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1 Introduction

At the RAN2 NB-IoT Ad-hoc#1 meeting contention free random access was discussed and it was agreed that it should be possible already in release-13 to indicate that only a subset of the RACH resources is available for contention based random access:

· We assume that we don’t need to support contention free RACH / dedicated preambles for Handover or other reconfigurations in this release. The need for contention free RACH in the future or for other purposes, e.g. PDCCH order is FFS.

· In the SI signalling support it shall be possible to indicate that only a subset of RACH resources are available for contention RACH. 

The Random Access design for NB-IoT is made in such a way that the MAC layer either randomly selects a start subcarrier from a PRACH resource containing a set of subcarriers (12, 24, 36 or 48) or uses what the eNB sends in a PDCCH order. In RRC [2] there is currently lack of indication of a subset of RACH resources (i.e. start subcarriers) that are available for contention based RACH and currently only all subcarriers can be indicated to be available. We believe that indication of only a subset can easily be added by introducing one new field per PRACH resource and re-using the legacy LTE design/signalling of reserving contention free preambles (in the NB-IoT case start subcarriers) from the upper edge of the set of subcarriers. This document explains how this can be done with changes only needed in 36.331 by introducing one extra IE/field. No changes are needed in 36.321 [3] or the 36.211 [4] specs related to the RA procedure as part of this change.

Absence of PRACH resource restriction in Rel-13 makes resource partitioning in a later release more difficult and less efficient. In a later release a special/separate set of resources (NPRACH configuration) which cannot be used by Rel-13 UEs would need to be introduced. This will increase signalling overhead. In addition, introduction of a separate/special NPRACH resource may not be compatible with Rel-13 RA-RNTI definition and/or RAR format. Furthermore, the granularity for dividing resources may be limited to steps of 12 carriers if the same gain from frequency hopping should be achieved. Yet another drawback would be that as time elapses all cells must always provide NPRACH resources (one for each CE level supported in the cell) with 12 subcarriers to serve rel-13 UEs regardless of how small that UE population would become. This could consume unnecessary NW capacity. All of these drawbacks can be avoided by following through on the RAN2 agreement in Rel-13.
Examples of additional resource partitioning that might be needed are:

· resource partition for indicating access from a lower power class UE (e.g. 14 dBm as being discussed as part of the Rel-14 WI for eNB-IoT, see for example [6]). 

· resource partition for contention free random access. 

2 Discussion
In NB-IoT, 1-3 NPRACH resources can be configured in a cell. An NPRACH resource contains a set of 12, 24, 36 or 48 subcarriers and each set may optionally be split into 2 partitions for single/multi-tone Msg3 transmission. In addition, each NPRACH resource is associated with a repetition level, i.e. the number of repetitions of the Msg1/preamble transmission. The MAC layer in the UE selects the start subcarrier as part of the random access procedure either randomly from the set of configured subcarriers or uses a signalled subcarrier received in a PDCCH order. After this selection the MAC layer informs the physical layer to start the Msg1 transmission on the selected subcarrier and apply frequency hopping between subcarriers from the configured set according to the frequency hopping rules specified in section 10.1.6 of [4]. 

In the current version of RRC [2] the SI signalling (in SIB2-NB) does not contain any support for reserving only a subset of subcarriers in a NPRACH resource for contention based access. It could be rather straightforward to add a new field to signal this. We think that a similar design as in legacy LTE could be used by reserving the subcarrier(s) from the upper edge of the NPRACH resource partition. When a subcarrier is reserved in a NPRACH resource partition the UE shall not be allowed to select that in the MAC layer. The frequency hopping scheme already specified in [4] shall not be changed and the reservation only applies to the start subcarrier that is selected by MAC, denoted ninit in [4]. 

Figure 1 below illustrates how a subset of a NPRACH resource partition can be reserved according to a proposal based on legacy LTE where a new field called nprach-NumCBRA-StartSubcarriers to signal the subset of subcarriers for contention based random access is added to the NPRACH-Parameters-NB-r13. The prefix “nprach-“ and the suffix “-r13” from the existing IEs in [2] have been removed to simplify the figure). As can be seen there are two different cases depending on if the NPRACH resource has one partition or is split into two partitions for single/multi-tone Msg3 transmission selection. 

In section 3 a text proposal of the change needed in the RRC signalling compared to [2] is included. In this section also the field description for this new parameter is provided. In addition, one correction of the field description for nprach-SubcarrierMSG3-RangeStart is done to be aligned with RAN1 agreements for how to calculate the start subcarrier index when the NPRACH resource is split into single-tone/multi-tone partitions.  
The corresponding CR where this is implemented on-top of [2] is provided in [5].

Proposal 1 Introduce a parameter for signalling the subset of subcarriers used for contention based random access in the a PRACH resource configuration according to the text proposal in section 3 below and in the accompanying CR [5].
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Figure 1. Illustration of the proposed new parameter for signalling the subset of subcarriers for contention based random access in NB-IoT
3 Text Proposal
-- ASN1START

RadioResourceConfigCommonSIB-NB-r13 ::= SEQUENCE {

    rach-ConfigCommon-r13                   RACH-ConfigCommon-NB-r13,

    bcch-Config-r13                          BCCH-Config-NB-r13,

    pcch-Config-r13                          PCCH-Config-NB-r13,

    nprach-Config-r13                        NPRACH-ConfigSIB-NB-r13,

    npdsch-ConfigCommon-r13                 NPDSCH-ConfigCommon-NB-r13,

    npusch-ConfigCommon-r13                 NPUSCH-ConfigCommon-NB-r13,

    dl-Gap-r13                               DL-GapConfig-NB-r13              OPTIONAL,   -- Need OP

    uplinkPowerControlCommon-r13             UplinkPowerControlCommon-NB-r13,

    ...,

    [[  nprach-Config-v1330                  NPRACH-ConfigSIB-NB-v1330

OPTIONAL
-- Need OR
    ]]
}

-- ASN1START

NPRACH-ConfigSIB-NB-r13 ::=          SEQUENCE {

    nprach-CP-Length-r13                  ENUMERATED {us66dot7, us266dot7},

    rsrp-ThresholdsPrachInfoList-r13     RSRP-ThresholdsNPRACH-InfoList-NB-r13   OPTIONAL,       -- need OR
    nprach-ParametersList-r13            NPRACH-ParametersList-NB-r13   

}

NPRACH-ConfigSIB-NB-v1330 ::=        SEQUENCE {

    nprach-ParametersList-v1330          NPRACH-ParametersList-NB-v1330   

}
NPRACH-ParametersList-NB-r13 ::= SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF NPRACH-Parameters-NB-r13

NPRACH-ParametersList-NB-v1330 ::=   SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF NPRACH-Parameters-NB-v1330
NPRACH-Parameters-NB-r13::=      SEQUENCE {

    nprach-Periodicity-r13               ENUMERATED {ms40, ms80, ms160, ms240, 

                                                   ms320, ms640, ms1280, ms2560},

    nprach-StartTime-r13                 ENUMERATED {ms8, ms16, ms32, ms64, 

                                                   ms128, ms256, ms512, ms1024},

    nprach-SubcarrierOffset-r13          ENUMERATED {n0, n12, n24, n36, n2, n18, n34, spare1},

    nprach-NumSubcarriers-r13            ENUMERATED {n12, n24, n36, n48},

    nprach-SubcarrierMSG3-RangeStart-r13 ENUMERATED {zero, oneThird, twoThird, one},

    maxNumPreambleAttemptCE-r13          ENUMERATED {n3, n4, n5, n6, n7, n8, n10, spare1},

    numRepetitionsPerPreambleAttempt-r13 ENUMERATED {n1, n2, n4, n8, n16, n32, n64, n128},

    npdcch-NumRepetitions-RA-r13         ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128, 
                                                   r256, r512, r1024, r2048, 

                                                   spare4, spare3, spare2, spare1},

    npdcch-StartSF-CSS-RA-r13            ENUMERATED {v1dot5, v2, v4, v8, v16, v32, v48, v64},

    npdcch-Offset-RA-r13                 ENUMERATED {zero, oneEighth, oneFourth, threeEighth}

}


NPRACH-Parameters-NB-v1330::=        SEQUENCE {

    nprach-NumCBRA-StartSubcarriers-v1330  ENUMERATED { n8, n10, n11, n12, n20, n22, n23, n24, 















n32, n34, n35, n36, n40, n44, n46, n48},

}
RSRP-ThresholdsNPRACH-InfoList-NB-r13 ::= SEQUENCE (SIZE(1..2)) OF RSRP-Range

-- ASN1STOP

	NPRACH-ConfigSIB-NB field descriptions

	…

	nprach-NumCBRA-StartSubcarriers-v1330:
The number of start subcarriers for contention based random access. The UE shall select one of these start subcarriers when randomly selecting a start subcarrier in the preamble selection in 36.321 [6]. The start subcarrier indexes that the UE is allowed to randomly select from are according to the following:

nprach-SubcarrierOffset + [0, nprach-NumCBRA-StartSubcarriers - 1]

	nprach-SubcarrierMSG3-RangeStart

Fraction for calculating the starting subcarrier index of the range reserved for indication of UE support for multi-tone Msg3 transmission, within the NPRACH resource. Multi-tone Msg3 transmission is not supported for {32, 64, 128} repetitions of NPRACH. For at least one of the NPRACH resources with the number of NPRACH repetitions other than {32, 64, 128}, the value of nprach-SubcarrierMSG3-RangeStart cannot be zero.
if nprach-SubcarrierMSG3-RangeStart is equal to {oneThird} or {twoThird} the start subcarrier indexes for the two partitions are given by:

nprach-SubcarrierOffset + [0, floor(nprach-NumCBRA-StartSubcarriers * nprach-SubcarrierMSG3-RangeStart) -1] 
for the single-tone Msg3 NPRACH partition;
nprach-SubcarrierOffset + [floor(nprach-NumCBRA-StartSubcarriers * nprach-SubcarrierMSG3-RangeStart), nprach-NumCBRA-StartSubcarriers - 1] 
for the multi-tone Msg3 NPRACH partition;

	…


4 Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1
Introduce a parameter for signalling the subset of subcarriers used for contention based random access in the a PRACH resource configuration according to the text proposal in section 3 below and in the accompanying CR [5].
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