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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][bookmark: OLE_LINK174][bookmark: OLE_LINK175][bookmark: OLE_LINK697][bookmark: OLE_LINK698]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 RAN1#92bis, the following agreements are reached.
Agreement
[bookmark: OLE_LINK512][bookmark: OLE_LINK513][bookmark: OLE_LINK616][bookmark: OLE_LINK617]Configurable NPRACH bandwidth is integer multiple of 45 kHz.
Agreement
For Rel-15 UEs, in case NPUSCH transmission collides with any configured NPRACH resources in the cell, the NPUSCH transmission is postponed.
Agreement
For one NPRACH symbol group for subcarrier spacing of 1.25 kHz, one NPRACH symbol group consists of CP+3 Symbols
FFS the number of symbol groups per NPRACH preamble repetition.
[bookmark: OLE_LINK144][bookmark: OLE_LINK145]Agreement
[bookmark: OLE_LINK504][bookmark: OLE_LINK505]For frequency hopping within one NPRACH preamble, down-select the following alternatives at RAN1#93 meeting
· Alt 1: 2-level -/+ 1.25 kHz -/+ 22.5 kHz
· [bookmark: OLE_LINK506][bookmark: OLE_LINK507]Alt 2: 3-level -/+ 1.25 kHz -/+ 3.75 kHz 22.5 kHz

Agreement
Specification supports that the new NPRACH format resouces can be configured to overlap or not overlap with the NPRACH resources of Rel-13/Rel-14.

In this contribution we provide our views on 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
Necessity of 3-level frequency hopping
[bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK190][bookmark: OLE_LINK191]For frequency hopping within one NPRACH preamble, Alt 1 uses 2-level frequency hopping gaps, i.e. 1.25 kHz and 22.5 kHz. Alt 2 uses 3-level frequency hopping gaps, i.e. 1.25 kHz, 3.75 kHz and 22.5 kHz. We show our analysis on these following aspects.
(1) [bookmark: OLE_LINK687][bookmark: OLE_LINK688][bookmark: OLE_LINK691][bookmark: OLE_LINK692][bookmark: OLE_LINK693][bookmark: OLE_LINK694]The single-tone frequency hopping based NPRACH design principle is that the minimum frequency hopping gap is to support the maximum cell radius and used for coarse timing of arrival (ToA) estimation. The maximum frequency hopping gap is used to get much finer ToA estimation. After coarse estimation by using small frequency hopping, there should be some residual timing error. These residual timing errors need to be distinguished by the large frequency hopping.
(2) [bookmark: OLE_LINK703][bookmark: OLE_LINK704]In Rel-13, as described in [4], after coarse timing estimation by using 3.75 kHz hopping the residual timing error is within the range of using 22.5 kHz hopping to perform finer ToA estimation. That means 22.5 kHz hopping gap can work well with the 3.75 kHz hopping gap together. It is the reason no other hopping gap value was introduced between 3.75 kHz and 22.5 kHz.
(3) Compared to legacy NPRACH with 3.75 kHz and 22.5 kHz hopping, if only replace 3.75 kHz by 1.25 kHz the residual timing error of coarse estimation by using 1.25 kHz will become larger than 3.75 kHz in theory due to the narrower bandwidth. Thus the enlarged residual timing error may not be able distinguished by using 22.5 kHz hopping to get much finer ToA estimation.
As show in Figure 1 below, it is observed that the range of the residual timing error after coarse estimation by using 1.25 kHz hopping is in the range of [-125μs, 125μs]. It means if another larger hopping gap introduced to get finer ToA less than 125 us, the larger frequency hopping gap following 1.25 kHz should be smaller than 1/(250μs) = 4 kHz.
[image: ]
Figure 1 residual timing error of coarse estimation by using 1.25 kHz hopping gap
Observation 1: for the frequency hopping design within one NPRACH preamble,
· After coarse estimation by using small hopping gap value, the residual timing error should be able distinguished by using another large frequency hopping to get much finer ToA estimation.
· For legacy NPRACH, the reason no other hopping gap value was introduced between 3.75 kHz and 22.5 kHz is because the residual timing error after using 3.75 kHz hopping is within the capable range of using 22.5 kHz hopping gap.
· The residual timing error of using 1.25 kHz hopping gap is within the range [-125 us, 125 us], which requires another hopping gap value of less than 4 kHz to get finer ToA.
[bookmark: OLE_LINK458][bookmark: OLE_LINK459][bookmark: OLE_LINK460][bookmark: OLE_LINK461][bookmark: OLE_LINK527][bookmark: OLE_LINK528]Alt 1 only has 1.25 kHz and 22.5 kHz hopping, according to above observations, it can be expected the finer ToA estimation of Alt 1 will be worse than Alt 2. It is necessary to introduce 3-level frequency hopping which contains 1.25 kHz, 3.75 kHz and 22.5 kHz to support at least 100 km cell radius as well as keep good ToA estimation performance.
Proposal 1: For frequency hopping within one NPRACH preamble, Alt 2: 3-level -/+ 1.25 kHz -/+ 3.75 kHz 22.5 kHz is adopted.
Detail design of frequency hopping within one NPRACH preamble for Alt. 2
[bookmark: OLE_LINK411][bookmark: OLE_LINK412][bookmark: OLE_LINK422][bookmark: OLE_LINK423][bookmark: OLE_LINK83][bookmark: OLE_LINK115][bookmark: OLE_LINK116][bookmark: OLE_LINK122][bookmark: OLE_LINK128][bookmark: OLE_LINK350][bookmark: OLE_LINK351][bookmark: OLE_LINK683][bookmark: OLE_LINK684][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. Based on Rel-13 design, the supported cell radius is up to 10 km and 40 km, respectively. For new NPRACH numerology with 1.25 kHz subcarrier spacing, 800 μs CP length is supported, which is enough to cover the maximum timing of arrival for cell radius of 120 km. To keep the similar design principle of 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][bookmark: OLE_LINK681][bookmark: OLE_LINK682]Add a new minimum hopping gap of 1.25 kHz to support the larger cell radius.
[image: ]
[bookmark: OLE_LINK106][bookmark: OLE_LINK107]Figure 2 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_LINK661][bookmark: OLE_LINK662][bookmark: OLE_LINK7][bookmark: OLE_LINK10][bookmark: OLE_LINK659][bookmark: OLE_LINK660][bookmark: OLE_LINK105][bookmark: OLE_LINK486][bookmark: OLE_LINK487][bookmark: OLE_LINK137][bookmark: OLE_LINK138]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 2. The frequency hopping gap from 1st to 2nd symbol group is same with that from 5th to 6th, the frequency hopping direction is opposite. The frequency hopping gap from 2nd to 3rd symbol group is same with that from 4th to 5th, the frequency hopping direction is opposite. For the frequency hopping between preambles of the new NPRACH format, reusing pseudo-random hopping with , same as Rel-13 NPRACH, which spans 45 kHz.The NPRACH hopping pattern with 45 kHz (36 subcarriers) is illustrated in Figure 3.
[image: ]
Figure 3 The NPRACH hopping pattern design
[bookmark: OLE_LINK172][bookmark: OLE_LINK173]Performance comparison of solutions
Three different solutions described in previous meetings are simulated. 
· [bookmark: OLE_LINK100][bookmark: OLE_LINK104]Two-level frequency hopping with 5 symbol groups: the solution in [1]
· Three-level frequency hopping with 6 symbol groups: the proposed solution in section 2.2 above
· Three-level frequency hopping Two-level frequency hopping  with 4 symbol groups: the solution in [2].
The comparisons of evaluation results are shown in Figure 4.
[image: ] 
[bookmark: OLE_LINK193][bookmark: OLE_LINK194][bookmark: OLE_LINK68][bookmark: OLE_LINK69]Figure 4 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][bookmark: OLE_LINK671][bookmark: OLE_LINK672]The symbol group structure of all solutions is “CP + 3symbols”, the CP overhead is 25%. The simulation results are summarized in Table 1. The missed detection probability is defined when the receiver fails to detect the correct preamble. Alt 2 with 6 symbol groups outperforms others at 164 dB MCL.
[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
	[bookmark: OLE_LINK677][bookmark: OLE_LINK678]Missed detection probability 
	Probability of ToA Error in [-3.7us, 3.7us]

	2-level hopping with 5 symbol groups
	5
	0.1%
	1.7% (11.4%*)
	90.1%

	[bookmark: OLE_LINK647][bookmark: OLE_LINK648][bookmark: _Hlk513737681]3-level hopping with 6 symbol groups
	6
	0.1%
	0.8% (2.1%*)
	98.7%

	[bookmark: OLE_LINK653][bookmark: OLE_LINK654][bookmark: _Hlk509949357]3-level hopping with 4 symbol groups
	4
	0.1%
	2.6% (5.6%*)
	96.9%


*Note: The missed detection probability* in the bracket is an alternative definition when the receiver fails to detect the correct preamble, or the timing error exceeds the range [-3.7, +3.7] .
[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 Alt 2 with 6 symbol groups as reference, convert the difference in terms of the number of symbol groups to SNR offset:
· For 2-level hopping with 5 symbol groups, the SNR offset is .
· For 3-level hopping with 4 symbol groups, 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(Missed detection probability*)
	Probability of ToA Error in 
[-7Ts, 7Ts]

	2-level hopping with 5 symbol groups
	0.1%
	0.9% (8.6%)
	92.2%

	3-level hopping with 6 symbol groups
	0.1%
	0.8% (2.1%)
	98.7%

	3-level hopping with 4 symbol groups
	0.1%
	1.0% (2.7%)
	98.3%


Note: The missed detection probability* is defined when the receiver fails to detect the correct preamble, or the timing error exceeds the permissible range [-3.646, +3.646] .
[bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK101][bookmark: OLE_LINK102]It can be seen that 3-level hopping with 6 symbol groups still outperforms the others even assuming same transmission duration.
[bookmark: OLE_LINK680][bookmark: OLE_LINK9][bookmark: OLE_LINK8][bookmark: OLE_LINK529][bookmark: OLE_LINK530][bookmark: OLE_LINK160][bookmark: OLE_LINK161][bookmark: OLE_LINK192][bookmark: OLE_LINK151][bookmark: OLE_LINK716][bookmark: OLE_LINK717][bookmark: OLE_LINK718]Observation 2: Three-level hopping with 6 symbol groups outperforms the other alternatives at same MCL and at same equivalent transmission duration.
[bookmark: OLE_LINK531][bookmark: OLE_LINK532][bookmark: OLE_LINK533][bookmark: OLE_LINK534]Proposal 2: The new NPRACH format has: 
1. 6 symbol groups per preamble.
1. Symbol-group level frequency hopping within one preamble
· 1.25 kHz hopping gap for 1st to 2nd symbol group and with opposite direction for 5th to 6th symbol group.
· 3.75 kHz hopping gap for 2nd to 3rd symbol group and with opposite direction for 4th to 5th symbol group.
· 22. 5 kHz hopping gap for 3rd to 4th symbol group.
1. 
Pseudo-random hopping between preamble repetitions with , as Rel-13 NPRACH
Consideration on false alarm reduction
[bookmark: OLE_LINK572][bookmark: OLE_LINK573][bookmark: OLE_LINK429][bookmark: OLE_LINK430][bookmark: OLE_LINK438][bookmark: OLE_LINK439][bookmark: OLE_LINK574][bookmark: OLE_LINK575][bookmark: OLE_LINK576][bookmark: OLE_LINK89][bookmark: OLE_LINK90][bookmark: OLE_LINK113][bookmark: OLE_LINK112][bookmark: OLE_LINK114][bookmark: _Ref489974537]Based on the proposed new NPRACH format, the symbol level scrambling code proposed in [3] can be introduced to reduce false alarm probability. One NPRACH symbol group for FDD NPRACH format 2 consists of CP + 3 symbols. Then a set of 3-length orthogonal sequences shown in Table 3 can be used. The UEs can determine sequence index of scrambling code by  and ,  is narrowband physical layer cell identity， is frequency location of the first symbol group of a NPRACH signal. 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. 
[bookmark: OLE_LINK592][bookmark: OLE_LINK593][bookmark: OLE_LINK594]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_LINK20][bookmark: OLE_LINK103][bookmark: OLE_LINK470][bookmark: OLE_LINK625][bookmark: OLE_LINK626][bookmark: OLE_LINK163][bookmark: OLE_LINK164][bookmark: OLE_LINK490][bookmark: OLE_LINK491][bookmark: OLE_LINK595][bookmark: OLE_LINK598][bookmark: OLE_LINK599][bookmark: OLE_LINK627][bookmark: OLE_LINK628][bookmark: _GoBack]Proposal 3: Symbol level scrambling is applied on top of FDD NPRACH format 2to 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_LINK454][bookmark: OLE_LINK455][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_LINK535][bookmark: OLE_LINK536][bookmark: OLE_LINK631][bookmark: OLE_LINK166][bookmark: OLE_LINK169]Proposal 4: 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 .
· [bookmark: OLE_LINK522][bookmark: OLE_LINK521]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_LINK132][bookmark: OLE_LINK133][bookmark: OLE_LINK493][bookmark: OLE_LINK494][bookmark: OLE_LINK170]Proposal 5: For Rel-13/14 UEs, the network is assumed to avoid collisions between NPRACH format 2 and NPUSCH.
[bookmark: OLE_LINK604][bookmark: OLE_LINK139][bookmark: OLE_LINK140][bookmark: OLE_LINK141][bookmark: OLE_LINK142][bookmark: OLE_LINK657][bookmark: OLE_LINK658]For new NPRACH numerology, 800 μs CP length is supported, which is enough to cover the maximum timing of arrival for cell radius of 120 km. So the range of timing advance in RAR needs to be extended to 1536, i.e. TA = 0, 1, 2, ..., 1536. The TA range in RAR is 11 bits, i.e. 0 … 2047, although current specifications limit valid values to 0 … 1282. There is therefore no additional overhead to extend TA signaling values for NPRACH format 2. 
[bookmark: OLE_LINK171][bookmark: OLE_LINK176][bookmark: OLE_LINK537][bookmark: OLE_LINK143][bookmark: OLE_LINK146]Proposal 6: The range of timing advance in RAR is extended to be from 0 to 1536.
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: for the frequency hopping design within one NPRACH preamble,
· After coarse estimation by using small hopping gap value, the residual timing error should be able distinguished by using another large frequency hopping to get much finer ToA estimation.
· For legacy NPRACH, the reason no other hopping gap value was introduced between 3.75 kHz and 22.5 kHz is because the residual timing error after using 3.75 kHz hopping is within the capable range of using 22.5 kHz hopping gap.
· The residual timing error of using 1.25 kHz hopping gap is within the range [-125 us, 125 us], which requires another hopping gap value of less than 4 kHz to get finer ToA.
Observation 2: Three-level hopping with 6 symbol groups outperforms the other alternatives at same MCL and at same equivalent transmission duration.

Proposal 1: For frequency hopping within one NPRACH preamble, Alt 2: 3-level -/+ 1.25 kHz -/+ 3.75 kHz 22.5 kHz is adopted.
Proposal 2: The new NPRACH format has: 
1. 6 symbol groups per preamble.
1. Symbol-group level frequency hopping within one preamble
· 1.25 kHz hopping gap for 1st to 2nd symbol group and with opposite direction for 5th to 6th symbol group.
· 3.75 kHz hopping gap for 2nd to 3rd symbol group and with opposite direction for 4th to 5th symbol group.
· 22. 5 kHz hopping gap for 3rd to 4th symbol group.
Proposal 3: Symbol level scrambling is applied on top of FDD NPRACH format 2to further improve reliability. The symbol-level scrambling code set is:
	Sequence index  
	Orthogonal sequence

	0
	[1  1  1]

	1
	

	2
	


Proposal 4: For NPRACH format 2, the following RRC parameters are signaled:
1. 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 .
1. The following frequency domain parameters have new value ranges for NPRACH format 2:
4. nprach-CP-Length: 800 us
4. nprach-SubcarrierOffset: {0, 36, 72, 108, 6, 54, 102, spare} subcarriers
4. nprach-NumCBRA-StartSubcarriers: {24, 30, 33, 36, 60, 66, 69, 72, 96, 102, 105, 108, 120, 132, 138, 144} subcarriers
4. nprach-NumSubcarriers: {36, 72, 108, 144} subcarriers

Proposal 5: For Rel-13/14 UEs, the network is assumed to avoid collisions between NPRACH format 2 and NPUSCH.
Proposal 6: The range of timing advance in RAR is extended to be from 0 to 1536.
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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
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