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1 Introduction

This contribution revisits the U-plane and C-plane latency studies which were made for TR 25.912 [1]. The analysis is based on the current RAN1 agreement to have not more than one UL/DL switching point per 5ms for TDD frame structure I.
2 Latency analysis
A number of frame formats can be envisaged for TDD frame structure 1considering DL/UL switching configurations as shown in Figure 1.
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Figure 1: TDD frame formats
Based on the frame formats, the values for HARQ RTT and frame alignment delay are calculated. See Table 1.
Table 1: average HARQ RTT and frame alignment delay for TDD frame formats

	Frame format
	Average HRAQ RTT in downlink , Thdl
	Average frame alignment delay in downlink, Tfdl
	Average HARQ RTT in uplink, Thul
	Average frame alignment delay in uplink, Tful

	4-DL/1-UL
	5.75 ms
	0.7 ms
	5 ms
	2.5 ms

	3-DL/2-UL
	4.33 ms
	1.1 ms
	4.5 ms
	1.7 ms

	2-DL/3-UL
	4.5 ms
	1.7 ms
	4.33 ms
	1.1 ms

	1-DL/4-UL
	5 ms
	2.5 ms
	5.75 ms
	0.7 ms


2.1
C-plane latency

Figure 13.1in [1]  is rer-drawn in Figure 2 for clarity. Figure 2 provides an example C-plane flow for the LTE_IDLE to LTE_ACTIVE transition in LTE/SAE. C-plane latency is analised based on the procedure described in Figure 2.
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Figure 2: C-plane activation procedure (example)
Table 2: C-plane establishment latency analysis (based on the procedure depicted in Figure 2)

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

	0
	UE wakeup time
	Implementation dependent – Note 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 1-b: 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

	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

	
	Sub-Total U-plane establishment delay
	16+Ts1u
	15.05+ Ts1u
	14.40+Ts1u
	14.43+Ts1u

	
	Total U-plane establishment delay
	67.925

+ 2*Ts1c

+Ts1u
	65.849

+ 2*Ts1c

+Ts1u
	64.148

+ 2*Ts1c

+Ts1u
	65.58

+ 2*Ts1c

+Ts1u


The analisis illustrates that the requirement for the state transition from LTE_IDLE to LTE_ACTIVE can be achieved within the 100ms requirement for TDD frame structure 1.

2.2
U-plane latency

The LTE U-plane delay consists of node processing delays, TTI duration and radio frame alignment. The delay components are summarised in Figure 3 according to the frame formats shown in Figure 1.
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Figure 3: U-plane latency components in LTE
2.2.1 Downlink 
Based on the assumptions above, the LTE U-plane latency in downlink can be written:


DUP [ms] = 1 + 1+Tfdl + 1+ n*Thdl
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+ Tfdl + p*Thdl,
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 3 and 4 show the U-plane latency in downlink when HARQ is operated at an initial transmission error probability of 0.0 and 0.3, respectively.
Table 3: 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 (@ 30%)0ms
	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 4: U-plane latency analysis with 30% 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 (@ 30%)0ms
	0.3* 5.75ms
	0.3*4.33ms
	0.3*4.5ms
	0.3*5ms

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

	
	Total one way delay
	5.43ms
	5.4ms
	6.05ms
	6.7ms


Analysis shows that frame formats 4-DL/1-UL, 3-DL/2-UL and 2-DL/3-UL satisfies the U-plane latency requirement of 5ms with no re-transmission in downlink.  The 5ms latency requirement is slightly exceeded (by 0.4ms) for the best performing frame structure 3-DL/2-UL with 30% HARQ re-transmission probability of the first transmission.
2.2.2 Uplink 
Based on the assumptions above, the LTE U-plane latency in uplink can be written:


DUP [ms] = 1 + 1+Tful + 1+ n*Thul
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+ Tful + p*Thul,
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 5 and 6 show the U-plane latency in downlink when HARQ is operated at an initial transmission error probability of 0.0 and 0.3, respectively.

Table 5: 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 (@ 30%)
	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


Table 6: U-plane latency analysis with 30% 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 (@ 30%)
	0.3*5ms
	0.3*4.5ms
	0.3*4.33ms
	0.3*5.75ms

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

	
	Total one way delay
	6.7ms
	6.05ms
	5.4ms
	5.43ms


Analysis shows that frame formats 3-DL/2-UL, 2-DL/3-UL and 1-DL/4-UL satisfies the U-plane latency requirement of 5ms with no re-transmission in uplink. The 5ms latency requirement is slightly exceeded (by 0.4ms) for the best performing frame structure 2-DL/3-UL with 30% HARQ re-transmission probability of the first transmission.
3 Conclusion

An analysis of U-plance and C-plane latency for TDD LTE with frame structure 1 has been presented in respect of the LTE requirements in [2].
The C-plane latency requirements are met in all cases.
U-plane latency is in-general a function of the operating channel environment and the HARQ set-point within the scheduler for 1st transmission BLER and the BLER for subsequent retransmissions.  It is understood that the requirement of [2] was originally intended to apply without retransmission, and in this instance, the 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.
However, more recent documents focusing on LTE FDD [3] have considered the requirement of [2] to apply with 30% BLER for 1st-time transmissions and have assumed 0% BLER for subsequent retransmissions.  Under these assumptions, the U-plane latency requirement of [2] is slightly exceeded for TDD.  However, such an assumption is not mentioned in the requirement of [2] and its validity should therefore be checked by RAN.
Based on the analysis, a text proposal for TR 25.912 is attached.
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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)
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 latency analysis (based on the procedure depicted in Figure 13.1)

	Step
	Description
	Duration

	0
	UE wakeup time
	Implementation dependent – Note included

	1
	Average delay due to RACH scheduling period
	5ms

	2
	RACH Preamble
	0.5ms

	3
	Scheduling grant - Timing Alignment (Time between the end RACH transmission and reception of scheduling grant)
	3ms

	4
	UE Processing Delay (only L1 Part – coding according to received grant)
	0.5ms

	5
	TTI for transmission of RRC Connection Request
	0.5ms

	6
	HARQ Retransmission (@ 30%)
	0.3 * 2.5ms

	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)
	0.75ms

	13
	HARQ Retransmission (@ 30%)
	0.3 * 2.5ms

	14
	Processing delay in UE
	3ms

	15
	TTI for  transmission of L3 RRC Connection Complete
	0.5ms

	16
	HARQ Retransmission (@ 30%)
	0.3 * 2.5ms

	
	Sub-Total C-plane establishment delay
	39ms + 2 * Ts1c

	17
	TTI for UL DATA PACKET (Piggy back scheduling information)
	0.5ms

	18
	HARQ Retransmission (@ 30%)
	0.3 * 2.5ms

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

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

	21
	UPE Processing delay (including context retrieval, deciphering, RoHC)
	10ms

	
	Sub-Total U-plane establishment delay
	12.25ms + Ts1u

	
	Total LTE_IDLE –> LTE_ACTIVE delay
	51.25ms + 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 co-existing LCR TDD frame structure, the C-plane latency evaluation result is similar. The RAN requirement can also be achieved.
Table 13.3x provides a timing analysis, assuming TDD frame structure 1 with different frame formats as shown in Figure 13.x. 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.x: TDD frame formats

Table 13.3x: 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 – Note 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 13.3x-b: 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

	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

	
	Sub-Total U-plane establishment delay
	16+Ts1u
	15.05+ Ts1u
	14.40+Ts1u
	14.43+Ts1u

	
	Total U-plane establishment delay
	67.925

+ 2*Ts1c

+Ts1u
	65.849

+ 2*Ts1c

+Ts1u
	64.148

+ 2*Ts1c

+Ts1u
	65.58

+ 2*Ts1c

+Ts1u


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."

It could be argued what the RAN edge node refers to, i.e. eNB or aGW. Thus, the S1 delay is specified separately in the U-plane latency assessment which follows. The assessment also assumes, in accordance with the requirement, unload conditions where scheduling delays and S1 transmission times are negligible. Further, it is assumed that a valid scheduling grant is available; i.e. no random access procedure needs to be performed. 

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 13.2.
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Figure 13.2: 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 + 0.75 + 1+ n*2.5 + Ts1u + 0.5 = 3.25 + n*2.5 + Ts1u ,
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] = 3.25 + p*2.5 + Ts1u ,
where p is the error probability of the first HARQ transmission. Hence the U-plane latency is a function of the HARQ operating point and the S1-U delay, which heavily depends on transport network deployment and is outside the scope of RAN2. Table 13.4 shows the U-plane latency when HARQ is operated at an initial transmission error probability of 0.3.

Table 13.4: U-plane latency analysis (estimated average)

	Step
	Description
	Value

	0
	UE wakeup time
	Implementation dependent – Note included

	1
	UE Processing Delay
	1ms

	2
	Frame Alignment
	0.25ms

	3
	TTI for UL DATA PACKET (Piggy back scheduling information) 
	0.5ms

	4
	HARQ Retransmission (@ 30%)
	0.3*2.5ms

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

	6
	S1-U Transfer delay
	Ts1u (1ms – 15ms)

	7
	UPE Processing delay
	0.5ms

	
	Total one way delay
	4ms + Ts1u


Note:
The figures highlighted in yellow are outside the scope of RAN WG2

It is concluded that for a typical case with an initial HARQ error rate of 0.3, a total average U-plane latency of 4ms + S1-U transfer delay can be achieved.
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 13.2x for TDD.
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Figure 13.2x: 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 in downlink can be written:


DUP [ms] = 1 + 1+Tfdl + 1+ n*Thdl
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+ Tfdl + p*Thdl,
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.y shows the U-plane latency in downlink for different TDD frame formats when no HARQ retransmission is assumed for the first transmission.
Table 13.y: 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 (@ 30%)0ms
	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


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


DUP [ms] = 1 + 1+Tful + 1+ n*Thul
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+ Tful + p*Thul,
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.z shows the U-plane latency in downlink when no HARQ re-transmission is assumed for the first transmission.
Table13.z5: 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 (@ 30%)
	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.

*********************end**********************
D





D





D





D





U





U





D





D





D





D





10ms radio frame





U





U





D





D





D





U





U





D





D





D





U





U





U





D





D





U





U





U





D





D





U





U





U





U





D





U





U





U





U





D





4-DL/1-UL





3-DL/2-UL





2-DL/3-UL





1-DL/4-UL





D





D





D





D





U





D





D





D





D





U





10ms radio frame





D





D





D





U





U





D





D





D





U





U





D





D





U





U





U





D





D





U





U





U





D





U





U





U





U





D





U





U





U





U





4-DL/1-UL





3-DL/2-UL





2-DL/3-UL





1-DL/4-UL












_1209815640.doc


UE







eNB







aGW







0.75 ms















0.75 ms







S1-U











Ts1u ms







HARQ RTT



2.5 ms







1 ms















0.5 ms







1 ms















0.5 ms















1 ms































Ts1u ms







TTI + frame



alignment







1 ms












_1239187499.doc


UE







eNB











1+Tfdl ms















1+Tful ms







1 ms











1+Tfdl ms







HARQ RTT



Thdl ms







1 ms















1 ms







1 ms















1 ms















1 ms































HARQ RTT



Thul ms







TTI + frame



alignment







1 ms












_1208896470.vsd
eNB


UE


MME


5. RRC Connection Request


3. TA + Scheduling Grant


2. RACH Preamble


8. Connection Request


10. Connection Setup


12. RRC Connection Setup


15. RRC Connection Complete


9. Processing delay in MME 


1. Delay for RACH Scheduling period


4. Processing delay in UE


3. Processing delay in eNB  


7. Processing delay in eNB  


11. Processing delay in eNB  


14. Processing delay in UE


13. H-ARQ Retransmission


16. H-ARQ Retransmission


6. H-ARQ Retransmission



