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1
Introduction

This contribution provides analysis of the achievable latency in the C-plane for the agreed protocol architecture.
2
C-plane Latency
Sub-clause 6.2.1 states the following requirement for the C-plane latency.

6.2.1
C-plane latency

Significantly reduced C-plane latency 

a)
Transition time (excluding downlink paging delay and NAS signalling delay) of less than 100 ms from a camped-state, such as Release 6 Idle Mode, to an active state such as Release 6 CELL_DCH, in such a way that the user plane is established.


b)
Transition time (excluding DRX interval) of less than 50 ms between a dormant state such as Release 6 




CELL_PCH and an active state such as Release 6 CELL_DCH. 

To date, RAN WG2 has not decided on the actual message sequence that would need to be executed in order to enter the connected state, LTE_ACTIVE, from LTE_IDLE.  However, the procedures that are needed to be executed are no different from the case of Rel-6. In Rel-6, the following general sequence of steps is applicable, in order to enter an active state with the user plane established.  
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Figure 1: Message Sequence Flow for Rel-6 RRC Idle to Connected mode
With the current framework definition for LTE/SAE, the radio control plane protocol stack previously resident in the RNC is now located in the eNode B; the user plane protocol stack is split between the AGW and the eNode B. Most of the Rel-6 CN protocol functionality is expected to reside in the AGW/CPE. 

The following elements contribute to the C-plane latency:

· Transmission delay
· Retransmissions for reliable transfer

· eNode B/UE processing – including L1/L2/L3 processing
The overall latency for change in state from LTE_IDLE to LTE_ACTIVE will be affected by the number of messages that need to be exchanged between the UE and the NW. Based on the requirement stated in TR 25.913, the following assumptions are made:

1. UE is already ATTACHed and hence no Authentication and Attach procedures are required.

2. Paging delay is not considered.

3. NAS signaling delays leading to the establishment of any radio bearer only are considered.

One primary goal for LTE has been the reduction of complexity with the aim to reduce the number of messages required before data transfer can be initiated. It has been previously proposed that piggy-back transfer of NAS messages would reduce overall latency significantly. The concept of a default Radio bearer has also been discussed. Considering at the minimum these two optimizations for LTE, one potential resultant message flow sequence could be the following:
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Figure 2: Potential Message Sequence Flow for LTE
1. As an example, the case of the UE initiating data transfer is considered here. The UE transmits the RRC connection Request. 

2. The connection request results in the eNode B requesting transfer of the UE related context transfer from the AGW. 
3. The AGW responds with the initiation of the security procedures and transfer of context. 

4. The UE sends back the L3 ACK along with the security complete message to be forwarded to the AGW. The UE can from hereon be addressed using a C-RNTI. There will be a finite delay arising from scheduler action before the UE gets scheduled and is able to transmit/receive data.
3
Latency analysis
3.1
Assumptions
1. It is assumed that each AS and NAS message or the piggy back combinations described above, can be transmitted in one sub-frame.  All processing times are hereafter in multiples of 0.5 ms.
2. Layer 1 processing times of 2 x 0.5 ms is assumed for both transmission and reception. Additional L2/L3 processing of 1 sub-frame is considered at each of the nodes and UE. 

3. N=6 SAW HARQ is assumed on the radio, with a HARQ retransmission probability of 30%. 

4. A zero delay over the S1 c-plane is assumed. 

With these assumptions, each leg contributes the following to the latency:

UE – eNode B: 
	TX L3/L2 processing
	1.0 ms

	L1 frame alignment
	0.25 ms

	TX L1 processing
	2 x 0.5 = 1.0 ms

	Frame transmission
	0.5 ms

	HARQ retransmissions
	5 x 0.5 x 0.3 = 0.75 ms

	RCV L1 processing
	2 x 0.5 = 1.0 ms

	RCV L3/L2 processing
	1.0 ms

	TOTAL
	5.5 ms


eNode B – AGW: 
	TX processing
	0.5

	Frame transmission
	0.5

	RCV processing
	1.0

	TOTAL
	2.0 ms


The random access procedure can be a significant contributor to the access delay. For the LTE_IDLE to LTE_ACTIVE state, there is only one random access procedure that needs to be initiated – the transfer of the RRC Connection request message at the very outset. A delay of 10 ms is assumed. The actual delay will be dictated by the persistence, RACH channel design and other parameters.

3.2
Analysis
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Figure 3: Delay Snapshot for IDLE->ACTIVE transition in LTE
With the above assumptions, the time interval between steps 1 and 6 is roughly of the order of 31 ms. 

As noted above, following the reception of the SMC complete at the AGW, the e Node B can schedule the UE for DL and UL transmissions – this may result in another 2-3 ms delay. Thus an overall delay of 34 ms is achievable.
3.3
Dormant State transition

At the current time, a dormant state has not been defined for the MAC protocol layer. RRC has only two states, IDLE and CONNECTED. In the RRC CONNECTED state, MAC is in ACTIVE state. The UE may enter DRX in which case it would wake up at pre-configured times. If the UE has lost uplink synchronization while in DRX, the UE will need to transmit a message using the non-synchronized RACH. A delay of around 10 ms is estimated before it receives a TIMING ADVANCE message along with resources for uplink transmission. Following this, the UE sends scheduling information leading to the network providing it a resource allocation 2-3 ms later. No HARQ mechanism is assumed for the random access procedure. This provides a total delay of around 12-13 ms.
4
Text Proposal
It is proposed to capture the following text in TR 25.912.
“Using a baseline message flow and some piggy back message transfer optimizations and a 30% HARQ retransmission probability, an average delay of 34 ms is seen to be achievable from LTE_IDLE to LTE_ACTIVE state. Ignoring the DRX interval, a maximum delay of 12 to 13 ms is seen viable in the case of transition from a dormant (similar to CELL_PCH) to ACTIVE state transition. Both delay numbers are well within the targets of 100 and 50 ms for IDLE to ACTIVE and dormant to ACTIVE transitions respectively, in LTE.”
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