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1
Introduction
Whether step 3 of the random access procedure contains RRC connection request only or RRC connection request and NAS service request is something that is left open in the Stage 2 [1]. This contribution compares the two and proposes a way forward in the hope to close this issue at this meeting.   

2
General Considerations
In our opinion, there are number of benefits in keeping RRC connection request and NAS service request separated:

-
Since it is always dangerous to optimise a procedure to the last bit, we should not try to make the RRC connection request and the NAS service request fit into step 3 at all costs by optimising their content to the last bit. If something goes wrong (more than probable at this stage of the work), it will be very hard to fix at a later stage. Furthermore, if something needs to be changed in a later release, it will also be hard to modify unless a different procedure is introduced.
-
Not having NAS service request in step 3 unifies the random access procedure between initial connection establishment, RACH access when out-of-sync and RLF recovery. Without NAS service request, the message size can indeed roughly be the same and NAS never needs to be involved.
-
Not having NAS service request in step 3 allows the contention resolution message to be sent sooner and the time spent in possible-contention state can be minimised (this will be visisble in the delay analysis when collision occurs on the RACH).
-
Without a need for counting every single bit, there is no need to possibly compromise NAS security and/or error detection via CRC.

-
Other NAS messages will have to be separted due to their content e.g.

-
Attach Request: IMSI or S-TMSI and old TAI, UE Network Capability, PDN Address Allocation… 

-
TAU Request: S TMSI, old TAI, active flag, and EPS bearer status…

The only drawback that has been mentioned is a possible increase in LTE_IDLE → LTE_ACTIVE transition delay. This is analyzed in the following section.

3
Delay Analysis
The delay analysis is based on the values agreed earlier for the performance verification [2]. In a worst case scenario, the combined messages are supposed to require 4 HARQ transmissions (1 transmission + 3 retransmissions) to be transmitted, corresponding to ~ 96 bits according to [3]. For separate messages, two separate cases are considered: 
-
Case A: the 4 HARQ transmissions of the combined message are split into 3 HARQ transmissions for the RRC connection request + 2 HARQ transmissions for the NAS service request.

-
Case B: both RRC connection request and NAS service request require 2 HARQ transmission only.
Case B can be justified by the ability of the eNB to better allocate UL resources to the UE once having received the first message and by optimising which field are put in which message (e.g. not all the S-TMSI may be included in the first message for contention resolution). Detailed calculation are shown in Annex A and summarized in the table below:

Table 1: Worst case IDLE → ACTIVE transition delay
	Collision
	Combined Messages
	Separate Messages

	
	
	Case A
	Case B

	No
	75.8 ms
-
	84.3 ms
+8.5 ms
	76.3 ms
+0.5 ms

	One
	121.8 ms
-
	122.3 ms
+0.5 ms
	106.3ms
-15.5 ms


Compared to a combined approach, the delay increase when no collision occurs is 0.5 ms for case B and 8.5 ms for case A. When a collision occurs, case B actually becomes 15.5 ms faster than the combined approach, while case A is 0.5 ms slower than the combined approach.

In the best case, it can be assumed that all UL transmission will only require one HARQ transmission. Since the combined approach requires twice more energy to get through in one transmission than the separate approach, two different cases for the combined message are included for a fair comparison:

-
Case A: the combined RRC connection request and NAS service request require only 1 HARQ transmission.

-
Case B: the combined RRC connection request and NAS service request require 2 HARQ transmissions.

Detailed calculation for this best case are shown in Annex A and summarized in the table below:
Table 2: Best case IDLE → ACTIVE transition delay

	Collision
	Separate Messages
	Combined Messages

	
	
	Case A
	Case B

	No
	60.3 ms
-
	51.8 ms
-8.5 ms
	59.8 ms
-0.5 ms

	One
	79.9 ms
-
	73.8 ms
-6.1 ms
	89.8 ms
+7.5 ms


Compared to a separate approach, the delay improvement when no collision occurs with a combined approach is 8.5 ms for case A and 0.5 ms for case B. When a collision occurs, case B actually becomes 7.5 ms slower than the combined approach, while case A is 6.1 ms faster than the combined approach.
Those values shows that the delay difference between a combined approach where NAS service request and RRC connection request are sent together, and a separate approach where NAS service request and RRC connection request are sent separately is not very important: at most the separate approach can be 15.5 ms faster if a collision occurs, while at most the combined approach can be 8.5 ms faster in good channel conditions when no collision occurs. In average, the difference will be somewhere between those two values i.e. negligible.
4
Conclusion
The delay difference between a combined approach where NAS service request and RRC connection request are sent together, and a separate approach where NAS service request and RRC connection request are sent separately is negligible (a few ms at most). The limitations and risks we introduce by trying to fit the NAS service request into Step 3 of the random access procedure at all cost are therefore not justified and the two messages should be kept separate always.
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Annex A: Delay Analysis
A.1
Worse Case - Without Collision
A.1.1
Combined Messages

	Step
	Description
	 
	 
	 

	1
	Average delay due to RACH scheduling period
	5 ms
	5.0 ms
	5.0 ms

	2
	RACH Preamble
	1 ms
	1.0 ms
	1.0 ms

	3
	Preamble detection and transmission of RA response
(Time between the end RACH transmission and UE's reception of scheduling grant and timing adjustment)
	5 ms
	5.0 ms
	5.0 ms

	4
	UE Processing Delay
(decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	2.5 ms
	2.5 ms
	2.5 ms

	5
	TTI for transmission of RRC Connection Request and NAS Service Request
	1 ms
	1.0 ms
	1.0 ms

	6
	3 HARQ Retransmissions
	3 * 8 ms
	24.0 ms
	24.0 ms

	7
	Processing delay in eNB (Uu -> S1-C)
	4 ms
	4.0 ms
	4.0 ms

	8
	S1-C Transfer delay
	Ts1c (2 - 15 ms)
	2.0 ms
	15.0 ms

	9
	MME Processing Delay (including UE context retrieval of 10ms)
	15 ms
	15.0 ms
	15.0 ms

	10
	S1-C Transfer delay
	Ts1c (2 - 15 ms)
	2.0 ms
	15.0 ms

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

	12
	TTI for transmission of RRC Connection Setup (+Average alignment)
	1.5 ms
	1.5 ms
	1.5 ms

	13
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	14
	Processing delay in UE
	3 ms
	3.0 ms
	3.0 ms

	15
	TTI for transmission of L3 RRC Connection Complete
	1 ms
	1.0 ms
	1.0 ms

	16
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	 
	C-Plane establishment (LTE IDLE → LTE ACTIVE)
	 
	75.8 ms
	101.8 ms

	17
	TTI for UL DATA PACKET (Piggy back scheduling information)
	1 ms
	1.0 ms
	1.0 ms

	18
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	19
	eNB Processing Delay (Uu -> S1-U)
	1 ms
	1.0 ms
	1.0 ms

	 
	U-Plane establishment delay (RAN edge node)
	 
	80.2 ms
	106.2 ms

	20
	S1-U Transfer delay
	Ts1u (1 ms - 15 ms)
	1.0 ms
	15.0 ms

	21
	S-GW Processing delay (including context retrieval)
	10 ms
	10.0 ms
	10.0 ms

	 
	U-Plane establishment delay (S-GW)
	 
	91.2 ms
	131.2 ms


A.1.2
Separate Messages A

	Step
	Description
	 
	 
	 

	1
	Average delay due to RACH scheduling period
	5 ms
	5.0 ms
	5.0 ms

	2
	RACH Preamble
	1 ms
	1.0 ms
	1.0 ms

	3
	Preamble detection and transmission of RA response
(Time between the end RACH transmission and UE's reception of scheduling grant and timing adjustment)
	5 ms
	5.0 ms
	5.0 ms

	4
	UE Processing Delay
(decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	2.5 ms
	2.5 ms
	2.5 ms

	5
	TTI for transmission of RRC Connection Request
	1 ms
	1.0 ms
	1.0 ms

	6
	2 HARQ Retransmissions
	2 * 8 ms
	16.0 ms
	16.0 ms

	
	RRC connection request reception and transmission of contention resolution message
	5 ms
	5.0 ms
	5.0 ms

	
	UE Processing Delay
	2.5 ms
	2.5 ms
	2.5 ms

	
	TTI for transmission of NAS Service Request
	1 ms
	1.0 ms
	1.0 ms

	
	1 HARQ Retransmission
	1 * 8 ms
	8.0 ms
	8.0 ms

	7
	Processing delay in eNB (Uu -> S1-C)
	4 ms
	4.0 ms
	4.0 ms

	8
	S1-C Transfer delay
	Ts1c (2 - 15 ms)
	2.0 ms
	15.0 ms

	9
	MME Processing Delay (including UE context retrieval of 10ms)
	15 ms
	15.0 ms
	15.0 ms

	10
	S1-C Transfer delay
	Ts1c (2 - 15 ms)
	2.0 ms
	15.0 ms

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

	12
	TTI for transmission of RRC Connection Setup (+Average alignment)
	1.5 ms
	1.5 ms
	1.5 ms

	13
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	14
	Processing delay in UE
	3 ms
	3.0 ms
	3.0 ms

	15
	TTI for transmission of L3 RRC Connection Complete
	1 ms
	1.0 ms
	1.0 ms

	16
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	 
	C-Plane establishment (LTE IDLE → LTE ACTIVE)
	 
	84.3 ms
	110.3 ms

	17
	TTI for UL DATA PACKET (Piggy back scheduling information)
	1 ms
	1.0 ms
	1.0 ms

	18
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	19
	eNB Processing Delay (Uu -> S1-U)
	1 ms
	1.0 ms
	1.0 ms

	 
	U-plane establishment delay (RAN edge node)
	 
	88.7 ms
	114.7 ms

	20
	S1-U Transfer delay
	Ts1u (1 ms - 15 ms)
	1.0 ms
	15.0 ms

	21
	UPE Processing delay (including context retrieval)
	10 ms
	10.0 ms
	10.0 ms

	 
	U-plane establishment delay (Serving GW)
	 
	99.7 ms
	139.7 ms


A.1.3
Separate Messages B
	Step
	Description
	 
	 
	 

	1
	Average delay due to RACH scheduling period
	5 ms
	5.0 ms
	5.0 ms

	2
	RACH Preamble
	1 ms
	1.0 ms
	1.0 ms

	3
	Preamble detection and transmission of RA response
(Time between the end RACH transmission and UE's reception of scheduling grant and timing adjustment)
	5 ms
	5.0 ms
	5.0 ms

	4
	UE Processing Delay
(decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	2.5 ms
	2.5 ms
	2.5 ms

	5
	TTI for transmission of RRC Connection Request
	1 ms
	1.0 ms
	1.0 ms

	6
	1 HARQ Retransmissions
	1 * 8 ms
	8.0 ms
	8.0 ms

	
	RRC connection request reception and transmission of contention resolution message
	5 ms
	5.0 ms
	5.0 ms

	
	UE Processing Delay
	2.5 ms
	2.5 ms
	2.5 ms

	
	TTI for transmission of NAS Service Request
	1 ms
	1.0 ms
	1.0 ms

	
	1 HARQ Retransmissions
	1 * 8 ms
	8.0 ms
	8.0 ms

	7
	Processing delay in eNB (Uu -> S1-C)
	4 ms
	4.0 ms
	4.0 ms

	8
	S1-C Transfer delay
	Ts1c (2 - 15 ms)
	2.0 ms
	15.0 ms

	9
	MME Processing Delay (including UE context retrieval of 10ms)
	15 ms
	15.0 ms
	15.0 ms

	10
	S1-C Transfer delay
	Ts1c (2 - 15 ms)
	2.0 ms
	15.0 ms

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

	12
	TTI for transmission of RRC Connection Setup (+Average alignment)
	1.5 ms
	1.5 ms
	1.5 ms

	13
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	14
	Processing delay in UE
	3 ms
	3.0 ms
	3.0 ms

	15
	TTI for transmission of L3 RRC Connection Complete
	1 ms
	1.0 ms
	1.0 ms

	16
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	 
	C-Plane establishment (LTE IDLE → LTE ACTIVE)
	 
	76.3 ms
	102.3 ms

	17
	TTI for UL DATA PACKET (Piggy back scheduling information)
	1 ms
	1.0 ms
	1.0 ms

	18
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	19
	eNB Processing Delay (Uu -> S1-U)
	1 ms
	1.0 ms
	1.0 ms

	 
	U-plane establishment delay (RAN edge node)
	 
	80.7 ms
	106.7 ms

	20
	S1-U Transfer delay
	Ts1u (1 ms - 15 ms)
	1.0 ms
	15.0 ms

	21
	UPE Processing delay (including context retrieval)
	10 ms
	10.0 ms
	10.0 ms

	 
	U-plane establishment delay (Serving GW)
	 
	91.7 ms
	131.7 ms


A.2
Worst Case - With Collision
A.2.1
Combined Messages

	Step
	Description
	 
	 
	 

	1
	Average delay due to RACH scheduling period
	5 ms
	5.0 ms
	5.0 ms

	2
	RACH Preamble
	1 ms
	1.0 ms
	1.0 ms

	3
	Preamble detection and transmission of RA response
(Time between the end RACH transmission and UE's reception of scheduling grant and timing adjustment)
	5 ms
	5.0 ms
	5.0 ms

	4
	UE Processing Delay
(decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	2.5 ms
	2.5 ms
	2.5 ms

	5
	TTI for transmission of RRC Connection Request and NAS Service Request
	1 ms
	1.0 ms
	1.0 ms

	6
	3 HARQ Retransmissions
	3 * 8 ms
	24.0 ms
	24.0 ms

	 
	RRC connection request reception and transmission of contention resolution message
	5 ms
	5.0 ms
	5.0 ms

	 
	UE Processing Delay => Collision Detected
	2.5 ms
	2.5 ms
	2.5 ms

	 
	Average delay due to RACH scheduling period
	5 ms
	5.0 ms
	5.0 ms

	 
	RACH Preamble
	1 ms
	1.0 ms
	1.0 ms

	 
	Preamble detection and transmission of RA response
(Time between the end RACH transmission and UE's reception of scheduling grant and timing adjustment)
	5 ms
	5.0 ms
	5.0 ms

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

	 
	TTI for transmission of RRC Connection Request and NAS Service Request
	1 ms
	1.0 ms
	1.0 ms

	 
	3 HARQ Retransmissions
	3 * 8 ms
	24.0 ms
	24.0 ms

	7
	Processing delay in eNB (Uu -> S1-C)
	4 ms
	4.0 ms
	4.0 ms

	8
	S1-C Transfer delay
	Ts1c (2 - 15 ms)
	2.0 ms
	15.0 ms

	9
	MME Processing Delay (including UE context retrieval of 10ms)
	15 ms
	15.0 ms
	15.0 ms

	10
	S1-C Transfer delay
	Ts1c (2 - 15 ms)
	2.0 ms
	15.0 ms

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

	12
	TTI for transmission of RRC Connection Setup (+Average alignment)
	1.5 ms
	1.5 ms
	1.5 ms

	13
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	14
	Processing delay in UE
	3 ms
	3.0 ms
	3.0 ms

	15
	TTI for transmission of L3 RRC Connection Complete
	1 ms
	1.0 ms
	1.0 ms

	16
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	 
	C-Plane establishment (LTE IDLE → LTE ACTIVE)
	 
	121.8 ms
	147.8 ms

	17
	TTI for UL DATA PACKET (Piggy back scheduling information)
	1 ms
	1.0 ms
	1.0 ms

	18
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	19
	eNB Processing Delay (Uu -> S1-U)
	1 ms
	1.0 ms
	1.0 ms

	 
	U-Plane establishment delay (RAN edge node)
	 
	126.2 ms
	152.2 ms

	20
	S1-U Transfer delay
	Ts1u (1 ms - 15 ms)
	1.0 ms
	15.0 ms

	21
	S-GW Processing delay (including context retrieval)
	10 ms
	10.0 ms
	10.0 ms

	 
	U-Plane establishment delay (S-GW)
	 
	137.2 ms
	177.2 ms


A.2.2
Separate Messages A
	Step
	Description
	 
	 
	 

	1
	Average delay due to RACH scheduling period
	5 ms
	5.0 ms
	5.0 ms

	2
	RACH Preamble
	1 ms
	1.0 ms
	1.0 ms

	3
	Preamble detection and transmission of RA response
(Time between the end RACH transmission and UE's reception of scheduling grant and timing adjustment)
	5 ms
	5.0 ms
	5.0 ms

	4
	UE Processing Delay
(decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	2.5 ms
	2.5 ms
	2.5 ms

	5
	TTI for transmission of RRC Connection Request
	1 ms
	1.0 ms
	1.0 ms

	6
	2 HARQ Retransmissions
	2 * 8 ms
	16.0 ms
	16.0 ms

	 
	RRC connection request reception and transmission of contention resolution message
	5 ms
	5.0 ms
	5.0 ms

	 
	UE Processing Delay => Collision Detected
	2.5 ms
	2.5 ms
	2.5 ms

	 
	Average delay due to RACH scheduling period
	5 ms
	5.0 ms
	5.0 ms

	 
	RACH Preamble
	1 ms
	1.0 ms
	1.0 ms

	 
	Preamble detection and transmission of RA response
(Time between the end RACH transmission and UE's reception of scheduling grant and timing adjustment)
	5 ms
	5.0 ms
	5.0 ms

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

	 
	TTI for transmission of RRC Connection Request
	1 ms
	1.0 ms
	1.0 ms

	 
	2 HARQ Retransmissions
	2 * 8 ms
	16.0 ms
	16.0 ms

	 
	RRC connection request reception and transmission of contention resolution message
	5 ms
	5.0 ms
	5.0 ms

	 
	UE Processing Delay => No Collision Detected
	2.5 ms
	2.5 ms
	2.5 ms

	 
	TTI for transmission of NAS Service Request
	1 ms
	1.0 ms
	1.0 ms

	 
	1 HARQ Retransmissions
	1 * 8 ms
	8.0 ms
	8.0 ms

	7
	Processing delay in eNB (Uu -> S1-C)
	4 ms
	4.0 ms
	4.0 ms

	8
	S1-C Transfer delay
	Ts1c (2 - 15 ms)
	2.0 ms
	15.0 ms

	9
	MME Processing Delay (including UE context retrieval of 10ms)
	15 ms
	15.0 ms
	15.0 ms

	10
	S1-C Transfer delay
	Ts1c (2 - 15 ms)
	2.0 ms
	15.0 ms

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

	12
	TTI for transmission of RRC Connection Setup (+Average alignment)
	1.5 ms
	1.5 ms
	1.5 ms

	13
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	14
	Processing delay in UE
	3 ms
	3.0 ms
	3.0 ms

	15
	TTI for transmission of L3 RRC Connection Complete
	1 ms
	1.0 ms
	1.0 ms

	16
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	 
	C-Plane establishment (LTE IDLE → LTE ACTIVE)
	 
	122.3 ms
	148.3 ms

	17
	TTI for UL DATA PACKET (Piggy back scheduling information)
	1 ms
	1.0 ms
	1.0 ms

	18
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	19
	eNB Processing Delay (Uu -> S1-U)
	1 ms
	1.0 ms
	1.0 ms

	 
	U-plane establishment delay (RAN edge node)
	 
	126.7 ms
	152.7 ms

	20
	S1-U Transfer delay
	Ts1u (1 ms - 15 ms)
	1.0 ms
	15.0 ms

	21
	UPE Processing delay (including context retrieval)
	10 ms
	10.0 ms
	10.0 ms

	 
	U-plane establishment delay (Serving GW)
	 
	137.7 ms
	177.7 ms


A.2.3
Separate Messages B

	Step
	Description
	 
	 
	 

	1
	Average delay due to RACH scheduling period
	5 ms
	5.0 ms
	5.0 ms

	2
	RACH Preamble
	1 ms
	1.0 ms
	1.0 ms

	3
	Preamble detection and transmission of RA response
(Time between the end RACH transmission and UE's reception of scheduling grant and timing adjustment)
	5 ms
	5.0 ms
	5.0 ms

	4
	UE Processing Delay
(decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	2.5 ms
	2.5 ms
	2.5 ms

	5
	TTI for transmission of RRC Connection Request
	1 ms
	1.0 ms
	1.0 ms

	6
	1 HARQ Retransmissions
	1 * 8 ms
	8.0 ms
	8.0 ms

	 
	RRC connection request reception and transmission of contention resolution message
	5 ms
	5.0 ms
	5.0 ms

	 
	UE Processing Delay => Collision Detected
	2.5 ms
	2.5 ms
	2.5 ms

	 
	Average delay due to RACH scheduling period
	5 ms
	5.0 ms
	5.0 ms

	 
	RACH Preamble
	1 ms
	1.0 ms
	1.0 ms

	 
	Preamble detection and transmission of RA response
(Time between the end RACH transmission and UE's reception of scheduling grant and timing adjustment)
	5 ms
	5.0 ms
	5.0 ms

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

	 
	TTI for transmission of RRC Connection Request
	1 ms
	1.0 ms
	1.0 ms

	 
	1 HARQ Retransmissions
	1 * 8 ms
	8.0 ms
	8.0 ms

	 
	RRC connection request reception and transmission of contention resolution message
	5 ms
	5.0 ms
	5.0 ms

	 
	UE Processing Delay => No Collision Detected
	2.5 ms
	2.5 ms
	2.5 ms

	 
	TTI for transmission of NAS Service Request
	1 ms
	1.0 ms
	1.0 ms

	 
	1 HARQ Retransmissions
	8 ms
	8.0 ms
	8.0 ms

	7
	Processing delay in eNB (Uu -> S1-C)
	4 ms
	4.0 ms
	4.0 ms

	8
	S1-C Transfer delay
	Ts1c (2 - 15 ms)
	2.0 ms
	15.0 ms

	9
	MME Processing Delay (including UE context retrieval of 10ms)
	15 ms
	15.0 ms
	15.0 ms

	10
	S1-C Transfer delay
	Ts1c (2 - 15 ms)
	2.0 ms
	15.0 ms

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

	12
	TTI for transmission of RRC Connection Setup (+Average alignment)
	1.5 ms
	1.5 ms
	1.5 ms

	13
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	14
	Processing delay in UE
	3 ms
	3.0 ms
	3.0 ms

	15
	TTI for transmission of L3 RRC Connection Complete
	1 ms
	1.0 ms
	1.0 ms

	16
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	 
	C-Plane establishment (LTE IDLE → LTE ACTIVE)
	 
	106.3 ms
	132.3 ms

	17
	TTI for UL DATA PACKET (Piggy back scheduling information)
	1 ms
	1.0 ms
	1.0 ms

	18
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	19
	eNB Processing Delay (Uu -> S1-U)
	1 ms
	1.0 ms
	1.0 ms

	 
	U-plane establishment delay (RAN edge node)
	 
	110.7 ms
	136.7 ms

	20
	S1-U Transfer delay
	Ts1u (1 ms - 15 ms)
	1.0 ms
	15.0 ms

	21
	UPE Processing delay (including context retrieval)
	10 ms
	10.0 ms
	10.0 ms

	 
	U-plane establishment delay (Serving GW)
	 
	121.7 ms
	161.7 ms


A.3
Best Case - Without Collision

A.3.1
Separate Messages

	Step
	Description
	 
	 
	 

	1
	Average delay due to RACH scheduling period
	5 ms
	5.0 ms
	5.0 ms

	2
	RACH Preamble
	1 ms
	1.0 ms
	1.0 ms

	3
	Preamble detection and transmission of RA response
(Time between the end RACH transmission and UE's reception of scheduling grant and timing adjustment)
	5 ms
	5.0 ms
	5.0 ms

	4
	UE Processing Delay
(decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	2.5 ms
	2.5 ms
	2.5 ms

	5
	TTI for transmission of RRC Connection Request
	1 ms
	1.0 ms
	1.0 ms

	6
	No HARQ retransmission
	0
	0.0 ms
	0.0 ms

	 
	RRC connection request reception and transmission of contention resolution message
	5 ms
	5.0 ms
	5.0 ms

	 
	UE Processing Delay
	2.5 ms
	2.5 ms
	2.5 ms

	 
	TTI for transmission of NAS Service Request
	1 ms
	1.0 ms
	1.0 ms

	 
	No HARQ retransmission
	0
	0.0 ms
	0.0 ms

	7
	Processing delay in eNB (Uu -> S1-C)
	4 ms
	4.0 ms
	4.0 ms

	8
	S1-C Transfer delay
	Ts1c (2 - 15 ms)
	2.0 ms
	15.0 ms

	9
	MME Processing Delay (including UE context retrieval of 10ms)
	15 ms
	15.0 ms
	15.0 ms

	10
	S1-C Transfer delay
	Ts1c (2 - 15 ms)
	2.0 ms
	15.0 ms

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

	12
	TTI for transmission of RRC Connection Setup (+Average alignment)
	1.5 ms
	1.5 ms
	1.5 ms

	13
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	14
	Processing delay in UE
	3 ms
	3.0 ms
	3.0 ms

	15
	TTI for transmission of L3 RRC Connection Complete
	1 ms
	1.0 ms
	1.0 ms

	16
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	 
	C-Plane establishment (LTE IDLE → LTE ACTIVE)
	 
	60.3 ms
	86.3 ms

	17
	TTI for UL DATA PACKET (Piggy back scheduling information)
	1 ms
	1.0 ms
	1.0 ms

	18
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	19
	eNB Processing Delay (Uu -> S1-U)
	1 ms
	1.0 ms
	1.0 ms

	 
	U-plane establishment delay (RAN edge node)
	 
	64.7 ms
	90.7 ms

	20
	S1-U Transfer delay
	Ts1u (1 ms - 15 ms)
	1.0 ms
	15.0 ms

	21
	UPE Processing delay (including context retrieval)
	10 ms
	10.0 ms
	10.0 ms

	 
	U-plane establishment delay (Serving GW)
	 
	75.7 ms
	115.7 ms


A.3.1
Combined Messages A

	Step
	Description
	 
	 
	 

	1
	Average delay due to RACH scheduling period
	5 ms
	5.0 ms
	5.0 ms

	2
	RACH Preamble
	1 ms
	1.0 ms
	1.0 ms

	3
	Preamble detection and transmission of RA response
(Time between the end RACH transmission and UE's reception of scheduling grant and timing adjustment)
	5 ms
	5.0 ms
	5.0 ms

	4
	UE Processing Delay
(decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	2.5 ms
	2.5 ms
	2.5 ms

	5
	TTI for transmission of RRC Connection Request and NAS Service Request
	1 ms
	1.0 ms
	1.0 ms

	6
	No HARQ retransmission
	0
	0.0 ms
	0.0 ms

	7
	Processing delay in eNB (Uu -> S1-C)
	4 ms
	4.0 ms
	4.0 ms

	8
	S1-C Transfer delay
	Ts1c (2 - 15 ms)
	2.0 ms
	15.0 ms

	9
	MME Processing Delay (including UE context retrieval of 10ms)
	15 ms
	15.0 ms
	15.0 ms

	10
	S1-C Transfer delay
	Ts1c (2 - 15 ms)
	2.0 ms
	15.0 ms

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

	12
	TTI for transmission of RRC Connection Setup (+Average alignment)
	1.5 ms
	1.5 ms
	1.5 ms

	13
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	14
	Processing delay in UE
	3 ms
	3.0 ms
	3.0 ms

	15
	TTI for transmission of L3 RRC Connection Complete
	1 ms
	1.0 ms
	1.0 ms

	16
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	 
	C-Plane establishment (LTE IDLE → LTE ACTIVE)
	 
	51.8 ms
	77.8 ms

	17
	TTI for UL DATA PACKET (Piggy back scheduling information)
	1 ms
	1.0 ms
	1.0 ms

	18
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	19
	eNB Processing Delay (Uu -> S1-U)
	1 ms
	1.0 ms
	1.0 ms

	 
	U-Plane establishment delay (RAN edge node)
	 
	56.2 ms
	82.2 ms

	20
	S1-U Transfer delay
	Ts1u (1 ms - 15 ms)
	1.0 ms
	15.0 ms

	21
	S-GW Processing delay (including context retrieval)
	10 ms
	10.0 ms
	10.0 ms

	 
	U-Plane establishment delay (S-GW)
	 
	67.2 ms
	107.2 ms


A.3.1
Combined Messages B

	Step
	Description
	 
	 
	 

	1
	Average delay due to RACH scheduling period
	5 ms
	5.0 ms
	5.0 ms

	2
	RACH Preamble
	1 ms
	1.0 ms
	1.0 ms

	3
	Preamble detection and transmission of RA response
(Time between the end RACH transmission and UE's reception of scheduling grant and timing adjustment)
	5 ms
	5.0 ms
	5.0 ms

	4
	UE Processing Delay
(decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	2.5 ms
	2.5 ms
	2.5 ms

	5
	TTI for transmission of RRC Connection Request and NAS Service Request
	1 ms
	1.0 ms
	1.0 ms

	6
	One HARQ retransmission
	1 * 8 ms
	8.0 ms
	8.0 ms

	7
	Processing delay in eNB (Uu -> S1-C)
	4 ms
	4.0 ms
	4.0 ms

	8
	S1-C Transfer delay
	Ts1c (2 - 15 ms)
	2.0 ms
	15.0 ms

	9
	MME Processing Delay (including UE context retrieval of 10ms)
	15 ms
	15.0 ms
	15.0 ms

	10
	S1-C Transfer delay
	Ts1c (2 - 15 ms)
	2.0 ms
	15.0 ms

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

	12
	TTI for transmission of RRC Connection Setup (+Average alignment)
	1.5 ms
	1.5 ms
	1.5 ms

	13
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	14
	Processing delay in UE
	3 ms
	3.0 ms
	3.0 ms

	15
	TTI for transmission of L3 RRC Connection Complete
	1 ms
	1.0 ms
	1.0 ms

	16
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	 
	C-Plane establishment (LTE IDLE → LTE ACTIVE)
	 
	59.8 ms
	85.8 ms

	17
	TTI for UL DATA PACKET (Piggy back scheduling information)
	1 ms
	1.0 ms
	1.0 ms

	18
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	19
	eNB Processing Delay (Uu -> S1-U)
	1 ms
	1.0 ms
	1.0 ms

	 
	U-Plane establishment delay (RAN edge node)
	 
	64.2 ms
	90.2 ms

	20
	S1-U Transfer delay
	Ts1u (1 ms - 15 ms)
	1.0 ms
	15.0 ms

	21
	S-GW Processing delay (including context retrieval)
	10 ms
	10.0 ms
	10.0 ms

	 
	U-Plane establishment delay (S-GW)
	 
	75.2 ms
	115.2 ms


A.4
Best Case - With Collision

A.4.1
Separate Messages

	Step
	Description
	 
	 
	 

	1
	Average delay due to RACH scheduling period
	5 ms
	5.0 ms
	5.0 ms

	2
	RACH Preamble
	1 ms
	1.0 ms
	1.0 ms

	3
	Preamble detection and transmission of RA response
(Time between the end RACH transmission and UE's reception of scheduling grant and timing adjustment)
	5 ms
	5.0 ms
	5.0 ms

	4
	UE Processing Delay
(decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	2.5 ms
	2.5 ms
	2.5 ms

	5
	TTI for transmission of RRC Connection Request
	1 ms
	1.0 ms
	1.0 ms

	6
	No HARQ retransmission
	0
	0.0 ms
	0.0 ms

	 
	RRC connection request reception and transmission of contention resolution message
	5 ms
	5.0 ms
	5.0 ms

	 
	UE Processing Delay => Collision Detected
	2.5 ms
	2.5 ms
	2.5 ms

	 
	Average delay due to RACH scheduling period
	5 ms
	5.0 ms
	5.0 ms

	 
	RACH Preamble
	1 ms
	1.0 ms
	1.0 ms

	 
	Preamble detection and transmission of RA response
(Time between the end RACH transmission and UE's reception of scheduling grant and timing adjustment)
	5 ms
	5.0 ms
	5.0 ms

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

	 
	TTI for transmission of RRC Connection Request
	1 ms
	1.0 ms
	1.0 ms

	 
	No HARQ retransmission
	0
	0.0 ms
	0.0 ms

	 
	RRC connection request reception and transmission of contention resolution message
	5 ms
	5.0 ms
	5.0 ms

	 
	UE Processing Delay => No Collision Detected
	2.5 ms
	2.5 ms
	2.5 ms

	 
	TTI for transmission of NAS Service Request
	1 ms
	1.0 ms
	1.0 ms

	 
	No HARQ retransmission
	0
	0.0 ms
	0.0 ms

	7
	Processing delay in eNB (Uu -> S1-C)
	4 ms
	4.0 ms
	4.0 ms

	8
	S1-C Transfer delay
	Ts1c (2 - 15 ms)
	2.0 ms
	15.0 ms

	9
	MME Processing Delay (including UE context retrieval of 10ms)
	15 ms
	15.0 ms
	15.0 ms

	10
	S1-C Transfer delay
	Ts1c (2 - 15 ms)
	2.0 ms
	15.0 ms

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

	12
	TTI for transmission of RRC Connection Setup (+Average alignment)
	1.5 ms
	1.5 ms
	1.5 ms

	13
	No HARQ retransmission
	0
	0.0 ms
	0.0 ms

	14
	Processing delay in UE
	3 ms
	3.0 ms
	3.0 ms

	15
	TTI for transmission of L3 RRC Connection Complete
	1 ms
	1.0 ms
	1.0 ms

	16
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	 
	C-Plane establishment (LTE IDLE → LTE ACTIVE)
	 
	79.9 ms
	105.9 ms

	17
	TTI for UL DATA PACKET (Piggy back scheduling information)
	1 ms
	1.0 ms
	1.0 ms

	18
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	19
	eNB Processing Delay (Uu -> S1-U)
	1 ms
	1.0 ms
	1.0 ms

	 
	U-plane establishment delay (RAN edge node)
	 
	84.3 ms
	110.3 ms

	20
	S1-U Transfer delay
	Ts1u (1 ms - 15 ms)
	1.0 ms
	15.0 ms

	21
	UPE Processing delay (including context retrieval)
	10 ms
	10.0 ms
	10.0 ms

	 
	U-plane establishment delay (Serving GW)
	 
	95.3 ms
	135.3 ms


A.4.2
Combined Messages A

	Step
	Description
	 
	 
	 

	1
	Average delay due to RACH scheduling period
	5 ms
	5.0 ms
	5.0 ms

	2
	RACH Preamble
	1 ms
	1.0 ms
	1.0 ms

	3
	Preamble detection and transmission of RA response
(Time between the end RACH transmission and UE's reception of scheduling grant and timing adjustment)
	5 ms
	5.0 ms
	5.0 ms

	4
	UE Processing Delay
(decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	2.5 ms
	2.5 ms
	2.5 ms

	5
	TTI for transmission of RRC Connection Request and NAS Service Request
	1 ms
	1.0 ms
	1.0 ms

	6
	No HARQ retransmission
	0
	0.0 ms
	0.0 ms

	 
	RRC connection request reception and transmission of contention resolution message
	5 ms
	5.0 ms
	5.0 ms

	 
	UE Processing Delay => Collision Detected
	2.5 ms
	2.5 ms
	2.5 ms

	 
	Average delay due to RACH scheduling period
	5 ms
	5.0 ms
	5.0 ms

	 
	RACH Preamble
	1 ms
	1.0 ms
	1.0 ms

	 
	Preamble detection and transmission of RA response
(Time between the end RACH transmission and UE's reception of scheduling grant and timing adjustment)
	5 ms
	5.0 ms
	5.0 ms

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

	 
	TTI for transmission of RRC Connection Request and NAS Service Request
	1 ms
	1.0 ms
	1.0 ms

	 
	No HARQ retransmission
	0
	0.0 ms
	0.0 ms

	7
	Processing delay in eNB (Uu -> S1-C)
	4 ms
	4.0 ms
	4.0 ms

	8
	S1-C Transfer delay
	Ts1c (2 - 15 ms)
	2.0 ms
	15.0 ms

	9
	MME Processing Delay (including UE context retrieval of 10ms)
	15 ms
	15.0 ms
	15.0 ms

	10
	S1-C Transfer delay
	Ts1c (2 - 15 ms)
	2.0 ms
	15.0 ms

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

	12
	TTI for transmission of RRC Connection Setup (+Average alignment)
	1.5 ms
	1.5 ms
	1.5 ms

	13
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	14
	Processing delay in UE
	3 ms
	3.0 ms
	3.0 ms

	15
	TTI for transmission of L3 RRC Connection Complete
	1 ms
	1.0 ms
	1.0 ms

	16
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	 
	C-Plane establishment (LTE IDLE → LTE ACTIVE)
	 
	73.8 ms
	99.8 ms

	17
	TTI for UL DATA PACKET (Piggy back scheduling information)
	1 ms
	1.0 ms
	1.0 ms

	18
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	19
	eNB Processing Delay (Uu -> S1-U)
	1 ms
	1.0 ms
	1.0 ms

	 
	U-Plane establishment delay (RAN edge node)
	 
	78.2 ms
	104.2 ms

	20
	S1-U Transfer delay
	Ts1u (1 ms - 15 ms)
	1.0 ms
	15.0 ms

	21
	S-GW Processing delay (including context retrieval)
	10 ms
	10.0 ms
	10.0 ms

	 
	U-Plane establishment delay (S-GW)
	 
	89.2 ms
	129.2 ms


A.4.2
Combined Messages B

	Step
	Description
	 
	 
	 

	1
	Average delay due to RACH scheduling period
	5 ms
	5.0 ms
	5.0 ms

	2
	RACH Preamble
	1 ms
	1.0 ms
	1.0 ms

	3
	Preamble detection and transmission of RA response
(Time between the end RACH transmission and UE's reception of scheduling grant and timing adjustment)
	5 ms
	5.0 ms
	5.0 ms

	4
	UE Processing Delay
(decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	2.5 ms
	2.5 ms
	2.5 ms

	5
	TTI for transmission of RRC Connection Request and NAS Service Request
	1 ms
	1.0 ms
	1.0 ms

	6
	One HARQ retransmission
	1 * 8 ms
	8.0 ms
	8.0 ms

	 
	RRC connection request reception and transmission of contention resolution message
	5 ms
	5.0 ms
	5.0 ms

	 
	UE Processing Delay => Collision Detected
	2.5 ms
	2.5 ms
	2.5 ms

	 
	Average delay due to RACH scheduling period
	5 ms
	5.0 ms
	5.0 ms

	 
	RACH Preamble
	1 ms
	1.0 ms
	1.0 ms

	 
	Preamble detection and transmission of RA response
(Time between the end RACH transmission and UE's reception of scheduling grant and timing adjustment)
	5 ms
	5.0 ms
	5.0 ms

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

	 
	TTI for transmission of RRC Connection Request and NAS Service Request
	1 ms
	1.0 ms
	1.0 ms

	 
	One HARQ retransmission
	1 * 8 ms
	8.0 ms
	8.0 ms

	7
	Processing delay in eNB (Uu -> S1-C)
	4 ms
	4.0 ms
	4.0 ms

	8
	S1-C Transfer delay
	Ts1c (2 - 15 ms)
	2.0 ms
	15.0 ms

	9
	MME Processing Delay (including UE context retrieval of 10ms)
	15 ms
	15.0 ms
	15.0 ms

	10
	S1-C Transfer delay
	Ts1c (2 - 15 ms)
	2.0 ms
	15.0 ms

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

	12
	TTI for transmission of RRC Connection Setup (+Average alignment)
	1.5 ms
	1.5 ms
	1.5 ms

	13
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	14
	Processing delay in UE
	3 ms
	3.0 ms
	3.0 ms

	15
	TTI for transmission of L3 RRC Connection Complete
	1 ms
	1.0 ms
	1.0 ms

	16
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	 
	C-Plane establishment (LTE IDLE → LTE ACTIVE)
	 
	89.8 ms
	115.8 ms

	17
	TTI for UL DATA PACKET (Piggy back scheduling information)
	1 ms
	1.0 ms
	1.0 ms

	18
	HARQ Retransmission (@ 30%)
	0.3 * 8 ms
	2.4 ms
	2.4 ms

	19
	eNB Processing Delay (Uu -> S1-U)
	1 ms
	1.0 ms
	1.0 ms

	 
	U-Plane establishment delay (RAN edge node)
	 
	94.2 ms
	120.2 ms

	20
	S1-U Transfer delay
	Ts1u (1 ms - 15 ms)
	1.0 ms
	15.0 ms

	21
	S-GW Processing delay (including context retrieval)
	10 ms
	10.0 ms
	10.0 ms

	 
	U-Plane establishment delay (S-GW)
	 
	105.2 ms
	145.2 ms


