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[bookmark: _Ref409106980]Introduction
At RAN#69, a new work item named Narrowband IoT (NB-IoT) was approved, see [1]. The objective is to specify a radio access for cellular internet of things that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimized) network architecture. The work item was further agreed in RAN#70 [2].

In RAN1 #84 [3], it was confirmed that “NB-PRACH is based on single-tone with frequency hopping.” Many physical design details have also been agreed.
Agreements:
· NB-PRACH uses a subcarrier spacing of 3.75kHz 
· 2 CP lengths are provided to support different cell sizes
· 66.7 us and 266.7 us
· Hopping is between groups of symbols
· For CP length of  266.7 us, a group is defined as 5 symbols and one CP of length of  266.7 us
· For CP length of 66.7 us, a group is defined as 5 symbols and one CP of length of 66.7 us 
· Details of hopping:
· First level single-subcarrier hopping is used between 1st/2nd and between 3rd/4th symbol groups
· Second level 6-subcarrier hopping is used between 2nd/3rd symbol groups
· Pseudo-random hopping is used between repetitions of groups of 4 symbol groups:
i. Constrained within max 12 subcarriers, and according to LTE PUSCH type 2 hopping
Agreements:
· The following numbers of NB-PRACH repetitions are provided in the specifications:  
· {1, 2, 4, 8, 16, 32, 64, 128}
· eNB can configure up to 3 numbers of NB-PRACH repetitions from the above set
· Power ramping:
· If more than one repetition level is configured in the cell, then the UE transmits NB-PRACH with max power except for the lowest repetition level
· Otherwise, the UE uses NB-PRACH power ramping 

For NB-IoT random access, the eNB should be able to configure the following parameters for single tone NPRACH.
· Preamble sequence information that directs UEs “what to send”
· Time resource information that informs UEs “when to send“
· Frequency resource information that directs UEs “where to send”
While the “what to send” aspect is discussed in [4], we discuss the “when to send“ and “where to send” aspects in this contribution. 
[bookmark: _Ref441488033][bookmark: _Ref445296252]Design Considerations
[bookmark: _Ref445294896]What are desired in NPRACH Configuration Design
Based on the agreements on the single-tone frequency hopping NPRACH, it is natural to use 12 tones (of bandwidth 3.75*12=45 kHz) as the basic frequency resource band (like 6 PRBs in LTE PRACH) for the configuration design. This 12-tone NPRACH band concept is illustrated in Figure 1.
[image: C:\local_data\MassiveMTC\MyDocs\RAN1_AdHoc_032016\hopping.png]
[bookmark: _Ref445293172]Figure 1: 12-tone NPRACH band: Rectangles of the same colour belong to the same preamble
Due to the flexible deployment scenarios of NB-IoT, it is desirable that the networks have enough flexible configuration capability when configuring radio resources for NPRACH of different coverage classes, as illustrated in Figure 2.
· The FDM configuration allows a clean separation of NPRACH of different coverage classes in the frequency domain. This kind of configuration may be easier for the network to configure and manage.
· The TDM configuration separate NPRACH of different coverage classes in the time domain. This kind of configuration is desirable if the network wants to use different frequency resources for NPRACH in neighbouring cells. Careful configuration and management however are needed to mitigate blocking and/or collision of NPRACH transmissions in different coverage classes.
· The mix of FDM and TDM approach is a tradeoff between FDM and TDM, and can be beneficial.
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[bookmark: _Ref445293895]Figure 2: NPRACH multiplexing of different coverage classes: FDM, TDM, and Mix of FDM and TDM
Furthermore, the networks should have some flexibility to configure the position of each 12-tone NPRACH band in the frequency domain.

Proposal 1: The NPRACH configuration design should allow the networks to have enough configuration flexibility including flexible multiplexing of NPRACH of different coverage classes. 

Start from LTE and eMTC
To meeting the desired configuration flexibility target detailed in Section 2.1, many different designs may be proposed. Considering the short remaining time for NB-IoT work item, it is better to restrict the design in a narrower scope. To this end, the existing configuration design for LTE and eMTC is a good starting point, which is the rule of thumb that 3GPP has been following for NB-IoT work item.

To start with, let us recall how LTE PRACH configuration is designed. 
· Frequency resource: LTE PRACH uses 6 PRBs which matches the smallest uplink system bandwidth.
· For FDD, at most one random access opportunity (at a single frequency location) exists in a subframe.
· For TDD, due to smaller number of uplink subframes per radio frame, it is possible to configure multiple 6-PRB random access opportunities (at different frequency locations) in a subframe.
· Time resource: The basic PRACH formats defined in LTE require 1 ms or 2 ms time resource per random access opportunity. 
As a result, LTE specifies Table 5.7.1-2 for FDD in 36.211 [5], which describes which system frame number (any or even) and subframe number (0,…,9) are reserved for random access. Similarly, LTE specifies Table 5.7.1-4 for TDD in 36.211 [5]. We add Table 5.7.1-2 in Appendix for ease of reference.

With the help of Table 5.7.1-2 for FDD and Table 5.7.1-4 for TDD, the size of the PRACH configuration parameters specified in system information block type 2 (SIB2) can be reduced. For example, prach-ConfigIndex in SIB2 uses 6 bits to select one out of the 64 configurations specified in Table 5.7.1-2 for FDD and Table 5.7.1-4 for TDD. 

In eMTC, since the PRACH design follows that of LTE with additional repetitions allowed. Therefore, the basic PRACH formats are reused in eMTC, and accordingly the configurations specified in Table 5.7.1-2 and Table 5.7.1-4 can be reused. LTE eMTC however needs to take care of how repetitions are handled among different coverage classes. To handle this issue, 3GPP agreed the following. 

RAN1#83 agreement:
· For time-domain related configuration for PRACH, optionally support the following on a per PRACH repetition level basis in MTC-SIB:
· 3-bit periodicity
· If the above parameters are not given, a UE determines the starting subframe of PRACH implicitly 

RAN1#84 agreement:
· Range for the RRC parameter for PRACH starting subframe periodicity (expressed in terms of PRACH opportunities) 
· prachStartingSubframe = {2, 4, 8, 16, 32, 64, 128, 256}
· Offset (expressed in terms of PRACH opportunities): 
· N*prachStartingSubframe  + numRepetitionPerPreambleAttempt
· where N = {0, …}

Since NB-IoT NPRACH also requires repetitions to support coverage enhancement, similar principles as in eMTC can be adopted.

Proposal 2: For NB-IoT NPRACH configuration design, use existing LTE and eMTC PRACH configuration design as the starting point.
NPRACH Configuration Design
In this section, we discuss how to design NPRACH configuration, based on the considerations detailed in Section 2.  
[bookmark: _Ref445298969]NPRACH Band Configuration
As explained in Section 2.1, it is desirable to allow the networks to have the flexibility to configure 1, 2, or 3 NPRACH bands. The starting tone index of the 12-tone NPRACH bands may range from 0,…,36. Nevertheless, it may be sufficient to restrict the possible starting tone index of a 12-tone NPRACH band to a subset of these values.

Figure 3 illustrates some example NPRACH band positions that may be useful for NB-IoT. For example, the network can configure the NPRACH band in the middle, at the edge with 0, 2, or 4 guard tones.
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[bookmark: _Ref445296825]Figure 3: 7 example NPRACH band positions in frequency domain

Proposal 3: Use 2 bits in SIB2 to configure the number of NPRACH bands.
Proposal 4: Use 3 bits in SIB2 to configure the position of each NPRACH band in frequency.


[bookmark: _Ref445298970]Mapping from Coverage Class to NPRACH Band
Note that it has been agreed that up to 3 different coverage classes may be configured for NPRACH. If the network only configures one NPRACH band, then UEs of different coverage class will perform random access in the configured NPRACH band (but at different time resources). 

If multiple NPRACH bands are configured, it is desirable to restrict random access opportunities for one coverage class within one NPRACH band, making it easier to avoid collision of NPRACH transmissions of different coverage classes. To this end, it is necessary to map a coverage class index to a NPRACH band index. This can be relatively straightforward. As an example,
· One NPRACH band (i=1): Coverage indices {1,2,3}  NPRACH band indices {1,1,1}
· Two NPRACH bands (i=1,2): Coverage indices {1,2,3}  NPRACH band indices {1, 2, 2}
· Three NPRACH bands (i=1,2,3): Coverage indices {1,2,3}  NPRACH band indices {1, 2, 3}
In the example, with one NPRACH band, UEs in all coverage classes use the same (and only) band. With two NPRACH bands, UEs in enhanced coverage (coverage 2 and 3) use a different band than UEs in basic coverage (coverage 1). This avoids the random access opportunities of basic coverage being blocked by enhanced coverage classes that may require large number of repetitions. 

The above mapping is implicitly carried out at the UE side. Another way of mapping coverage class to NPRACH band is to use RRC signal (SIB2) to signal the band used by each coverage class. From this explicit signalling, UEs in each coverage class know which NPRACH band to use. 
Proposal 5: If configuring multiple NPRACH bands is allowed, specify a mapping method that maps coverage class to NPRACH band. 
· Alternative 1: Implicit mapping carried out at the UE 
· Alternative 2: Explicit RRC signaling by the networks

[bookmark: _Ref445380474]NPRACH Configuration Table
We have dealt with the frequency domain configuration for NPRACH in Section 3.1 and 3.2. Now we discuss the time domain configuration for NPRACH. To this end, the design in legacy LTE (Table 5.7.1-2 for FDD in 36.211) can be reused with minor revision.

Before revising Table 5.7.1-2 for NPRACH, we should agree on the basic formats of NPRACH. Currently, there are two CP lengths agreed for NPRACH. Based on the agreements on NPRACH hopping pattern, it seems natural to use 4 symbol groups and/or 8 symbol groups for NPRACH basic units. These basic formats are illustrated in Table 1. 
[bookmark: _Ref445306955]Table 1: Example NPRACH basic formats
	CP length
	4 symbol groups
(w/o guard period 
in the end)
	8 symbol groups
 (w/o guard period 
in the end)
	4 symbol groups
(w/ guard period 
in the end)
	8 symbol groups
(w/ guard period 
in the end)

	266.7 us CP
	6.4 ms
	12.8 ms
	7 ms
	14 ms

	66.7 us CP
	5.6 ms
	11.2 ms
	6 ms
	12 ms



Proposal 6: Specify one or more NPRACH basic formats in terms of multiple of 4 symbol groups. 
· Define 4 and/or 8 symbol groups as NPRACH basic formats.

Proposal 7: With NPRACH basic formats are defined, the number of NPRACH repetitions for coverage enhancement is defined over the unit of an NPRACH basic format, i.e., by how many times a NPRACH basic format is repeated.


Once NPRACH basic formats are agreed, we can revise Table 5.7.1-2 in 36.211 for NPRACH configuration design. The reason why revision is needed for Table 5.7.1-2 in 36.211 for NPRACH is that the basic formats of NPRACH are much longer than LTE PRACH basic formats. In Table 1, associating with the 2 different CP lengths, we use 4 symbol groups and 8 symbol groups as the basic formats of NPRACH. We can see the NPRACH may last 7 ms for 4 symbol groups and 14 ms for 8 symbol groups. These lengths are much longer than the durations of 1 ms and 2 ms in LTE PRACH. 

Therefore, we can revise the Table 5.7.1-2 in 36.211 by enlarging the time resource units. For example, we may expand the time unit by 6.4 times, and then specify the valid PRACH starting times within every 64 subframes. The period of 64 subframes is good since it balances NPRACH delay, PUSCH scheduling flexibility, and the system frame number period (10.24 s) is divisible by 64 ms.

After enlarging the time resource unit from 10 ms (LTE PRACH) to 64 ms (NPRACH), we can construct a table similar to Table 5.7.1-2 in 36.211 that specifies the valid starting times for NPRACH. An example of such table is given in Table 2 in the Appendix.

Note that the gap between any two starting subframes under any particular configuration index from 0 to 15 in Table 2 is a multiple of 8 ms. This gap ensures 4 symbol groups (whether the CP is 266.7 us or 66.7 us) can be fit in any two adjacent NPRACH opportunities, and is also friendly for NPUSCH scheduling (whose scheduling units are a power-of-2 ms).  

Also note that the gap between any two starting subframes under any particular configuration index from 16 to 31 in Table 2 is a multiple of 16 ms. This gap ensures 8 symbol groups (whether the CP is 266.7 us or 66.7 us) can be fit in any two adjacent NPRACH opportunities, and is also friendly for NPUSCH scheduling (whose scheduling units are a power-of-2 ms).  

Further note that the example Table 2 does not specify which CP length to use for NPRACH. There maybe two ways to handle this.
Alternative 1. One separate bit in SIB2 is used to signal NPRACH CP length.
Alternative 2. Table 2 can be doubled to accommodate two different CP lengths, and the prach-ConfigIndex jointly indicates CP length and other configuration information. 

Proposal 8: To specify valid NPRACH starting times, PRACH configuration indices are defined over time period of 64 ms.

Proposal 9: To signal the CP length for NPRACH, either of the following two ways may be used.  
Alternative 1. One separate bit in SIB2 is used to signal NPRACH CP length.
Alternative 2. Table 2 can be doubled to accommodate two different CP lengths, and the prach-ConfigIndex jointly indicates CP length and other configuration information. 

Handling of Repetitions
In Section 3.1, 3.2, and 3.3, we have discussed how NPRACH resources can be configured in the time-frequency resource grid, and how each coverage class can be mapped to a NPRACH band. The remaining issue is how to handle the repetitions of basic NPRACH formats (whether the basic formats contain 4 symbol groups and/or 8 symbol groups and/or other number of symbol groups).

To this end, it is important that the handling approach makes sure that NPRACH transmissions of different coverage classes can be separated in frequency and/or time domain. This is because the received power of different coverage classes may differ significantly and may result in serious near-far issue even if the preamble sequences are orthogonal theoretically. 

Note that one approach detailed in Section 3.2 allows NPRACH of 3 different coverage classes to be separated in frequency domain by configuring 3 NPRACH bands. However, this may not be sufficient. For example, if the networks only configure 1 or 2 NPRACH bands, we still need a mechanism to separate NPRACH of different coverage classes in the time domain.

Luckily, eMTC has agreed on one such approach to allow time separation of PRACH of different coverage classes. 
RAN1#84 agreement:
· Range for the RRC parameter for PRACH starting subframe periodicity (expressed in terms of PRACH opportunities) 
· prachStartingSubframe = {2, 4, 8, 16, 32, 64, 128, 256}
· Offset (expressed in terms of PRACH opportunities): 
· N*prachStartingSubframe  + numRepetitionPerPreambleAttempt
· where N = {0, …}

First, notice that prachStartingSubframe is expressed in terms of PRACH opportunities in time, not the absolute time or number of symbol groups. For example, with configuration 0 in Table 2, there is only 1 opportunity every 128 ms, while with configuration 14 in Table 2, there are 16 opportunities every 128 ms.

We use a simple example to illustrate how eMTC’s approach can be used for NB-IoT. Consider configuration 14 in Table 2, there are 16 opportunities every 128 ms. Let us consider 3 different coverage classes. 
· For coverage class 1, 4 symbol groups are used (i.e., no repetition) and can be transmitted completely using one NPRACH opportunity. 
· For coverage class 2, 8 symbol groups are needed (i.e., 2 repetitions w.r.t. the basic 4 symbol groups) and can be transmitted using 2 opportunities. 
· For coverage class 3, 32 symbol groups are needed (i.e., 8 repetitions w.r.t. the basic 4 symbol groups) and can be transmitted using 8 opportunities. 

In principle, eMTC allows different prachStartingSubframe for different coverage classes. This however may complicate the network configuration that avoids collision of different coverage classes. Below is one such case, which is illustrated in Figure 4.
· Coverage class 2 has 2 repetitions: prachStartingSubframe = 4 and thus offset = {0, 1, 2, 3}*4+2={2, 6, 10, 14} within 16 opportunities.
· Coverage class 3 has 8 repetitions: prachStartingSubframe = 16 and thus offset = 0*16+8=8 within 16 opportunities.
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[bookmark: _Ref445390587]Figure 4: Configuring different prachStartingSubframe for different coverage classes may lead to collision

[bookmark: _Ref445482016]Use a Common prachStartingSubframe and a Set of Formulas to Avoid Collision

For ease of avoiding collision, it is better to configure a common prachStartingSubframe, then collision can be avoided since different offsets are used for different coverage classes. 

Use eMTC formula directly
Continuing the example, if the networks specify prachStartingSubframe = 16, in the first period with N=0,
· Coverage class 1 has no repetitions and thus offset = 0*16+1=1.
· Coverage class 2 has 2 repetitions and thus offset = 0*16+2=2.
· Coverage class 3 has 8 repetitions and thus offset = 0*16+8=8.
The NPRACH opportunities for the 3 coverage classes are illustrated in Figure 5. The drawback is that not all the NPRACH opportunities can be used. 
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[bookmark: _Ref445479780]Figure 5: Configure a common prachStartingSubframe for different coverage classes to avoid collision 

[bookmark: _Ref445481150]Revise eMTC formula to fully utilize NPRACH opportunities
To fully utilize the PRACH opportunities, a formula can be defined like below:
· Coverage class 1 has starting subframes = j* P+ k * Nrep,1, k=0, 1,…(P/4/Nrep,1 – 1). Here Nrep,1 is the number of repetition of coverage class 1.
· Coverage class 2 has starting subframes = (j + 1/4)* P + k* Nrep,2, k=0, 1,…(P/4/Nrep,2– 1), where Nrep,2 is the number of repetition of coverage class 2.
· Coverage class 3 has starting subframes = (j + ½)* P + k* Nrep,3, k=0, 1,…(P/2/Nrep,3– 1), where Nrep,3 is the number of repetition of coverage class 3.
In the above it is assumed that the PRACH of all 3 coverage classes share the same PRACH band.  Note that using the formula above, the number of PRACH opportunities in a period P is a function of the number of the repetition of the given coverage class. 

Using the running example and newly defined formula, we have
· Coverage class 1 has no repetition and starting subframes 0, 1, 2, 3
· Coverage class 2 has 2 repetitions and starting subframes 4, 6
· Coverage class 3 has 8 repetitions and starting subframe 8
The NPRACH opportunities for the 3 coverage classes are illustrated in Figure 6. The small drawback is that all the NPRACH opportunities for one coverage class are clustered. 
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[bookmark: _Ref445480151]Figure 6: Configure a common prachStartingSubframe for different coverage classes to avoid collision and use new formulas to fully utilize NPRACH opportunities: 3 coverage class sharing the same NPRACH band
If only two coverage classes share the same band, and P is the common prachStartingSubframe, then the formula is modified so that those sharing the same PRACH band are included. For example, if coverage class 1 and 3 share the same PRACH band A, but coverage class 2 use a separate PRACH band B, then:
· Coverage class 1 has starting subframes = j* PbandA+ k * Nrep,1, k=0, 1,…(PbandA/2/Nrep,1 – 1). Here Nrep,1 is the number of repetition of coverage class 1;
· Coverage class 2 has starting subframes = j*PbandB.  Parameter PbandB can be set with value PbandB >= Nrep,2, with PbandB = Nrep,2 allowing the maximum number of PRACH opportunities for coverage class 2.
· Coverage class 3 has starting subframes = (j + ½)* PbandA + k* Nrep,3, k=0, 1,…(PbandA/2/Nrep,3– 1), where Nrep,3 is the number of repetition of coverage class 3.

Since coverage class 2 uses a single NPRACH band, there is no collision. For coverage class 1 and 3, we continue using our running example to demonstrate how collision is avoided in Figure 7.
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[bookmark: _Ref445392255]Figure 7: Configure a common prachStartingSubframe for different coverage classes to avoid collision and use new formulas to fully utilize NPRACH opportunities: 2 coverage class sharing the same NPRACH band

[bookmark: _Ref445481163]Revise eMTC formula to fully utilize NPRACH opportunities with distributed allocation
The formulas provided in Section 3.4.1.3 allow full utilization of NPRACH opportunities. The small drawback is that the NPRACH opportunities for coverage class are clustered within the common period. One may write down another set of formulas that allow the networks to distribute the NPRACH opportunities over time. This is illustrated in Figure 8.
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[bookmark: _Ref445481411]Figure 8: Configure a common prachStartingSubframe for different coverage classes to avoid collision and use new formulas to fully utilize NPRACH opportunities and avoid clustering

Lower Coverage Class Backs Off Collided NPRACH Opportunities 

Instead of revising eMTC formula as detailed in Section 3.4.1, we can fully base on eMTC agreements but introduce one additional simple ranking approach. Specifically, we can rank UEs by coverage class. Higher coverage class NPRACH has higher priority over lower coverage class NPRACH. In other words, when UEs in lower coverage class determine their NPRACH opportunities, they back off from those opportunities used by UEs in higher coverage class. Continuing our running example,
· Coverage class 3 has 8 repetitions: prachStartingSubframe = 16 and thus offset = 0*16+8=8 within 16 opportunities.
· Coverage class 3 has the highest priority and does not need to back off from any NPRACH resource.
· Coverage class 2 has 2 repetitions: prachStartingSubframe = 4 and thus offset = {0, 1, 2, 3}*4+2={2, 6, 10, 14} within 16 opportunities.
· Coverage class 2 has lower priority than coverage class 3. UEs in this coverage class then checks the possible opportunities used by coverage class 3, and find that offset {2, 3} would lead to collision and thus back off from the collided NPRACH resource.
· Coverage class 1 has no repetitions and potentially can use any NPRACH opportunity with the following restriction..
· Coverage class 1 has the lowest priority. UEs in this coverage class then checks the possible opportunities used by coverage class 3 and 2, and back off from the NPRACH resource that collide with coverage class 3 and 2.
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[bookmark: _Ref445482342]Figure 9: A simple ranking approach can avoid collision while preserving the flexibility of configuring different prachStartingSubframe for different coverage classes
From Figure 9, we can see that this simple ranking approach is very flexible and allows the following.
· Configure different prachStartingSubframe for different coverage classes
· Fully utilize all the NPRACH opportunities
· Avoid clustering of NPRACH opportunities of any coverage class

Proposal 10: Reuse and/or revise eMTC’s approach to handle repetitions of basic NPRACH formats.
· Alternative 1: Revise eMTC formulas
· Alternative 2: Reuse eMTC formulas but add additional ranking: When there is a possible collision in a NPRACH opportunity, UEs in lower coverage class(es) back off from the collided NPRACH opportunity, i.e., UEs in lower coverage class(es) mark the collided NPRACH opportunity invalid for them to use. 
Conclusions
In this contribution, we have discussed in detail how NPRACH configuration can be designed. The rule of thumb is to reuse as much as possible what we have defined for LTE and eMTC, which can facilitate the timely completion of the NB-IoT work item. 
We have made the following proposals in this contribution. The rationale behind each proposal has been detailed in the main body of this contribution.

Proposal 1: The NPRACH configuration design should allow the networks to have enough configuration flexibility including flexible multiplexing of NPRACH of different coverage classes. 

Proposal 2: For NB-IoT NPRACH configuration design, use existing LTE and eMTC PRACH configuration design as the starting point.

Proposal 3: Use 2 bits in SIB2 to configure the number of NPRACH bands.

Proposal 4: Use 3 bits in SIB2 to configure the position of each NPRACH band in frequency.

Proposal 5: If configuring multiple NPRACH bands is allowed, specify a mapping method that maps coverage class to NPRACH band. 
· Alternative 1: Implicit mapping carried out at the UE 
· Alternative 2: Explicit RRC signaling by the networks

Proposal 6: Specify one or more NPRACH basic formats in terms of multiple of 4 symbol groups. 
· Define 4 and/or 8 symbol groups as NPRACH basic formats.

Proposal 7: With NPRACH basic formats are defined, the number of NPRACH repetitions for coverage enhancement is defined over the unit of an NPRACH basic format, i.e., by how many times a NPRACH basic format is repeated.

Proposal 8: To specify valid NPRACH starting times, PRACH configuration indices are defined over time period of 64 ms.

Proposal 9: To signal the CP length for NPRACH, either of the following two ways may be used.  
Alternative 1. One separate bit in SIB2 is used to signal NPRACH CP length.
Alternative 2. Table 2 can be doubled to accommodate two different CP lengths, and the prach-ConfigIndex jointly indicates CP length and other configuration information. 

Proposal 10: Reuse and/or revise eMTC’s approach to handle repetitions of basic NPRACH formats.
· Alternative 1: Revise eMTC formulas
· Alternative 2: Reuse eMTC formulas but add additional ranking: When there is a possible collision in a NPRACH opportunity, UEs in lower coverage class(es) back off from the collided NPRACH opportunity, i.e., UEs in lower coverage class(es) mark the collided NPRACH opportunity invalid for them to use. 


Appendices
LTE FDD Random Access Configuration

Table 5.7.1-2: Frame structure type 1 random access configuration for preamble formats 0-3
	PRACH Configuration
Index
	Preamble
Format
	System frame number
	Subframe number
	PRACH Configuration
Index
	Preamble
Format
	System frame number
	Subframe number

	0
	0
	Even
	1
	32
	2
	Even
	1

	1
	0
	Even
	4
	33
	2
	Even
	4

	2
	0
	Even
	7
	34
	2
	Even
	7

	3
	0
	Any
	1
	35
	2
	Any
	1

	4
	0
	Any
	4
	36
	2
	Any
	4

	5
	0
	Any
	7
	37
	2
	Any
	7

	6
	0
	Any
	1, 6
	38
	2
	Any
	1, 6

	7
	0
	Any
	2 ,7
	39
	2
	Any
	2 ,7

	8
	0
	Any
	3, 8
	40
	2
	Any
	3, 8

	9
	0
	Any
	1, 4, 7
	41
	2
	Any
	1, 4, 7

	10
	0
	Any
	2, 5, 8
	42
	2
	Any
	2, 5, 8

	11
	0
	Any
	3, 6, 9
	43
	2
	Any
	3, 6, 9

	12
	0
	Any
	0, 2, 4, 6, 8
	44
	2
	Any
	0, 2, 4, 6, 8

	13
	0
	Any
	1, 3, 5, 7, 9
	45
	2
	Any
	1, 3, 5, 7, 9

	14
	0
	Any
	0, 1, 2, 3, 4, 5, 6, 7, 8, 9
	46
	N/A
	N/A
	N/A

	15
	0
	Even
	9
	47
	2
	Even
	9

	16
	1
	Even
	1
	48
	3
	Even
	1

	17
	1
	Even
	4
	49
	3
	Even
	4

	18
	1
	Even
	7
	50
	3
	Even
	7

	19
	1
	Any
	1
	51
	3
	Any
	1

	20
	1
	Any
	4
	52
	3
	Any
	4

	21
	1
	Any
	7
	53
	3
	Any
	7

	22
	1
	Any
	1, 6
	54
	3
	Any
	1, 6

	23
	1
	Any
	2 ,7
	55
	3
	Any
	2 ,7

	24
	1
	Any
	3, 8
	56
	3
	Any
	3, 8

	25
	1
	Any
	1, 4, 7
	57
	3
	Any
	1, 4, 7

	26
	1
	Any
	2, 5, 8
	58
	3
	Any
	2, 5, 8

	27
	1
	Any
	3, 6, 9
	59
	3
	Any
	3, 6, 9

	28
	1
	Any
	0, 2, 4, 6, 8
	60
	N/A
	N/A
	N/A

	29
	1
	Any
	1, 3, 5, 7, 9
	61
	N/A
	N/A
	N/A

	30
	N/A
	N/A
	N/A
	62
	N/A
	N/A
	N/A

	31
	1
	Even
	9
	63
	3
	Even
	9















[bookmark: _Ref445307642]Example NPRACH Configuration Table
[bookmark: _Ref445378913]Table 2: Example NPRACH random access configuration
	NPRACH Configuration
Index
	Number of symbol groups
	floor( (System frame number*10 + SF number) /64 )
	(System frame number*10 + SF number) mod 64

	0
	4
	Even
	1

	1
	4
	Even
	25

	2
	4
	Even
	49

	3
	4
	Any
	1

	4
	4
	Any
	25

	5
	4
	Any
	49

	6
	4
	Any
	1, 33

	7
	4
	Any
	9, 41

	8
	4
	Any
	17, 49

	9
	4
	Any
	1, 17, 33

	10
	4
	Any
	9, 25, 41

	11
	4
	Any
	17, 33, 49

	12
	4
	Any
	1, 17, 33, 49

	13
	4
	Any
	9, 25, 41, 57

	14
	4
	Any
	1, 9, 17, 25, 33, 41, 49, 57

	15
	4
	Even
	57

	16
	8
	Even
	1

	17
	8
	Even
	25

	18
	8
	Even
	49

	19
	8
	Any
	1

	20
	8
	Any
	25

	21
	8
	Any
	49

	22
	8
	Any
	1, 33

	23
	8
	Any
	9, 41

	24
	8
	Any
	17, 49

	25
	8
	Any
	1, 17, 33

	26
	8
	Any
	9, 25, 41

	27
	8
	Any
	17, 33, 49

	28
	8
	Any
	1, 17, 33, 49

	29
	8
	Any
	9, 25, 41, 57

	30
	N/A
	N/A
	N/A

	31
	8
	Even
	57
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