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1   Introduction
In RAN2#96 meeting [1], the following agreements were achieved:
Agreements

1 
The design of RA procedure in NR needs to support flexible Msg3 size (as already supported in LTE). 

FFS whether the eNB can be provided with more information (compared to LTE) from the UE on the Msg 3 size to provide.
In RAN2# 97bis meeting [2], the following agreements on the cases where the RA is needed were agreed:

	The random access procedure in NR is supported at least for the following events:

(1)
Initial access from RRC_IDLE;

(2)
RRC Connection Re-establishment procedure;

(3)
Handover;

(4)
DL data arrival during RRC_CONNECTED requiring random access procedure, e.g. when UL synchronisation status is "non-synchronised";

(5)
UL data arrival during RRC_CONNECTED requiring random access procedure, e.g. when UL synchronisation status is "non-synchronised" or there are no PUCCH resources for SR available.

(6)  Transition from RRC_INACTIVE to RRC_CONNECTED


Another possible case of random access was agreed for on demand SI request.

	Agreements for on demand request of broadcast SI transmission.

1:
For idle and inactive mode, there will be network control whether MSG1 or MSG3 can be used to transmit SI request.


In this contribution, we analyze the size of Msg3 for different cases d and discuss how to signal the Msg3 size based on the identified cases.
2   Discussion on the Size of Msg3 in NR 
In LTE, the random access procedure is applied in the following scenarios:
· Initial access from RRC_IDLE; 
· RRC Connection Re-establishment procedure; 
· Handover or positioning purpose; 
· DL data arrival during RRC_CONNECTED requiring random access procedure, e.g. when UL synchronisation status is "non-synchronised";
· UL data arrival during RRC_CONNECTED requiring random access procedure, e.g. when UL synchronisation status is "non-synchronised" or there are no PUCCH resources for SR available.
We think that the above cases for random access should be the common ones applicable to both by LTE and NR. For these scenarios, therefore, the Msg3 sizes are respectively analyzed as follows. 

· Initial access from RRC_IDLE

The UE identity length (S-TMSI or randomValue) is 40 bits in RRCConnectionRequest as defined in [3].The bit for EstablishmentCause is 3bits. Therefore, the total length for RRCConnectionRequest is 44bit for the initial access case.
RRCConnectionRequest-r8-IEs ::=

SEQUENCE {


ue-Identity






InitialUE-Identity,   

establishmentCause




EstablishmentCause,     

spare







BIT STRING (SIZE (1))    }
InitialUE-Identity ::=



CHOICE {


s-TMSI







S-TMSI,


randomValue






BIT STRING (SIZE (40))

}
EstablishmentCause ::=



ENUMERATED {











emergency, highPriorityAccess, mt-Access, mo-Signalling,











mo-Data, delayTolerantAccess-v1020, mo-VoiceCall-v1280, spare1}
· RRC connection reestablishment

The C-RNTI length is 16bits, the physCellId is 9 bits and shortMAC-I is 16bits in RRCConnectionReestablishment [3]. The UE identity in RRCConnectionReestablishment is 41bits which is the sum of C-RNTI, physCellId and shortMAC-I. Therefore, the total length for RRCConnectionReestablishment is 46bit.
RRCConnectionReestablishmentRequest-r8-IEs ::= SEQUENCE {


ue-Identity






ReestabUE-Identity,   

reestablishmentCause



ReestablishmentCause,   

spare







BIT STRING (SIZE (2))  
}
ReestabUE-Identity ::=



SEQUENCE {


c-RNTI







C-RNTI,


physCellId






PhysCellId,


shortMAC-I






ShortMAC-I

}
· RRC Connection Resume

The resume identity (resumeID or truncatedResumeID) in RRC connection resume procedure is 40 bits or 24 bits. The shortResumeMAC-I is 16bits. The UE identity length in RRCConnectionResume is 56 bits when resumeID is signaled or 40bits otherwise. Therefore, the total length for RRCConnectionResumeRequest is 60bits or 44bits.
RRCConnectionResumeRequest-r13-IEs ::=

SEQUENCE {


resumeIdentity-r13







CHOICE {



resumeID-r13








ResumeIdentity-r13,


truncatedResumeID-r13






BIT STRING (SIZE (24))


},

shortResumeMAC-I-r13







BIT STRING (SIZE (16)),


resumeCause-r13








ResumeCause,  3


spare










BIT STRING (SIZE (1))
}

ResumeCause ::=



ENUMERATED {











emergency, highPriorityAccess, mt-Access, mo-Signalling,











mo-Data, delayTolerantAccess-v1020, mo-VoiceCall-v1280, spare1}
ResumeIdentity information element
-- ASN1START

ResumeIdentity-r13 ::=





BIT STRING (SIZE(40))
-- ASN1STOP

· Handover, DL/UL data arrival and positioning for connected UEs
In this case, the Msg3 is actually the C-RNTI MAC CE. Thus, the Msg3 size can be treated as 16 bit, the length of the C-RNTI.  
Table 1. Summary of Msg3 size and UE Identities for RACH in LTE Procedures 
	Applicable Scenarios
	UE identity
	UE Identity length (bit)
	Msg3 content
	Msg3 content size(bit)

	RRC Connection Setup
	S-TMSI or randomValue
	40
	RRCConnectionRequest
	40+3+1=44

	RRC Connection Reestablishment
	C-RNTI + physCellId + shortMAC-I
	16+9+16=41
	RRCConnectionReestablishment
	41+3+2=46

	RRC Connection Resume
	resumeID or truncatedResumeID+ shortResumeMAC-I
	40+16 =56 or 24+16=40
	RRCConnectionResume
	56+3+1=60 
or 40 +3+1=44

	Handover, DL/UL traffic arrival in case of "non-synchronised", positioning for connected UEs
	C-RNTI 
	16
	C-RNTI MAC CE
	16


Based on the above analyses, it is proposed that the Msg 3 sizes of LTE, as listed in Table 1, also apply to the NR with respect to those common cases for both LTE and NR random access. 
Observation 1: For the common cases for LTE and NR random access, the Msg3 sizes of NR share those of LTE (as given in Table 1). 

In addition to above common cases shared with LTE, two new use cases in NR were agreed for random access, i.e. transition from inactive to connected and on demand SI request. Considering that these are new features introduced to NR, we analyze the content and size of Msg3 for these two additional cases, with some possible solutions provided in the following Table 2 and Table 3 respectively. 

Table 2. Baseline Analysis of Msg3 content and size for transition from inactive to connected
	Applicable Scenarios
	UE identity
	UE Identity length (bit)
	Msg3 content
	Msg3 content size(bit)

	RRC transmission from inactive to connected 
	UE-ID 
	40
	RRC message +small data

	40+X


Table 3. Baseline Analysis of Msg3 content and size for on demand SI
	Applicable Scenarios
	UE identity
	UE Identity length (bit)
	Msg3 content
	Msg3 content size(bit)

	RRC Idle State
	S-TMSI or randomValue
	40
	UE identity + on demand SI request

	40+Y

	RRC “Inactive” State
	UE-ID
	40
	UE identity + on demand SI request
	40 +Y 

	RRC Connected State
	C-RNTI for traffic arrival in case of "non-synchronised", and positioning for connected UEs
	16
	UE identity + on demand SI request
	16+Y


Since to know possible Msg3 sizes is a necessity for further discussing specific mechanisms of signalling Msg3 size in NR, therefore, we suggest RAN2 to study the Msg3 size for the additional two cases which need Msg3 transfer in NR, by taking into account our solutions provided in the above Tables.  
Observation 2: For the additional two cases in NR (i.e. transition from RRC_INACTIVE to RRC_CONNECTED and on-demand SI) , Msg3 size could vary in different cases as analyzed in Table 2 and 3.  
3   Discussion on how to signal Msg3 size
In LTE, two preamble groups, i.e. Random Access Preamble group A and Random Access Preamble group B, have been defined and they can indicate if Msg3 is above or below a configurable threshold. By using such preamble partition, gNB can identify the Msg3 size by receiving the preamble. 
In NR, it is still preferable for the gNB to identify the Msg3 size as early as possible, so that gNB can allocate appropriate resources to avoid resource waste or lack of resources. Since Msg3 can be transmitted for some new purposes in NR as discussed above, there are likely more possible Msg3 size levels in NR compared with those in LTE. 
Then, to signal potentially more Msg3 size levels in NR, it seems better to use a combination of PRACH radio (time-frequency) resource and PRACH preamble partitioning, instead of only preamble partitioning as in LTE. 
Proposal 1： A combination of PRACH radio resource and PRACH preamble partitioning should be used to signal Msg3 size in NR.
To achieve this, RAN2 may need to coordinate with RAN1 on how to divide PRACH radio resources) in an effective way with potential coordination with RAN1. 
4   Conclusion
Observation 1: For the common cases for LTE and NR random access, the Msg3 sizes of NR share those of LTE (as given in Table 1). 

Observation 2: For the additional two cases in NR (i.e. transition from RRC_INACTIVE to RRC_CONNECTED and on-demand SI) , Msg3 size could vary in different cases as analyzed in Table 2 and 3.  
Proposal 1： A combination of PRACH radio resource and PRACH preamble partitioning should be used to signal Msg3 size in NR.
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� It is still under discussion whether small data can be transmitted during transition from inactive and connected. The length of small data is FFS.


� The length of on demand SI request is FFS.





