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Introduction
In RAN#75 it was agreed to have Release 15 Work Item “Further NB-IoT enhancements”. As part of this WI, the following objective was agreed:
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 objective is driven by RAN1 and solution is highly dependent on agreements in RAN1. Work for NPRACH reliability and range enhancement has commenced in RAN1 discussions [1]. The agreements from RAN1#89 for NPRACH cell range enhancements are the following:
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

And the agreements from RAN1#89 for NPRACH false alarm enhancements are the following:
Agreements:
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

NPRACH reliability and range enhancements were also discussed in RAN1#92, and the following agreements were made:
Agreement
· 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

In this contribution we discuss RAN2 aspects of NPRACH reliability and range enhancements and the impact of RAN1 agreements in RAN2.
This is a revision of a previous contribution R2-1803696. In this revision we further discuss the impacts of RAN1 agreements, such as new NPRACH numerology changes to RAN2 issues.
[bookmark: _Ref178064866]Discussion
As can be seen above, some aspects of the preferred solution is still open in RAN1. However, the numerology for the NPRACH range enhancements was agreed, being 1.25 kHz subcarrier spacing with minimum hop distance of 1.25 kHz. In legacy NPRACH, the subcarrier spacing is 3.75 kHz, resulting in 48 subcarriers in one PRB. With 1.25 kHz subcarrier spacing, the number of subcarriers for the new NPRACH in one PRB is 144. Previously 6 bits in the MAC header for Random Access Response were used to identify the Random Access Preamble ID (RAPID). However, with 144 preambles, the RAPID definition needs to be extended to at least 8 bits. 
[bookmark: _Toc510093540][bookmark: _Toc510093662][bookmark: _Toc510733553][bookmark: _Toc510736949]NPRACH numerology changes are expected to have some RAN2 impact.
Below can be seen the contents of the MAC subheader for Random Access Response. The description of the fields can be seen below


Figure 6.1.5-1: E/T/RAPID MAC subheader
-	E: The Extension field is a flag indicating if more fields are present in the MAC header or not. The E field is set to "1" to indicate at least another set of E/T/RAPID fields follows. The E field is set to "0" to indicate that a MAC RAR or padding starts at the next byte;
-	T: The Type field is a flag indicating whether the MAC subheader contains a Random Access ID or a Backoff Indicator. The T field is set to “0” to indicate the presence of a Backoff Indicator field in the subheader (BI). The T field is set to “1” to indicate the presence of a Random Access Preamble ID field in the subheader (RAPID);
-	RAPID: The Random Access Preamble IDentifier field identifies the transmitted Random Access Preamble (see subclause 5.1.3). The size of the RAPID field is 6 bits.
One option is to define a new MAC subheader for Random Access Response to support Rel-15 enhanced NPRACH. To still be octet-aligned, but to have 8 bits for the RAPID field, the new subheader needs to be 16 bits. Also, the E- and T-fields are still required. This requires 10 bits. The rest of the 6 bits could be reserved. 
Another option to support extended RAPID would be to use reserved bits in the RAR message to extend the RAPID field in the subheader.  Below can be seen the MAC RAR message for NB-IoT UEs.


Figure 6.1.5-3b: MAC RAR for NB-IoT UEs
As can be seen, there is fields for reserved (‘R’) bits, 1 bit in Octet 1, and 5 bits in Octet 4.
By using the Rel-13 subheader and extending the RAPID with the reserved bits in RAR message, backward compatibility should not be an issue, since Rel-15 1.25 kHz and Rel-13 3.75 kHz could not be multiplexed into same time- and frequency-resources: 
1. In case the starting time of Rel-13 and Rel-15 NPRACHes are different, RA-RNTI are different for Rel-13 and Rel-15 RARs, therefore Rel-13 would not read RAR meant for Rel-15 RAR.
2. In case the starting time of Rel-13 and Rel-15 NPRACHes are the same (same RA-RNTI), but the frequency resources are orthogonal, distinct set of preambles are assigned for Rel-13 and Rel-15. Therefore also the set of RAPIDs are distinct for Rel-13 and Rel-15 UEs and Rel-13 would not end up reading MAC RAR which would then be intended for Rel-15 UE.
Scenario 2 above does require some proper PRACH resource configuration. As Rel-13 NPRACH has up to 48 possible RAPIDs, the 6 bits in the RAPID field would extend from ‘000000’ up to ‘101111’. Thus, RAPID field starting with ‘11’ would be interpreted by Rel-13 UE as not intended for it, and would therefore not be read by the Rel-13 UE. Configuring so, that every RAR-subheader intended for Rel-15 UE would have RAPID-field beginning with ‘11’ backward compatibility issues can be avoided, since such RAPID sequence can be interpreted as intended for Rel-15 UE. This effectively reduces the bits in RAPID field for Rel-15 UEs by 2, to 4 bits, and as a total of 8 bits are needed for the new numerology, 4 of the reserved bits in RAR message are needed to be used for this purpose. 4 MSB of R-field in the Octet 4 of the RAR message can be used for this.
Third option is to use the ‘E’-field of the MAC subheader to indicate a second MAC subheader for one Rel-15 RAPID. Within these two consecutive MAC subheaders, the RAPID-fields would begin with ‘11’ to indicate that the RAPID is for Rel-15 extended RAPID and the Rel-15 UEs would be able to combine 4 of the last bits in each of the MAC subheader’s RAPID field for one Rel-15 extended RAPID. Backwards-compatibility is ensured since Rel-13 UEs would skip the MAC subheaders with RAPID field starting by ‘11’. 

[bookmark: _Toc510712073][bookmark: _Toc510712139][bookmark: _Toc510733562][bookmark: _Toc510736946]RAN2 to decide how to indicate the extended RAPID for the increased number of NPRACH subcarriers of the new Rel-15 NPRACH numerology
[bookmark: _Toc510093637][bookmark: _Toc510093748][bookmark: _Toc510712074][bookmark: _Toc510712140][bookmark: _Toc510733563][bookmark: _Toc510736947]RAN2 to add a procedural description, how Rel-15 UE configured with new NPRACH numerology interprets the RAPID field.

As discussed, the agreed solution will possibly introduce at least some new configuration options, which will need to be signaled by the eNB. With the agreement on subcarrier spacing of 1.25 kHz, an increased number of subcarriers for Rel-15 NPRACH are available, which needs to be taken into account in NPRACH configuration in RRC. 
[bookmark: _Toc510093638][bookmark: _Toc510093749][bookmark: _Toc510712075][bookmark: _Toc510712141][bookmark: _Toc510733564][bookmark: _Toc510736948]RAN2 to update the NPRACH configuration in 36.331 to support the new NPRACH numerology with 1.25 kHz subcarrier spacing and total number of 144 subcarriers.

See the text proposal below in section 3 for the suggested additions.
Depending on future agreements in RAN1, new system information may need to be broadcasted, such as new scrambling code or number of repetitions, as well as some RA procedure description and related timers could be affected. In addition, the indication of support for enhanced NPRACH configuration is supported in a cell may need to be broadcasted.

[bookmark: _Toc490268437][bookmark: _Toc494424382][bookmark: _Toc498627793][bookmark: _Toc510093541][bookmark: _Toc510093663][bookmark: _Toc510733554][bookmark: _Toc510736950][bookmark: _Toc486858480][bookmark: _Toc490127869][bookmark: _Toc490213788]RAN2 may need to introduce new parameters associated with new configurations for system information broadcast. 
Timing advance extension
In the WID, cell radius of at least 100 km is mentioned. One RAN2 related topic with extended cell radius could be Timing Advance which may be impacted. As described in TS 36.321, Random Access Response contains Timing Advance Command (11bits), which indicates the index value TA (0,1,2,… 1282) used to control the amount of timing adjustment that the MAC entity has to apply. 
According to TS 36.213, in case of random access response, an 11-bit timing advance command, TA, for a TAG indicates NTA values by index values of TA = 0, 1, 2, ..., 1282, where an amount of the time alignment for the TAG is given by NTA = TA 16. NTA is defined in TS 36.211 as timing offset between uplink and downlink radio frames at the UE, expressed in units of TS. TS is defined in 36.211 as 30720 * TS = 1 ms.
With this information, currently supported cell range by timing advance can be calculated:
Cell range = TAmax*16 * TS * c/2 = 1282*16 * 1/(15000*2048) (s) * 299792458 (m/s) /2 = 100086,96 m.

[bookmark: _Toc486858481][bookmark: _Toc490127871][bookmark: _Toc490213790][bookmark: _Toc490268439][bookmark: _Toc494424384][bookmark: _Toc498627795][bookmark: _Toc510093543][bookmark: _Toc510093665][bookmark: _Toc510733555][bookmark: _Toc510736951]Timing advance already supports 100 km cell range from RAN2 standpoint.

The value range of TA is truncated from 0 up to 1282 at maximum value, while with the size of 11 bits, value range from 0 up to 2047 could be used. With index value of 2047, timing advance could support cell range of almost 160 km. Therefore, from RAN2 standpoint, it would be relatively small change to support cell range extension from timing advance perspective, however we are not aware if this is the case from RAN1/RAN4 point of view.

[bookmark: _Toc486858482][bookmark: _Toc490127872][bookmark: _Toc490213791][bookmark: _Toc490268440][bookmark: _Toc494424385][bookmark: _Toc498627796][bookmark: _Toc510093544][bookmark: _Toc510093666][bookmark: _Toc510733556][bookmark: _Toc510736952]From RAN2 point of view, timing advance can be extended with relative ease to support cell range of up to 160 km if necessary.

Text proposal
<Beginning of changes>
[bookmark: _Toc503260683]–	RadioResourceConfigCommonSIB-NB
The IE RadioResourceConfigCommonSIB-NB is used to specify common radio resource configurations in the system information, e.g., the random access parameters and the static physical layer parameters.
RadioResourceConfigCommonSIB-NB information element
-- 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
	]],
	[[	nprach-Config-v1450					NPRACH-ConfigSIB-NB-v1450	OPTIONAL		-- Cond EnhPowerControl
	]],
	[[ nprach-Config-v15xy					NPRACH-ConfigSIB-NB-v15xy	OPTIONAL		-- Need OR
	]]
}

BCCH-Config-NB-r13 ::=					SEQUENCE {
	modificationPeriodCoeff-r13				ENUMERATED {n16, n32, n64, n128}
}


PCCH-Config-NB-r13 ::=					SEQUENCE {
	defaultPagingCycle-r13					ENUMERATED {rf128, rf256, rf512, rf1024},
	nB-r13									ENUMERATED {
												fourT, twoT, oneT, halfT, quarterT, one8thT,
												one16thT, one32ndT, one64thT,
												one128thT, one256thT, one512thT, one1024thT,
												spare3, spare2, spare1},
	npdcch-NumRepetitionPaging-r13			ENUMERATED {
												r1, r2, r4, r8, r16, r32, r64, r128, 
												r256, r512, r1024, r2048, 
												spare4, spare3, spare2, spare1}
}

-- ASN1STOP

<Next change>
[bookmark: _Toc503260678]–	NPRACH-ConfigSIB-NB
The IE NPRACH-ConfigSIB-NB is used to specify the NPRACH configuration for the anchor carrier.
NPRACH-ConfigSIB-NB information elements
-- 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-ConfigSIB-NB-v1450 ::=		SEQUENCE {
	maxNumPreambleAttemptCE-r14			ENUMERATED {n3, n4, n5, n6, n7, n8, n10, spare1}
}

NPRACH-ConfigSIB-NB-v15xy ::=		SEQUENCE {
	nprach-ParametersList-v15xy			NPRACH-ParametersList-NB-v15xy
}


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-ParametersList-NB-v15xy ::= SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF NPRACH-Parameters-NB-v15xy

NPRACH-Parameters-NB-r13::=			SEQUENCE {
[bookmark: OLE_LINK204]	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-r13		ENUMERATED {n8, n10, n11, n12, n20, n22, n23, n24, 
														n32, n34, n35, n36, n40, n44, n46, n48}
}

NPRACH-Parameters-NB-v15xy::=		SEQUENCE {
	nprach-SubcarrierOffset-r15				ENUMERATED {n0, n24, n48, n84},
	nprach-NumSubcarriers-r15				ENUMERATED {n60, n72, n84, n96, n108, n120, n132, n144}
}

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

-- ASN1STOP


	NPRACH-ConfigSIB-NB field descriptions

	maxNumPreambleAttemptCE
Maximum number of preamble transmission attempts per NPRACH resource. See TS 36.321 [6].
If the UE supports enhanced random access power control and maxNumPreambleAttemptCE-r14 is included, the UE shall use maxNumPreambleAttemptCE-r14 instead of maxNumPreambleAttemptCE-r13 for the first entry in nprach-ParametersList.

	npdcch-NumRepetitions-RA
Maximum number of repetitions for NPDCCH common search space (CSS) for RAR, Msg3 retransmission and Msg4, see TS 36.213 [23, 16.6].

	npdcch-Offset -RA 
Fractional period offset of starting subframe for NPDCCH common search space (CSS Type 2), see TS 36.213 [23, 16.6].

	npdcch-StartSF-CSS-RA 
Starting subframe configuration for NPDCCH common search space (CSS), including RAR, Msg3 retransmission, and Msg4, see TS 36.213 [23, 16.6].

	nprach-CP-Length
Cyclic prefix length for NPRACH transmission (TCP), see TS 36.211 [21, 10.1.6]. Value us66dot7 corresponds to 66.7 microseconds and value us266dot7 corresponds to 266.7 microseconds.

	nprach-NumCBRA-StartSubcarriers
The number of start subcarriers from which a UE can randomly select a start subcarrier as specified in TS 36.321 [6]. The start subcarrier indices that the UE is allowed to randomly select from, are given by:
nprach-SubcarrierOffset + [0, nprach-NumCBRA-StartSubcarriers - 1]

	nprach-NumSubcarriers
Number of sub-carriers in a NPRACH resource, see TS 36.211 [21, 10.1.6]. In number of subcarriers.

	nprach-ParametersList
Configures NPRACH parameters for each NPRACH resource. Up to three PRACH resources can be configured in a cell. Each NPRACH resource is associated with a different number of NPRACH repetitions.

	nprach-Periodicity
Periodicity of a NPRACH resource, see TS 36.211 [21, 10.1.6]. Unit in millisecond.

	nprach-StartTime
Start time of the NPRACH resource in one period, see TS 36.211 [21, 10.1.6]. Unit in millisecond.

	nprach-SubcarrierOffset
Frequency location of the NPRACH resource, see TS 36.211 [21, 10.1.6]. In number of subcarriers, offset from sub-carrier 0.

	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, see TS 36.211 [21, 10.1.6]. 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 should not be 0.
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;

	numRepetitionsPerPreambleAttempt
Number of NPRACH repetitions per attempt for each NPRACH resource, See TS 36.211 [21, 10.1.6].

	rsrp-ThresholdsPrachInfoList
The criterion for UEs to select a NPRACH resource. Up to 2 RSRP threshold values can be signalled. The first element corresponds to RSRP threshold 1, the second element corresponds to RSRP threshold 2. See TS 36.321 [6]. If absent, there is only one NPRACH resource.
A UE that supports powerClassNB-14dBm-r14 shall correct the RSRP threshold values before applying them as follows:
RSRP threshold = Signalled RSRP threshold - min{0, (14-min(23, P-Max)) where P-Max:  is the value of p-Max field in SystemInformationBlockType1-NB.



[bookmark: _Toc510093545]<End of changes>
Conclusion
In section 2 we made the following observations:
Observation 1	NPRACH numerology changes are expected to have some RAN2 impact.
Observation 2	RAN2 may need to introduce new parameters associated with new configurations for system information broadcast.
Observation 3	Timing advance already supports 100 km cell range from RAN2 standpoint.
Observation 4	From RAN2 point of view, timing advance can be extended with relative ease to support cell range of up to 160 km if necessary.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 to decide how to indicate the extended RAPID for the increased number of NPRACH subcarriers of the new Rel-15 NPRACH numerology
Proposal 2	RAN2 to add a procedural description, how Rel-15 UE configured with new NPRACH numerology interprets the RAPID field.
Proposal 3	RAN2 to update the NPRACH configuration in 36.331 to support the new NPRACH numerology with 1.25 kHz subcarrier spacing and total number of 144 subcarriers.
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