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Introduction
RAN2 has made following agreements regarding (N)PRACH partitioning for early data transmission:
In RAN2#99bis:
	· PRACH partitioning is used to indicate UE’s intention to use early data transmission in Msg3. Backward compatibility shall be preserved. FFS: details on the PRACH pool, e.g., preamble/time/frequency/carrier domain of PRACH partitioning.



In RAN2#100:
	· The UE initiates EDT in Msg1 when the size of Msg3 including the user data, which UE intends to transmit, is equal or smaller than the maximum possible TBS size for Msg3 broadcast per CE.
· PRACH partitioning for EDT indication is configured per enhanced coverage level.
· Working assumption: PRACH resource partitioning is not supported to indicate the intended data size other than legacy or maximum TBS broadcast per CE.
· For EDT indication, PRACH resources can be configured as in legacy eMTC or NB-IoT with respect to physical layer resources, preambles/subcarriers.
· PRACH resource pool, i.e. physical layer resources, preambles/subcarriers, for EDT indication is separate from PRACH resource pool for legacy RACH procedure.



However, as briefly pointed out during RAN2#100 and the related email discussion report [1], the details on how this should be done in detail are not clear. Some aspects have been captured in the running CRs for TS 36.321 [2] and TS 36.331 [3].
In this contribution we discuss issues we think should be addressed to capture the indented behaviour in the specifications for LTE-M. 
[bookmark: _Ref178064866]Discussion
One of the RAN2#100 agreements is to configure separate resources, preambles/subcarriers for EDT indication. This will make eNB aware of the UE’s intention to use EDT after reception of Msg1. Based on the agreements made in RAN2#100 the configuration should be as flexible as it is in the legacy case. 
PRACH configuration for EDT
For LTE-M, the PRACH resources can be configured in time/frequency domain (using prach-ConfigIndex and prach-FreqOffset, optionally prach-StartingSubframe) and also in code or sequence domain by configuring specific ranges of PRACH preamble sequences for each of the CE levels. During the email discussions for the running CRs for EDT the proposed changes only captured configuring PRACH resource in time and frequency domain for EDT per CE level but did not provide option to configure preambles in a way that part of the preambles could be used for EDT and part of the preambles for legacy use cases. This results in that EDT can only be used in case there are dedicated PRACH resources available for EDT for each CE-level, which would reduce the possibility to use EDT. RACH-ConfigCommon IE contains configuration of the preamble groups, and so far, no changes in this IE have been proposed in [3].

In RAN2#100 one of the agreements is that the configuration can be done as in legacy, therefore we propose the following to clarify the configuration possibilities: 

[bookmark: _Toc506416422][bookmark: _Toc506416479][bookmark: _Toc506522362][bookmark: _Toc506522369][bookmark: _Toc506523184][bookmark: _Toc506523211][bookmark: _Toc506523251]PRACH resources per CE level for EDT are configured using separate PRACH resources or using groups of preambles within a PRACH resource, as in legacy LTE-M. 
[bookmark: _Toc506416423][bookmark: _Toc506416480][bookmark: _Toc506522363][bookmark: _Toc506522370][bookmark: _Toc506523185][bookmark: _Toc506523212][bookmark: _Toc506523252]Preambles within a PRACH resource are configured separately for EDT and non-EDT use.

Separate PRACH resources for EDT for each CE level should be configured in PRACH-Config, where the legacy PRACH resources are also configured for LTE-M. Please see text proposal in Section 3.2.

[bookmark: _Toc506416424][bookmark: _Toc506416481][bookmark: _Toc506522364][bookmark: _Toc506522371][bookmark: _Toc506523186][bookmark: _Toc506523213][bookmark: _Toc506523253]PRACH-Config is extended for configuration of PRACH resources for EDT for each CE level. 

Preamble grouping for LTE-M
In TS 36.321, the selection of preamble for BL UEs and UEs in CE works by first selecting a group of preambles based on UE CE level, and then selecting (at random) a preamble within the select group to be transmitted.  For LTE-M, the grouping is done depending on PRACH resource configuration and CE levels:
1) If multiple CE levels are configured within one PRACH resource, then preamble groups A and B do not exist, as clarified in a note in [4], and CE levels are identified using different preambles indices for each CE level using firstPreamble and lastPreamble in RACH-ConfigCommon.
2) If each PRACH resource is configured to be used by just one CE level, then groups A and B can be configured as well in RACH-ConfigCommon.
[bookmark: _Toc506142462][bookmark: _GoBack]Sequence domain configuration for EDT, as proposed above, can be achieved in different ways. One way is to reuse what was done for CE-level-specific preambles, i.e. to define a separate set of “firstPreamble” and “lastPreamble” in RACH-CE-LevelInfo in RACH-ConfigCommon IE for EDT. This way, the eNB could configure certain preambles to be used for EDT separately and flexibly for each CE level. See text proposal in Section 3.2 for further details.
[bookmark: _Toc506142463][bookmark: _Toc506142512][bookmark: _Toc506416425][bookmark: _Toc506416482][bookmark: _Toc506522365][bookmark: _Toc506522372][bookmark: _Toc506523187][bookmark: _Toc506523214][bookmark: _Toc506523254]Configure EDT preambles for each CE level using firstPreamble-EDT and lastPreamble-EDT as in text proposal in Section 3.2. 

Considering how to model this in the specifications, we propose to keep the preamble group selection in TS 36.321, similar to legacy procedure to avoid unnecessary complexity. So first the UE selects PRACH resource set corresponding to the CE level like in legacy. Then, among those preambles, the UE selects the EDT-preambles if the UE shall do EDT, or the non-EDT preambles otherwise. See text proposal for this in Section 3.1.
[bookmark: _Toc506416427][bookmark: _Toc506416484][bookmark: _Toc506522366][bookmark: _Toc506522373][bookmark: _Toc506523188][bookmark: _Toc506523215][bookmark: _Toc506523255]In LTE-M, PRACH resource set is first selected based on CE level and the UE further selects the EDT-preambles if the UE intends to do EDT, otherwise UE selects the non-EDT preambles.

When preamble group B is not used for EDT purposes, then one option is to not configure group B in such PRACH resources in order to avoid additional fragmentation of the preamble space. This is similar to legacy case where several CE levels share a PRACH resource. However, at this point we leave group B configuration and the group selection procedure in relation to group B and EDT for further study and would like to base further discussion on text proposals in Section 3. 

Details considering group B configuration and EDT are left FFS. 

[bookmark: _Ref189046994]Text Proposals
[bookmark: _Ref506142647]TS 36.321
For preamble grouping for LTE-M in Section 5.1.1:

	[bookmark: _Hlk506422403]The following information for related Serving Cell is assumed to be available before the procedure can be initiated for NB-IoT UEs, BL UEs or UEs in enhanced coverage [8]:
-	if the UE is a BL UE or a UE in enhanced coverage:
-	the available set of PRACH resources associated with each enhanced coverage level supported in the Serving Cell for the transmission of the Random Access Preamble, prach-ConfigIndex.
-	the groups of Random Access Preambles and the set of available Random Access Preambles in each group(SpCell only):
-	If sizeOfRA-PreamblesGroupA is not equal to numberOfRA-Preambles:
-	Random Access Preambles group A and B exist and are calculated as above; 
-	else:
-	the preambles that are contained in Random Access Preamble groups for each enhanced coverage level, if it exists, are the preambles firstPreamble to lastPreamble.
-    the Random Access Preamble group for early data transmission, if it exists, contains preambles firstPreamble-EDT to lastPreamble-EDT for each enhanced coverage level.
NOTE:	When a PRACH resource is shared for multiple enhanced coverage levels, and enhanced coverage levels are differentiated by different preamble indices, Group A and Group B is not used for this PRACH resource.




	[bookmark: _Hlk506422882]
[bookmark: _Toc494136277]5.1.2	Random Access Resource selection
The Random Access Resource selection procedure shall be performed as follows: 
-	For BL UEs or UEs in enhanced coverage, select the PRACH resource set corresponding to the selected enhanced coverage level.
-	If, except for NB-IoT, ra-PreambleIndex (Random Access Preamble) and ra-PRACH-MaskIndex (PRACH Mask Index) have been explicitly signalled and ra-PreambleIndex is not 000000:
-	the Random Access Preamble and the PRACH Mask Index are those explicitly signalled;
-	else, for NB-IoT, if ra-PreambleIndex (Random Access Preamble) and PRACH resource have been explicitly signalled:
-	the PRACH resource is that explicitly signalled;
-	if the ra-PreambleIndex signalled is not 000000:
-	if ra-CFRA-Config is configured:
-	the Random Access Preamble is set to nprach-SubcarrierOffset + nprach-NumCBRA-StartSubcarriers + (ra-PreambleIndex modulo (nprach-NumSubcarriers - nprach-NumCBRA-StartSubcarriers)), where nprach-SubcarrierOffset, nprach-NumCBRA-StartSubcarriers and nprach-NumSubcarriers are parameters in the currently used PRACH resource.
-	else:
-	the Random Access Preamble is set to nprach-SubcarrierOffset + (ra-PreambleIndex modulo nprach-NumSubcarriers), where nprach-SubcarrierOffset and nprach-NumSubcarriers are parameters in the currently used PRACH resource.
-	else:
-	select the Random Access Preamble group according to the PRACH resource and the support for multi-tone Msg3 transmission. A UE supporting multi-tone Msg3 shall only select the single-tone Msg3 Random Access Preambles group if there is no multi-tone Msg3 Random Access Preambles group.
-	randomly select a Random Access Preamble within the selected group.
-	else the Random Access Preamble shall be selected by the MAC entity as follows:
[bookmark: _Hlk506423760]-	For BL UEs or UEs in enhanced coverage, if Random Access Preamble group B does not exist, select the Random Access Preambles group corresponding to the selected enhanced coverage level; or if early data transmission was initiated, select the Random Access Preambles group corresponding to early data transmission for the selected enhanced coverage level.
-	For NB-IoT, randomly select one of the PRACH resources corresponding to the selected enhanced coverage level according to the configured probability distribution, and select the Random Access Preambles group corresponding to the PRACH resource and the support for multi-tone Msg3 transmission. A UE supporting multi-tone Msg3 shall only select the single-tone Msg3 Random Access Preambles group if there is no multi-tone Msg3 Random Access Preambles group.
-	Except for BL UEs or UEs in enhanced coverage in case preamble group B does not exist, or except for NB-IoT UEs, if Msg3 has not yet been transmitted, the MAC entity shall:
-	if Random Access Preambles group B exists and any of the following events occur:
-	the potential message size (UL data available for transmission plus MAC header and, where required, MAC control elements) is greater than messageSizeGroupA and the pathloss is less than PCMAX,c (of the Serving Cell performing the Random Access Procedure) – preambleInitialReceivedTargetPower – deltaPreambleMsg3 – messagePowerOffsetGroupB;
-	the Random Access procedure was initiated for the CCCH logical channel and the CCCH SDU size plus MAC header is greater than messageSizeGroupA;
-	select the Random Access Preambles group B;
-	else:
-	select the Random Access Preambles group A.
-	else, if Msg3 is being retransmitted, the MAC entity shall:
-	select the same group of Random Access Preambles as was used for the preamble transmission attempt corresponding to the first transmission of Msg3.
-	randomly select a Random Access Preamble within the selected group. The random function shall be such that each of the allowed selections can be chosen with equal probability;
-	except for NB-IoT, set PRACH Mask Index to 0.
-	determine the next available subframe containing PRACH permitted by the restrictions given by the prach-ConfigIndex (except for NB-IoT), the PRACH Mask Index (except for NB-IoT, see subclause 7.3), physical layer timing requirements [2] and in case of NB-IoT, the subframes occupied by PRACH resources related to a higher enhanced coverage level (a MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH subframe);
-	if the transmission mode is TDD and the PRACH Mask Index is equal to zero:
-	if ra-PreambleIndex was explicitly signalled and it was not 000000 (i.e., not selected by MAC):
-	randomly select, with equal probability, one PRACH from the PRACHs available in the determined subframe.
-	else:
-	randomly select, with equal probability, one PRACH from the PRACHs available in the determined subframe and the next two consecutive subframes.
-	else:
-	determine a PRACH within the determined subframe in accordance with the requirements of the PRACH Mask Index, if any.
-	for NB-IoT UEs, BL UEs or UEs in enhanced coverage, select the ra-ResponseWindowSize and mac-ContentionResolutionTimer corresponding to the selected enhanced coverage level and PRACH.
-	proceed to the transmission of the Random Access Preamble (see subclause 5.1.3).




[bookmark: _Ref506142660]TS 36.331

In PRACH-Config:

PRACH-Config information elements
-- ASN1START

PRACH-ConfigSIB ::=				SEQUENCE {
	rootSequenceIndex					INTEGER (0..837),
	prach-ConfigInfo					PRACH-ConfigInfo
}

PRACH-ConfigSIB-v1310 ::=			SEQUENCE {
	rsrp-ThresholdsPrachInfoList-r13		RSRP-ThresholdsPrachInfoList-r13,
	mpdcch-startSF-CSS-RA-r13			CHOICE {
		fdd-r13								ENUMERATED {v1, v1dot5, v2, v2dot5, v4, v5, v8, 
												v10},
 		tdd-r13								ENUMERATED {v1, v2, v4, v5, v8, v10, v20, spare}
	} 																		OPTIONAL,	-- Cond MP
	prach-HoppingOffset-r13				INTEGER (0..94)						OPTIONAL,	-- Need OR
	prach-ParametersListCE-r13			PRACH-ParametersListCE-r13
}

PRACH-ConfigSIB-v15xy ::=				SEQUENCY {
	prach-ParameterListCE-EDT-r15		PRACH-ParameterslistCE-r13			OPTIONAL,	-- Cond EDT
}


PRACH-Config ::=					SEQUENCE {
	rootSequenceIndex					INTEGER (0..837),
	prach-ConfigInfo					PRACH-ConfigInfo					OPTIONAL	-- Need ON
}

PRACH-Config-v1310 ::=				SEQUENCE {
	rsrp-ThresholdsPrachInfoList-r13		RSRP-ThresholdsPrachInfoList-r13		OPTIONAL,	-- Cond MP
	mpdcch-startSF-CSS-RA-r13			CHOICE {
		fdd-r13								ENUMERATED {v1, v1dot5, v2, v2dot5, v4, v5, v8, 
												v10},
 		tdd-r13								ENUMERATED {v1, v2, v4, v5, v8, v10, v20, spare}
	} 																		OPTIONAL,	-- Cond MP
	prach-HoppingOffset-r13				INTEGER (0..94)						OPTIONAL,	-- Need OR
	prach-ParametersListCE-r13			PRACH-ParametersListCE-r13			OPTIONAL,	-- Cond MP
	initial-CE-level-r13					INTEGER (0..3) 		OPTIONAL	-- Need OR
}

PRACH-Config-v1430 ::=				SEQUENCE {
	rootSequenceIndexHighSpeed-r14				INTEGER (0..837),
	zeroCorrelationZoneConfigHighSpeed-r14		INTEGER (0..12),
	prach-ConfigIndexHighSpeed-r14				INTEGER (0..63),
	prach-FreqOffsetHighSpeed-r14				INTEGER (0..94)
}
PRACH-ConfigSCell-r10 ::=				SEQUENCE {
	prach-ConfigIndex-r10					INTEGER (0..63)
}

PRACH-ConfigInfo ::=				SEQUENCE {
	prach-ConfigIndex					INTEGER (0..63),
	highSpeedFlag						BOOLEAN,
	zeroCorrelationZoneConfig			INTEGER (0..15),
	prach-FreqOffset					INTEGER (0..94)
}

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

PRACH-ParametersCE-r13 ::=			SEQUENCE {
	prach-ConfigIndex-r13					INTEGER (0..63),
	prach-FreqOffset-r13						INTEGER (0..94), 
	prach-StartingSubframe-r13				ENUMERATED {sf2, sf4, sf8, sf16, sf32, sf64, sf128,
														sf256}				OPTIONAL,	-- Need OP
	maxNumPreambleAttemptCE-r13
								ENUMERATED {n3, n4, n5, n6, n7, n8, n10}	OPTIONAL,	-- Need OP
	numRepetitionPerPreambleAttempt-r13		ENUMERATED {n1,n2,n4,n8,n16,n32,n64,n128},
	mpdcch-NarrowbandsToMonitor-r13			SEQUENCE (SIZE(1..2)) OF 
													INTEGER (1..maxAvailNarrowBands-r13),
	mpdcch-NumRepetition-RA-r13				ENUMERATED {r1, r2, r4, r8, r16,
														r32, r64, r128, r256},
	prach-HoppingConfig-r13					ENUMERATED {on,off}
}

RSRP-ThresholdsPrachInfoList-r13 ::= SEQUENCE (SIZE(1..3)) OF RSRP-Range

-- ASN1STOP

	prach-ParametersListCE, prach-ParametersListCE-EDT
Configures PRACH parameters for each CE level. The first entry in the list is the PRACH parameters of CE level 0, the second entry in the list is the PRACH parameters of CE level 1, and so on. prachParameterListCE-EDT configures PRACH parameters for each CE level for EDT, correspondingly. 




In RadioResourceConfigCommon:
	RadioResourceConfigCommon information element

RadioResourceConfigCommonSIB ::=	SEQUENCE {
	rach-ConfigCommon					RACH-ConfigCommon,
	bcch-Config 						BCCH-Config,
	pcch-Config 						PCCH-Config,
	prach-Config						PRACH-ConfigSIB,
	pdsch-ConfigCommon					PDSCH-ConfigCommon,
	pusch-ConfigCommon					PUSCH-ConfigCommon,
	pucch-ConfigCommon					PUCCH-ConfigCommon,
[bookmark: OLE_LINK54][bookmark: OLE_LINK55]	soundingRS-UL-ConfigCommon			SoundingRS-UL-ConfigCommon,
	uplinkPowerControlCommon			UplinkPowerControlCommon,
	ul-CyclicPrefixLength				UL-CyclicPrefixLength,
	...,
	[[	uplinkPowerControlCommon-v1020	UplinkPowerControlCommon-v1020		OPTIONAL	-- Need OR
	]],
	[[	rach-ConfigCommon-v1250			RACH-ConfigCommon-v1250				OPTIONAL	-- Need OR
	]],
	[[	pusch-ConfigCommon-v1270		PUSCH-ConfigCommon-v1270			OPTIONAL	-- Need OR
	]],
	[[	bcch-Config-v1310				BCCH-Config-v1310					OPTIONAL,	-- Need OR
		pcch-Config-v1310				PCCH-Config-v1310					OPTIONAL,	-- Need OR
		freqHoppingParameters-r13		FreqHoppingParameters-r13			OPTIONAL,	-- Need OR
		pdsch-ConfigCommon-v1310		PDSCH-ConfigCommon-v1310			OPTIONAL,	-- Need OR
		pusch-ConfigCommon-v1310		PUSCH-ConfigCommon-v1310			OPTIONAL,	-- Need OR
		prach-ConfigCommon-v1310		PRACH-ConfigSIB-v1310				OPTIONAL,	-- Need OR
		pucch-ConfigCommon-v1310		PUCCH-ConfigCommon-v1310			OPTIONAL	-- Need OR
	]],
	[[	highSpeedConfig-r14				HighSpeedConfig-r14					OPTIONAL,	-- Need OR
		prach-Config-v1430				PRACH-Config-v1430					OPTIONAL,	-- Need OR
		pucch-ConfigCommon-v1430		PUCCH-ConfigCommon-v1430			OPTIONAL	-- Need OR
	]],
	[[  prach-ConfigCommon-v15xy		PRACH-ConfigSIB-v15xy				OPTIONAL,	-- Need OR
	]]
}





In RACH-ConfigCommon:

RACH-CE-LevelInfoList-r13 ::=   SEQUENCE (SIZE (1..maxCE-Level-r13)) OF RACH-CE-LevelInfo-r13

RACH-CE-LevelInfo-r13 ::=      SEQUENCE {
    preambleMappingInfo-r13            SEQUENCE {
       firstPreamble-r13                 INTEGER(0..63),
       lastPreamble-r13                  INTEGER(0..63)
    },
    ra-ResponseWindowSize-r13          ENUMERATED {sf20, sf50, sf80, sf120, sf180,
                                                sf240, sf320, sf400},

    mac-ContentionResolutionTimer-r13   ENUMERATED {sf80, sf100, sf120,
                                                sf160, sf200, sf240, sf480, sf960},
    rar-HoppingConfig-r13              ENUMERATED {on,off},
    ...
    [[  preambleMappingInfo-EDT-r15     SEQUENCE {
       firstPreamble-EDT-r15              INTEGER(0..63),
       lastPreamble-EDT-r15               INTEGER(0..63)
        }
    ]],
	...

}

	RACH-ConfigCommon field descriptions

	preambleMappingInfo, preambleMappingInfo-EDT
Provides the mapping of premambles to groups for each CE level, as specified in TS 36.321 [6]. When random access preambles group B is used, firstPreamble-r13 is set to 0 and lastPreamble-r13 is set to numberOfRA-Preambles-1.
If EDT is configured and supported by the UE, the preamble group for EDT for the CE level group of preambles from firstPreamble-EDT-r15 to lastPreamble-EDT-r15.



Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	PRACH resources per CE level for EDT are configured using separate PRACH resources or using groups of preambles within a PRACH resource, as in legacy LTE-M.
Proposal 2	Preambles within a PRACH resource are configured separately for EDT and non-EDT use.
Proposal 3	PRACH-Config is extended for configuration of PRACH resources for EDT for each CE level.
Proposal 4	Configure EDT preambles for each CE level using firstPreamble-EDT and lastPreamble-EDT as in text proposal in Section 3.2.
Proposal 5	In LTE-M, PRACH resource set is first selected based on CE level and the UE further selects the EDT-preambles if the UE intends to do EDT, otherwise UE selects the non-EDT preambles.
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