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1 Introduction

A new WID on further NB IoT enhancements was approved at RAN#75 and later revised [1]. 

There are objectives on NPRACH reliability and range enhancements as follows:

A-3. NPRACH reliability and range enhancements

· If found necessary, reduce false alarm probability for NPRACH detection due to inter-cell interference on NPRACH [RAN1, RAN2, RAN4]

· If found necessary, introduce at least additional cyclic prefixes for NPRACH to support cell radius of at least 100 km [RAN1, RAN2, RAN4]

The topic was discussed in RAN1 and the following agreements were made: 

	RAN1#88bis Working assumptions:

· At least the following 2 options are considered for a new NPRACH format 

· Option 1: Rel-13 NPRACH definition with CP length >= 666.67us is introduced. 

· Subcarrier bandwidth <= 1.5 kHz

· Option 2: Rel-13 based NPRACH scrambled by a sequence with good autocorrelation properties. 

RAN1#89 agreements:
· To support of cell range of at least 100 km, FFS between:

· Cat 1: Rel-13 NPRACH

· Cat 2: Sharing the same NPRACH resources as Rel-13 NPRACH formats, with symbol or symbol-group level scrambling; maintaining feasibility of FFT processing and orthogonality of preambles on different tones

· CP length FFS between same as or longer than Rel-13 formats

· Cat 3: New NPRACH numerology with CP length FFS between same as or longer than Rel-13 formats

Option A: 1.25 kHz subcarrier spacing with minimum hop distance of 1.25 kHz

Option B: 3.75 kHz subcarrier spacing with minimum hop distance 1.25 kHz

Option C: 3.75 kHz subcarrier spacing with minimum hop distance 3.75 kHz with new hopping pattern

· Combinations of Category 2 and Category 3 solutions are not precluded

· For reduction of NPRACH false alarm probability, FFS between:

· Alt 1: Sharing the same NPRACH resources as Rel-13 NPRACH formats, with symbol or symbol-group level scrambling; maintaining feasibility of FFT processing and orthogonality of preambles on different tones

· Alt 2: A frequency shift of k*0.75 kHz is applied to all NPRACH signal in a Cell.

· FFS k=[-2, -1, 0, 1, 2] or [-2, -1 1 2].

· FFS if to apply a phase rotation of m*pi/2 with m=0,1,2,3 is applied to the 4th symbol group of each repetition.

· Signaling of the above frequency shift and phase rotation is FFS.

· Alt 3: 3.75 kHz subcarrier spacing with minimum hop distance 3.75 kHz with new hopping pattern

· Combinations of the above alternatives are not precluded

RAN1#90 Conclusion

· Regarding NPRACH false alarm rate reduction and cell range extension, companies are encouraged to explain the potential impacts of the agreed categories/alternatives on implementations.
RAN1#92 agreements:
· For NPRACH range enhancements, 
· New NPRACH numerology with 1.25 kHz subcarrier spacing with minimum hop distance of 1.25 kHz.

· Only 800 us CP length is supported

RAN1#92bis Agreement

For Reliability enhancements for NPRACH

· Sharing the same NPRACH resources as Rel-13 NPRACH formats, with symbol or symbol-group level scrambling; maintaining feasibility of FFT processing and orthogonality of preambles on different tones.
· Down-select the following alternatives at RAN1#92bis:
· Symbol level scrambling
· Symbol group scrambling
For Range enhancements for NPRACH

Agreement
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.
Agreement
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

· 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 order to progress on RAN2 aspects, an email discussion was agreed:
[101bis#24][NB-IoT R15] NPRACH range (Huawei)


Email discussion on NPRACH range to progress on configuration, capability, RAPID, selection of PRACH resource, impact based on RAN1 agreements.


Intention: To progress the discussion on NPRACH Range.


Intended outcome: Report to next meeting

Deadline:  Thursday 2018-05-03
2 Discussion
2.1 Signalling
RAN1 has agreed to introduce a new NPRACH numerology with 1.25 kHz subcarrier spacing with minimum hop distance of 1.25 kHz with a 800 us CP length.
Thus a new preamble format and a new type of NPRACH resource for the new numerology need to be introduced in RRC signaling.

Signalling of NPRACH resource using NPRACH format 2 
Currently, only one preamble format can be signalled in the cell and it is either format 0 or format 1. The NPRACH resource format is identical for both preamble formats. The configuration of a NPRACH resource for each configure CEL mandatory on the anchor carrier.

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

With NPRACH range extension, it will be possible to have two preamble formats configured simultaneously in the cell. In the future it might also be possible to have preamble format 2 only. The NPRACH resource format is different for preamble format 2 and can be an implicit indication of the preamble format 2. 

For the signalling of NPRACH resources for preamble format 2, it is proposed:

a) to allow signalling only format 2 in the cell. 
b) the signaling of NPRACH resource format 2 is an implicit indication of the preamble format 2. 

c) the number of NPRACH resources (i.e. repetition levels) is the same for preamble format 0/1 and preamble format 2 when both are configured.
d) the rsrp-Thresholds are the same for preamble format 0/1 and preamble format 2 when both are configured.
With these assumptions, the signaling could look like:
SIB2:
NPRACH-ConfigSIB-NB-v15xy ::=

SEQUENCE {


nprach-CP-Length-Indication-r15

ENUMERATED {Format2Only}

OPTIONAL,
--Need OP

nprach-ParametersList-Format2-r15
NPRACH-ParametersList-Format2-NB-r15
}

NPRACH-ParametersList-Format2-NB-r15 ::=
SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF NPRACH-Parameters-Format2-NB-r15

SIB22

UL-ConfigCommonList-NB-r14 ::=

SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF












UL-ConfigCommon-NB-r14

UL-ConfigCommon-NB-r14 ::=


SEQUENCE {


ul-CarrierFreq-r14




CarrierFreq-NB-r13,


nprach-ParametersList-r14  


NPRACH-ParametersList-NB-r14
OPTIONAL, -- Need OR


...,

[[
nprach-ParametersList-Format2-r15
NPRACH-ParametersList-Format2-NB-r15

OPTIONAL -- Need OR


]]

}

Discussion point 1: Companies to provide their views on the proposed signalling of NPRACH resources for preamble format 2
Table 1: Signalling of NPRACH resources format 2
	Company
	Comment

	Huawei, HSilicon
	We are globally fine with the proposed signaling.
w.r.t allowing only format 2 in the future, signaling nprach-CP-Length-Indication-r15 will still require to signal NPRACH-ParametersList-NB-r13 as the parameter is mandatory, it will only allow to signal dummy values. We also think that it is difficult to guarantee that there will be no legacy UEs in the future so we are not sure about the proposal.

	Ericsson
	We agree with the proposals a, c, and d in principle. We think that proposal b is not clear but assume that the intention is to signal parameter nprach-CP-Length-Indication-r15 to indicate that only preamble format 2 is supported in the cell even though signaling the legacy NPRACH parameters, e.g. NPRACH-ParametersList-NB-r13, are still required.
The network should be able to configure NPRACH preamble format 2 separately, i.e. regardless of the configuration for the legacy preamble format. In addition, NPRACH preamble format 2 should not be configured only for certain NPRACH resources, i.e. repetition level. For example, it should not only be used for the high repetition levels. It should have the same RSRP thresholds for different NPRACH resources.

	ZTE
	We are generally fine with other proposals except proposal a) and c). 
For proposal a), taken into account that NPRACH format2 is introduced in Rel-15, the scenario for cell only supporting NPRACH format2 cannot be seen till now as legacy NB-IoT devices will exist for a long time. Furthermore, we are not clear the purpose of new Format2Only indication in SIB. It seems no use for the R15 UEs while the legacy UEs cannot understand it. 

Furthermore, even there has no legacy UE in the cell supporting NPRACH format2, it’s still preferred for the R15 UE to use format 0/1 resource when the distance between UE and eNB is less than 10km/40km as using format 0/1 may cause less access delay and less radio resource consumption. 
For proposal c), we don’t think it’s so necessary that the number of NPRACH resources is the same for preamble format 0/1 and preamble format 2 when both are configured. We have the following thinking:
1) As legacy UE work normally in a relative small coverage range (e.g less than 10km/40km cell range), it can be considered that less or none radio resources are configured for NPRACH format0/1 in higher CEL (i.e CEL2, or even CEL1).

2) As accessing network with NPRACH format0/1 is with less delay and less radio resource consumption, it can be considered that less or none NPRACH resource are configured for NPRACH format2 in lower CEL(i.e CEL0) in order that UE can use NPRACH format0/1 as much as possible in lower CEL.
For proposal b), it seems fine. E.g. if the NPRACH format2 resource is configured for a carrier, NPRACH formats2 will be supported in the carrier.
For proposal d), taken into account that NPRACH format2 only extends the NPRACH range and does not impact the radio coverage range, the rsrp-Thresholds can be reused. 


Structure of a NPRACH resource for preamble format 2
Currently NPRACH resources are configured on the anchor (SIB2) and optionally on the non-anchor carriers. The structure of a NPRACH resource is as follows:
nprach-Parameters-r14




SEQUENCE {



nprach-Periodicity-r14




ENUMERATED {ms40, ms80, ms160, ms240,
















ms320, ms640, ms1280, ms2560}














OPTIONAL,
-- NEED OP



nprach-StartTime-r14





ENUMERATED {ms8, ms16, ms32, ms64,
















ms128, ms256, ms512, ms1024}














OPTIONAL,
-- NEED OP



nprach-SubcarrierOffset-r14



ENUMERATED {n0, n12, n24, n36, n2, n18, n34, spare1}














OPTIONAL,
-- NEED OP



nprach-NumSubcarriers-r14



ENUMERATED {n12, n24, n36, n48}














OPTIONAL,
-- NEED OP



nprach-SubcarrierMSG3-RangeStart-r14

ENUMERATED {zero, oneThird, twoThird, one}














OPTIONAL,
-- NEED OP



npdcch-NumRepetitions-RA-r14



ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128,
















r256, r512, r1024, r2048,
















spare4, spare3, spare2, spare1}














OPTIONAL,
-- NEED OP



npdcch-StartSF-CSS-RA-r14



ENUMERATED {v1dot5, v2, v4, v8, v16, v32, v48, v64}















OPTIONAL,
-- NEED OP



npdcch-Offset-RA-r14





ENUMERATED {zero, oneEighth, oneFourth, threeEighth}














OPTIONAL,
-- NEED OP



nprach-NumCBRA-StartSubcarriers-r14

ENUMERATED {n8, n10, n11, n12, n20, n22, n23, n24,
















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














OPTIONAL,
-- NEED OP 



npdcch-CarrierIndex-r14




INTEGER (1..maxNonAnchorCarriers-NB-r14)














OPTIONAL,
-- Need OP



...


}


RAN1 is discussing new value ranges for a number of parameters as follows:

	nprach-Periodicity
	Existing parameter
	Periodicity of an NPRACH resource for FDD NPRACH format 2
	{40, 80, 160, 240, 320, 640, 1280, 2560} 

	nprach-StartTime
	Existing parameter
	Start time of the NPRACH resource in one periodfor FDD NPRACH format 2
	{8, 16, 32, 64, 128, 256, 512, 1024} 

	nprach-SubcarrierOffset
	Updated parameter
	Frequency location of an NPRACH resource within a PRB for FDD NPRACH format 2
	{0, 36, 72, 108, 6, 54, 102, spare}

	nprach-NumSubcarriers
	Updated parameter
	Number of subcarriers in an NPRACH resource for FDD NPRACH format 2
	{36, 72, 108, 144} 

	nprach-SubcarrierMSG3-RangeStart
	Existing parameter
	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. for FDD NPRACH format 2.
	{0, 1/3, 2/3, 1}

	nprach-NumCBRA-StartSubcarriers
	Updated parameter
	number of starting sub-carriers allocated to UE initiated random accessfor FDD NPRACH format 2
	{24, 30, 33, 36, 60, 66, 69, 72, 96, 102, 105, 108, 120, 132, 138, 144} 

	numRepetitionsPerPreambleAttempt
	Existing parameter
	number of NPRACH repetitions per attemptfor FDD NPRACH format 2
	{1, 2, 4, 8, 16, 32, 64, 128}


For the signalling of NPRACH resources for preamble format 2, it is proposed to follow a similar approach to EDT, i.e.:
a) create a new structure NPRACH-Parameters-Format2-NB-r15 that includes the same parameters as legacy, some with new value ranges as defined by RAN1 

b) there is 0, 1,2, or 3 NPRACH resources format 2 on any carrier

b) preambleTransMax-CE and maxNumPreambleAttempt are common to legacy NPRACH resources 

With these assumptions, the signalling would look like below:
NPRACH-ParametersList-Format2-NB-r15 ::=

SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF 













NPRACH-Parameters-Format2-NB-r15
NPRACH-Parameters-Format2-NB-r15 ::=
SEQUENCE {


nprach-Parameters-r15




SEQUENCE {



nprach-Periodicity-r15 



ENUMERATED {ms40, ms80, ms160, ms240, 
















ms320, ms640, ms1280, ms2560} 














OPTIONAL,
-- NEED OP 



nprach-StartTime-r15




ENUMERATED {ms8, ms16, ms32, ms64, 
















ms128, ms256, ms512, ms1024}














OPTIONAL,
-- NEED OP



nprach-SubcarrierOffset-r15


ENUMERATED {n0, n36, n72, n108, n6, n54, n102, spare1} 














OPTIONAL,
-- NEED OP



nprach-NumSubcarriers-r15



ENUMERATED {n36, n72, n108, n144} 














 OPTIONAL,
-- NEED OP



nprach-SubcarrierMSG3-RangeStart-r15 
ENUMERATED {zero, oneThird, twoThird, one}














OPTIONAL,
-- NEED OP



npdcch-NumRepetitions-RA-r15


ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128,
















r256, r512, r1024, r2048, 
















spare4, spare3, spare2, spare1} 














OPTIONAL,
-- NEED OP



npdcch-StartSF-CSS-RA-r15



ENUMERATED {v1dot5, v2, v4, v8, v16, v32, v48, v64} 















OPTIONAL,
-- NEED OP



npdcch-Offset-RA-r15




ENUMERATED {zero, oneEighth, oneFourth, threeEighth}














OPTIONAL,
-- NEED OP



nprach-NumCBRA-StartSubcarriers-r15
ENUMERATED {n24, n30, n33, n36, n60, n66, n69, n72,















n96, n102, n105, n108, n120, n132, n138, n144}














OPTIONAL,
-- NEED OP  



npdcch-CarrierIndex-r15



INTEGER (1..maxNonAnchorCarriers-NB-r14) 














OPTIONAL, 
-- Need OP 



...


}
OPTIONAL
-- Need OR

}

Discussion point 2: Companies to provide their views on the proposed definition of NPRACH resource for preamble format 2

Table 2: Definition of NPRACH resource format 2
	Company
	Comment

	Huawei, HiSilicon
	We are fine with the proposed structure as a baseline.

	Ericsson
	Agree, that new structure is needed for NPRACH preamble format 2 to allow simultaneous configuration with the legacy NPRACH preamble format. NPRACH preamble format 2 should as well be configurable per NPRACH resource, i.e. repetition level, as proposed. preambleTransMax-CE and maxNumPreambleAttempt can be applied for preamble format 2 as well, as proposed.

	ZTE 
	We are agree with the proposed structure.


Signalling optimization and delta configuration
For EDT, it was agreed that delta configuration for nprach-ParametersList-EDT on any carrier is relative to nprach-ParametersList if any on the same carrier, otherwise nprach-ParametersList on the anchor carrier.

However, it does not work that well for NPRACH resource format 2 as a number of parameters have a different value range. On the other hand, we can assume that if NPRACH resource format 2 are configured, there will be some for each NPRACH repetition levels. Thus, it is proposed:
a) if NPRACH resource format 2 are configured in a cell, there is one in each configured repetition level

b) Delta configuration for nprach-ParametersList-Format2 on any carrier is relative to the first nprach-ParametersList-Format2 in the list on UL carriers (including anchor carrier) having NPRACH resource format 2.

Discussion point 3: Companies to provide their views on the delta configuration as proposed in a) and b)

Table 3: Delta configuration for NPRACH resource format 2
	Company
	Comment

	Huawei, HiSilicon
	We are fine with proposal a) and b). 
Another alternative is delta configuration related to the previous entry in the list of NPRACH resource for a given repetition level.

	Ericsson
	We agree with the proposal in a), i.e. NPRACH resource format 2 is configured per each configured repetition level. We are fine with proposal in b), i.e. the delta configuration should be relative to the first UL carrier in the list having NPRACH resource format 2 (including anchor carrier) assuming that the following is intended:
-If an optional IE is not included for format 2 on the anchor carrier it is assumed to be the same as the legacy format.

-If an optional IE is not included for format 2 on a non-anchor carrier it is assumed to be the same as for the anchor carrier.

	ZTE
	We are fine with proposal a) and b). 

Furthermore, for the option b), it should be specified that the first nprach-ParametersList-Format2 is used as the default configuration, e.g., if a field is absent in later nprach-ParametersList-Format2, the value of the field configured in the corresponding entry of the first nprach-ParametersList-Format2 will be applied.


Further signaling optimization may be possible, e.g. some parameters may always have the same value as the legacy value or another NPRACH resource on another carrier.
Discussion point 4: Companies to indicate whether some parameters can be always omitted (i.e. not defined in the structure) and what would be the default value for these parameters 

Table 4: Further signalling optimisation
	Company
	Comment

	Huawei, HiSilicon
	As much as we would like to reduce the signaling overhead, RAN2 had similar discussion in Rel-14 and did not succeed in reaching a consensus. In the end, RAN2 allowed full flexibility in the configuration.
Omitting parameters in the new structure requires to define what is the common/default value and it is difficult to define a reference value without taking assumption on the configuration of NPRACH resource and associated UL/DL carriers.

	ZTE
	See our comments for Discussion Point 3.
Furthermore, we think the parameter configuration for NPRACH format2 should be independent on that for format0/1. 


Miscellaneous

As EDT is introduced in rel-15 and requires a separate set of NPRACH preambles, it should be discussed whether to also introduce NPRACH Resource format2 for EDT.

Discussion point 5: Companies to indicate their views whether to introduce NPRACH Resource format2 for EDT
Table 5: NPRACH Resource format2 for EDT
	Company
	Comment

	Huawei, HiSilicon
	We think that NPRACH resources format2 for EDT should be defined. 

	Ericsson
	EDT and NPRACH resource format 2 should be optional features, but not coupled. However, it could be useful to have EDT supporting also NPRACH resource format 2, as gains can be expected from EDT in such a scenario, where the cell range is larger and path losses generally higher. Therefore, introducing EDT partitioning also for the NPRACH resource format 2 (in addition to the legacy NPRACH resource format) would be beneficial.

	ZTE
	We also think that NPRACH resources format2 could support EDT 


System information block size is limited to 680 bits. With the introduction of multiple types of NPRACH resources (EDT, Format 2,…) that can be configured in a cell, the amount of bits to be signaled will increase significantly (10 to 40 bits per NPRACH resource instance). 
Discussion point 6: Companies to indicate whether there might be an issue w.r.t SIB22 size and what option could be considered 

Table 6: any issue w.r.t SIB22 size
	Company
	Comment

	Huawei, HiSilicon
	We are worried about the size of SIB22. One option could be a new SIB that will provide the NPRACH configuration for extended cell range. 
Examples of SI message size, in inband deployment scenario, with 2 DL carriers (no bitmap, no dl gap) and 4 UL carriers with three NPRACH resources each:

- w/o using any delta configuration for the NPRACH resources: 656 bits (>650)

- with using same periodicity, starttime, npdcch configuration as the anchor: 554 bits
Considering EDT, cell range enhancement, and possible future enhancements, we think it needs to be discussed how to extend if not now at least in the future.

	Ericsson
	We agree that this could be a potential issue that may need to be addressed for cases which delta configuration would not be enough. One option would be to introduce a new SIB.

	ZTE
	We agree with this issue and fine with a new SIB. 
But we think the issue also can be handled by implementation. E.g different carriers can be configured with almost same parameters, thus delta configuration would be used and much of the overhead can be saved. 


2.1.1 NPRACH Resource Selection

Assuming the two types of NPRACH resources being signalled in the cell, it needs to be discussed how the UE selects one type or another also considering legacy UEs that do not understand the new type.

Different ways have been discussed briefly during the meeting, e.g.:
For new UEs:

a) The UE always selects NPRACH resource format 2 if they are present
b) a criterion (to be defined) is introduced to decide whether the UE uses legacy NPRACH resources
For Legacy UEs:

a) After a number of RACH failures using the legacy NPRACH resources, the UE deprioritises this cell (same as legacy CHIBA issue)

b) a criterion (to be defined) is introduced to restrict when the UE is allowed to camp on the cell 

Discussion point 7: Companies to provide their views on NPRACH resource selection 

Table 7: NPRACH resource selection
	Company
	Comment

	Huawei, HiSilicon
	For new UEs, option a), i.e. only use NPRACH resource format 2. This is the easiest solution to specify and the one with the less impact on the UE. 
For legacy UEs, option a), i.e. same problem and same solution as the Chiba issue.

	Ericsson
	For UEs from Rel-15 on:

We think there is no need to introduce any criterion. The UE should be allowed to select any NPRACH format supported by the UE and the serving cell. For Msg1 transmission, the UE would not know where in the cell it is, thus it cannot simply make the decision based on the distance to the eNB.

For legacy UEs:

Similar to the Chiba issue, the UE may deprioritize the cell after a number of RACH failures.

	ZTE
	For option a) for legacy UEs, we think the following two issues cannot be solved and need careful considerations:

1) 100km cell usually exists in a very open area and not much neighbor cells are expected. When Chiba issue happens, if there has no other cell can be re-selected when deprioritizing the camped cell, the camped cell will still be selected and NPRACH re-attempt will be performed. Then normal service cannot be provided and extra UE power costs.

2) If UE moves into the legacy NPRACH range (e.g 10km/40km cell range) from outer range, the cell may not be easily selected as it has been deprioritized. It’s not the desired results. 

In a summary, the Chiba solution can only simply deprioritize the comped cell with connEstFailOffset and connEstFailOffsetValidity, which can deal with the temporary cell performance problem, but cannot deal with the permanent cell coverage problem.
So we think a new scheme is needed for legacy UE in a cell supporting NPRACH format2, with reference to the reason why we need Qrxlevmin_CE1 for CE mode B in eMTC.
From eNB side, only a new Qrxlevmin (e.g. Qrxlevmin_ExtendedCP) needs to be introduced for UE supporting NPRACH range extension, which is similar as introducing Qrxlevmin_CE1 for CE mode B in eMTC, Then:

· The legacy Qrxlevmin can be configured with a higher value for the cell selection criterion S for UE with normal CP(e.g. NPRACH format0/1), which should match the cell coverage range with 10km/40km.

· The new Qrxlevmin_ExtendedCP can be configured with a lower value for the cell selection criterion S for UE with extended CP(e.g. NPRACH format2), which should match the cell coverage range over 10km/40km. 

For legacy UE in a cell supporting NPRACH format2:

· The legacy Qrxlevmin(e.g., configured with a higher value) is used for the cell selection criterion S. 
· If the cell selection criterion S with legacy Qrxlevmin is fulfilled for a cell, the UE will use legacy NPRACH format0/1 resources. Otherwise, the cell is not suitable.

For new UE supporting format2 in a cell supporting NPRACH format2:

· The legacy Qrxlevmin is firstly used for the cell selection criterion S. 

· If the cell selection criterion S with legacy Qrxlevmin is fulfilled, the UE will think that the cell is suitable for legacy NPRACH format0/1. Then the legacy NPRACH format0/1 resources can be used for a certain CEL if NPRACH format2 resource is not configured for this CEL. If the NPRACH format2 resource is configured, the UE would prefer using it.

· If cell selection criterion S with legacy Qrxlevmin is not fulfilled but selection criterion S with new Qrxlevmin_ExtendedCP is fulfilled for a cell, UE shall consider itself to be in extended CP length area, then the UE will use NPRACH format2 resource if it is configured for the CEL.


2.2 MAC impact
RAPID

With the change of numerology and the use of 1.25 kHz subcarrier spacing the number of subcarriers increase from 48 to 144. This means that the 6 bits used to identify the Random Access Preamble ID (RAPID) are not enough. 
Also when defining how to extend the RAPID, it should be discussed whether backward compatibility with legacy UEs should be considered as RAN1 has agreed that, at least from signalling point of view, the new NPRACH format resources can be configured to overlap or not overlap with the NPRACH resources of Rel-13/Rel-14.
Thus, it is proposed to discuss:

· Is overlapping of legacy NPRACH resources and NPRACH format 2 resources allowed
· If yes, how to extend the RAPID while ensuring backward compatibility

· If no, how to expend the RAPID without need for backward compatibility

Discussion point 8: Companies to provide their views on how to extend RAPID and whether there is a need to ensure backward compatibility

Table 8: RAPID 
	Company
	Comment

	Huawei, HiSilicon
	We think that overlapping of legacy NPRACH resources and NPRACH format 2 resources should not be allowed because:

· It makes RAPID extension complicated to ensure backward compatibility.

· The legacy UEs and UEs using the new NPRACH resources may decode RAR MAC PDU of each other. This will cost unnecessary UE power consumption.

If overlapping is not allowed, only the UE using NPRACH format 2 resources will decode the new RAR MAC PDU. In this case we think the following approach can be considered to extend RAPID:

· Extending the RAR subheader to 2 octets or using 2 of the 5 reserved bits in the RAR to provide 8 bits RAPID.

If overlapping is allowed, we should avoid legacy UE having to decode the same RAR MAC PDU as the UEs using the new NPRACH resources or at least avoid the legacy UEs having to read the new RAR. We think the following 2 approaches can be considered:

· Introducing format ID into RA-RNTI formula. Then only the UEs using   NPRACH format 2 resources are able to decode the corresponding RAR MAC PDU. In this case the new RAR MAC PDU described in non-overlapping case can also be used.

· Reserving the values 0~47 in MAC subheader for legacy UEs to guarantee the backward compatibility. Only 16 states (48~63) can be used by the UEs using the new NPRACH resources. Some of the reserved bits in RAR can be used in addition to the 16 states in MAC subheader to provide 144 RAPID values for the UEs using the new NPRACH resources. In this case 4 of the 5 reserved bits in RAR are needed (16*16=256 values).

	Ericsson
	We think there should be no restriction on configuring NPRACH format 2 resources together with legacy NPRACH resources, i.e. it should be possible to configure them overlapping. As there could be cases, where the resources are scarce, it would be beneficial to be able to configure overlapping resources.

Regarding the new numerology, the number of subcarriers are increased to 144, which requires 8 bits to indicate the extended RAPID.

As noted in 36.321: 

NOTE:
For NB-IoT, the Random Access Preamble IDentifier field corresponds to the start subcarrier index.

Thus, as in legacy up to 48 subcarriers are used, the RAPID values ‘000000’ – ‘101111’ are reserved for legacy RAPID. Therefore, values upwards from ‘110000’ may be used for the extended RAPID. For the new extended RAPID, RAPID values starting with ‘11’ can be used, as legacy UEs interpret these RAPID’s not meant for them. This leaves the remaining 4 bits from one MAC subheader’s RAPID-field to be used to indicate the extended RAPID. As 8 bits are needed to indicate the extended RAPID, with two consecutive MAC subheaders including RAPIDs starting with ‘11’ the extended RAPID can be indicated, while ensuring backwards compatibility.

	ZTE
	We think that the NPRACH resources for format2 and format0/1 can be configured on the same carrier, but they should not be overlapped, e.g the same time and/or frequency position should not be configured for format2 subcarrier and format0/1 subcarrier simultaneously. Otherwise, NPRACH resource fraction and resource confliction will be serious. For example, one format2 subcarrier (1.25khz) will block one format0/1 subcarrier (3.75khz), or format2 subcarrier may be scattered over all the format0/1 subcarrier resource and maybe none of format0/1 subcarrier (3.75khz) can be available for legacy UE.

We are ok to extend the RAPID by extending the RAR subheader to 2 octets or using 2 of the 5 reserved bits in the RAR to provide 8 bits RAPID. 


Timing advance
With the extension of the cell radius, it needs to be discussed whether the Timing Advance in MAC needs to be extended in the RAR and in the MAC CE Timing Advance Command.
Discussion point 9: Companies to provide their views on whether Timing Advance in MAC should be extended.
Table 9: Timing advance 
	Company
	Comment

	Huawei, HiSilicon
	From RAN2 point of view, the TA in RAR is defined as 11 bits (0..2047) while the actual value is restricted to range (0..1282) according to RAN1 specification. The current value range can already support 100km cell radius.

The 800 us CP length agreed by RAN1 can support 120km cell radius. We think that, if the TA needs to be extended, this should be indicated by RAN1. Extending the range up to 1536 would be a minor change to support 120km cell radius.

	Ericsson
	The timing advance can already support 100 km cell range from RAN2 standpoint.

	ZTE
	Timing Advance in MAC should not be extended furthermore, which can already support 100km cell radius.


2.3 Capability
As for any new feature, it should be discussed whether the support is optional or mandatory at the UE and whether capability signalling is needed.

Discussion point 10: Companies to provide their views on optionality and capability signalling 
Table 10: UE capability 
	Company
	Comment

	Huawei, HiSilicon
	Support should be optional at the UE. 
Knowledge by the eNB of UE support is needed for PDCCH order. If it is agreed that a supporting UE always selects a NPRACH resource format2 when available, this could be used as implicit capability signaling in absence of handover support. However, it might be more future proof to introduce capability signaling. 

	Ericsson
	We think that the support should be optional for Rel-15 UEs. Even though capability bit is not required for initial access considering that it would be implicit, such information would be beneficial for e.g. PDCCH order.

	ZTE
	It should be optional.


2.4 Other

Please indicate below any other issues that have not been covered above, 

Table 11: Other issues
	Company
	Comment

	Huawei, HiSilicon
	In rel-14, nprach-probabilityAnchor parameter was introduced to steer rel-14 UEs away from the anchor carrier that is used by all Rel-13 UEs.
As there is no legacy for the new PRACH resources Format 2, this parameter or an equivalent is not needed, i.e. all carriers with new NPRACH resources Format 2 have equal selection probability.


3 Summary 

Three companies contributed to the e-mail discussion: Huawei/HiSilicon, Ericsson and ZTE.
Discussion point 1: Signalling of NPRACH resources for preamble format 2
In general, companies are fine with the signalling proposal with the following comments:

· About allowing using only NPRACH resources for preamble format 2 in a cell, all companies indicated that signaling of legacy NPRACH resources is mandatory anyway and two companies highlight that there will be legacy UEs deployed in the network for many years.
· Two companies think NPRACH resources for preamble format 2 should be configured in all CEL, and one company think it could be possible to configure only in some (e.g. highest) CEL.
· All companies agree to use the same RSRP thresholds for both legacy and new NPRACH resources.
Proposal 1: There is no indication in the signaling that only NPRACH resources for preamble format 2 are configured in the cell.
Proposal 2: The same RSRP thresholds are used for legacy NPRACH resources and NPRACH resources for preamble format 2. 
Proposal 3: Agree on the ASN.1 for the signalling of NPRACH resources for preamble format 2.
SIB2:

NPRACH-ConfigSIB-NB-v15xy ::=

SEQUENCE {


nprach-ParametersList-Format2-r15
NPRACH-ParametersList-Format2-NB-r15
}

NPRACH-ParametersList-Format2-NB-r15 ::=
SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF NPRACH-Parameters-Format2-NB-r15

SIB22

UL-ConfigCommonList-NB-r14 ::=

SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF












UL-ConfigCommon-NB-r14

UL-ConfigCommon-NB-r14 ::=


SEQUENCE {


ul-CarrierFreq-r14




CarrierFreq-NB-r13,


nprach-ParametersList-r14  


NPRACH-ParametersList-NB-r14
OPTIONAL, -- Need OR


...,

[[
nprach-ParametersList-Format2-r15
NPRACH-ParametersList-Format2-NB-r15

OPTIONAL -- Need OR


]]

}

Discussion point 2: Structure of a NPRACH resource for preamble format 2

All companies agree that the proposed separate structure to allow simultaneous configuration of legacy abd new NPRACH Resources.  Companies also agree that preambleTransMax-CE and maxNumPreambleAttempt can be applied for preamble format 2 as well

Proposal 4: Agree on the ASN.1 structure for NPRACH resource for preamble format 2 in discussion point 2 (pending RAN1).
Discussion point 3: Delta configuration for NPRACH resource format 2
All companies with if NPRACH resources format 2 are configured in a cell, there is one in each configured repetition level.
All companies agree to have delta configuration related to the first entry in the list of NPRACH resources for one repetition level. In addition, one company proposes that if one parameter is absent in the first entry in the list, the value signalled for the legacy NPRACH resource on the anchor carrier applies. 
Proposal 5: If NPRACH resources format 2 are configured in a cell, there is one in each configured repetition level.
Proposal 6: Delta configuration is related to the first entry in the list of NPRACH resource for one repetition level if the parameter is present. Otherwise, the value signalled for the legacy NPRACH resource on the anchor carrier applies.

Discussion point 4: Further signalling optimisation
One company would like to see if further signaling optimization is possible. One company thinks that delta configuration as in proposal 6 is sufficient. The other company did not comment.

Discussion point 5: NPRACH Resource format2 for EDT
All companies agree that it can be useful to have EDT also with NPRACH Resource format2. One company comments that the two features are optional and should not be coupled.
Proposal 7: Introduce NPRACH Resource format2 for EDT with the same rules as defined for legacy NPRACH Resource for EDT, e.g.: 

NPRACH-ConfigSIB-NB-v15xy ::=

SEQUENCE {


edt-parameters-r15




SEQUENCE {



edt-TBS-InfoList-r15




EDT-TBS-InfoList-NB-r15,



nprach-ParametersList-EDT-r15

NPRACH-ParametersList-NB-r14

OPTIONAL
,
-- Cond EDT


nprach-ParametersList-Format2-EDT-r15
NPRACH-ParametersList-Format2-NB-r15
OPTIONAL

-- Cond EDT


}

}

UL-ConfigCommon-NB-r14 ::=


SEQUENCE {


ul-CarrierFreq-r14




CarrierFreq-NB-r13,


nprach-ParametersList-r14  


NPRACH-ParametersList-NB-r14
OPTIONAL, -- Need OR


...,


[[
nprach-ParametersList-EDT-r15
NPRACH-ParametersList-NB-r14
OPTIONAL, -- Cond EDT



nprach-ParametersList-Format2-EDT-r15
NPRACH-ParametersList-Format2-NB-r15
OPTIONAL

-- Cond EDT

]]
}

Proposal 8: If proposal 7 is agreed, RAN2 to discuss how to introduce in the running CR(s).
Discussion point 6: SIB22 size
All companies agree that there could be a potential issue when delta configuration is not enough. All companies agree that introducing a new SIB is an option. 
Proposal 9: RAN2 to discuss introducing configuration of NPRACH resource for preamble format 2 in a new SIB, e.g. SIB23.
Discussion point 7: NPRACH resource selection 
Two companies think there is no need to introduce a criterion, one company proposes to leave to the UE implementation and the other company proposes to always use NPRACH Resource preamble format 2 when there is some. The legacy UEs will behave as per legacy (Chiba issue)

One company thinks that the Chiba issue does not work if there is no other cell and thus the legacy UEs case should be addressed. They propose to solve this by introducing a new criterion based on ‘Qrxlevmin’ for legacy UEs and for new UEs for the selection of the NPRACH resource.

Proposal 10: There is no need to introduce a criterion for either legacy or Rel-15 UEs.
Proposal 11: RAN2 to discuss whether the Rel-15 UE is allowed to select either or only select NPRACH resource format 2 when configured.
Proposal 12: RAN2 to discuss whether something additional is needed for legacy UEs. 

Discussion point 8: RAPID 

Two companies think that they should be no overlapping in time domain for preambles in legacy NPRACH resources and in NPRACH format2 to avoid increasing the collisions and impacting the legacy UEs. Both companies are fine with either extending the RAR subheader to 2 octets or using 2 of the 5 reserved bits in the RAR to provide the 8 bits RAPID.

One company thinks it should be allowed to address resources scarcity and propose to introduce two MAC sub-header to carry the RAPID.
Proposal 13: Overlapping in time domain for preambles in legacy NPRACH resources and in NPRACH format2 is not allowed. There is no need to address backward compatibility with legacy UEs.
Proposal 14: RAN2 to discuss extending the RAPID by 1) extending the RAR subheader to 2 octets or 2) use 2 of the 5 reserved bits in the RAR.
Discussion point 9: Timing advance

All companies agree the timing advance can already support the 100 Km range.
Discussion point 10: UE capabilities

All companies agree that support should be optional for Rel-15 UEs. Two companies indicate that knowledge at the eNB is useful for e.g. PDCCH order.
Proposal 15: Support is optional for rel-15 UEs with capability reporting.
Other

One company proposes to discuss whether nprach-probabilityAnchor is applicable for the selection of a NPRACH resource format2.
4 Conclusion
Based on the outcome of this e-mail discussion, the following proposals are made:
Proposal 1: There is no indication in the signaling that only NPRACH resources for preamble format 2 are configured in the cell.
Proposal 2: The same RSRP thresholds are used for legacy NPRACH resources and NPRACH resources for preamble format 2. 

Proposal 3: Agree on the ASN.1 for the signalling of NPRACH resources for preamble format 2.
Proposal 4: Agree on the ASN.1 structure for NPRACH resource for preamble format 2 in discussion point 2 (pending RAN1).

Proposal 5: If NPRACH resources format 2 are configured in a cell, there is one in each configured repetition level.
Proposal 6: Delta configuration is related to the first entry in the list of NPRACH resource for one repetition level if the parameter is present. Otherwise, the value signalled for the legacy NPRACH resource on the anchor carrier applies.

Proposal 7: Introduce NPRACH Resource format2 for EDT with the same rules as defined for legacy NPRACH Resource for EDT.
Proposal 8: If proposal 7 is agreed, RAN2 to discuss how to introduce in the running CR(s).

Proposal 9: RAN2 to discuss introducing configuration of NPRACH resource for preamble format 2 in a new SIB, e.g. SIB23.

Proposal 10: There is no need to introduce a criterion for either legacy or Rel-15 UEs.

Proposal 11: RAN2 to discuss whether the Rel-15 UE is allowed to select either or only select NPRACH resource format 2 when configured.
Proposal 12: RAN2 to discuss whether something additional is needed for legacy UEs. 

Proposal 13: Overlapping in time domain for preambles in legacy NPRACH resources and in NPRACH format2 is not allowed. There is no need to address backward compatibility with legacy UEs.

Proposal 14: RAN2 to discuss extending the RAPID by 1) extending the RAR subheader to 2 octets or 2) use 2 of the 5 reserved bits in the RAR.

Proposal 15: Support is optional for rel-15 UEs with capability reporting.

A text proposal to capture the above in the running CR is provided in [3].
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