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1 Introduction
For NB-PRACH, there have been the following agreements in the RAN1#84 meeting:

· 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:

· Constrained within max 12 subcarriers, and according to LTE PUSCH type 2 hopping
· Multi-tone Msg3 is supported

· RAN1 specifications will support the existence of UEs that do not support multi-tone Msg3 

· The specifications support the possibility for the UE to indicate whether it supports multi-tone Msg3 by NB-PRACH resource selection
And in the previous and last RAN1 NB-IoT Ad-Hoc meeting, the following agreements on NB-PRACH were made: 
· For NB-PRACH,

· A symbol group consists of 1 CP + 5 identical symbols

· The symbol values do not change across symbol groups during a NB-PRACH transmission
· The configuration of NB-PRACH resource is given by –

· Periodicity (3 bits)

· {40, 80, 160, 240, 320, 640, 1280, 2560} ms

· When PRACH resource and PUSCH collide, PUSCH is postponed

· Number of repetitions (3 bits)

· {1, 2, 4, 8, 16, 32, 64, 128} 
(eNB can configure up to 3 numbers of NB-PRACH repetitions from the above set)
· Number of opportunities per period

· 1 (no indication needed)

· Starting time of period (FFS bits)

· FFS
· Repetition uses contiguous subframes within one period 

· Frequency

· Frequency location in subcarrier offset (3 bits)

· {0, 12, 24, 36, 2, 18, 34}

· Number of subcarriers (2 bits)

· {12, 24, 36, 48}

· Multi-tone Msg3 transmission is not supported for the following numbers of repetitions of NB-PRACH

· {32, 64, 128}

In the above agreements, the NB-PRACH preamble sequence format, the factors for NB-PRACH resource configuration and the scenario where multi-tone Msg3 transmission is not allowed are given. In this paper, we further discuss the remaining issues for preamble transmission based on the above RAN1 agreements and provide our proposals.
2 Discussion
Based on the RAN1 agreements, there will be two kinds of NB-PRACH band configurations. One is with 4 bands, each band having 12 tones, and the other is with 3 bands, each band having 16 tones. The following diagram shows the case of the NB-PRACH resource configuration and preamble transmission with 4 NB-PRACH bands:
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2.1 Preamble sequence generationIn legacy LTE, before the random access procedure can be initiated, the UE should acquire the following information through system information messages:

-
the groups of Random Access Preambles and the set of available Random Access Preambles in each group . The preambles that are contained in Random Access Preambles group A and Random Access Preambles group B are calculated from the parameters numberOfRA-Preambles and sizeOfRA-PreamblesGroupA
The UE should select either Random Access Preambles group A or group B based on the the potential message size (data available for transmission plus MAC header and, where required, MAC control elements) of Msg3 to be transmitted or being transmitted. And then the UE randomly selects a Random Access Preamble (Index) within the selected group. 
The layer 1 random access procedure is triggered upon request of a preamble transmission by higher layers. In layer 1 procedure, a preamble sequence is selected from the preamble sequence set using the preamble index selected by the higher layer of the UE and a single preamble is transmitted using the selected preamble sequence with transmission power on the indicated PRACH resource.

Based on the previous RAN1 agreement, it can be considered that the preamble sequence design in the NB-IoT is different from that in legacy LTE. In NB-IoT, a symbol group consisting of 1 CP + 5 identical symbols can be used as the NB-PRACH sequence, the 5 identical symbols can be a constant sequence of certain number.
Since the NB-PRACH preamble sequence for NB-IoT UE has such simple format, the UE can generate directly a preamble sequence based on some pre-defined physical layer parameters. There is no need for the eNB to configure and broadcast the random access preambles groups.
Proposal 1: There is no need for the eNB to configure and broadcast the random access preambles groups.
For proposal1, we show below the possible modification for RACH-ConfigCommon (based on the [NB-IOT] ASN.1 structure running CR):
RACH-ConfigCommon information element
-- ASN1_NB_START

RACH-ConfigCommon-NB-r13 ::=

SEQUENCE {




powerRampingParameters-NB-r13
PowerRampingParameters-NB-r13,


ra-SupervisionInfoList-NB-r13

RA-SupervisionInfoList-NB-r13,



maxHARQ-Msg3Tx-NB-r13



INTEGER (1..8),

txFailParams-NB-r13 



SEQUENCE {



connEstFailCount-NB-r13



ENUMERATED {n1, n2, n3, n4},



connEstFailOffsetValidity-NB-r13
ENUMERATED {s30, s60, s120, s240, 















s300, s420, s600, s900},



connEstFailOffset-NB-r13


INTEGER (0..15)

OPTIONAL
-- Need OP


},


...

}




PowerRampingParameters-NB-r13::=
SEQUENCE {
}
RA-SupervisionInfoList-NB-r13 ::=
SEQUENCE (SIZE (1..maxCE-Level-NB-r13)) OF RA-SupervisionInfo-NB-r13
RA-SupervisionInfo-NB-r13




SEQUENCE {



preambleTransMax-NB-r13




PreambleTransMax,


ra-ResponseWindowSize-NB-r13


ENUMERATED { TBD },


mac-ContentionResolutionTimer-NB-r13
ENUMERATED { TBD }

}

-- ASN1_NB_STOP

2.2 NB-PRACH resource set configuration
All the following differentiated aspects should be based on NB-PRACH time-frequency resource set configuration:

· different coverage levels
· different Msg3 size

· whether the UE supports multi-tone transmission
First of all, in the NB-PRACH time-frequency resource sets, different number of repetitions, periodicity, starting time of period etc. can be configured, for the different coverage levels. If the same NB-PRACH frequency band is configured for all the resource sets for different coverage levels, this can be seen as a TDM mode configuration, i.e. the NB-PRACH resources are separated in the time domain. This kind of configuration provides the possibility for the network to configure separate NB-PRACH bands for neighbouring cells to alleviate inter-cell interference. 

Secondly, in each NB-PRACH resource set, the time-frequency resources can be further separated to signal the need for different msg3 sizes, such as 64 or 80 bits. Based on the NB-PRACH time-frequency resource selection, the eNB can figure out how to grant the msg3 resource for a given UE in a certain coverage level. For simplicity, only two subsets may be configured in each NB-PRACH time-frequency resource set: one is for msg3 equal or lower than 64bits; the other one is for msg3 bigger than 64 bits.
Thirdly, the NB-PRACH time-frequency resource in the subsets can be further separated to signal the UE multi-tone transmission capability. Considering that RAN1 has agreed that multi-tone msg3 is not allowed for {32, 64, 128} repetitions (that can be seen as the configuration for the worse coverage levels), it’s not necessary to further subdivide the NB-PRACH time-frequency resource subsets dedicated for {32, 64, 128} repetitions.
Proposal 2: The NB-PRACH time-frequency resource can be separated with TDM mode to cover the following differentiated aspects: different coverage levels, different Msg3 size, and optionally multi-tone UE capability.
For proposal 2, a possible NB-PRACH time-frequency resource set configuration in system information is shown below (based on the [NB-IOT] ASN.1 structure running CR):
PRACH-Config information elements
-- ASN1_NB_START

PRACH-ConfigSIB-NB-r13 ::=

SEQUENCE {
... ...

prach-ParametersListCE-NB-r13


PRACH-ParametersListCE-NB-r13
}
PRACH-ParametersListCE-NB-r13 ::=
SEQUENCE (SIZE(1..maxCE-Level-NB-r13)) OF PRACH-ParametersCE-NB-r13
PRACH-ParametersCE-NB-r13 ::=

SEQUENCE {
prach-SubsetForMsg3SizeList-NB-r13


PRACH-SubsetForMsg3SizeList-NB-r13
}
PRACH-SubsetForMsg3SizeList-NB-r13 ::=
SEQUENCE (SIZE(1..max-SizeClass-Msg3)) OF PRACH-SubsetForMsg3Size-NB-r13
PRACH-SubsetForMsg3Size-NB-r13 ::=

CHOICE {


prach-SubSubsetForToneSupport-NB-r13        PRACH-Parameters-NB-r13

prach-SubSubsetForToneSupportList-NB-r13
PRACH-SubSubsetForToneSupportList-NB-r13
}
PRACH-SubSubsetForToneSupportList-NB-r13 ::=
SEQUENCE (SIZE(1..2)) OF PRACH-Parameters-NB-r13
PRACH-Parameters-NB-r13 ::=


SEQUENCE {

periodicity-r13
  ENUMERATED {sf40, sf80, sf160, sf240, sf320, sf640, sf1280, sf2560},

numRepetition-r13
ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128}






startingTimeofPeriod  FFS

}
-- ASN1_NB_STOP

2.3 FDM for preamble transmission
Since the same symbol is used for all NB-PRACH transmission for all the UEs, this means that the preamble index multiplexing (CDM) for preamble transmission will not be available in NB-IoT. In a NB-PRACH resource set configuration, there can be multiple different frequency positions (e.g. different tone index) configured. For example, at least 12 tones and at most 48 tones can be configured for different UEs to use. The UEs may select different PRACH frequency resources to transmit their preambles. This can be seen as a kind of frequency multiplexing (FDM) for UE’s single tone preamble transmission.

In the previous meeting, RAN2 has agreed the following updated RA-RNTI formula:
RA-RNTI=1+t_id + 10*f_id + k*(SFN_id mod (Wmax/10))
where t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10), f_id is the single tone index of the specified PRACH within that subframe, SFN_id is the index of the first radio frame of the specified PRACH, and Wmax is 400, maximum possible RAR window size in subframes.
Based on the formula, the RARs for the single tone preambles which are transmitted on different frequency locations will be encapsulated into separate MAC PDUs. If only one preamble is transmitted on a specific frequency location in a specific time location, this may lead to that a MAC PDU includes only one RAR, which will increase the downlink transmission overhead.
Since preamble index multiplexing is no longer configured, the RAPID in each MAC PDU subheader corresponding to a MAC RAR can be used to reflect the frequency resource location used by each Single Tone preamble. If this is done, the f_id in the updated RA-RNTI calculation formula can be set to zero. That means that the RARs for the Single Tone preambles which are transmitted on different frequency locations but same time location will be encapsulated into the same MAC PDU. UEs can receive their RARs by detecting RA-RNTI and match RAPID with the frequency resource location. In this way, the value range of updated RA-RNTI calculation may be significantly shrunk.

If the frequency resource location used by each Single Tone preamble can be included within RAR, the updated RA-RNTI calculation formula can be further simplified like this:

RA-RNTI=1+t_id +  10*(SFN_id mod (Wmax/10))
The RA-RNTI space will then be 1~400.
Proposal 3: Since preamble index multiplexing will not be available in NB-IoT, the RAPID in each MAC PDU subheader corresponding to a MAC RAR can be used to reflect the frequency resource location used by each single tone preamble. The f_id in the updated RA-RNTI calculation formula can then be set to zero (and the RA-RNTI space significantly reduced).
For proposal 3, we further show below the possible modification for 36.321:
	6.1.5
MAC PDU (Random Access Response)

A MAC PDU consists of a MAC header and zero or more MAC Random Access Responses (MAC RAR) and optionally padding as described in figure 6.1.5-4.
A MAC PDU header consists of one or more MAC PDU subheaders; each subheader corresponding to a MAC RAR except for the Backoff Indicator subheader. If included, the Backoff Indicator subheader is only included once and is the first subheader included within the MAC PDU header.

A MAC PDU subheader consists of the three header fields E/T/RAPID (as described in figure 6.1.5-1) but for the Backoff Indicator subheader which consists of the five header field E/T/R/R/BI (as described in figure 6.1.5-2).
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Figure 6.1.5-1: E/T/RAPID MAC subheader
… … … …
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Figure 6.1.5-4: Example of MAC PDU consisting of a MAC header and MAC RARs
… … … …

6.2.2
MAC header for Random Access Response

The MAC header is of variable size and consists of the following fields:

.......

-   RAPID: The Random Access Preamble IDentitfier field identifies the frequency resource location of the transmitted Random Access Preamble (see subclause 5.1.3). The size of the RAPID field is 6 bits.


3 Conclusion

Based on the analysis, we have the following proposals:
Proposal 1: There is no need for the eNB to configure and broadcast the random access preambles groups.
Proposal 2: The NB-PRACH time-frequency resource can be separated with TDM mode to cover the following differentiated aspects: different coverage levels, different Msg3 size, and optionally multi-tone UE capability.
Proposal 3: Since preamble index multiplexing will not be available in NB-IoT, the RAPID in each MAC PDU subheader corresponding to a MAC RAR can be used to reflect the frequency resource location used by each single tone preamble. The f_id in the updated RA-RNTI calculation formula can then be set to zero (and the RA-RNTI space significantly reduced).
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