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1. Overall Description:

RAN2 has revisited the LTE System Analysis of Control Plane and User Plane Latency and Handover Interruption Times made for TR 25.912 ‎[1] as part of the feasibility study. The latency analysis was updated to take the following changes/agreements made since the feasibility into account: increase of TTI size from 0.5ms to 1ms, PDCP in eNodeB, change of RAN edge node from UPE to eNodeB and more mature Random Access Sequence. The new LTE latency and interruption time study was agreed at RAN2#58 and is presented in Annex A of this document. It is concluded that LTE still meets the latency and interruption performance requirements of TR 25.913 ‎[2]. Moreover, both latency and interruption times have been reduced as a result of decisions made after the feasibility study.
2. Actions:

To TSG RAN group.

ACTION: 
RAN2 kindly asks RAN to take the provided latency analysis into consideration.

To RAN WG1, RAN WG3 groups.

ACTION: 
None.
3. Date of Next TSG-RAN WG2 Meetings:

TSG-RAN WG2 Meeting #58-bis
25 – 29 Jun 2007
Orlando, U.S.A.

TSG-RAN WG2 Meeting #59
20 – 24 Aug 2007
Athens, Greece.
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Annex A

Summary of study

This section summarises the updated RAN2 performance analysis. Clauses 13.2 “C-plane latency”, 13.3 “U-plane latency” and 13.6.2 “HO interruption time” of TR 25.912 were used as a starting point and corresponding new results are presented below.
13.2
C-plane latency
Figure 13.1 provides an example C-plane flow for the LTE_IDLE to LTE_ACTIVE transition in LTE/SAE and is based on the procedure described in sub-clause 7.14.2 of [3].
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Figure 13.1: C-plane activation procedure (example)
Note:
The RRC Contention Resolution message (between steps 7 and 8) does not contribute to the overall state transition latency and is therefore not included in the analysis.
13.2.1
FDD frame structure
Table 13.3 provides a timing analysis, assuming FDD frame structure, of the flow depicted in Figure 13.1. The analysis illustrates that the requirement for the state transition from LTE_IDLE to LTE_ACTIVE can be achieved within the 100ms requirement.
Table 13.3: C-plane establishment latency analysis (based on the procedure depicted in Figure 13.1)

	Step
	Description
	Duration

	0
	UE wakeup time
	Implementation dependent – Not included

	1
	Average delay due to RACH scheduling period
	5ms

	2
	RACH Preamble
	1ms

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

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

	5
	TTI for transmission of RRC Connection Request
	1ms

	6
	HARQ Retransmission (@ 30%)
	0.3 * 5ms

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

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

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

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

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

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

	13
	HARQ Retransmission (@ 30%)
	0.3 * 5ms

	14
	Processing delay in UE
	3ms

	15
	TTI for  transmission of L3 RRC Connection Complete
	1ms

	16
	HARQ Retransmission (@ 30%)
	0.3 * 5ms

	
	Total LTE_IDLE(LTE_ACTIVE delay (C-plane establishment)
	47.5ms + 2 * Ts1c


Table 13.4: U-plane establishment latency

	Step
	Description
	Duration

	
	LTE_IDLE(LTE_ACTIVE delay (C-plane establishment)
	47.5ms + 2 * Ts1c

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

	18
	HARQ Retransmission (@ 30%)
	0.3 * 5ms

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

	
	U-plane establishment delay (RAN edge node)
	51ms + 2 * Ts1c

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

	21
	UPE Processing delay (including context retrieval)
	10ms

	
	U-plane establishment delay (Serving GW)
	61ms + 2 * Ts1c + Ts1u


Note 1:
The figures included in Steps 8, 9, 10, 20 and 21 are outside the scope of RAN WG2.
Note 2:
The S1-C transfer delay is estimated to be longer than the S1-U transfer delay, since more reliable L2 protocol stack is assumed for S1-C.
Note 3:
For procedural aspects which remain to be agreed in RAN WG2, the analysis contains preliminary assumptions.

13.2.2
TDD frame structure type 1
Table 13.5 provides a timing analysis, assuming TDD frame structure 1 with different frame formats as shown in Figure 13.2. The analysis illustrates that the requirement for the state transition from LTE_IDLE to LTE_ACTIVE can be achieved within the 100ms requirement.
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Figure 13.2: TDD frame formats

Table 13.5: C-plane latency analysis for TDD frame structure 1 (based on the procedure depicted in Figure 13.1)

	Step
	Description
	4-Dl/1-UL
	3-DL/2-UL
	2-DL/3-UL
	1-DL/4-UL

	0
	UE wakeup time
	Implementation dependent – Not included

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

	2
	RACH Preamble
	1ms
	1ms
	1ms
	1ms

	3
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	6ms
	6ms
	6ms
	6ms

	4
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request )
	3ms
	3ms
	3ms
	3ms

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

	6
	HARQ Retransmission (@ 30%)
	0.3*5ms
	0.3*4.5ms
	0.3*4.33ms
	0.3 * 5.75ms

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

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

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

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

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

	12
	TTI for transmission of RRC Connection Setup (+Average alignment)
	1.7ms
	2.1ms
	2.7ms
	3.5ms

	13
	HARQ Retransmission (@ 30%)
	0.3*5.75ms
	0.3*4.33ms
	0.3*4.5ms
	0.3 *5ms

	14
	Processing delay in UE
	3ms
	3ms
	3ms
	3ms

	15
	TTI for  transmission of L3 RRC Connection Complete (+Average alignment)
	3.5ms
	2.7ms
	2.1ms
	1.7ms

	16
	HARQ Retransmission (@ 30%)
	0.3*5ms
	0.3*4.5ms
	0.3*4.33ms
	0.3 * 5.75ms

	
	Total LTE_IDLE(LTE_ACTIVE delay (C-plane establishment)
	51.925 + 2*Ts1c
	50.799 + 2*Ts1c
	50.748 + 2*Ts1c
	52.15 + 2*Ts1c


Table 13.6: U-plane establishment latency
	Step
	Description
	4-DL/1-UL
	3-DL/2-UL
	2-DL/3-UL
	1-DL/4-UL

	
	LTE_IDLE(LTE_ACTIVE delay (C-plane establishment)
	51.925 + 2*Ts1c
	50.799 + 2*Ts1c
	50.748 + 2*Ts1c
	52.15 + 2*Ts1c

	17
	TTI for UL data packet + average alignment (Piggy back scheduling information)
	3.5ms
	2.7ms
	2.1ms
	1.7ms

	18
	HARQ Retransmission (@ 30%)
	0.3*5ms
	0.3*4.5ms
	0.3*4.33ms
	0.3 * 5.75ms

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

	
	U-plane establishment delay (RAN edge node)
	57.925

+ 2*Ts1c
	55.849

+ 2*Ts1c
	54.148

+ 2*Ts1c
	56.575
+ 2*Ts1c

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

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

	
	U-plane establishment delay (Serving GW)
	67.925

+ 2*Ts1c + Ts1u
	65.849

+ 2*Ts1c + Ts1u
	64.148

+ 2*Ts1c + Ts1u
	66.575

+ 2*Ts1c + Ts1u


13.2.3
TDD frame structure type 2

The C-plane establishment latency analysis for TDD frame structure 2 is summarised in table13.7. 
Table 13.7: C-plane establishment latency analysis (based on the procedure depicted in Figure 13.1)

	Step
	Description
	Duration

	0
	UE wakeup time
	Implementation dependent – Not included

	1
	Average delay due to RACH scheduling period
	2.5ms

	2
	RACH Preamble
	0.95ms

	3
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	7.025ms

	4
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	2.3ms

	5
	TTI for transmission of RRC Connection Request
	0.675ms

	6
	HARQ Retransmission (@ 30%)
	0.3 * 5ms

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

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

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

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

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

	12
	TTI for transmission of RRC Connection Setup (+Average alignment)
	2.163ms

	13
	HARQ Retransmission (@ 30%)
	0.3 * 5ms

	14
	Processing delay in UE
	2.975ms

	15
	TTI for  transmission of L3 RRC Connection Complete
	0.675ms

	16
	HARQ Retransmission (@ 30%)
	0.3 * 5ms

	
	Total LTE_IDLE(LTE_ACTIVE delay (C-plane establishment)
	46.763ms + 2 * Ts1c


For TDD frame structure type 2, U-plane establishment delay data was not available at the time of writing.

13.3
U-plane latency

The requirement on U-plane latency in clause 6.2.2 of TR 25.913 [4] reads as follows:

"U-Plane Delay Definition – U-plane delay is defined in terms of the one-way transit time between a packet being available at the IP layer in either the UE/RAN edge node and the availability of this packet at IP layer in the RAN edge node/UE. The RAN edge node is the node providing the RAN interface towards the core network.

Specifications shall enable an E-UTRA U-plane latency of less than 5 ms in unload condition (i.e. single user with single data stream) for small IP packet, e.g. 0 byte payload + IP headers E-UTRAN bandwidth mode may impact the experienced latency

Note: This requirement, more specifically the exact definition of latency, may be revisited and further clarified once there is a 3GPP system end-to-end requirement agreed and the overall system architecture is settled, including the RAN and core network functional split. This means that the network entities between which the U-plane latency requirement of E-UTRA and E-UTRAN applies, will finally be defined at a later stage."

With PDCP terminated in the eNB, it is understood that the RAN edge node is the eNB.The U-plane assessment assumes, in accordance with the requirement, unload conditions where scheduling delays are negligible. Further, it is assumed that a valid scheduling grant is available; i.e. no random access procedure needs to be performed. 

13.3.1
FDD frame structure
The LTE U-plane delay consists of node processing delays, TTI duration and radio frame alignment. The delay components are summarised in Figure 13.3.


[image: image3.emf] 

UE  

eNB  

1 ms  

1 ms  

HARQ RTT   5  ms  

1 ms  

1 ms  

TTI   +   frame   alignment  

1. 5 ms  

1.5  ms  


Figure 13.3: U-plane latency components in LTE
Note:
The figures in yellow are outside the scope of RAN WG2.

Based on the assumptions above, the LTE U-plane latency can be written:


DUP [ms] = 1 + 1.5 + 1+ n*5 = 3.5 + n*5,
where n is the number of HARQ re-transmissions. In typical cases there would be 0 or 1 re-transmissions yielding an approximate average U-plane latency of


DUP,typical [ms] = 3.5 + p*5,
where p is the error probability of the first HARQ transmission. Hence the U-plane latency is a function of the HARQ operating point. Table 13.8 shows the U-plane latency when HARQ is operated at an initial transmission error probability of 0.0 and 0.3, respectively.

Table 13.8: U-plane latency analysis (estimated average)

	Step
	Description
	Value (0% HARQ)
	Value (30% HARQ)

	0
	UE wakeup time
	Implementation dependent – Not included
	Implementation dependent – Not included

	1
	UE Processing Delay
	1ms
	1ms

	2
	Frame Alignment
	0.5ms
	0.5ms

	3
	TTI for UL DATA PACKET (Piggy back scheduling information) 
	1ms
	1ms

	4
	HARQ Retransmission
	0ms
	0.3*5ms

	5
	eNB Processing Delay (Uu –> S1-U)
	1ms
	1ms

	
	Total one way delay
	3.5ms
	5.0ms


NOTE:
While table 13.8 illustrates the U-plane latency for the UL, the indicated latencies, although applied in a different order, should be understood as representative also for the DL.

For FDD frame structure, it is concluded that for a typical case with an initial HARQ error rate of 0.0 and 0.3, total average U-plane latencies of 3.5ms and 5.0ms, respectively, can be achieved.

13.3.2
TDD frame structure type 1
The LTE U-plane delay consists of node processing delays, TTI duration, radio frame alignment and S1-U delay. The delay components are summarised in Figure 13.4 for TDD.
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Figure 13.4: U-plane latency components in TDD
Where

Thdl: average HARQ RTT in downlink

Tfdl: average frame alignment delay in downlink

Thul: average HARQ RTT in uplink

Tful: average frame alignment delay in uplink

Based on the assumptions above, the LTE U-plane latency can be written:


DUP [ms] = 1 + 1+Tf + 1+ n*Th
where Tf is the frame alignment delay, Th is the HARQ RTT and n is the number of HARQ re-transmissions. As indicated above, Tf and Th can be different for ulink and downlink. In typical cases there would be 0 or 1 re-transmissions yielding an approximate average U-plane latency of


DUP,typical [ms] = 3+ Tf + p*Th,
where p is the error probability of the first HARQ transmission. Hence the U-plane latency is a function of the HARQ operating point. Tables 13.9 and 13.10 show the U-plane latency in downlink and uplink, respectively, for different TDD frame formats when no HARQ retransmission is assumed for the first transmission.
Table 13.9: U-plane latency analysis with 0% HARQ (estimated average in downlink)

	Step
	Description
	4-DL/1-UL
	3-Dl/2-UL
	2-DL/3-UL
	1-Dl/4-UL

	0
	UE wakeup time
	Implementation dependent – Not included

	1
	UE Processing Delay
	1ms
	1ms
	1ms
	1ms

	2
	Frame Alignment
	0.7ms
	1.1ms
	1.7ms
	2.5ms

	3
	TTI for UL DATA PACKET (Piggy back scheduling information) 
	1ms
	1ms
	1ms
	1ms

	4
	HARQ Retransmission
	0ms
	0ms
	0ms
	0ms

	5
	eNB Processing Delay (Uu –> S1-U)
	1ms
	1ms
	1ms
	1ms

	
	Total one way delay
	3.7ms
	4.1ms
	4.7ms
	5.5ms


Table 13.10: U-plane latency analysis with 0% HARQ (estimated average in uplink)

	Step
	Description
	4-DL/1-UL
	3-DL/2-UL
	2-DL/3-UL
	1-DL/4-UL

	0
	UE wakeup time
	Implementation dependent – Not included

	1
	UE Processing Delay
	1ms
	1ms
	1ms
	1ms

	2
	Frame Alignment
	2.5ms
	1.7ms
	1.1ms
	0.7ms

	3
	TTI for UL DATA PACKET (Piggy back scheduling information) 
	1ms
	1ms
	1ms
	1ms

	4
	HARQ Retransmission
	0ms
	0ms
	0ms
	0ms

	5
	eNB Processing Delay (Uu –> S1-U)
	1ms
	1ms
	1ms
	1ms

	
	Total one way delay
	5.5ms
	4.7ms
	4.1ms
	3.7ms


Analysis shows that the 5ms U-plane latency requirement may be simultaneously satisfied in TDD for both uplink and downlink using the 2-DL/3-UL and 3-DL/2-UL framing structures with no re-transmission is assumed for the first transmission.

13.3.3
TDD frame structure type 2

Tables 13.11 and 13.12 show the U-plane latency in downlink and uplink, respectively, for a 4-DL/3-UL configuration of TDD frame structure 2. 

Table 13.11: U-plane latency analysis (estimated average in downlink)

	Step
	Description
	Value (0% HARQ)
	Value (30% HARQ)

	0
	UE wakeup time
	Implementation dependent – Not included
	Implementation dependent – Not included

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

	2
	Frame Alignment
	1.022ms
	1.022ms

	3
	TTI for DL DATA PACKET 
	0.675ms
	0.675ms

	4
	HARQ Retransmission
	0ms
	0.3*5ms

	5
	UE Processing Delay 
	1ms
	1ms

	
	Total one way delay
	3.697ms
	5.197ms


Table 13.12: U-plane latency analysis (estimated average in uplink)

	Step
	Description
	Value (0% HARQ)
	Value (30% HARQ)

	0
	UE wakeup time
	Implementation dependent – Not included
	Implementation dependent – Not included

	1
	UE Processing Delay
	1ms
	1ms

	2
	Frame Alignment
	1.423ms
	1.423ms

	3
	TTI for UL DATA PACKET (Piggy back scheduling information) 
	0.675ms
	0.675ms

	4
	HARQ Retransmission
	0ms
	0.3*5ms

	5
	eNB Processing Delay (Uu –> S1-U)
	1ms
	1ms

	
	Total one way delay
	4.098ms
	5.598ms


In TDD frame structure type 2, the requirements on C-plane latency and U-plane delay can be reached.

13.6.2
Assessment on U-plane interruption time during handover
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Figure 13.5: U-Plane interruption involved in the intra-MME/UPE HO procedure in E-UTRAN

The generic handover procedure assumed in E-UTRAN is shown in Figure 13.5, with associated delays encountered in the procedure. In the figure four constituents for the U-plane interruption are identified, i.e., (a) radio layer process, (b) UL RRC signalling, (c) DL RRC signalling, and (d) path switch. Each component is elaborated below.

-
Radio layer process (a)

This is the delay between HO command to UL resource allocation, hence consisting of these elements:

1)
Frequency synchronization: The time taken for frequency synchronisation depends whether the target cell is operating on the same carrier frequency as the currently served frequency or not. However, this should be very small because the UE has already identified and measured the target cell. Thus, the UE should have somewhat recent frequency synchronization, and the delay caused by this element is then negligible.

2)
DL synchronization: It is thought that baseband and RF alignments may take some time. Although concrete evaluation was not performed, it is assumed that UE has acquired DL synchronisation to the target cell in conjunction with previous measurement and can relate the target cell DL timing to the source cell DL timing with an offset. Hence, the delay caused by this element should be less than 1 ms.
3)
UL resource request and timing advance acquisition: This delay depends on the procedure applied:
i)
RACH procedure: Should the RACH procedure be applied, the RACH allocation in the cell would dictate how long the UE has to wait before getting the first opportunity to send a RACH message and the possible need for resending. This is a fallback option for cases where non-contention based access (option ii) below) fails or is not possible.

ii)
Dedicated RACH preamble procedure: Should the RACH procedure be applied, the RACH allocation in the cell would dictate how long the UE has to wait before getting the first opportunity to send a RACH message and the possible need for resending due to e.g. power ramping.

Some details as to the timing of the RA response remain to be settled. Reasonably accurate estimates of the delay for UL resource request and timing advance acquisition can however be provided as follow. For method i (worst case), if no retransmission is needed, the delay consists of (1) waiting for an access slot for the preamble, (2) transmission of the RA preamble, and (3) waiting for and decoding the RA response which contains timing advance information and UL resource allocation for the the HO complete message. The mean time of (1) could be 2.5 ms (assuming two access slots in 10 ms). The duration of (2) depends on the deployment scenario (e.g. ISD), but a common value is 1 sub-frame, i.e. 1ms. The delay (3) from the end of the preamble transmission to having decoded the RA response is eNB implementation dependent, but 7.5ms is considered feasible (items 3 + 4 in C-plane latency assessment). These numbers result in a mean delay of 11ms from the moment that the UE has synchronized to the downlink to the moment that an UL grant has been received. A retransmission of the preamble adds to the delay at least one RTT or the access slot separation, whichever is longer. A random back-off system may also be employed, which implies that the mean delay for a retransmission is larger than the access slot separation. Various proposals for how the initial random waiting time can be reduced or avoided have been made, but are not considered in this analysis.

Note:
If SFN would be required, it can be provided either in the HO command or by UE reading it from broadcasted System Information.
-
RRC signalling (b), (c)


The detailed relation between RRC signalling and pausing/resuming of the U-plane is yet to be concluded. 

For contention based access (method i), this evaluation assumes that resuming of the U-plane is triggered by RRC signalling, i.e., the HO complete triggers resuming of the DL U-plane in the target eNB, whereas the HO complete ack triggers resuming of the UL U-plane. The delay represented in this component includes the time taken to encode the RRC message at the transmitter, the time taken to transmit the message over the radio interface, and the time required to process the message at the receiver. Of the three, the time taken to transmit over the radio interface is thought to be the dominant factor. This delay can be reduced by scheduling the message at a high priority and by using a low error rate transport format. In the optimal case, this delay is expected to be approximately 5 ms, but could end up significantly longer, e.g. 20 ms, due to HARQ/ARQ. Analogous to the C-plane latency assessment, we here assume a 30% HARQ retransmission, which with a HARQ RTT of 5 ms corresponds to an average additional delay of 1.5 ms.

Note:
For time critical messages such as RRC signalling at HO, 30% HARQ retransmission is considered a pessimistic assumption.

For non-contention based access (method ii), U-plane transmissions can possibly be resumed before RRC signalling is completed since the UE and its arrival is uniquely identified to the network by the preamble itself and successful access is acknowledged to the UE by the RA response. Hence, for non-contention based access , UP delay due to RRC signalling can be avoided if there is no need for eNB to receive HO COMPLETE before continuing U-plane transmission.
-
Forwarding delay at path switch (d)


Packets sent to the source eNB just before the switching in the GW experience additional transport delay to the target-eNB because they are routed via the source eNB. However this delay does not generally result in an increase of handover interruption time if there is other data available to transmit. Worst case is when there is only 1 packet to transmit to the UE around the handover and this packet is just sent to the source-eNB when the GW decides to switch. Assuming that S1 delays to source eNB and target eNB are similar, this packet will experience an additional delay from source eNB processing and X2 transport delay. I.e., the patch switch 

According to this model, the total interruption time of the U-plane in the UL is (a) + (b) + (c), whereas the interruption in the DL is (a) + (b) or (d), whichever is larger. Note that if forwarded packets are available in the target eNB before path switch, the total interruption time in the DL would be (a) + (b). The forwarding can continue even after the path switch, depending on the amount of data that had to be forwarded and the transmission rate over the inter-eNB interface. However, what is essential is the delay for the first forwarded packet to arrive at the target eNB, as the target eNB can then resume transmission as soon as the radio layer is ready, receiving the HO complete. It is generally assumed that the forwarding delay (of the first packet) is smaller than the radio layer delay (a) + (b).
Table 13.13: U-Plane interruption components and estimates

	
	Component
	Cause
	Estimate [ms] (contention based)
	Estimate [ms] (contention-free)

	(a)
	Radio layer process
	- DL synchronization time, including e.g., baseband and RF switching time
- UL resource request and timing advance acquisition

- UL resource granting
	12 ± 2.5
	12 ± 2.5

	(b)
	UL RRC signalling
	- RRC message encoding at the transmitter

- RRC transmission over the radio

- RRC processing time at the receiver
	6.5
	0

	(c)
	DL RRC signalling
	- RRC message encoding at the transmitter
- RRC transmission over the radio

- RRC processing time at the receiver
	6.5
	0

	(d)
	Forwarding delay
	- Source eNB processing
- Packet transmission over the X2 interface
	5
	5


Table 13.13 shows the estimated mean value for each delay component assuming an FDD frame structure. The total average interruption times are estimated as below:
Contention-based access:

-
UL interruption time = 25 ms

-
DL interruption time = 18.5 ms.

Contention-free access:

-
UL interruption time = 12 ms

-
DL interruption time = 12 ms.

Note that these estimates may vary depending on the detailed procedures that are yet to be decided. Depending on how U-plane data forwarding is done between the source and target eNBs, the U-plane interruption time seen by the application layer may be increased due to possible duplicate transmissions of the forwarded data from the target eNB. However, in a typical case the U-plane interruption time is unlikely to exceed 100 ms. On the optimistic end, interruption times below 12 ms are possible.

The time spent between the instance when the UE decides to transmit the measurement report and the UE receives the HO command does not contribute to the U-plane interruption. However, this delay is also expected to be kept within a bearable limit in order to avoid radio link loss between the UE and eNB, and to avoid impact on capacity.
Conclusion

It is concluded that LTE still meets the latency and interruption performance requirements of TR 25.913 [2]. Moreover, both latency and interruption times have been reduced as a result of decisions made after the feasibility study.
