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1 Introduction

During RAN2#62, it was agreed that an updated evaluation of the control plane latency for idle to active transition should provided, based on the latest agreements in RAN2. This document provides input for such a analysis.

2 Signaling sequence
The latest signaling sequence is shown in Figure 1. The changes to the earlier analysis in [1] and [2] is that the RRC Connection Set-up is used for contention resolution, and that the radio bearers are set-up with a separate security mode command and RRC Connection Reconfiguration message. In addition the NAS service request is contained in the RRC Connection Set-up Complete message, not e.g. in RRC Connection Request. 

The requirement in [3] is stated as “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.”. In Figure 1 the delay from 1 to 17 corresponds to roughly to the requirement, but it is worth noting that it does include the NAS signaling delay.
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Figure 1: Signaling sequence for the idle to active transition
3 Estimated message sizes
In order to estimate the transfer times of the RRC messages over the air interface, it is necessary to estimate the sizes of the messages. As the RRC specification is not complete, it is not possible to provide exact estimates,  but initial estimates have been collected to Table 1.

Some comments on the assumptions

1. Based on 36.331, the size of the RRC Connection Request is 48 bits. 
2. The size of RRC Connection Set-up depends on how much the default configurations are used. In general it can be assumed that for the SRBs most of the information can be set to default values, and thus the size estimation is based on using default configuration for both SRB1 and SRB2

3. For RRC Connection Set-up complete, it has been assumed that there is no need to transfer registeredMME IE
4. The size of the NAS Service Request is assumed to be 4 octects, based on [4]
5. The size of the RRC Connection Reconfiguration depends strongly on what exactly has been configured. In the estimate in Table 1, it has been assumed that only a limited measurement configuration (with 1 measurement object, 1 reporting configuration and one measurement ID) has been configured for E-UTRAN. No Inter-RAT measurements have been assumed to be configured. It has also been assumed that no neighbour cell list or black list is provided. Furthermore, it has been assumed that DRX is not configured immediately. Thus the estimate in Table 1 can be viewed as a lower limit on a realistic RRC Connection Reconfiguration message size. 
6. In general, it has been assumed that any information element with no value range defined requires 4 bits 

7. The sizes of the RRC messages have been adjusted to make them octet aligned.

8. The L2 overhead consists of PDCP header (1 octet), MAC-I (4 octets), RLC AM header (2 octects if one message is transmitted per TTI, 4 octects if two) and MAC header  (1 octect)

Table 1: Estimated message sizes

	Message
	Estimated RRC PDU size
	L2 overhead
	Total Size

	RRC Connection Request
	48 bits
	8 bits
	56 bits

	RRC Connection Set-up
	88 bits
	64 bits
	152 bits

	RRC Connection Set-up Complete (including NAS Service Request)
	48 bits
	64 bits
	112 bits

	Security Mode Command
	32 bits
	120 bits
	464 bits

	RRC Connection Reconfiguration
	312 bits
	
	


In addition to the RRC message sizes and the L2 overhead listed in Table 1 the L1 CRC needs to be taken into account. It has been assumed that for each message 24 bit CRC is inserted per transport block.
4 Estimated delay
In Table 2 we show the estimated delay components for 3 different situations. 
For low data rate scenario, we assume the extreme case described in [6], i.e. the uplink can sustain a data rate of 24 kbps. For downlink we assume that a higher data rate of 96 kbps can be sustained. Note that these data rates assume that CRC is included in the data. We further note that in our understanding this scenario is not a typical LTE deployment scenario, but illustrates extreme deployment, which might occur in some situations, and that even under such a deployment scenario not all UEs will encounter such a low data rates.
For medium data rate scenario, we assume that 250 kbps (including the CRC) can be sustained in UL and 1 Mbps in downlink. Finally for high data rate scenario, we assume that 1 Mbps can be sustained in UL and 4 Mbps in downlink.

Table 2: Estimated delay components

	Component
	Description
	Low
	Medium
	High

	1
	Average delay due to RACH scheduling period
	5
	5
	5

	2
	RACH Preamble
	1
	1
	1

	3-4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	5
	5
	5

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	5
	5
	5

	6
	Transmission of RRC Connection Request
	25
	1
	1

	7
	Processing delay in eNB (L2 and RRC)
	4
	4
	4

	8
	Transmission of RRC Connection Set-up (and UL grant)
	9
	1
	1

	9
	Processing delay in the UE (L2 and RRC)
	T_UE_1
	T_UE_1
	T_UE_1

	10
	Transmission of RRC Connection Set-up complete (including NAS Service Request)
	41
	1
	1

	11
	Processing delay in eNB (Uu –> S1-C)
	4
	4
	4

	12
	S1-C Transfer delay
	T_S1
	T_S1
	T_S1

	13
	MME Processing Delay (including UE context retrieval of 10ms)
	15
	15
	15

	14
	S1-C Transfer delay
	T_S1
	T_S1
	T_S1

	15
	Processing delay in eNB (S1-C –> Uu)
	4
	4
	4

	16
	Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment)
	33,5
	1,5
	1,5

	17
	Processing delay in UE (L2 and RRC)
	T_UE_2
	T_UE_2
	T_UE_2

	 
	Total delay
	151,5
	47,5
	47,5


The values in Table 2 do not contain the UE processing delay values or S1 delay. Thus we obtain a value range of

47.5 ms – 151.5 ms + 2*T_S1 + T_UE_1 + T_UE_2
Assuming S1 delay of 2 – 15 ms, the final delay value range excluding the UE processing times is 

51.5 ms – 181.5 ms + T_UE_1 + T_UE_2.
5 Conclusion
It has been shown that depending on the UE processing time, it is possible to reach the LTE requirement for control plane latency for all but most challenging deployments. However, taking into account realistic values for the S1 delay, strict UE processing requirements are needed to be able to reach the target for typical scenarios.
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