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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#92, the following agreements are reached:
Agreements:
· [bookmark: OLE_LINK413][bookmark: OLE_LINK414]For NPRACH range enhancements, 
· [bookmark: OLE_LINK357][bookmark: OLE_LINK358][bookmark: OLE_LINK363][bookmark: OLE_LINK364]New NPRACH numerology with 1.25 kHz subcarrier spacing with minimum hop distance of 1.25 kHz.
· [bookmark: OLE_LINK415][bookmark: OLE_LINK416]Only 800 μs CP length is supported.

In this contribution we discuss the remaining details of design of NPRACH to support cell radius of at least 100 km. 
[bookmark: _Ref129681832]New NPRACH format design with new numerology
Solutions to support cell radius of at least 100 km
[bookmark: OLE_LINK411][bookmark: OLE_LINK412][bookmark: OLE_LINK422][bookmark: OLE_LINK423][bookmark: OLE_LINK83][bookmark: OLE_LINK350][bookmark: OLE_LINK351][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK136]In Rel-13, there are two NPRACH preamble formats. The CP length of a preamble is 66.7 μs or 266.67 μs, supporting cell radius of up to 10 km and 40 km, respectively. For the new NPRACH numerology with 1.25 kHz subcarrier spacing, the CP length is 800 μs CP length, which is enough to cover the maximum timing of arrival for a cell radius of 120 km. To keep a similar design principle as Rel-13, the new NPRACH format would:  
(1) Reuse the hopping gaps and pattern i.e. 3.75 kHz and 22.5 kHz (6×3.75 kHz), which maintains the same ToA estimation accuracy as Rel-13, as shown in the dashed line in Figure 2. 
(2) [bookmark: OLE_LINK126][bookmark: OLE_LINK127][bookmark: OLE_LINK123][bookmark: OLE_LINK124][bookmark: OLE_LINK125]Add a new minimum hopping gap of 1.25 kHz to support the larger cell radius.
[image: ]
Figure 1 An example single-tone frequency hopping design
[bookmark: OLE_LINK316][bookmark: OLE_LINK317][bookmark: OLE_LINK320][bookmark: OLE_LINK323][bookmark: OLE_LINK324][bookmark: OLE_LINK329][bookmark: OLE_LINK330][bookmark: OLE_LINK327][bookmark: OLE_LINK328][bookmark: OLE_LINK333][bookmark: OLE_LINK334][bookmark: OLE_LINK335][bookmark: OLE_LINK336][bookmark: OLE_LINK7][bookmark: OLE_LINK10]Therefore, a total of three frequency hopping gaps are used for the design, i.e. 1.25 kHz, 3.75 kHz, and 22.5 kHz. The pattern is based on the Rel-13 preamble with extension to both ends to support the new hopping distance of 1.25 kHz. An illustration is shown in Figure 1. The frequency hopping gap from 1st to 2nd symbol group is same as from 5th to 6th, in the opposite direction. The frequency hopping gap from 2nd to 3rd symbol group is same as 4th to 5th, in the opposite direction. For the frequency hopping between preamble repetitions, the pseudo-random hopping can be the same as Rel-13 NPRACH, spanning 45 kHz.
[bookmark: OLE_LINK76][bookmark: OLE_LINK77][bookmark: OLE_LINK486][bookmark: OLE_LINK487][bookmark: OLE_LINK137][bookmark: OLE_LINK138]Proposal 1: The new NPRACH format has: 
1. 6 symbol groups per preamble.
1. Symbol-group level frequency hopping within one preamble
· 1st to 2nd symbol group and 5th to 6th symbol group: 1.25 kHz hopping gap in opposite directions.
· 2nd to 3rd symbol group and 4th to 5th symbol group: 3.75 kHz hopping gap in opposite directions.
· 3rd to 4th symbol group hopping gap: 22.5 kHz.
[bookmark: OLE_LINK36][bookmark: OLE_LINK37][bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK72][bookmark: OLE_LINK73]Since the subcarrier bandwidth is 1.25 kHz, the duration of a symbol is 3 times that of Rel-13. There are 5 usable symbols, i.e. non-CP symbols, within one symbol group of Rel-13 NPRACH. To achieve the same coverage, the number of usable symbols within one symbol group of the new NPRACH format would be 5/3. So in one symbol group the number of usable symbols needs to be at least 2. 
[bookmark: OLE_LINK74][bookmark: OLE_LINK75][bookmark: OLE_LINK343][bookmark: OLE_LINK341][bookmark: OLE_LINK342][bookmark: OLE_LINK346][bookmark: OLE_LINK347][bookmark: OLE_LINK344][bookmark: OLE_LINK345][bookmark: OLE_LINK339][bookmark: OLE_LINK340]Furthermore, the symbol-level scrambling code proposed in [3] can be introduced to reduce false alarm probability. For the new NPRACH format, with more symbols in one symbol group, the scrambling code will be longer and have additional benefits for reliability improvement, and the more interfering cells can be protected with more scrambling codes. To balance the CP overhead and the number of scrambling codes, the symbol group structure “CP + 3 symbols” is preferred.
[bookmark: OLE_LINK366][bookmark: OLE_LINK367][bookmark: OLE_LINK162]Proposal 2: Each symbol group of the new NPRACH format contains a CP and 3 symbols.
[bookmark: OLE_LINK352][bookmark: OLE_LINK353][bookmark: OLE_LINK368][bookmark: OLE_LINK354][bookmark: OLE_LINK355][bookmark: OLE_LINK356][bookmark: OLE_LINK359][bookmark: OLE_LINK369][bookmark: OLE_LINK370]In Rel-13, the NPRACH frequency hopping range spans 45 kHz, so to keep the similar design principle of Rel-13, the NPRACH frequency hopping range of the new NPRACH format should also spans 45 kHz. This benefits network scheduling flexibility because the new NPRACH coexists with Rel-13 NPRACH resources.
[bookmark: OLE_LINK488][bookmark: OLE_LINK489]Proposal 3: The NPRACH frequency hopping range of the new NPRACH format is 45 kHz.
Comparison of solutions from different sources
[bookmark: OLE_LINK500][bookmark: OLE_LINK501]Some companies proposed solutions to achieve NPRACH range enhancements based on new NPRACH numerology with 1.25 kHz subcarrier spacing with minimum hop distance of 1.25 kHz in previous meetings. In this paper, we compare the solutions which have shown detail NPRACH preamble design and assume the same frequency hopping range as legacy NPRACH (i.e. 45 kHz).
· [bookmark: OLE_LINK100][bookmark: OLE_LINK104]Solution 1: the proposed solution in section 2.1
· Solution 2: the solution in [1]
· Solution 3: the solution in [2]
The comparison of evaluation results are shown in Figure 2.
[image: ]
[bookmark: OLE_LINK68][bookmark: OLE_LINK69]Figure 2 Timing error performance of different solutions
[bookmark: OLE_LINK96][bookmark: OLE_LINK97][bookmark: OLE_LINK388][bookmark: OLE_LINK389][bookmark: OLE_LINK392][bookmark: OLE_LINK393][bookmark: OLE_LINK394][bookmark: OLE_LINK397][bookmark: OLE_LINK398]The symbol group structure of all solutions is assumed to “CP + 3symbols”, so the CP overhead is 25%. The simulation results are summarized in Table 1. Solution 1 can satisfy both the requirement of 0.1% false alarm probability and 1% missed detection probability, the other solutions do not satisfy it. Overall, solution 1 outperforms other solutions.
[bookmark: _Ref481507038][bookmark: OLE_LINK395][bookmark: OLE_LINK396]Table 1 Summary of false alarm, missed detection probability, and ToA estimation performance for different solutions with 16 repetitions at 164 dB MCL
	Solutions
	Number of symbol groups
	False alarm probability
	Missed detection probability
	Probability of ToA Error in [-7Ts, 7Ts]

	Solution 1
	6
	0.1%
	0.8%
	98.7%

	[bookmark: _Hlk509949357]Solution 2 [1]
	5
	0.1%
	1.7%
	90.1%

	Solution 3 [2]
	4
	0.1%
	2.6%
	96.9%



[bookmark: OLE_LINK158][bookmark: OLE_LINK159]Note that the total transmission duration is different for the 3 candidate solutions, thus we further evaluate the performance assuming they have same transmission duration in an equivalent way. Taking solution 1 as reference, convert the difference in terms of the number of symbol groups to SNR offset:
· For solution 2, the SNR offset is .
· For solution 3, the SNR offset is .
The additional simulation results are summarized in table 2 as below. 
Table 2 Summary of false alarm, missed detection probability, and ToA estimation performance for different solutions of 16 repetitions at same transmission duration
	Solutions
	False alarm probability
	Missed detection probability
	Probability of ToA Error in [-7Ts, 7Ts]

	solution 1
	0.1%
	0.8%
	98.7%

	solution 2 [1]
	0.1%
	0.9%
	92.2%

	solution 3 [2]
	0.1%
	1.0%
	98.3%


[bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK101][bookmark: OLE_LINK102]It can be seen that solution 1 still outperforms the other even assuming same transmission duration.
[bookmark: OLE_LINK680][bookmark: OLE_LINK9][bookmark: OLE_LINK8][bookmark: OLE_LINK160][bookmark: OLE_LINK161]Observation 1: The proposed NPRACH solution outperforms others at the same MCL or at the same transmission duration.
False alarm reduction

[bookmark: OLE_LINK429][bookmark: OLE_LINK430][bookmark: OLE_LINK438][bookmark: OLE_LINK439][bookmark: OLE_LINK187][bookmark: OLE_LINK188][bookmark: OLE_LINK409][bookmark: OLE_LINK410]Based on the proposed new NPRACH format, the symbol level scrambling code proposed in [3] can be introduced to reduce false alarm probability. We assume the symbol group for the new NPRACH format is as described above, in particular using CP + 3 symbols. Then a set of length-3 orthogonal sequences shown in Table 3 can be used, with the cell-specific choice depending on . Since the subcarrier bandwidth is 1.25 kHz, the number of subcarriers is three times that of Rel-13 NPRACH. It will make it easy to configure non-overlapping NPRACH resource to further reduce false alarm probability. In the new design, one symbol’s length is equal to the CP length. As shown in Figure 3, symbol level scrambling code {D(0), D(1), D(2)} is applied to each symbol within one symbol group. Assume that there are two users to send NPRACH signals on subcarrier f1 and subcarrier f2. The ToA difference between the two users is less than 1 symbol’s length. If the receiver window is 3 symbols, the interference from subcarrier f2 on subcarrier f1, shown in Formula 1, is zero. In a multi-user scenario, the issue of inter subcarrier interference can be avoided. With 3 symbols’ length receiver window, the proposed new NPRACH format with symbol level scrambling can also avoid the issue of inter subcarrier interference.
[image: ]
[bookmark: _Ref490142443]Figure 3 Proposed new NPRACH format with symbol level scrambling

[bookmark: _Ref490142748][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Formula 1  



[bookmark: _Ref489974537]
Table 3 The symbol level scrambling code set
	[bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23]Sequence index  
	Orthogonal sequence

	0
	[1  1  1]

	1
	

	2
	



[bookmark: OLE_LINK163][bookmark: OLE_LINK164][bookmark: OLE_LINK490][bookmark: OLE_LINK491][bookmark: OLE_LINK20][bookmark: OLE_LINK103][bookmark: OLE_LINK470][bookmark: OLE_LINK625][bookmark: OLE_LINK626][bookmark: OLE_LINK627][bookmark: OLE_LINK628]Proposal 4: Symbol level scrambling is applied on top of the new NPRACH format to further improve reliability. The symbol-level scrambling code set is:
	Sequence index  
	Orthogonal sequence

	0
	[1  1  1]

	1
	

	2
	



NPRACH resource allocation
[bookmark: OLE_LINK134][bookmark: OLE_LINK135][bookmark: OLE_LINK417][bookmark: OLE_LINK418][bookmark: OLE_LINK419][bookmark: OLE_LINK456][bookmark: OLE_LINK452][bookmark: OLE_LINK453][bookmark: OLE_LINK444][bookmark: OLE_LINK445][bookmark: OLE_LINK448][bookmark: OLE_LINK449][bookmark: OLE_LINK454][bookmark: OLE_LINK455][bookmark: OLE_LINK596][bookmark: OLE_LINK597][bookmark: OLE_LINK611][bookmark: OLE_LINK612][bookmark: OLE_LINK613]For NPRACH range enhancements, only 800 μs CP length is supported. Thus a new NPRACH format 2 is introduced. For format 2, the resources configured for NPRACH cannot overlap with the NPRACH resources of Rel-13, because the duration of format 2 is longer than the duration of legacy formats of Rel-13, and the subcarrier spacing is 1.25 kHz which is different from the subcarrier spacing of Rel-13. If the NPRACH resources configured for format 2 are the same as Rel-13 NPRACH resources, collision will happen between the different formats. So the resources configured for NPRACH of format 2 need to separate from the NPRACH resources of Rel-13.
[bookmark: OLE_LINK629][bookmark: OLE_LINK630][bookmark: OLE_LINK165][bookmark: OLE_LINK492]Proposal 5: The resources configured for NPRACH format 2 are separate from the NPRACH resources of Rel-13/Rel-14.
[bookmark: OLE_LINK424][bookmark: OLE_LINK425][bookmark: OLE_LINK426][bookmark: OLE_LINK427]For NPRACH format 2, the value of the parameter, i.e. nprach-CP-Length, should be introduced with 800 μs, the network needs to configure different nprach-CP-Length for Rel-13 UEs and NPRACH format 2 UEs respectively.
[bookmark: OLE_LINK380][bookmark: OLE_LINK381][bookmark: OLE_LINK295][bookmark: OLE_LINK296][bookmark: OLE_LINK297][bookmark: OLE_LINK289][bookmark: OLE_LINK290][bookmark: OLE_LINK298][bookmark: OLE_LINK299][bookmark: OLE_LINK304][bookmark: OLE_LINK305]The network also needs to configure different NPRACH resource configurations for Rel-13 UEs and NPRACH format 2 UEs respectively. Some parameters (including the value range) for NPRACH format 2 UEs can be reused with the corresponding parameters for Rel-13 UEs, whilst others cannot be due to 1.25 kHz subcarrier spacing. The parameters of NPRACH resource configuration for NPRACH format 2 are shown in Table 4.
[bookmark: OLE_LINK300][bookmark: OLE_LINK301]Table 4 The parameters of NPRACH resource configuration for Rel-13/Rel-14 and NPRACH format 2
	Parameters
	Value range of Rel-13/Rel-14
	Value range of NPRACH format 2

	nprach-StartTime
	{ms8, ms16, ms32, ms64, ms128, ms256, ms512, ms1024}
	[bookmark: OLE_LINK437][bookmark: OLE_LINK440][bookmark: OLE_LINK441][bookmark: OLE_LINK185][bookmark: OLE_LINK186]Reused

	[bookmark: OLE_LINK463][bookmark: OLE_LINK464]numRepetitionsPerPreambleAttempt
	{n1, n2, n4, n8, n16, n32, n64, n128}
	Reused

	nprach-Periodicity
	{ms40, ms80, ms160, ms240, ms320, ms640, ms1280, ms2560}
	[bookmark: OLE_LINK211][bookmark: OLE_LINK212]Reused

	nprach-SubcarrierMSG3-RangeStart
	{zero, oneThird, twoThird, one}
	[bookmark: OLE_LINK218][bookmark: OLE_LINK219]Reused

	[bookmark: OLE_LINK382][bookmark: OLE_LINK383]npdcch-NumRepetitions-RA
	{r1, r2, r4, r8, r16, r32, r64, r128, r256, r512, r1024, r2048, spare4, spare3, spare2, spare1}
	Reused

	[bookmark: OLE_LINK384]npdcch-StartSF-CSS-RA
	{v1dot5, v2, v4, v8, v16, v32, v48, v64}
	[bookmark: OLE_LINK243][bookmark: OLE_LINK244]Reused

	[bookmark: OLE_LINK390][bookmark: OLE_LINK391]npdcch-Offset-RA
	{zero, oneEighth, oneFourth, threeEighth}
	Reused

	[bookmark: OLE_LINK399][bookmark: OLE_LINK400]npdcch-CarrierIndex
	{1..maxNonAnchorCarriers-NB-r14}
	Reused

	[bookmark: OLE_LINK482][bookmark: OLE_LINK483]nprach-CP-Length
	{us66dot7, us266dot7}
	{us800}

	[bookmark: OLE_LINK475][bookmark: OLE_LINK476][bookmark: _Hlk510286610]nprach-SubcarrierOffset
	{n0, n12, n24, n36, n2, n18, n34, spare1}
	[bookmark: OLE_LINK472][bookmark: OLE_LINK477]{n0, n36, n72, n108, n6, n54, n102, spare1}

	[bookmark: _Hlk510258581]nprach-NumCBRA-StartSubcarriers
	{n8, n10, n11, n12, n20, n22, n23, n24, n32, n34, n35, n36, n40, n44, n46, n48}
	[bookmark: OLE_LINK478][bookmark: OLE_LINK479]{n24, n30, n33, n36, n60, n66, n69, n72, n96, n102, n105, n108, n120, n132, n138, n144}

	nprach-NumSubcarriers
	{n12, n24, n36, n48}
	[bookmark: OLE_LINK480][bookmark: OLE_LINK481]{n36, n72, n108, n144}



[bookmark: OLE_LINK473][bookmark: OLE_LINK474][bookmark: OLE_LINK631][bookmark: OLE_LINK166]Proposal 6: For NPRACH format 2, the following RRC parameters are signaled:
· The following NPRACH resource configuration parameters and value ranges can be reused from NPRACH format 0/1: nprach-StartTime, numRepetitionsPerPreambleAttempt, nprach-Periodicity, nprach-SubcarrierMSG3-RangeStart, npdcch-NumRepetitions-RA, npdcch-StartSF-CSS-RA, npdcch-Offset-RA, npdcch-CarrierIndex .
· The following frequency domain parameters have new value ranges for NPRACH format 2:
· nprach-CP-Length: 800 us
· nprach-SubcarrierOffset: {0, 36, 72, 108, 6, 54, 102, spare} subcarriers
· nprach-NumCBRA-StartSubcarriers: {24, 30, 33, 36, 60, 66, 69, 72, 96, 102, 105, 108, 120, 132, 138, 144} subcarriers
· nprach-NumSubcarriers: {36, 72, 108, 144} subcarriers

[bookmark: OLE_LINK314][bookmark: OLE_LINK315]The UE of Rel-13 cannot recognize the NPRACH resources of format 2, if the NPUSCH resources of Rel-13 overlap with NPRACH format 2, it will leads to collisions. Resolving or avoiding this can be left to eNB scheduling.
[bookmark: OLE_LINK493][bookmark: OLE_LINK494]Proposal 7: For Rel-13/14 UEs, the network is assumed to avoid collisions between NPRACH format 2 and NPUSCH.
[bookmark: OLE_LINK604]When NPUSCH transmissions of Rel-15 collide with the resources configured for NPRACH of Rel-13/14 or Rel-15, the NPUSCH transmissions of Rel-15 need to be postponed.
[bookmark: OLE_LINK495][bookmark: OLE_LINK496][bookmark: OLE_LINK167][bookmark: OLE_LINK168][bookmark: OLE_LINK156][bookmark: OLE_LINK157]Proposal 8: For Rel-15 UEs, in case NPUSCH transmission collides with any configured NPRACH resource in the cell, the NPUSCH transmission is postponed.

Conclusions
In this contribution we provide our views on enhancing NPRACH to support cell radius of at least 100 km. The following proposals are made.
Observation 1: The proposed NPRACH solution outperforms others at the same MCL or at the same transmission duration.
Proposal 1: The new NPRACH format has: 
1. 6 symbol groups per preamble.
1. Symbol-group level frequency hopping within one preamble
· 1st to 2nd symbol group and 5th to 6th symbol group: 1.25 kHz hopping gap in opposite directions.
· 2nd to 3rd symbol group and 4th to 5th symbol group: 3.75 kHz hopping gap in opposite directions.
· 3rd to 4th symbol group hopping gap: 22.5 kHz.
Proposal 2: Each symbol group of the new NPRACH format contains a CP and 3 symbols.
Proposal 3: The NPRACH frequency hopping range of the new NPRACH format is 45 kHz.
Proposal 4: Symbol level scrambling is applied on top of the new NPRACH format to further improve reliability. The symbol-level scrambling code set is:
	Sequence index  
	Orthogonal sequence

	0
	[1  1  1]

	1
	

	2
	



Proposal 5: The resources configured for NPRACH format 2 are separate from the NPRACH resources of Rel-13/Rel-14.
[bookmark: _GoBack]Proposal 6: For NPRACH format 2, the following RRC parameters are signaled:
· The following NPRACH resource configuration parameters and value ranges can be reused from NPRACH format 0/1: nprach-StartTime, numRepetitionsPerPreambleAttempt, nprach-Periodicity, nprach-SubcarrierMSG3-RangeStart, npdcch-NumRepetitions-RA, npdcch-StartSF-CSS-RA, npdcch-Offset-RA, npdcch-CarrierIndex .
· The following frequency domain parameters have new value ranges for NPRACH format 2:
· nprach-CP-Length: 800 us
· nprach-SubcarrierOffset: {0, 36, 72, 108, 6, 54, 102, spare} subcarriers
· nprach-NumCBRA-StartSubcarriers: {24, 30, 33, 36, 60, 66, 69, 72, 96, 102, 105, 108, 120, 132, 138, 144} subcarriers
· nprach-NumSubcarriers: {36, 72, 108, 144} subcarriers

Proposal 7: For Rel-13/14 UEs, the network is assumed to avoid collisions between NPRACH format 2 and NPUSCH.
Proposal 8: For Rel-15 UEs, in case NPUSCH transmission collides with any configured NPRACH resource in the cell, the NPUSCH transmission is postponed.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: _Ref477423135][bookmark: _Ref167612671]References 
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Appendix A
	Channel model 
	TU

	Doppler spread 
	1 Hz

	Antenna configuration
	1Tx, 2Rx

	Frequency error
	Normal(0, [100]) Hz 

	Frequency drift 
	±22.5 Hz/s

	Distance between UE and eNB
	100km

	UE transmit power
	23 dBm 

	MCL
	164 dB 

	Repetition of NPRACH for UE’s each transmission
	16



image3.wmf
Ncell

ID

N


oleObject1.bin

image4.emf
CP 1*D(0) 1*D(1) 1*D(2)

CP 1*D(0) 1*D(1) 1*D(2)

Maxmimum timing 

of arrival for cell 

radius of 120km

User1 

f1

User2 

f2

0 t1 T T+t1 2T 2T+t1 3T

Rx FFT window

(3 symbols’ length)

t


image1.emf

image2.png
CDF

09

08

07

06

05

04

03

02

01

164dB MCL, SNR=-1dB, 16 Repetitions

Tirming error(s)

— solution 1
. solution 2
solution 3
i i i i i T T
(] 05 1 15 2 25 3 35 4

10




