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In [1], Ericsson proposed to introduce a 3-way handshake as control plane activation. As can be seen from Figure 1, Ericsson promotes the parallel execution of AS, NAS and S1 procedures. NAS messages are piggybacked in RRC and S1 messages.
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Figure 1: State transition from LTE_IDLE to LTE_ACTIVE (figure 2 from [1], Ericsson)

In this document, we shortly analyse the impact of piggybacking NAS Service Request messages with the RRC Connection Request message, and propose the limit it to cases where both RRC Connection Request message and NAS Service Request message can be sent in one TTI. 

2
First Uplink Signalling Message Size
The size of the first uplink RRC message following an initial grant is unpredictable, because:
2.1 
NAS Message Sizes in LTE

There is a set of different reasons, why a UE wants a control plane establishment, each of which could result in a different signalling behaviour with varying amount of signalling information to be transmitted. Table 1 lists some NAS messages, which follow the RRC Connection Request message in UMTS, their minimum message size and their maximum message size (mandatory and optional fields), according to TS 24.008. 

	NAS message
	minimum message size (in octets)
	maximum message size (in octets)

	Attach Request
	22
	91

	Detach Request
	3
	15

	Activate PDP context request
	20
	394

	Deactivate PDP context accept   
	3
	257

	Modify PDP context request
	17
	296

	Service Request
	9
	31

	Routing area update request
	20
	394


Table 1: NAS messages sizes

As can be seen, NAS message sizes can vary significantly. Even when their use is optimised for LTE, it can be expected that the size of a NAS message following a RRC Connection Request message is hard to predict. 

Conclusion: NAS messages in LTE can be expected to greatly vary in size.
2.2 
RRC Messages following an Initial Access

It is currently ffs, if the eNB knows the RRC message sent by the UE as first UL message in advance, when allocating the initial grant, nor, whether a NAS message follows at all the RRC message: 

A UE starts sending the RACH preamble, when it

· wants to originate signaling starting from LTE_IDLE
In this case the UE would sent the RRC Connection Request message, followed by a NAS Service Request message.

· was paged in LTE_IDLE
In this case the UE would return the RRC Connection Request message, indicating as establishment cause “terminating xxx”, with no immediate NAS signaling following.

· performs a HO to a new cell
in this case, the control and user plane is already established at the target eNB, requiring no additional NAS signaling.

· performing a unsynchronized access in the serving cell (i.e. while being in LTE_ACTIVE, ffs) 
identical to a HO to a new cell, the control and user plane are established in the eNB.

The 64 ZC-ZCZ codes for the RACH preamble could be divided into groups, each group used for one of the initial access scenarios. In this case the eNB would be informed if a NAS message could be expected to be piggybacked with an RRC Connection Request message. The possibility of such a grouping is not yet decided, and therefore we recommend as working assumption that the eNB has no information whether a NAS message follows a RRC Connection Request message when allocation the initial grant.
2.3 
Size of RRC Messages following an Initial Access

The size of RRC messages following an initial grant can be estimated as such:

	RRC message
	content
	estimated message size (in octets)

	RRC Connection Request
	- message type

- TMSI + TMSI signature
- establishment cause

- release, UE capability and protocol error indicators

- some measurement information
	~13

	RRC Connection Request
	- message type

- IMSI
- establishment cause

- release, UE capability and protocol error indicators

- some measurement information
	~27

	HO Request
	- target cell C-RNTI

- some measurement information
	~10


Table 2: RRC messages sizes

Conclusion: RRC Messages following an Initial Grant can be expected to be rather small.
2.4
Segmentation and Failures

If the RRC Connection Request message piggybacks the first UL NAS message, the size of this combined message is very hard to estimate. It therefore cannot be excluded, that the message has to be segmented to be transmitted over the radio interface. This is only possible, if dynamic scheduling of grants following an initial grant is supported. This is still ffs. Segmentation also has an impact on error handling: The more segments are required to transmit the first uplink message, the higher the probability that at least one of the segments was not transmitted successfully. A failure in the transmission of the first uplink message ends the UE’s attempt to enter LTE_ACTIVE. The UE drops back to LTE_IDLE and has to restart the access procedure, if not the maximum number of initial access attempts have been reached. 

Example: if the HARQ retransmission probability is 30% and up to 2 retransmission are possible, then there is a 2.7% probability that a segment has not been received successfully. If e.g. three segments are required to transmit the complete message, then the failure probability lies already at about 8.2% (assuming uniform distribution). 

Conclusion: Segmentation increases the probability that the first uplink signalling message cannot be received successfully. 
Segmentation can be avoided in many cases if the UE gets initially huge resources granted. But often the first UL message is rather small, as can be deduced from section 2.2 and 2.3. If NAS Service Access piggybacking shall be supported, an operator has to determine a tradeoff between 

· granting huge initial resources, reducing the risk of segmentation, but leading to an inefficient use of the initially granted resources, or

· granting little initial resources, which are then efficiently used, but leading to an increased number of segmentations of the first UL message.
2.5 
Size of RRC Messages following an Initial Access

In figure 1, the RRC Connection Setup message is returned to the UE after receiving the response from the MME to a service request. Based on section 13.2 of [2], the S1-C Transfer delay is estimated to be Ts1c (2ms – 15ms) and the MME Processing Delay is 15 ms. This comprises step 2 and 3 in figure 1. 
If the RRC Connection Setup message is returned immediately after the reception of the RRC Connection Request message, early contention free signaling and Early UL data transmission can be supported. (see figure 2 and 3).
3.
Proposal

Based on above discussion, we propose to make following working assumption:

· The first UL signaling message should not be segmented.
This reduces the risk of failures in the first uplink transmission, and increases the probability of a fast RRC Connection establishment. This simplifies the scheduling of the initially granted resource. Error handling e.g. caused by the contented nature of the initial grant as well as error recovery is not too complex.

· Piggybacking of NAS messages should be possible for the RRC Connection Request message, the UL and DL Direct Transfer message.  

· A NAS Service Request message should be only piggybacked with the RRC Connection Request message if the complete message can be transmitted with without segmentation. 
It then depends on the initially granted resource whether a NAS Service Request can be transmitted. The scheduler can hereby take the total UL load situation (congestion) under consideration. 
If the NAS message – if any - can be transmitted with the RRC Connection Request message, then we recommend following signaling flow:
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Figure 2: State transition from LTE_IDLE to LTE_ACTIVE with NAS Service Request piggybacked in RRC Connection Request
If the NAS message cannot be transmitted, we promote following signaling flow:
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Figure 2: State transition from LTE_IDLE to LTE_ACTIVE with sequential execution of RRC Connection Request and NAS Service Request
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