[bookmark: _Hlk43883961]3GPP TSG-RAN WG4 Meeting #98-e	R4-2101003
Electronic meeting, 25th January – 5th Feburary, 2021

Source:	Ericsson
Title:	Discussion on remain issue of NR-U PRACH demodulation requirements
Agenda item:	7.1.7.4.4
Document for:	Discussion
[bookmark: _Hlk43883999]
1. Introduction
[bookmark: _Hlk528680199]In RAN4#97-e meeting, companies got agreements on PRACH simulation assumptions and also left a few of open issues [1]. 
Agreements
A1	PRACH format: A2, B2 and C2
A2	Antenna configuration: 1x2
A3	Propagation conditions
· AWGN
· Fading channel
A4	Frequency offset: 400Hz
A5	Test metric
Reuse existing test metrics: the false alarm probability shall be less than or equal to 0.1%, the probability of detection shall be equal to or exceed 99% and time error tolerance requirements FFS
Open Issues
Issue 1: Fading channel
· Option 1: TDLC300-100 
· Option 2: TDLA30-10
Issue 2: Ncs
· Option 1:127 for LRA=1151 and 63 for LRA=571 
· Option 2:164 for LRA=1151 and 190 for LRA=571 
· Option 3: FFS
Issue 3: Time error estimation tolerance
· Option 1: New values:
	PRACH preamble
	PRACH SCS (kHz)
	Time error tolerance

	
	
	AWGN
	[TDLA30-10 or TDLC 300]

	[A2,] B4, C2
	15
	[0.065us]
	FFS

	
	30
	
	FFS




· Option 2: Reuse the Table 8.4.2.1-1 of TS 38.104 for the moment, and encourage companies to bring analysis on the scaled tolerance for the next meeting.
· Other options are not precluded
In this contribution, the open issues are further discussed.

2. Discussion 
[bookmark: _Hlk43884116]Issue 1: Fading channel
The similar issue is discussed in PUCCH part [2]. Considering test consistency and defining requirement agonist to scenarios, TDLC300-100 is preferred since it is used in Rel-15 requirement. 
Proposal 1: Define wideband PRACH requirement with fading channel TDLC300-100.

Issue 2: Ncs
In Rel-15 PRACH demodulation requirements, the Ncs is defined as [3]: 
Table A.6-1: Test preambles for Normal Mode in FR1
	Burst format
	SCS (kHz)
	Ncs
	Logical sequence index
	v

	0
	1.25
	13
	22
	32

	A1, A2, A3,
	15
	23
	0
	0

	B4, C0, C2
	30
	46
	0
	0



Also check TS38.211, the corresponding Ncs table is [4]:


Table 6.3.3.1-7:  for preamble formats with  .
	zeroCorrelationZoneConfig
	 value

	
	
	
	

	0
	0
	0
	0

	1
	2
	8
	17

	2
	4
	10
	21

	3
	6
	12
	25

	4
	8
	15
	30

	5
	10
	17
	35

	6
	12
	21
	44

	7
	13
	25
	52

	8
	15
	31
	63

	9
	17
	40
	82

	10
	19
	51
	104

	11
	23
	63
	127

	12
	27
	81
	164

	13
	34
	114
	230

	14
	46
	190
	383

	15
	69
	285
	575


 
The choice of Ncs should make sure that the time delay between different shifts could cover the cell range delay and propagation delay. To settle this issue, we need to calculate the cell range delay for different SCS and propagation channel. 

Where




The following table is the calculation results and it shows that the cell range delay for Rel-15 is around 5us. Option 2 gives the closest cell range delay as Rel-15 no matter which TimeErrorTolerance will be used.
	zeroCorrelationZoneConfig
	Ncs value
	Cell range delay for Rel-15 [us]
	Cell range delay for 30kHz SCS [us]
	Cell range delay for 15kHz SCS [us]

	 
	Lra = 139
	Lra = 571
	Lra = 1151
	Lra = 139
	Lra = 571
	Lra = 1151

	TimeError
	
	
	
	
	0.26us
	0.065us
	0.52us
	0.065us

	8
	15
	31
	63
	
	0.08
	0.18
	0.94
	1.17

	9
	17
	40
	82
	
	0.37
	0.46
	1.53
	1.76

	10
	19
	51
	104
	
	0.71
	0.81
	2.21
	2.44

	11
	23
	63
	127
	4.89 (15k SCS)
	1.08
	1.18
	2.92
	3.15

	12
	27
	81
	164
	
	1.65
	1.75
	4.07
	4.30

	13
	34
	114
	230
	
	2.68
	2.78
	6.12
	6.35

	14
	46
	190
	383
	5.02 (30k SCS)
	5.06
	5.15
	10.86
	11.09

	15
	69
	285
	575
	
	8.03
	8.12
	16.82
	17.05


Proposal 2: Accept Option 2 that Ncs is 164 for LRA=1151 and 190 for LRA=571.

[bookmark: _GoBack]Issue 3: Time estimation error tolerance
In last meeting, the timing advance adjustment accuracy was put on the table as one potential impactor for the choice of time estimation error tolerance. We would like to clarify a bit this point here. Indeed, it is not relevant to consider the TA adjustment accuracy in RAN4 demodulation context since there is no TA adjustment in performance verification procedure. 

Despite that, we still make the following calculation to understand why 0.065us also works. According to TS38.133 [5], the timing advance adjustment accuracy is ±256 Tc for 15kHz and 30kHz SCS, and  where  Hz and . Then the accuracy is  for both 15kHz and 30kHz SCS. 
Rel-15 PRACH bandwidth is 1.08MHz for 1.25kHz SCS, 2.16MHz for 15kHz SCS and 4.32MHz for 30kHz SCS. Larger bandwidth will give more frequency information when doing timing estimation, and then the timing error would be expected smaller. With the alignment of this principle, Rel-15 requirements define timing error tolerance as 1.04us for 1.25kHz SCS, 0.52us for 15kHz SCS and 0.26us for 30kHz SCS while 1.04us follows the assumption for LTE. 
Considering large bandwidth PRACH will use 17.28MHz bandwidth for both 15kHz and 30kHz SCS, the corresponding timing error tolerance could be scaled down based on the bandwidth ratio compared to normal PRACH. The result is 0.065us for both 15kHz and 30kHz SCS. 
If the BS manages to make its estimation error within the tolerance range, i.e., [-0.065us, +0.065us), then, the TA adjustment procedure only needs to account for the RTT (plus potential delay spread) to ensure the adjusted time is close to the correct one within 0.065us as maximum error. If a BS keeps its estimation error to be the same value as TA adjustment accuracy (that is 0.13us), the final time error after a similar adjustment as above will yield 0.13us as maximum error. To obtain the same 0.065us maximum error, BS receiver will need to compare two adjacent TA adjustment values to see which one is closer to the correct time.
Another interesting observation from Rel-15 is that, when SCS=120kHz, the time estimation error tolerance is agreed to be 0.07us (an approximation of 0.065us) in table 8.4.1.1-1 [6].  
For fading channel TDLC300-100, the maximum delay 1.51us (omitting the weakest path) used in Rel-15 can be reused. 
	PRACH preamble
	PRACH SCS (kHz)
	Time error tolerance

	
	
	AWGN
	TDLC300-100

	A2, B4, C2
	15
	0.065us
	1.575us

	
	30
	
	





Observation 1: Take 0.06us as time error tolerance is feasible for large bandwidth PRACH.
But Option 2 which completely follow Rel-15 assumptions also make its point. The large bandwidth PRACH only imply longer sequence to fulfil minimum bandwidth regulation than Rel-15 sequence, then the BS receiving algorithm could be checked by the same criteria. The large bandwidth PRACH might show the gain compared to Rel-15. Reusing Rel-15 assumption then seems more straight forward and needs less effort for consequent specification modification. 
Observation 2: Reusing Rel-15 assumptions is also feasible and needs less effort for specification modification.   
Proposal 3: Reuse Rel-15 assumptions for large bandwidth PRACH requirement.

3. Conclusion
Issue 1: Fading channel
Proposal 1: Define wideband PRACH requirement with fading channel TDLC300-100.

Issue 2: Ncs
Proposal 2: Accept Option 2 that Ncs is 164 for LRA=1151 and 190 for LRA=571.

Issue 3: Time error estimation tolerance
Observation 1: Take 0.06us as time error tolerance is feasible for large bandwidth PRACH.   
Observation 2: Reusing Rel-15 assumptions is also feasible and needs less effort for specification modification.   
Proposal 3: Reuse Rel-15 assumptions for large bandwidth PRACH requirement.
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4. References
[1]	R4-2017468, “Way forward on NR-U PRACH demodulation requirements”, RAN4#97-e, Nokia, Nokia Shanghai Bell
[2]	R4-2101001, “Discussion on remain issue of NR-U PUCCH demodulation requirements”, RAN4#98-e, Ericsson
[3]	TS38.104 v16.5.0
[4]	TS38.211 v16.3.0
[5]	TS38.133 v16.5.0
[6]	TS38.141-2 v16.5.0


  

image1.wmf
CS

N


oleObject1.bin

image2.wmf
4096

f

=

N


oleObject2.bin

