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1. Introduction
In RAN4 #88bis meeting, the WF on NR PRACH demodulation requirements was agreed [1]. Most of the open issues were addressed in the WF, with the following two issues left for email discussion.
· Timing offset shall be scaled according to SCS and format
· To be further investigated, Email discussion. Deadline: Oct 26th 
· Tolerance on timing offset error should be further investigated for next meeting.
· Option 1: Scaling according to SCS
· Other option is not precluded
· Email discussion. Deadline: Oct 26th 

This contribution documents our views provided in RAN4 reflector email discussion.
2. Discussion
1) Timing offset for preamble transmission
In table 1, for all the preamble formats and SCSs, we calculate the CP length, Ncs, maximal delay of fading channel, and derive the maximum timing offset that can be configured in the test.
Table 1: Maximum configured timing offset for short sequence
	Format　
	　SCS
	CP 
	Ncs
	(a) min {CP, Ncs}
	(b) Maximum delay of fading channel (Note)
	(a-b) Maximum configured timing offset 

	A1
	15 kHz
	
288 
	
339 
	
288 
	
80 
	
208 
	6.77 us

	
	30 kHz
	
144 
	
339 
	
144 
	
80 
	
64 
	2.08 us

	
	60 kHz
	
72
	
254 
	
72 
	
9 
	
63 
	2.05 us

	
	120 kHz
	
36
	
127 
	
36 
	
9 
	
27 
	0.88 us

	A2
	15 kHz
	
576
	
339 
	
339 
	
80 
	
259 
	8.43 us

	
	30 kHz
	
288
	
339 
	
288 
	
80 
	
208 
	6.77 us

	
	60 kHz
	
144
	
254 
	
144 
	
9 
	
135 
	4.39 us

	
	120 kHz
	
72
	
127 
	
72 
	
9 
	
63 
	2.05 us

	A3
	15 kHz
	
864 
	
339 
	
339 
	
80 
	
259 
	8.43 us

	
	30 kHz
	
432
	
339 
	
339 
	
80 
	
259 
	8.43 us

	
	60 kHz
	
216
	
254 
	
216 
	
9 
	
207 
	6.74 us

	
	120 kHz
	
108
	
127 
	
108 
	
9 
	
99 
	3.22 us

	B4
	15 kHz
	
936 
	
339 
	
339 
	
80 
	
259 
	8.43 us

	
	30 kHz
	
468
	
339 
	
339 
	
80 
	
259 
	8.43 us

	
	60 kHz
	
234 
	
254 
	
234 
	
9 
	
225 
	7.32 us

	
	120 kHz
	
117 
	
127 
	
117 
	
9 
	
108 
	3.52 us

	C0
	15 kHz
	
1240 
	
339 
	
339 
	
80 
	
259 
	8.43 us

	
	30 kHz
	
620 
	
339 
	
339 
	
80 
	
259 
	8.43 us

	
	60 kHz
	
310 
	
254 
	
254 
	
9 
	
245 
	7.98 us

	
	120 kHz
	
155 
	
127 
	
127 
	
9 
	
118 
	3.84 us

	C2
	15 kHz
	
2048 
	
339 
	
339 
	
80 
	
259 
	8.43 us

	
	30 kHz
	
1024 
	
339 
	
339 
	
80 
	
259 
	8.43 us

	
	60 kHz
	
512 
	
254 
	
254 
	
9 
	
245 
	7.98 us

	
	120 kHz
	
256 
	
127 
	
127 
	
9 
	
118 
	3.84 us

	Note: TDLC300 for FR1, TDLA30 for FR2



In order to simplify the test setup, we suggest to define a unified timing offset scheme for all the preamble formats. And it is seen from Table 1 that format A1 with 120 kHz SCS has the smallest maximum timing offset (due to the short CP length), which is 0.88us. 
Thus, we have the following proposal on timing offset scheme:
Proposal 1: For preambles with short sequence, set the timing offset base value as 0, and this offset is increased within the loop, by adding in each step a value of 0.1us, until the end of the tested range, which is 0.8us. Then the loop is being reset and the timing offset is set again to 0us.

2) Time estimation error tolerance
For setting the time estimation error tolerance, generally we agree with the two principles proposed in [2]:
1) The allowed time estimation error should not bypass the PUSCH/PUCCH/SRS cyclic prefix (CP) length as otherwise, it will hurt the detection of symbols.
2) For AWGN channel, the allowed time estimation error shall be larger than the time resolution of PRACH signals. For fading channel, the delay of multiple paths shall be considered.
In Table 2, the PUSCH/PUCCH CP duration and PRACH signal time resolution for different PRACH SCSs are given in the third and forth columns respectively, then the time estimation error tolerance for AWGN and TDL channel are derived considering the two principles. 
Note that for deriving the time estimation error tolerance for TDL fading channel, the last tap of TDL channel is not considered. This is because for TDLC300 channel, if the last tap with delay of 2.595 us [3] is considered, the time estimation error tolerance would be 0.52us + 2.595 us =3.115us, which exceeds the PUSCH/PUCCH CP duration for 30kHz SCS (i.e., 2.34us). In addition, the power for the last tap is very low (-16dB for TDLC300, -26.2dB for TDLA30).
Table 2: Time estimation error tolerance for AWGN and TDL channel
	PRACH Preamble
	PRACH SCS
	PUSCH/PUCCH CP duration (normal CP)
	PRACH signal time resolution
	Proposed time estimation error tolerance for AWGN
	Proposed time estimation error tolerance for TDL channel

	Long sequence
	1.25kHz
	144/(15*10^3*2048) *10^6=4.69us
	0.95 us
	1.04 us (Note)
	1.04 us + 1.51 us = 2.55 us

	Short sequence
	15kHz
	· 144/(15*10^3*2048) *10^6=4.69us for 15kHz SCS PUSCH
· 144/(30*10^3*2048) *10^6=2.34us for 30kHz SCS PUSCH
	0.48 us
	0.52 us
	0.52 us + 1.51 us = 2.03 us

	
	30kHz
	
	0.24 us
	0.26 us
	0.26 us + 1.51 us = 1.77 us 

	
	60kHz
	· 144/(60*10^3*2048) *10^6=1.17us for 60kHz SCS PUSCH
· 144/(120*10^3*2048) *10^6=0.59us for 120kHz SCS PUSCH
	0.12 us
	0.13 us
	0.13 us + 0.15 us = 0.28 us

	
	120kHz
	
	0.06 us
	0.07 us
	0.07us + 0.15 us = 0.22us

	Note: Time estimation error tolerance used for LTE PRACH format 0 test in AWGN channel



With the above analysis, our proposed time estimation error tolerance for AWGN and TDL channel is given below.
Proposal 2: Use the time estimation error tolerance in the following table.
	PRACH Preamble
	PRACH SCS
	Proposed time estimation error tolerance for AWGN
	Proposed time estimation error tolerance for TDL channel

	Long sequence
	1.25kHz
	1.04 us
	1.04 us + 1.51 us = 2.55 us

	Short sequence
	15kHz
	0.52 us
	0.52 us + 1.51 us = 2.03 us

	
	30kHz
	0.26 us
	0.26 us + 1.51 us = 1.77 us 

	
	60kHz
	0.13 us
	0.13 us + 0.15 us = 0.28 us

	
	120kHz
	0.07 us
	0.07us + 0.15 us = 0.22us


3. Conclusions
To progress the NR performance work, the timing offset and time estimation error tolerance for PRACH test were discussed in RAN4 reflector before the meeting. This contribution documented our views provided in the email discussion. The following proposals were given:
Proposal 1: For preambles with short sequence, set the timing offset base value as 0, and this offset is increased within the loop, by adding in each step a value of 0.1us, until the end of the tested range, which is 0.8us. Then the loop is being reset and the timing offset is set again to 0us.
Proposal 2: Use the time estimation error tolerance in the following table.
	PRACH Preamble
	PRACH SCS
	Proposed time estimation error tolerance for AWGN
	Proposed time estimation error tolerance for TDL channel

	Long sequence
	1.25kHz
	1.04 us
	1.04 us + 1.51 us = 2.55 us

	Short sequence
	15kHz
	0.52 us
	0.52 us + 1.51 us = 2.03 us

	
	30kHz
	0.26 us
	0.26 us + 1.51 us = 1.77 us 

	
	60kHz
	0.13 us
	0.13 us + 0.15 us = 0.28 us

	
	120kHz
	0.07 us
	0.07us + 0.15 us = 0.22us
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