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1. Introduction
At RAN2 #93bis, RAN2 agreed on Resume ID and the Msg.3 size for the U-plane solution as follows [1].
· We will enable the existing msg3 size (CCCH TBS size 56bits) to be used.

· Resume ID for non-NB-IOT is 40 bits.

· Introduce 2c ("Truncated Resume ID or Full Resume ID in msg 3 (e.g indicated in SIB)").

· The legacy PRACH partition could be used in combination with 2c. Whether the current PRACH partition mechanism needs extension can be discussed at the next meeting.
This paper attempts to discuss the following open issues.

Issue 1. Necessity of extension to the current RA preamble partitioning mechanism
Issue 2. Applicability of RA preamble partitioning to non-NB-IoT UEs including Cat.M1 UEs.
2. Discussion
2.1. Necessity of extension to RA preamble partitioning
If the full Resume ID (i.e., the ID length is 40 bits) is used in the RRCConnectionResumeRequest message, there exists two different CCCH SDU sizes as shown below.

Case 1. 48 bits of CCCH SDU:
For RRCConnectionRequest and RRCConnectionReestablishmentRequest.
Case 2. 64 bits of CCCH SDU:
For RRCConnectionResumeRequest.

Assuming that no MAC CE is added and only a MAC header is included, the required TBS is 56 bits for Case 1 and 72 bits for Case 2, respectively. If the eNB assigns 72 bits of TBS regardless of the CCCH SDU size, padding (BSR) is always added for Case 1, resulting in wasting radio resources. Even worse, the larger size Msg.3 requires, the worse Msg.3 BLER is as shown in Table 1. The eNB should assign the larger TBS for Msg.3 only when required to accommodate the larger CCCH SDU. For the eNB to do this, the RA preamble grouping mechanism specified in MAC can be utilised.
Table 1:
Es/N0 (dB) for 10% of PUSCH BLER at initial transmission [2]
	RB
	Propagation conditions
	OFDM symbols
	Msg.3 TBS

	
	
	
	56 bits
	72 bits
	88 bits
	104 bits
	144 bits

	1 RB
	AWGN
	13
	-2.97
	-2.20 (0.77)
	
	-0.70 (2.27)
	

	
	
	14
	-3.19
	-2.70 (0.49)
	
	-1.11 (2.08)
	

	
	EVA 5Hz
	13
	0.76
	1.61 (0.85)
	
	3.16 (2.4)
	

	
	
	14
	0.41
	1.13 (0.72)
	
	2.67 (2.26)
	

	
	ETU 70Hz
	13
	2.82
	3.72 (0.9)
	
	5.33 (2.51)
	

	
	
	14
	2.55
	3.34 (0.79)
	
	4.90 (2.35)
	

	2 RBs
	AWGN
	13
	-5.60
	-4.90 (0.7)
	
	-4.01 (1.59)
	

	
	
	14
	-5.80
	-5.20 (0.6)
	
	-4.30 (1.5)
	

	
	EVA 5Hz
	13
	-2.06
	-1.35 (0.71)
	
	-0.31 (1.75)
	

	
	
	14
	-2.31
	-1.67 (0.64)
	
	-0.64 (1.67)
	

	
	ETU 70Hz
	13
	-0.32
	0.36 (0.68)
	
	1.56 (1.88)
	

	
	
	14
	-0.51
	0.11 (0.62)
	
	1.22 (1.73)
	

	3 RBs
	AWGN
	13
	-6.90
	
	-5.90 (1.0)
	
	-4.60 (2.3)

	
	
	14
	-7.10
	
	-6.20 (0.9)
	
	-4.90 (2.2)

	
	EVA 5Hz
	13
	-3.56
	
	-2.48 (1.08)
	
	-1.01 (2.55)

	
	
	14
	-3.83
	
	-2.74 (1.09)
	
	-1.28 (2.55)

	
	ETU 70Hz
	13
	-2.00
	
	-0.85 (1.15)
	
	0.60 (2.6)

	
	
	14
	-2.12
	
	-1.05 (1.07)
	
	0.38 (2.5)


NOTE:
The value in parentheses shows the loss (dB) from the existing TBS, i.e., 56 bits using the same number of RBs.

According to the current MAC specification, RA preambles can be grouped into two, group A/B. For initial transmission of Msg.3, if the potential message size is greater than that of group A (messageSizeGroupA) and the pathloss is less than a certain threshold, the UE selects an RA preamble from group B. Upon receiving the RA preamble in group B, the eNB can learn that the larger TBS than group A needs to be assigned for the UE. The condition on the pathloss is to make sure that received signal power at the eNB is enough to deliver the larger size of TB. If the condition is not satisfied, the UE selects an RA preamble from group A. Upon receiving an RA preamble in group A, the eNB can decide that the same TBS of group A should be assigned for Msg.3.
With this mechanism as it is, the eNB can distinguish Case 2 from Case 1 by setting messageSizeGroupA to 56 bits and messagePowerOffsetGroupB to minus infinity which means the selection of RA preamble in group B is only based on the message size. For this parameter setting, the UE always select group B in Case 2 no matter how the pathloss is. It seems acceptable to non-NB IoT UEs supporting RRC suspend/resume since the increased probability of the resume failure can be regarded as the cost paid for the benefit of signaling reduction. In contrast, if the eNB uses group B with the same parameter setting for legacy UEs (i.e., any UEs not supporting RRC suspend/resume) to assign the larger TBS (than 56 bits), the eNB also assigns the larger TBS for legacy UEs even in the area where the pathloss is larger than the threshold. In consequence, the failure rate of Msg. 3 transmission, i.e., RRC connection (re)establishment is increased for legacy UEs in particular at the cell edge. The following can be observed.
Observation:
If the eNB uses group B for legacy UEs (not supporting RRC suspend/resume), utilizing the current RA preamble partitioning as it is results in deteriorating the successful rate of RRC connection (re)establishment for legacy UEs.
To overcome the above negative impacts to legacy UEs, the following extensions can be considered.
Option 1:
Introduce another condition to select RA preamble group B such that the CCCH SDU size is greater than messageSizeGroupA.
In this option, when the UE supporting RRC suspend/resume sends the RRCConnectionResumeRequest message whose Msg.3 TBS is 72 bits, the UE selects an RA preamble from group B regardless of the pathloss. The UE supporting RRC suspend/resume selects an RA preamble from group A when the RA procedure is initiated for RRCConnectionRequest or RRCConnectionReestablishmentRequest. For legacy UEs not supporting RRC suspend/resume, the UE behavior on the RA preamble selection from group A/B is the same as today. For this option, the RA resource selection procedure specified in 5.1.2 of TS 36.321 is required to modify as shown in Annex A in this paper. The other specifications are not affected by this option.
Option 2:

Introduce another group (group C) for Msg.3 TBS to deliver RRCConnectionResumeRequest.
In this option, three groups are used as follows.

· Group A:
56 bits of TBS for RRCConnectionRequest and RRCConnectionReestablishmentRequest.

· Group C:
72 bits of TBS for RRCConnectionResumeRequest.
· Group B:
Larger TBS than Group C and pathloss is less than the threshold.
Group C is supported for UEs supporting RRC resume/suspend. For legacy UEs, the UE behavior on the RA preamble selection from group A/B is the same as today. For this option, the RA procedure initialization (5.1.1) and the RA resource selection procedures of TS 36.321 are required to modify as shown in Annex B in this paper. In addition, sizeOfRA-PreamblesGroupC and messageSizeGroupC have to be defined within RACH-ConfigCommon in TS 36.331 as shown in Annex B.
With regards to Option 1, if a RA preamble is selected from group B, the eNB cannot distinguish the UE initiating the RRC connection resume from the legacy UE fulfilling the legacy condition B. The eNB in this case assigns the same TBS for both UEs at least 72 bits to accommodate the RRCConnectionResumeRequest message. In contrast, Option 2 enables to assign different TBS between the UE initiating the RRC connection resume and the legacy UE fulfilling the legacy condition B. Nonetheless, it is quite questionable whether such a finer granularity is deemed essential. Given that the likely purpose of using the legacy condition B is to include padding BSR together with CCCH SDU in Msg.3, it is still enough even though the assigned TBS is the same between these two UEs. Furthermore, Option 1 can be realized by a simpler modification as shown in Annex A. In that sense, Option 1 is a sensible choice to resolve the issue. The following is proposed.
Proposal 1:
Introduce another condition to select RA preamble group B such that the CCCH SDU size is greater than messageSizeGroupA.
2.2. Applicability of RA preamble partitioning
In the last meeting, it was also discussed whether the RA preamble partitioning (and extensions) is applied for Cat.M1 UEs or not. This is due to the fact that it is not supported for Cat.M1 UEs according to the latest MAC specification. Since Cat.M1 UEs support at least CE mode A, PUSCH repetition for Msg.3 can compensate the loss of increased message size. Nevertheless, physical channel repetition is not efficient in terms of radio capacity and should be limited only if needed. Therefore, RA preamble partitioning and the proposed extension should be applicable for Cat.M1 UEs as well. The following is proposed.
Proposal 2:
RA preamble partitioning and the proposed extension can be used for non-NB-IoT UEs including Cat.M1 UEs.
3. Summary and proposal
In summary, the following was observed for the current RA preamble partitioning.
Observation:
If the eNB uses group B for legacy UEs (not supporting RRC suspend/resume), utilizing the current RA preamble partitioning as it is results in deteriorating the successful rate of RRC connection (re)establishment for legacy UEs.
To overcome the observed negative impact, the followings were proposed.
Proposal 1:
Introduce another condition to select RA preamble group B such that the CCCH SDU size is greater than messageSizeGroupA.
Proposal 2:
RA preamble partitioning and the proposed extension can be used for non-NB-IoT UEs including Cat.M1 UEs.
A CR to 36.321 to implement these proposals is provided in [3].
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Annex A:
An example of MAC specification impacts on Option 1

5.1.2
Random Access Resource selection

The Random Access Resource selection procedure shall be performed as follows:

-
If 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 the Random Access Preamble shall be selected by the MAC entity as follows:

-
If Msg3 has not yet been transmitted, the MAC entity shall, except for BL UEs or UEs in enhanced coverage:

-
if Random Access Preambles group B exists:

-
if the potential message size (UL data available for transmission plus MAC header and, where required, MAC control elements) is greater than messageSizeGroupA and if the pathloss is less than PCMAX,c (of the Serving Cell performing the Random Access Procedure) – preambleInitialReceivedTargetPower – deltaPreambleMsg3 – messagePowerOffsetGroupB; or
-
if the Random Access procedure was initiated for the CCCH logical channel and the CCCH SDU size is greater than messageSizeGroupA, then:

-
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;

-
set PRACH Mask Index to 0.

<< omit unchanged part >>
Annex B:
An example of MAC/RRC specification impacts on Option 2

5.1.1
Random Access Procedure initialization

The Random Access procedure described in this subclause is initiated by a PDCCH order, by the MAC sublayer itself or by the RRC sublayer. Random Access procedure on an SCell shall only be initiated by a PDCCH order. If a MAC entity receives a PDCCH transmission consistent with a PDCCH order [5] masked with its C-RNTI, and for a specific Serving Cell, the MAC entity shall initiate a Random Access procedure on this Serving Cell. For Random Access on the SpCell a PDCCH order or RRC optionally indicate the ra-PreambleIndex and the ra-PRACH-MaskIndex; and for Random Access on an SCell, the PDCCH order indicates the ra-PreambleIndex with a value different from 000000 and the ra-PRACH-MaskIndex. For the pTAG preamble transmission on PRACH and reception of a PDCCH order are only supported for SpCell.
Before the procedure can be initiated, the following information for related Serving Cell is assumed to be available except for BL UEs or UEs in enhanced coverage [8]:

-
the available set of PRACH resources 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):


The preambles that are contained in Random Access Preambles group A, Random Access Preambles group B and Random Access Preambles group C are calculated from the parameters numberOfRA-Preambles, sizeOfRA-PreamblesGroupA and sizeOfRA-PreamblesGroupC:


If sizeOfRA-PreamblesGroupA is equal to numberOfRA-Preambles then there is no Random Access Preambles group B. The preambles in Random Access Preamble group A are the preambles 0 to sizeOfRA-PreamblesGroupA – 1 and, if it exists, the preambles in Random Access Preamble group B are the preambles sizeOfRA-PreamblesGroupA to numberOfRA-Preambles – 1 from the set of 64 preambles as defined in [7]. In addition, if the Random Access Preambles Group C exists, the preambles in Random Access Preamble Group C are the preambles sizeOfRA-PreamblesGroupA to sizeOfRA-PreamblesGroupC – 1 and the preambles in Random Access Preamble group B are the preambles sizeOfRA-PreamblesGroupC to numberOfRA-Preambles – 1 from the set of 64 preambles as defined in [7].
-
if Random Access Preambles group B exists, the thresholds, messagePowerOffsetGroupB, messageSizeGroupA and messageSizeGroupC, the configured UE transmitted power of the Serving Cell performing the Random Access Procedure, PCMAX, c [10], and the offset between the preamble and Msg3, deltaPreambleMsg3, that are required for selecting one of the two groups of Random Access Preambles (SpCell only).

<< omit unchanged part >>
5.1.2
Random Access Resource selection

The Random Access Resource selection procedure shall be performed as follows:

-
If 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 the Random Access Preamble shall be selected by the MAC entity as follows:

-
If Msg3 has not yet been transmitted, the MAC entity shall, except for BL UEs or UEs in enhanced coverage:

-
if Random Access Preambles group B exists:

-
if Random Access Preambles group C exists:

-
if the Random Access procedure was initiated for the CCCH logical channel and the message size of CCCH SDU plus MAC header is equal to messageSizeGroupC:

-
select the Random Access Preambles group C;
-
else if the potential message size (UL data available for transmission plus MAC header and, where required, MAC control elements) is greater than messageSizeGroupC and if the pathloss is less than PCMAX,c (of the Serving Cell performing the Random Access Procedure) – preambleInitialReceivedTargetPower – deltaPreambleMsg3 – messagePowerOffsetGroupB, then:

-
select the Random Access Preambles group B;
-
else if the potential message size (UL data available for transmission plus MAC header and, where required, MAC control elements) is greater than messageSizeGroupA and if the pathloss is less than PCMAX,c (of the Serving Cell performing the Random Access Procedure) – preambleInitialReceivedTargetPower – deltaPreambleMsg3 – messagePowerOffsetGroupB, then:
-
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;

-
set PRACH Mask Index to 0.

<< omit unchanged part >>
–
RACH-ConfigCommon
The IE RACH-ConfigCommon is used to specify the generic random access parameters.

RACH-ConfigCommon information element

-- ASN1START

RACH-ConfigCommon ::=

SEQUENCE {


preambleInfo





SEQUENCE {



numberOfRA-Preambles



ENUMERATED {













n4, n8, n12, n16 ,n20, n24, n28,













n32, n36, n40, n44, n48, n52, n56,













n60, n64},



preamblesGroupAConfig



SEQUENCE {




sizeOfRA-PreamblesGroupA


ENUMERATED {














n4, n8, n12, n16 ,n20, n24, n28,














n32, n36, n40, n44, n48, n52, n56,














n60},




messageSizeGroupA





ENUMERATED {b56, b144, b208, b256},




messagePowerOffsetGroupB


ENUMERATED {














minusinfinity, dB0, dB5, dB8, dB10, dB12,














dB15, dB18},




...,



[[
sizeOfRA-PreamblesGroupC-r13

ENUMERATED {















n4, n8, n12, n16 ,n20, n24, n28,















n32, n36, n40, n44, n48, n52, n56}



















OPTIONAL,
-- Need OP




messageSizeGroupC-r13



ENUMERATED {b72, b88, b104, b144}



















OPTIONAL
-- Need OP



]]


}


OPTIONAL












-- Need OP


},


powerRampingParameters



PowerRampingParameters,


ra-SupervisionInfo




SEQUENCE {



preambleTransMax




PreambleTransMax,



ra-ResponseWindowSize



ENUMERATED {













sf2, sf3, sf4, sf5, sf6, sf7,













sf8, sf10},



mac-ContentionResolutionTimer

ENUMERATED {













sf8, sf16, sf24, sf32, sf40, sf48,













sf56, sf64}


},


maxHARQ-Msg3Tx





INTEGER (1..8),


...,


[[
preambleTransMax-CE-r13


PreambleTransMax




OPTIONAL,
-- Need OR


rach-CE-LevelInfoList-r13

RACH-CE-LevelInfoList-r13


OPTIONAL
-- Need OR


]]
}

RACH-ConfigCommon-v1250 ::=

SEQUENCE {


txFailParams-r12 



SEQUENCE {



connEstFailCount-r12




ENUMERATED {n1, n2, n3, n4},



connEstFailOffsetValidity-r12


ENUMERATED {s30, s60, s120, s240, 















s300, s420, s600, s900},



connEstFailOffset-r12




INTEGER (0..15)

OPTIONAL
-- Need OP


}

}

RACH-ConfigCommonSCell-r11 ::=

SEQUENCE {


powerRampingParameters-r11



PowerRampingParameters,


ra-SupervisionInfo-r11




SEQUENCE {



preambleTransMax-r11




PreambleTransMax


},


...

}
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},


...

}

PowerRampingParameters ::=


SEQUENCE {


powerRampingStep




ENUMERATED {dB0, dB2,dB4, dB6},


preambleInitialReceivedTargetPower
ENUMERATED {












dBm-120, dBm-118, dBm-116, dBm-114, dBm-112,












dBm-110, dBm-108, dBm-106, dBm-104, dBm-102,












dBm-100, dBm-98, dBm-96, dBm-94,












dBm-92, dBm-90}

}

PreambleTransMax ::=



ENUMERATED {












n3, n4, n5, n6, n7,
n8, n10, n20, n50,












n100, n200}

-- ASN1STOP

<< field descriptions are omitted >>
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