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1 Introduction
It is current agreement that CCCH is used in the “message 3” of random access procedure in the following scenarios.
· RRC connection re-establishment procedure
· Initial access to the network (RRC Connection Request)

· Attach procedure (based on IMSI)

· Subsequent IDLE to ACTIVE transition (based on S-TMSI)

As indicated by RAN1, message 3 must fit into 72bits in order to ensure cell edge coverage. In this document we assumed 24-bit CRC as agreed in RAN1 so far. Therefore the MAC PDU carrying message 3 needs to fit into 72-24 = 48 bits. The purpose of this document is to analyze the information bits that need to be carried on the message 3 using CCCH and propose a message format

2 Discussions

2.1 Initial bit counting

In this section, we try to count the number of bits required for each scenario above as much based on what are present in the current specifications as possible. The following table shows the number of bits carried on the message 3 in different scenarios. Some background information is provided in the Annex. It can be seen that none of them meets the 72-bit requirement.
It should also be noted that the table does not take into account the padding for byte alignment that needs to be done above MAC.
	RRC Conn Re-est
	Attachment
	Subsequent access

	Physical layer CRC: 24 bits

	MAC header: 16 bits

	RLC-TM: 0 bit

	PDCP without MAC-I: 8 bits

	RRC

· Message discriminator: 2 bits

· Old physical cell id:  9 bits
· Old C-RNTI: 16 bits

· MAC-I: 32 bits

· Frequency info [1]:  14 bits
	RRC

· Message discriminator: 2 bits 
· Initial UE identity (IMSI): 88 bits

· Establishment cause:  4 bits
	RRC

· Message discriminator: 2 bits 
· Initial UE identity (S-TMSI): 40 bits
· Establishment cause:  4 bits

	Total:  121 bits
	Total:  142bits
	Total:  94 bits


Table-1:  Initial bit counts

2.2 Layer 2 optimizations
We believe that it is essential to pursue CCCH transfer model in which only difference among those indicated scenarios resides in the RRC layer. That is, we define a single format for MAC, RLC and PDCP in terms of CCCH transfer.  In the following we discuss each layer.

MAC

It is our view that the MAC SDU containing the CCCH message should be indicated with a reserved MAC LCID. This is because at the time of receiving the message 3 the eNB does not know whether the UE comes from initial access (CCCH) or contention based handover access (DCCH). 
Another alternative is to have a flag at the beginning of MAC header indicating if the MAC SDU is from CCCH or not. One big drawback of this approach is that the overhead from the flag that has to be there all the time even for user data.

The one-byte LCID/E/R/R MAC subheader of figure 6.1.2-2 without length indicator can be used for CCCH as long at it is the last sub-header.. When the UL grant is small, this will be the case since there will be only the CCCH message in the MAC PDU
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Figure 6.1.2-1: LCID/E/R/R/F/L MAC sub-header
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Figure 6.1.2-2: LCID/E/R/R MAC sub-header

Proposal 1: Use the one-byte MAC sub-header for CCCH

RLC

It has been already agreed that RLC-TM is used. No further optimization is possible.
PDPC

CCCH is neither integrity-protected nor ciphered. We do not see any particular reason why a PDCP header needs to be involved in the transfer of CCCH. Our proposal is to have a “transparent” operation of PDCP. Either PDCP is informed to perform no-operation for CCCH, or the specification can indicate that MAC passes CCCH PDUs directly to RRC as suggested by [3],
Proposal 2: Introduce PDCP transparent operation for the purpose of CCCH transfer, or bypass PDCP all together.
2.3 Further optimization for “RRC connection re-establishment”
A significant improvement is necessary for the RRC connection re-establishment. One candidate is removal of MAC-I from RRC part, which gives us the message size of 73 bits together with L2 optimization discussed in the previous section.

It has been discussed that this MAC-I can be used to verify the UE and as a trigger of S1 path switching. The omission of MAC-I results in delaying the path switch until probably RRC RECONFIGURATION COMPLETE (which will be integrity protected) in the RRC connection re-establishment procedure.
Proposal 3: Remove 32-bit MAC-I from RRC CONNECTION RE-ESTABLISHMENT REQUEST
2.4 Further optimization for “Attachment”
Size reduction of the UE initial identity seems unavoidable for the Attach scenario. One solution is to rely on a portion of IMSI although it introduces (a very low) probability of collisions. The collision can not be resolved by the radio level contention resolution. Instead it should rely on a failure of an upper layer procedure (e.g. authentication challenge).
IMSI has a length comprised between 6 and 21 digits, although 15 digits are expected to be the typical length for LTE. In order to increase the number of digits that can be sent, binary representation of IMSI should be used, instead of BCD representation as in UTRAN. We observe that using LSBs of IMSI helps the reduction of collision since MCC/MNC is typically the same in the network.
For example, 34 bits can carry 10 digits, which results in the message size of 72 bits.
Proposal 4: Use binary representation of IMSI for UE initial identity at RRC level
Proposal 5:  LSBs of IMSI are sent in RRC CONNECTION REQUEST
2.5 Further optimization for “Subsequent access”

Since the subsequent access is the most frequent event, we think that omitting a part of S-TMSI would not be a safe solution. An impact of omission can not be evaluated since the exact coding of S-TMSI (separation between MMEC and M-TMSI) is not known yet.
3 Summary

By utilizing proposed optimizations in this document, all the message 3 scenarios will get to close to the requirement. 
The number in bracket s in the total indicates ones rounded up to a multiple of byte (byte alignment).
	RRC Conn Re-est
	Attachment
	Subsequent access

	Physical layer CRC: 24 bits

	MAC header: 8 bits

	RLC-TM: 0 bit

	PDCP transparent operation: 0 bits

	RRC

· Message discriminator: 2 bits

· Old physical cell id:  9 bits

· Old C-RNTI: 16 bits

· Frequency info [1]:  14 bits
	RRC

· Message discriminator: 2 bits

· Initial UE identity (IMSI): 34 bits

· Establishment cause:  4 bits
	RRC

· Message discriminator: 2 bits

· Initial UE identity (S-TMSI): 40 bits

· Establishment cause:  4 bits

	Total:  73 bits (80 bits)
	Total:  72 bits (72 bits)
	Total:  78 bits (80 bits)


Table-2:  Bit counts with proposed optimizations
4 Proposed way forward

The above analysis shows that we will need another 8 bits for the message 3.

It is our view that the 72-bit restriction is an approximate estimation and the extra 8 bits contributes to a fraction in RAN1’s assumption on IOT. Furthermore, the RAN1 assumed 21dBm UE, which may not be anyway the most common case.
Extra 8 bits also allows the transmission of more digits from IMSI in “attachment” case, which reduces the collision probability.
Therefore our proposal is to inform RAN1 that an analysis in RAN2 shows that the message 3 require 80-bit grant in the most common scenarios and to ask RAN1 to analyze the feasibility of extra 8 bits.
5 Conclusion

In this document we proposed several optimizations for the format of “message 3” using CCCH.
Proposal 1: Use one-byte MAC sub-header for CCCH

Proposal 2: Introduce PDCP transparent operation for the purpose of CCCH transfer, or bypass PDCP all together.

Proposal 3: Remove 32-bit MAC-I from RRC CONNECTION RE-ESTABLISHMENT REQUEST

Proposal 4: Use binary representation of IMSI for UE initial identity at RRC level

Proposal 5:  LSBs of IMSI are sent in RRC CONNECTION REQUEST

We further concluded that 80-bit grant is needed for the message 3 in the most common scenarios. We therefore propose that RAN2 liaise with RAN1 on the matter. RAN2 should indicate RAN2 preference to have the extra 8 bits for the minimum uplink grant for the message 3.
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Annex

Some of the numbers in the table-1 in this document were taken from UTRA RRC.
For the “establishment cause” it was assumed that the number of entities in the IE can be half in E-UTRAN supporting only one CN domain. For the “frequency info” it was assumed that only DL frequency will need to be signalled.
10.3.1.5
IMSI (GSM-MAP)
This IE contains an International Mobile Subscriber Identity, used towards a GSM-MAP type of PLMN. Setting specified in [11].

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	IMSI
	MP
	6 to 21
	
	The first element contains the first IMSI digit, the second element the second IMSI digit and so on.

Although normally upto 15 digits are used for this IE, a bigger length is used to support future extension.

	>IMSI digit
	MP
	
	INTEGER(0..9)
	


10.3.1.4
IMEI
This IE contains an International Mobile Equipment Identity. Setting specified in [11].

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	IMEI
	MP
	15
	
	The first element contains the first IMEI digit, the second element the second IMEI digit and so on.

	>IMEI digit
	MP
	
	INTEGER(0..15)
	


10.3.3.11
Establishment cause
Cause for an RRC connection establishment request.

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	Establishment cause
	MP
	
	Enumerated(

Originating Conversational Call,

Originating Streaming Call,

Originating Interactive Call,

Originating Background Call,

Originating Subscribed traffic Call,

Terminating Conversational Call,

Terminating Streaming Call,

Terminating Interactive Call,

Terminating Background Call,

Emergency Call,

Inter-RAT cell re-selection,

Inter-RAT cell change order,

Registration, Detach,

Originating High Priority Signalling,

Originating Low Priority Signalling,

Call re-establishment,

Terminating High Priority Signalling,

Terminating Low Priority Signalling,

Terminating – cause unknown, MBMS reception, MBMS ptp RB request)
	Eleven spare values are needed.


10.3.6.36
Frequency info
	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	CHOICE mode
	MP
	
	
	

	>FDD
	
	
	
	

	>>UARFCN uplink (Nu) 
	OP
	
	Integer(0..16383)
	 If this IE is not present, the default duplex distance defined for the operating frequency band shall be used [21]

	>>UARFCN downlink (Nd)
	MP
	
	Integer(0 .. 16383)
	[21]

	>TDD
	
	
	
	

	>>UARFCN (Nt)
	MP
	
	Integer(0 .. 16383)
	[22] 
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