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1 Introduction

In [1] we have proposed to have a variable size for Msg3 with a size starting from 72 bits. In this contribution we will examine how the UE should cope with this size flexibility. In [1] we already presented the following table which lists the cases that message 3 needs to support:
	
	Cause
	State transition
	Identity to be used
	Urgency
	Amount of data ready to be transmitted in the UL from/after msg3, apart from contention collision info

	a)
	Arrival of UL data
	RRC-Connected -> RRC-Connected
	C-RNTI
	Urgent
	Potentially large
(BSR, User data)

	b)
	Arrival of UL data
	RRC-Idle -> RRC-Connected
	TMSI
	Urgent
	(<= ± 110) 
(NAS SERVICE REQUEST)

	c)
	Arrival of DL data
	RRC-Connected -> RRC-Connected
	C-RNTI
	Urgent
	0 bytes


	d)
	Paging response
	RRC-Idle -> RRC-Connected
	TMSI
	Urgent
	<= ± 110
(NAS SERVICE REQUEST)

	e)
	Inter-ENB handover
	RRC-Connected -> RRC-Connected
	C-RNTI
	Urgent
	Might be 0, but also potentially large
(User data)

	f)
	Tracking Area Update
	RRC-Idle -> RRC-Connected
	TMSI, TMSI/TAI
	Non-Urgent
	<=  ± 160 bits
(TRACKING AREA UPDATE)

	g)
	Attach with IMSI
	RRC-Idle -> RRC-Connected
	IMSI
	Non-Urgent
	<=  ± 625 bits
(ATTACH)

	h)
	Attach/Call setup with IMEI
	RRC-Idle -> RRC-Connected
	IMEI
	Non-Urgent
	<=  ± 625 bits
(ATTACH)

	i)
	UL Sync
	RRC-Connected -> RRC-Connected
	C-RNTI
	Urgent
	0 bytes




Table 1: aRACH use cases
It is clear that we need to be able to handle all these cases if the UE only gets the minimum UL allocation (72 bits). However most of the use cases would benefit from a large resource allocation for msg3. 
In section 2 we will discuss how the different cases could be handled in case of a minimum allocation of 72 bits.

In section 3 we will discuss how the UE could handle the case when it receives a larger allocation.

Note that the main intention of this contribution is not to specify a detailed scheme of how to handle the variable size msg3, but merely to show that it should be possible to support a variable msg3 size without too much complexity.

2 Minimum size Msg3

It is clear that all cases listed in table 1 need to be supported even if the UE only receives a minimum size allocation.

We assume that message 3 has 3 purposes, which are in decreasing order of priority:

1) Provide a contention resolution identity
Msg 3 should contain a “unique as possible” identity which can be used to resolve UE contention with a response message.

2) Provide sufficient information to contact the aGW
Especially in case of “urgent” use cases in which an RRC connection needs to be established, it is preferable that Msg3 contains sufficient information to allow the ENB to contact the aGW to retrieve the UE context.

3) Transport of further information
If allowed by the resource allocation, additional data could be transported by Msg3.

2.1. Contention resolution
C-RNTI
If the UE has a valid C-RNTI (16), it should be possible to use the complete C-RNTI identity for contention resolution.

TMSI
If the UE has a TMSI(32) valid for the TA of the cell (assuming the cell only belongs to one TA), this TMSI will be unique and can be used for contention resolution
. 

If the UE uses a TMSI(32) not valid in the current TA, we see two options:
1) Use the TMSI itself, considering that it would be extremely unlikely that two UE’s would have the same TMSI. This has the benefit that msg5 will not need to contain this TMSI again.

2) Use a random number (32).

We have no strong opinion on this but will use a random number in the remaining part of this contribution.

IMSI/IMEI
In case IMSI and IMEI are used as identity, these identities alone already don’t fit in the 72 bits: the IMSI could take up to 15 (21 for future extensions) digits, which requires at least some 50 (70 bits) bit. The IMEI consists of 15 hexdecimal digits (60 bits). In order to still keep some room even in the minimum allocation, and to make the AS solution not heavily reliant on NAS identities we propose to use a 32-bit random number for these cases.
Proposal 1:
For resolving contention at AS level we propose to include in Msg3:

UE uses C-RNTI:






C-RNTI (16)



(unique)

UE uses TMSI in current TA:


TMSI (32)



(unique)


UE uses TMSI not in current TA:

random number (32)
(not 100% unique)

UE uses IMSI/IMEI:





random number (32)
(not 100% unique)
Note: In the last cases, the contention could still be unsuccessful in (5*E-3)/(2^32) = 1.1E-12. In the rare case that the contention is not resolved, the collision UE will not be able to receive a correctly Integrity protected NAS message.

2.2. Provide sufficient information to contact the aGW

What can be seen from table 1 is that in all “urgent cases”, the control overhead is relatively low. Apart from cases b) and d), we could try to fit the control overhead in one minimum size UL transmission of 72 bits as determined by RAN1.
We think it would be good if also the cases b) and d) could be handled based on 1 minimum size UL message. We think this should be possible if we are allowed to deviate from the current NAS encoding for this message, and strip some (minor part) of the functionality. Ref[2] showed that in this case a realistic delay gain of up to 30ms can be achieved.
Proposal 2:
It should seriously be attempted to optimise the coding/transport of the NAS SERVICE REQUEST so that it fits in one minimum size Msg3 allocation.

2.3. Transport of further information

Some additional information like BSR, selected PLMN or radio channel quality related information might be included.
2.4. Example encoding for minimum size msg3
Table 2 shows an example for the minimum size encoding assuming a 16 bits HARQ CRC:
	
	Case
	Msg Type
	Id for content
	Security
	Other info
	Msg 5
	Remarks

	a


	Con -> Con, UL data


	“00”
	C-RNTI

(16)
	AS

(36)
	e.g. pathloss/BSR

(2)
	UL data
	

	b
	Idle -> Con, UL data
	“010”
	TMSI

(32)
	TMSI signature

(16)

(FFS)
	Selected PLMN (3)

e.g. pathloss/BSR

(2)
	
	Msg3 -> aGW

	c
	Con -> Con, DL data
	“10”
	C-RNTI

(16)
	AS

(36)
	e.g. CQI

(2)
	
	

	d
	Idle -> Con, Paging Resp
	“011”
	TMSI

(32)
	TMSI signature

(16)

(FFS)
	Selected PLMN (3)

e.g. CQI

(2)
	
	Msg3 -> aGW

	e
	Con -> Con, Inter-ENB Handover
	“110”
	C-RNTI

(16)
	AS

(36)
	?

(1)
	
	Msg3 is ho confirmation

	F
	Idle -> Con, TAU
	“111000”
	Random nr
(32)
	X
	Selected PLMN (3)

e.g. pathloss

(9)
	TAU info
	Msg5 ->aGW

	g
	Idle->Con, IMSI, Attach
	“111001”
	Random nr
(32)
	X
	Selected PLMN (3)

e.g. pathloss

(9)
	Attach info
	Msg5 ->aGW

	h
	Idle->Con, IMEI (“Attach”/
Call setup)
	“111010”
	Random nr
(32)
	X
	Selected PLMN (3)

e.g. pathloss

(9)
	Attach info
	Msg5 ->aGW

	I
	Con -> Con

UL Sync
	“1111”
	C-RNTI

(16)
	AS

(36)
	
	
	


Table 2: Possible msg3 encodings
Note 1:
In all “urgent cases”, all critical information is transported to the ENB in 1 message.

Note 2:
The coding of the “Msg Type” is selected such that it is shortest for the cases where the other information is the longest.
In this example encoding, only the NAS SERVICE REQUEST is adapted for LTE, whereas the other NAS messages can be sent unchanged in Msg5 and further.
3 Larger Msg3 sizes

In case larger message sizes are signalled by the ENB, the larger size could be used to extend the data provided in the minimum size case. E.g. if a larger message size is available, we could consider to extend the contention resolution data in order to make the identity unique. 

However at first sight, it seems to complicate UE operation to e.g. have to either include an “random nr” or a full IMSI based the message size. If we can conclude that the identity provided in the minimum message size is sufficient for contention resolution, we would prefer not to extend the AS information in case of a longer Msg3 allocation

Proposal 3:
In order to limit UE complexity, the same information is provided in the first part of Msg3 irrespective of the size of Msg3.

As a result, the only thing that needs to happen when the UE obtains a larger Msg3 allocation is that the UE is allowed to include other RLC-PDU’s. Typically this would be RLC-AM or RLC-UM data, e.g. containing a NAS message or user data. 

Proposal 4:
In case of a larger Msg3 size allocation, the UE is allowed to multiplex other RLC-PDU’s inside the same TB as the AS data.
This situation is depicted in figure 1:
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Figure 1: Multiplexing of additional contents in case of larger TB allocations

Note 1: 
Due to the RLC/MAC overhead, actually it might not be that interesting for the ENB to allocate a TB size just above 72 bits.
Note 2:
Details can be further discussed: e.g.:

· The additional information could potentially start immediately at the end of the “Minimum Size AS/NAS info”;

· Potentially additional AS information could be provided after the 72 bits.

4 Conclusion

It is proposed to discuss up to what extend the following proposals can be agreed:

Proposal 1:
For resolving contention at AS level we propose to include in Msg3:


UE uses C-RNTI:






C-RNTI (16)



(unique)


UE uses TMSI in current TA:



TMSI (32)



(unique)


UE uses TMSI not in current TA:

random number (32)
(not 100% unique)


UE uses IMSI/IMEI:





random number (32)
(not 100% unique)

Proposal 2:
It should seriously be attempted to optimise the coding/transport of the NAS SERVICE REQUEST so that it fits in one minimum size Msg3 allocation.
Proposal 3:
In order to limit UE complexity, the same information is provided in the first part of Msg3 irrespective of the size of Msg3.

Proposal 4:
In case of a larger Msg3 size allocation, the UE is allowed to multiplex other RLC-PDU’s inside the same TB as the AS data.
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� If a cell belongs to different TA’s for one PLMN, this mechanism will not work.
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