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1. Introduction
[bookmark: _GoBack]In past meetings there was discussion about PRACH congestion however there is no solution agreed. This contribution proposed to resolve PRACH congestion during random access.
PRACH congestion is a scenario where eNB could not decode Msg1 from multiple UEs & respond all UEs with Msg2. PRACH congestion occurs when multiple UEs perform random access procedure to access network at a same time with same preamble signature.
In Contention Based Random Access (CBRA), limited preamble will be available to UEs. Each UE will select preamble from assigned pool, which will be limited compared to number of expected NB IoT UEs in future.

[bookmark: _heading=h.b7o2235vbhbz]2. Discussion
PRACH congestion scenario where eNB receives more RACH than the capacity, where eNB could not decode Msg1 from multiple UEs & respond all UEs with Msg2.
[image: ]PRACH congestion occurs when multiple UEs perform random access procedure to access network at a same time with same preamble signature.
In Contention Based Random Access (CBRA), limited preamble will be available to UEs. Each UE will select preamble from assigned pool, which will be limited compared to number of expected NB IoT UEs in future. 
There will be positive chances of UEs selecting same preamble at same time, which could also give rise to PRACH congestion in Contention Based Random Access (CBRA).
There could be 2 possible scenarios where NTN network will face PRACH congestion
· Multiple UE wakes Up: Large number of NB IoT UEs wakes up in active cycle of DRX cycle, those UEs will do RA procedure which will cause PRACH congestion in Network.
· Discontinuous Coverage in NTN: Whenever satellite flyby over area after discontinuous coverage, large number of UEs will do RA procedure which will cause PRACH congestion in Network.

Observation 1: PRACH congestion occurs when multiple UEs perform random access procedure to access network at a same time with same preamble signature. There are 2 possible scenarios 1) Multiple UE wakes UP & 2) Post Discontinuous coverage. 


Why solution to PRACH Congestion is important in NTN IoT?

· 3GPP has described RACH Capacity for NTN in 3GPP TR 38.821 Section 7.2.1.1.1.1
· For PRACH configuration index = 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
· For given the collision rate of 0.01, the number of configured preambles for CBRA being 56, preamble format 0, PRACH config index 27, Freq. Multiplexing F= 8 table 7.2.1.1.1.1-2 gives supported UE density.
· From Table 7.2.1.1.1.1-2 , UE density will be very less due to large coverage area in case of GEO.
· Also for LEO when UE have more RACH per day, supported UE density will be reduced.


	
	Coverage (km2)3GPP TR38.821 Table 7.2.1.1.1.1-2 : Supported UE density for typical GEO and LEO cell

	RACH per second per UE
	Supported UE density

	GEO
	650000 (hex with r=500km)
	1.157 * 10-5 (= 1 time per day per UE)
	~596 UE/km2

	
	650000
	2.78 * 10-4 (= 1 time per hour per UE)
	~25 UE/km2

	
	650000
	0.0017 (= 1 time per 10 min per UE)
	~4 UE/km2

	
	162500 (hex with r=250km)
	1.157 * 10-5 (= 1 time per day per UE)
	~2383 UE/km2

	
	162500
	2.78 * 10-4 (= 1 time per hour per UE)
	~99 UE/km2

	
	162500
	0.0017 (= 1 time per 10 min per UE)
	~16 UE/km2

	LEO
	26000 (hex with r=100km)
	1.157 * 10-5 (= 1 time per day per UE)
	~14893 UE/km2

	
	26000
	2.78 * 10-4 (= 1 time per hour per UE)
	~620 UE/km2

	
	26000
	0.0017 (= 1 time per 10 min per UE)
	~101 UE/km2

	
	6500 (hex with r=50km)
	1.157 * 10-5 (= 1 time per day per UE)
	~59571 UE/km2

	
	6500
	2.78 * 10-4 (= 1 time per hour per UE)
	~2479 UE/km2

	
	6500
	0.0017 (= 1 time per 10 min per UE)
	~405 UE/km2


3GPP TR38.821 Table 7.2.1.1.1.2-3 : Supported UE density for typical GEO and LEO cell when the time interval between two consecutive RO is larger than the maximum delay difference*2 within the cell



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

	GEO
	650000 (hex with r=500km)
	1.157 * 10-5 (= 1 time per day per UE)
	~60 UE/km2

	
	650000
	2.78 * 10-4 (= 1 time per hour per UE)
	~2 UE/km2

	
	650000
	0.0017 (= 1 time per 10 min per UE)
	~0 UE/km2

	
	162500 (hex with r=250km)
	1.157 * 10-5 (= 1 time per day per UE)
	~477 UE/km2

	
	162500
	2.78 * 10-4 (= 1 time per hour per UE)
	~20 UE/km2

	
	162500
	0.0017 (= 1 time per 10 min per UE)
	~3 UE/km2

	LEO
	26000 (hex with r=100km)
	1.157 * 10-5 (= 1 time per day per UE)
	~7446 UE/km2

	
	26000
	2.78 * 10-4 (= 1 time per hour per UE)
	~310 UE/km2

	
	26000
	0.0017 (= 1 time per 10 min per UE)
	~51 UE/km2

	
	6500 (hex with r=50km)
	1.157 * 10-5 (= 1 time per day per UE)
	~59571 UE/km2

	
	6500
	2.78 * 10-4 (= 1 time per hour per UE)
	~2479 UE/km2

	
	6500
	0.0017 (= 1 time per 10 min per UE)
	~405 UE/km2



· As described in 3GPP TR 38.821 Section 7.2.1.1.1.2, to counter overlapping of RACH occasions due to propagation delay, interval between 2 consecutive RO must be larger than 2 * Max Differential delay within the cell.
· This will further reduce UE density supported by NTN network. Table 7.2.1.1.1.2-3 shows UE density when collision rate being 0.01, the number of configured preambles for CBRA being 56, preamble format 0, PRACH config index, Freq. Multiplexing F= 8.
· Support of low UE density for doing RACH in UL will congest network when more UEs, NB IoT UEs will be doing RACH.

Observation 2: PRACH Congestion issue will be more pertinent due to reduced supported UE density due to interval between two consecutive RO is larger than the maximum delay difference*2 within the cell.
· To avoid PRACH congestion, few UEs should be differed from doing random access to network before Msg1 transmission.
· For this purpose, all UEs to be divided into groups & then each UE should follow GroupWise random access.
· This can be achieved by using MOD n values of IMSI & SFN as explained below. 
· Grouping of UEs,
· IMSI of UE & SFN transmitted by network in MIB can be used to group UEs.
· UE should compare below formula to find SFN in which it should perform random access
(IMSI) MOD n = (SFN) MOD n= 0, 1,….,(n-1) 

· Here “n” is number of groups which can be configured & communicated in SIB2 as part of RACH Common Configuration parameters to UE.
· [image: ]UEs with above fulfilled criteria should perform random access in SFN for which above criteria fulfilled.
· UEs whose criteria is not fulfilled, they should back off & wait till next SFN for which criteria shall meet.
· Now UEs will do random access only in certain SFN (radio frames), not in initial SFN after wakes up or discontinuous coverage. Which will avoid PRACH congestion at network.

Proposal 1: UEs should be differed from doing random access to network before Msg1 transmission. UEs to be divided into groups & then each UE should follow GroupWise random access based on MODn values of IMSI & SFN.







[bookmark: _heading=h.oiwx6mu7nc3]3. Conclusion
This contribution proposed to resolve PRACH congestion during random access in less complex manner.

Observation 1: PRACH congestion occurs when multiple UEs perform random access procedure to access network at a same time with same preamble signature. There are 2 possible scenarios 1) Multiple UE wakes UP & 2) Post Discontinuous coverage. 
Observation 2: PRACH Congestion issue will be more pertinent due to reduced supported UE density due to interval between two consecutive RO is larger than the maximum delay difference*2 within the cell.
Proposal 1: UEs should be differed from doing random access to network before Msg1 transmission. UEs to be divided into groups & then each UE should follow GroupWise random access based on MODn values of IMSI & SFN.
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