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Introduction
This paper extends the discussion with Nokia’s views on PRACH BS  demodulation requirements on [3] considering the outcome of RAN4 #97-e meeting on that topic [1]. Among the topics discussed on this paper, are which PRACH formats to include in the performance requirements. The discussion on this paper is supported by preliminary simulation results and a test scenario is proposed to be used as baseline for discussion on RAN4 in [4]. 
PRACH demodulation requirements
Ncs value
During the last meeting, the following options for  were discussed  [1]:
	· 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




From our point of view, it is reasonable to assume that the  is chosen such that the same equivalent cell size is obtained. For this reason, we calculate the maximum detectable timing offset based on  Considering that: 
· for each root Zadoff-Chu sequence the number of cyclically shifted sequences that can be obtained is  

· that the sequence length for the short preamble format C0 is 

· the maximum detectable time offset can be calculated as

Considering the formulas above, the maximum detectable timing offset can be calculated as shown in Table 1. In this table, the Rel. 15 PRACH parameters are used as a reference, with  and  for 15 kHz SCS and  for 30 kHz SCS. The results from Option 1 ( for 15 kHz and  for 30 kHz) result in a larger  , which in turn also reduces the coverage area. On the other hand, the results from Option 2 ( for 15 kHz and  for 30 kHz) provide a good match to the  value from the existing Rel. 15 PRACH requirements. Although the value of  doesn’t match exactly the Rel. 15 values, there is no option from the Table 6.3.3.1-7 of 38.211 [5] that result in the same 

[bookmark: _Ref58930860]Table 1 Calculated maximum timing offset 
	
	Rel. 15 PRACH parameters
	Option 1
	Option 2

	
	139
	139
	1151
	571
	1151
	571

	
	23
	46
	127
	63
	164
	190

	SCS
	15
	30
	15
	30
	15
	30

	
	0
	1
	0
	1
	0
	1

	
	64
	64
	64
	64
	64
	64

	
	5.09E-01
	5.09E-01
	5.09E-01
	5.09E-01
	5.09E-01
	5.09E-01

	
	131072
	65536
	131072
	65536
	131072
	65536

	
	6
	3
	9
	9
	7
	3

	 (us)
	11.11
	11.11
	7.41
	3.70
	9.52
	11.11



[bookmark: _Toc61552603]The  parameters from Option 1 imply a reduced equivalent maximum cell area in relation to Rel. 15  parameters, while the parameters from Option 2 maintain a similar area. 
[bookmark: _Toc61552604]RAN4 to test NR-U PRACH with  for 15 kHz SCS and  for 30 kHz SCS. 

Time error estimation tolerance
On the last RAN4 meeting, the following options for time error estimation tolerance were discussed [1]: 
	· 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




The existing requirements for Rel. 15 PRACH are shown in Table 2. The requirements for TDLC300-100 are built based on the requirements for AWGN with an additional term that corresponds to the second last tap of the channel in Table G.2.1.1-4 of 38.104 [8][7]. The first term for the calculation is the PRACH minimum time resolution, which is obtained in accordance to the numerology  and  as:

For Rel. 15 short PRACH sequences this results in 0.48 us and 0.24 us for 15 kHz and 30 kHz SCS, respectively. This time is approximated to multiples of the TA command resolution. The timing advance step can be derived from the description in the clause 4.2 of 38.213 [9] as

which is 0.52 us for 15 kHz and 0.26 us for 30 kHz SCS. Next, the time for the second last tap of the channel model is summed to the first result. For TDLC300 that time is 1.51 us. Both values combined result in the current Rel. 15 NR PRACH sequences as shown in Table 2. 
[bookmark: _Ref58935065]Table 2 Time error tolerance for AWGN and TDLC300-100 (adopted from [7])
	PRACH
	PRACH SCS
	Time error tolerance

	preamble
	(kHz)
	AWGN
	TDLC300-100

	0
	1.25
	1.04 us
	2.55 us

	A1, A2, A3, B4,
	15
	0.52 us
	2.03 us

	C0, C2
	30
	0.26 us
	1.77 us



Option 1 was presented because NR-U PRACH sequences are wider in frequency, and therefore could enable a more precise time estimation of the PRACH sequence arrival time . By increasing the LRA from 139 to 1151 and 571 for 15 and 30 kHz SCS, the  could in principle be reduced to 0.06 us. However, there is little benefit to reducing the time error tolerance if it is below the minimum timing advance step that the gNB may report on the TA command. 
[bookmark: _Toc61552605]Reducing the PRACH demodulation time error tolerance results in no clear benefit, since current limits for AWGN match the minimum TA command step. 
[bookmark: _Toc61552606]Not to define time error tolerance that is smaller than the minimum possible step for the timing advance command. 
[bookmark: _Toc61552607]RAN4 to maintain the existing time error tolerance defined in 38.104. 
In another open issue from the last meeting, the fading model for PRACH demodulation requirements was discussed, where the open options were TDLA30 and TDLC300. In case TDLA30 is chosen for the demodulation requirements, new values for time error tolerance have to be defined for NR-U, since Table 8.4.2.1-1 of 38.104 only specify tolerance values for AWGN and TDLC300-100 [7]. Our companion paper presents simulation results for both channels models [4], which shows small differences in performance when comparing TDLA 30 and TDLC 300 performance. Given that there is no clear performance motivation to justify using TDLA30, we believe that by choosing TDLC 300 we can reuse the existing Rel. 15 time error tolerance values. 
[bookmark: _Toc61552608]PRACH performance of NR-U sequences have only small differences when comparing fading models TDLA30 and TDLC300. 
[bookmark: _Toc61552609]PRACH time error tolerance are currently only defined for AWGN and TDLC300 channel models. 
[bookmark: _Toc61552610]RAN4 to define NR-U PRACH performance requirements for AWGN and TDLC 300 fading models. 
Specification structure
This section discusses the specification structure and how naming convention can be adopted for the NR-U PRACH requirements. In RAN4, the existing RRM specification in 38.133 adopts “with CCA”. Although this is appropriate in the RRM context, the PRACH sequences that were designed for NR-U have been currently considered in other scenarios. These include the use in frequencies above 52.6GHz, where RAN1 suggests the use of longer sequence lengths in order to enable larger transmit power whenever maximum PSD requirements apply [10]. 
[bookmark: _Toc61552611]Long PRACH sequences designed for NR-U are currently also being considered for other work items. 
[bookmark: _Toc61552612]RAN4 to adopt a generic naming convention that does not necessarily limit the use of the long PRACH sequences for NR-U. 
The PRACH related clauses in 38.104 have the following structure [8]:
	8.4.2	PRACH detection requirements
8.4.2.1	General
8.4.2.2	Minimum requirements for Normal Mode
8.4.2.3	Minimum requirements for high speed train



Likewise, the 38.141-1
	8.4	Performance requirements for PRACH
8.4.1	PRACH false alarm probability and missed detection
8.4.1.2	Minimum requirement
8.4.1.3	Test purpose
8.4.1.4	Method of test
8.4.1.5	Test requirement for Normal Mode
8.4.1.6	Test requirement for high speed train



The structure of the PRACH specifications in 38.141-2 follow a very similar structure in comparison to 38.141-1. 
It can be observed that the current structure of the PRACH requirements in 38.104, 38.141-1 and 38.141-2 include a requirement clause for “Normal Mode” and a clause for “High-speed Train”. 
[bookmark: _Toc61552613]Create new clauses in 38.104, 38.141-1, and 38.141-2 for PRACH with LRA=1151 and LRA=571 used in NR-U. 
[bookmark: _Toc61552614]Create new clause in 38.104 “8.4.2.4 Minimum requirements for PRACH with LRA=1151 and LRA=571”
[bookmark: _Toc61552615]Create new clause in 38.141-1 “8.4.1.7 Test requirement for PRACH with LRA=1151 and LRA=571”
[bookmark: _Toc61552616]Create new clause in 38.141-2 “8.4.1.7 Test requirement for PRACH with LRA=1151 and LRA=571”
Current PRACH applicability rules for Normal PRACH in 38.141-1 are[12]:
	D.103
	PRACH format and SCS
	Declaration of the supported PRACH format(s) as specified in TS 38.211 [17], i.e., format: 0, A1, A2, A3, B4, C0, C2.
Declaration of the supported SCS(s) per supported PRACH format with short sequence, as specified in TS 38.211 [17], i.e., 15 kHz, 30 kHz or both.



The manufacturer declaration D.103 currently doesn’t include an option for the sequence length. A similar approach could be used for the NR-U extended sequences, which could be written in a generic manner that can be reused in case it is extended to other SCSs. 
[bookmark: _Toc61552617]Create new declaration field for extended PRACH sequences which includes format, SCS, and LRA. A text proposal for such a declaration is: “Declaration of the supported PRACH format(s) with LRA=1151 and LRA=571 as specified in TS 38.211 [17], i.e., format: A1, A2, A3, B4, C0, C2. Declaration of the supported SCS(s) per supported extended PRACH format with short sequence, as specified in TS 38.211 [17], i.e., 15 kHz, 30 kHz or both, as well as sequence length other than LRA =139, i.e. LRA =1151 for 15 kHz SCS, and LRA =571 for 30 kHz SCS.”
[bookmark: _Hlk31794208]Conclusion
In this contribution we provided Nokia’s views on the demodulation performance of PRACH for NR-U. Among the conclusions and observations derived from this discussion are the following: 
Observation 1: The NCS parameters from Option 1 imply a reduced equivalent maximum cell area in relation to Rel. 15 NCS parameters, while the parameters from Option 2 maintain a similar area.
Proposal 1: RAN4 to test NR-U PRACH with NCS=164 for 15 kHz SCS and NCS=190 for 30 kHz SCS.
Observation 2: Reducing the PRACH demodulation time error tolerance results in no clear benefit, since current limits for AWGN match the minimum TA command step.
Proposal 2: Not to define time error tolerance that is smaller than the minimum possible step for the timing advance command.
Proposal 3: RAN4 to maintain the existing time error tolerance defined in 38.104.
Observation 3: PRACH performance of NR-U sequences have only small differences when comparing fading models TDLA30 and TDLC300.
Observation 4: PRACH time error tolerance are currently only defined for AWGN and TDLC300 channel models.
Proposal 4: RAN4 to define NR-U PRACH performance requirements for AWGN and TDLC 300 fading models.
Observation 5: Long PRACH sequences designed for NR-U are currently also being considered for other work items.
Proposal 5: RAN4 to adopt a generic naming convention that does not necessarily limit the use of the long PRACH sequences for NR-U.
[bookmark: _GoBack]Proposal 6: Create new clauses in 38.104, 38.141-1, and 38.141-2 for PRACH with LRA=1151 and LRA=571 used in NR-U.
Proposal 7: Create new clause in 38.104  “8.4.2.4 Minimum requirements for PRACH with LRA=1151 and LRA=571”
Proposal 8: Create new clause in 38.141-1 “8.4.1.7 Test requirement for PRACH with LRA=1151 and LRA=571”
Proposal 9: Create new clause in 38.141-2 “8.4.1.7 Test requirement for PRACH with LRA=1151 and LRA=571”
Proposal 10: Create new declaration field for extended PRACH sequences which includes format, SCS, and LRA. A text proposal for such a declaration is: “Declaration of the supported PRACH format(s) with LRA=1151 and LRA=571 as specified in TS 38.211 [17], i.e., format: A1, A2, A3, B4, C0, C2. Declaration of the supported SCS(s) per supported extended PRACH format with short sequence, as specified in TS 38.211 [17], i.e., 15 kHz, 30 kHz or both, as well as sequence length other than LRA =139, i.e. LRA =1151 for 15 kHz SCS, and LRA =571 for 30 kHz SCS.”
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