception in the TR.
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Annex1: Calculation of RACH capacity and user density
For FR1 and paired spectrum :
Table 1. Max PRACH density in time domain, for FR1 and paired spectrum/supplementary uplink
	Preamble format
	PRACH Configuration Index
	Max PRACH density in time domain (number/ms)

	0
	12
	0.05

	1
	40
	0.05

	2
	57
	0.05


For FR1 and unpaired spectrum :
Table 2. Max PRACH density in time domain, for FR1 and unpaired spectrum
	Preamble format
	PRACH Configuration Index
	Max PRACH density in time domain (number/ms)

	0
	3
	0.05

	1
	31
	0.05

	2
	37
	0.05


(Noted that above table only gives some feasible examples, not all PARCH configuration suitable is provided. )
For FR2 and unpaired spectrum, not suitable PRACH configuration can satisfy the condition that RO allocation within the time domain is larger than 16 ms. 
To simplify analysis, assuming FDM is 8 and all 64 preamble used for CBRA. Thus we obtain:

Table 3. Summary of max PRACH density in time/freq domain
	FR1/FR2 and spectrum type
	Max PRACH density in time/frequency domain

(number/second)

	FR1 and paired spectrum/supplementary uplink
	0.05*8*1000*64 = 25600

	FR1 and unpaired spectrum
	0.05*8*1000*64 = 25600


The collision probability can be expressed as 
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 according to [3]. In this formula, 
[image: image5.wmf]L

 is the total number of RACH opportunities per second (corresponding to values in Table 3), and ( is the RACH attempt density with unit of attempts/second/cell. To achieve a reasonable collision probability, e.g., 
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, supportable RACH attempt density is calculated as in Table 4.

Table 4. Maximum RACH attempts supported per cell, with 
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	FR1/FR2 and spectrum type
	Max RACH attempt supported

 (attempts/second/cell)

	FR1 and paired spectrum
	-25600*ln(1-0.01) = 257

	FR1 and unpaired spectrum
	-25600*ln(1-0.01) = 257


With the “Max RACH attempt supported per cell” calculated in Table 4, the maximum UE density supported should fulfill the equation as follows:

“cell coverage” * “user density” * “RACH requirement per UE” <= “Max RACH attempt supported”

Therefore, the maximum user density supported can be calculated with the formula as follows:

Maximum User density = “Max RACH attempt supported” / (“cell coverage” * “RACH requirement per UE”)

For the RACH requirement per UE, the following assumption are used in the RACH capacity estimation in RAN1 [4]:

Initial access: 1 every 10min 
Handover: 1 every 10min (For LEO, considering the handover is still required even the UE is static)
Paging: 1 every 10min

Other SI: 1every 10min

Based on the assumption above, the overall RACH requirement per UE is 0.001667 attempts/second/user.

Considering the service mode for NTN may be different from normal UE, besides the 0.001667, the 0.0001667 and 0.00001667 will be evaluated as well.
With the assumption above, the evaluation result are summarized in the table as follow:
Table 5. User density supported for “FR1 and paired spectrum” and “FR1 and unpaired spectrum”
	Cell coverage

(km2)
	User density can be supported

(UE number/km2)

	
	RACH requirement per UE = 0.001667

attempts per second
	RACH requirement per UE = 0.0001667

attempts per second
	RACH requirement per UE = 0.00001667

attempts per second

	10000
	15.4
	154.2
	1541.7 

	50000
	3.1
	30.8
	308.3

	100000
	1.5
	15.4
	154.2

	400000
	0.4
	3.9
	38.5

	800000
	0.2
	1.9
	19.3
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