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16.3
U-Plane latency
As highlighted in subclause 10.2, LTE Rel-8 already benefits from a U-Plane latency below 10ms (see Annex B) for synchronised UEs. In situations where the UE does not have a valid scheduling assignment, or when the UE needs to synchronize and obtain a scheduling assignment, a reduced RACH scheduling period, shorter PUCCH cycle and reduced processing delays as described in subclause 10.1 could be used. Thus it can be concluded that any of the evaluated LTE configurations fulfill the ITU requirements on U-plane latency for Idle to Connected transition.
=========  Omitted =========
16.4.1.3
Base coverage urban
Tables 16.4.1.3-1 and 16.4.1.3-2 show the downlink spectral efficiency results of the base coverage urban environment (UMa (Urban Macro) channel model) for FDD and TDD, respectively. The tables show that, with the extension of LTE Rel-8 with the MU-MIMO 4 x 2 or CS/BF MU-MIMO 4 x 2, the ITU requirements are fulfilled. Thus it can be concluded that any of the evaluated LTE configurations fulfill the ITU requirements on downlink cell-average and cell-edge spectral efficiency for the base coverage urban environment. The tables also illustrate the further improved performance that can be achieved by using additional technology features.

Table 16.4.1.3-1: Downlink spectral efficiency (FDD), UMa

	Scheme and antenna configuration
	ITU

Requirement
(Ave./Edge)
	Number of samples
	Cell average [b/s/Hz/cell]
	Cell edge [b/s/Hz]

	
	
	
	L=1
	L=2
	L=3
	L=1
	L=2
	L=3

	MU-MIMO 4 x 2 (C)
	2.2 / 0.06
	7
	2.8
	2.6
	2.4
	0.079
	0.073
	0.066

	CS/CB-CoMP 4 x 2 (C)
	2.2 / 0.06
	6
	2.9
	2.6
	2.4
	0.081
	0.074
	0.067

	JP-CoMP 4 x 2 (A)
	2.2 / 0.06
	1
	3.0
	2.7
	2.5
	0.080
	0.073
	0.066

	CS/CB-CoMP 8 x 2 (C)
	2.2 / 0.06
	3
	3.8
	3.5
	3.2
	0.10
	0.093
	0.084


Table 16.4.1.3-2: Downlink spectral efficiency (TDD), UMa

	Scheme and antenna configuration
	ITU

Requirement
(Ave./Edge)
	Number of samples
	Cell average [b/s/Hz/cell]
	Cell edge [b/s/Hz]

	
	
	
	L=1
	L=2
	L=3
	L=1
	L=2
	L=3

	MU-MIMO 4 x 2 (C)
	2.2 / 0.06
	7
	2.9
	2.6
	2.4
	0.079
	0.071
	0.067

	CS/CB-CoMP 4 x 2 (C)
	2.2 / 0.06
	4
	2.9
	2.6
	2.4
	0.083
	0.075
	0.070

	JP-CoMP 4 x 2 (C)
	2.2 / 0.06
	1
	3.6
	3.3
	3.1
	0.090
	0.082
	0.076

	CS/CB-CoMP 8 x 2 (C/E)
	2.2 / 0.06
	3
	3.7
	3.3
	3.1
	0.10
	0.093
	0.087


Tables 16.4.1.3-3 and16.4.1.3-4 show the uplink spectral efficiency results in the base coverage urban environment (UMa channel model) for FDD and TDD, respectively. The tables show that already LTE Rel-8 with SIMO 1 x 4 fulfills the ITU requirements. Thus it can be concluded that any of the evaluated LTE configurations fulfill the ITU requirements on uplink cell-average and cell-edge spectral efficiency for the base coverage urban environment. The tables also illustrate the further improved performance that can be achieved by using additional technology features.

Table 16.4.1.3-3: Uplink spectral efficiency (FDD), UMa

	Scheme and antenna configuration
	ITU

Requirement

(Ave./Edge)
	Number of samples
	Cell average [b/s/Hz/cell]
	Cell edge

[b/s/Hz]

	Rel-8 SIMO 1 x 4(C)
	1.4 / 0.03
	12
	1.5
	0.062

	CoMP 1 x 4 (A)
	1.4 / 0.03
	2
	1.7
	0.086

	CoMP 2 x 4 (C)
	1.4 / 0.03
	1
	2.1
	0.099


Table 16.4.1.3-4: Uplink spectral efficiency (TDD), UMa

	Scheme and antenna configuration
	ITU

Requirement

(Ave./Edge)
	Number of samples
	Cell average [b/s/Hz/cell]
	Cell edge

[b/s/Hz]

	Rel-8 SIMO 1x4 (C)
	1.4 / 0.03
	9
	1.5
	0.062

	CoMP 1 x 4 (C)
	1.4 / 0.03
	1
	1.9
	0.090

	CoMP 2 x 4 (C)
	1.4 / 0.03
	1
	2.0
	0.097

	MU-MIMO 1 x 8 (E)
	1.4 / 0.03
	1
	2.7
	0.076


=========  Omitted =========
Annex B:
Latency performance of Rel-8

B.1
C-plane latency
B.1.1 
Transition IDLE to CONNECTED

Figure B.1 provides an example C-plane flow for the IDLE to CONNECTED transition for Rel-8.
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Figure B.1.1-1: C-plane activation procedure (example for Rel-8)
B.1.1.1
FDD frame structure

Table B.1.1.1-1 provides a timing analysis, assuming FDD frame structure, of the flow depicted in Figure B.1.1-1. The analysis illustrates that the state transition from IDLE to CONNECTED can be achieved within a minimum of 76ms, with 3ms msg2 window and 1ms PRACH cycle. Considering more reasonable settings (5ms msg2 window and 5ms PRACH cycle), a 80ms transition time is achieved.
Table B.1.1.1-1: C-plane latency analysis for Rel-8 
(based on the procedure depicted in Figure B.1.1-1)
	Component
	Description
	Minimum

[ms]
	Average 

[ms]

	1
	Average delay due to RACH scheduling period
	0.5
	2.5

	2
	RACH Preamble
	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)
	3
	5

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

	6
	Transmission of RRC Connection Request
	1
	1

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

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

	9
	Processing delay in the UE (L2 and RRC)
	15
	15

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

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

	12
	S1-C Transfer delay
	T_S1
	T_S1

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

	14
	S1-C Transfer delay
	T_S1
	T_S1

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

	16
	Transmission of RRC Security Mode Command and Connection Reconfiguration (+TTI alignment)
	1.5
	1.5

	17
	Processing delay in UE (L2 and RRC)
	20
	20

	
	Total delay [ms]
	76
	80


Note 1:
The figures included in Steps 12 and 14 are not included in the latency requirement and are outside the scope of RAN WG2, therefore they are not included in the total delay.
B.1.1.2
TDD frame structure

Table B.1.1.2-1 provides a timing analysis, assuming TDD frame structure (UL/DL configuration #1), of the flow depicted in Figure B.1.1-1 The analysis illustrates that the state transition from IDLE to CONNECTED can be achieved within a minimum of 82.6ms, with 3ms msg2 window and maximum PRACH density in time domain (e.g. PRACH configuration Index = 12). Considering more reasonable settings (5ms msg2 window and 5ms PRACH cycle), a 84.6ms transition time is achieved.
Table B.1.1.2-1: C-plane latency analysis for Rel-8 (based on the procedure depicted in B.1.1-1)

	Component
	Description
	Rel-8
	Rel-8
	Rel-8

	
	
	Minimum(ms)

PRACH in subframe#2/ #3/ #7/ #8
	Average [ms]

PRACH in subframe#1/ #6

	
	
	Msg1 in subframe#2 or #7

(probability=0.8)
	Msg1 in subframe#3 or #8

(probability =0.2)
	Msg1 in subframe#1 or #6

	1
	Average delay due to RACH scheduling period
	2
	0.5
	2.5

	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) + delay for nearest DL subframe
	3
	3
	5

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request) + delay for nearest UL subframe
	6
	5
	5

	6
	Transmission of RRC Connection Request
	1
	1
	1

	7
	Processing delay in eNB (L2 and RRC) + delay for nearest DL subframe
	6
	6
	6

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

	9
	Processing delay in the UE (L2 and RRC) + delay for nearest UL subframe
	17
	17
	17

	10
	Transmission of RRC Connection Set-up complete (including NAS Service Request)
	1
	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)
	2.1
	2.1
	2.1

	17
	Processing delay in UE (L2 and RRC)
	20
	20
	20

	
	Total delay [ms]
	83.1
	80.6
	84.6

	
	Averaged Total delay [ms] (considering the probability of Msg1 transmission location)
	83.1*0.8+ 80.6*0.2=82.6
	N/A


Note 2:
The figures included in Steps 12 and 14 are not included in the latency requirement and are outside the scope of RAN WG2, therefore they are not included in the total delay.
B.1.2 
Transition Dormant to Active

In the dormant state, the UE has an established RRC connection and radio bearers; it is thus known at cell level but may be in DRX to save power during temporary inactivity. The UE may be either synchronized or unsynchronized. For the purpose of the analysis presented in this section, error free transmission of data and signalling is assumed, and the DRX cycle is not considered.
B.1.2.1
FDD frame structure

B.1.2.1.1
Uplink initiated transition, synchronized

Table B.1.2.1.1-1 provides a timing analysis, assuming FDD frame structure and a PUCCH allocation for scheduling request of 5ms, of the uplink state transition for a UE with uplink synchronization. The analysis illustrates that the uplink transition from dormant to active for a synchronized UE can be achieved within 11.5ms.
Table B.1.2.1.1-1: Uplink initiated dormant to active transition for synchronized UE (error free)

	Component
	Description
	Time [ms]

	1
	Average delay to next SR opportunity (5ms PUCCH cycle)
	2.5

	2
	UE sends Scheduling Request
	1

	3
	eNB decodes Scheduling Request and generates the Scheduling Grant
	3

	4
	Transmission of Scheduling Grant
	1

	5
	UE Processing Delay (decoding of scheduling grant + L1 encoding of UL data)
	3

	6
	Transmission of UL data
	1

	
	Total delay
	11.5


B.1.2.1.2
Uplink initiated transition, unsynchronized

Table B.1.2.1.2-1 provides a timing analysis of the uplink state transition for a UE without uplink synchronization. The analysis illustrates that the uplink transition from dormant to active for an unsynchronized UE can be achieved within a minimum of 10.5ms, with 1ms PRACH cycle and a 3ms msg2 window.
Table B.1.2.1.2-1: Uplink initiated dormant to active transition for unsynchronized UE (error free)

	Component
	Description
	Minimum [ms]
	Average 
[ms]

	1
	Average delay due to RACH scheduling period
	0.5
	2.5

	2
	RACH Preamble
	1
	1

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

	4
	UE Processing Delay (decoding of scheduling grant and timing alignment + L1 encoding of UL data)
	5
	5

	5
	Transmission of UL data
	1
	1

	
	Total delay
	10.5
	14.5


Note: 
Transmission of UL data (component 5) uses conservative modulation and coding rates; when the UE became unsynchronized, the sounding configuration is released. In order to resume link-adapted (efficient) UL-SCH transmissions, eNB should reconfigure at least uplink sounding.

B.1.2.1.3
Downlink initiated transition, synchronized
A UE with uplink synchronization monitors PDCCH during the on-duration time of the DRX cycle, and there is thus no additional delay component apart from the DRX cycle when compared to the case of the uplink initiated for a synchronized UE.
B.1.2.1.4
Downlink initiated transition, unsynchronized
Table B.1.2.1.4-1 provides a timing analysis, assuming FDD frame structure, of the downlink state transition for a UE without uplink synchronization. For the downlink initiated transition, a dedicated preamble is assumed and no contention resolution is needed. The analysis illustrates that the downlink transition from dormant to active for an unsynchronized UE can be achieved within a minimum of 13.5ms, with 1ms PRACH cycle and a 3ms msg2 window.
Table B.1.2.1.4-1: Downlink initiated dormant to active transition (error free)

	Component
	Description
	Minimum [ms]
	Average 
[ms]

	1
	UE receives dedicated preamble on PDCCH and prepares UL Tx and cannot select a PRACH occasion before n+6
	6
	6

	2
	Average delay due to RACH scheduling period
	0.5
	2.5

	3
	RACH Preamble
	1
	1

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

	5
	Node B needs to wait 2 subframes before DL Tx to allow UE to adapt UL response according to the time alignment
	2
	2

	6
	Transmission of DL data
	1
	1

	
	Total delay [ms]
	13.5
	17.5


Note: 
Transmission of DL data (component 6) uses conservative modulation and coding rates; when the UE became unsynchronized, the CQI reporting configuration is released. In order to resume link-adapted (efficient) DL-SCH transmissions, eNB should reconfigure at least CQI reporting.

B.1.2.2
TDD frame structure

B.1.2.2.1
Uplink initiated transition, synchronized

Table B.1.2.2.1-1 provides a timing analysis, assuming TDD frame structure (UL/DL configuration#1) and a PUCCH allocation for scheduling request of 5ms, of the uplink state transition for a UE with uplink synchronization. The analysis illustrates that the uplink transition from dormant to active for a synchronized UE can be achieved within 13.5ms.
Table B.1.2.2.1-1: Uplink initiated dormant to active transition for synchronized UE (error free)

	Component
	Description
	Time [ms]
	Time [ms]

	
	
	SR in subframe#2 or #7
	SR in subframe#3 or #8

	1
	Average delay to next SR opportunity (5ms PUCCH cycle)
	2.5
	2.5

	2
	UE sends Scheduling Request
	1
	1

	3
	eNB decodes Scheduling Request and generates the Scheduling Grant + delay for nearest DL subframe
	3
	5

	4
	Transmission of Scheduling Grant
	1
	1

	5
	UE Processing Delay (decoding of scheduling grant + L1 encoding of UL data)
	5
	3

	6
	Transmission of UL data + delay for nearest UL subframe
	1
	1

	
	Total delay
	13.5
	13.5


B.1.2.2.2
Uplink initiated transition, unsynchronized

Table B.1.2.2.2-1 provides a timing analysis, assuming TDD frame structure (UL/DL configuration#1) and RACH cycle of 10ms, of the uplink state transition for a UE without uplink synchronization. The analysis illustrates that the uplink transition from dormant to active for an unsynchronized UE can be achieved within a minimum of 12.5ms, with 3ms msg2 window and maximum PRACH density in time domain (e.g. PRACH configuration Index=12).
Table B1.2.2.2-1: Uplink initiated dormant to active transition for unsynchronized UE (error free)

	Component
	Description
	Minimum(ms)

PRACH in subframe#2/ #3/ #7/ #8
	Average [ms]

PRACH in subframe#1/ #6

	
	
	Msg1 in subframe#2 or #7

(probability=0.8)
	Msg1 in subframe#3 or #8

(probability=0.2)
	Msg1 in subframe#1 or #6

	1
	Average delay due to RACH scheduling period
	2
	0.5
	2.5

	2
	RACH Preamble
	1
	1
	1

	3
	Preamble detection and transmission of RA response (Time between the end of RACH transmission and UE’s reception of scheduling grant and timing adj.) + delay for nearest DL subframe
	3
	3
	5

	4
	UE Processing Delay (decoding of scheduling grant and timing alignment + L1 encoding of UL data) + delay for nearest UL subframe
	6
	5
	5

	5
	Transmission of UL data
	1
	1
	1

	
	Total delay
	13
	10.5
	14.5

	
	Averaged Total delay [ms] (considering the probability of Msg1 transmission location)
	12.5
	N/A


B.1.2.2.3
Downlink initiated transition, synchronized

A UE with uplink synchronization monitors PDCCH during the on-duration time of the DRX cycle, and there is thus no additional delay component apart from the DRX cycle when compared to the case of the uplink initiated for a synchronized UE.
B.1.2.2.4
Downlink initiated transition, unsynchronized

Tables B.1.2.2.4-1a and B.1.2.2.4-1b provide a timing analysis, assuming TDD frame structure (UL/DL configuration#1), of the downlink state transition for a UE without uplink synchronization. For the downlink initiated transition, a dedicated preamble is assumed and no contention resolution is needed. The analysis illustrates that the downlink transition from dormant to active for an unsynchronized UE can be achieved within a minimum of 16.5ms, with 3ms msg2 window and maximum PRACH density in time domain (e.g. PRACH configuration Index=12).
Table B.1.2.2.4-1a: Downlink initiated dormant to active transition (error free)

	Component
	Description
	Minimum(ms)

PRACH in subframe#2/ #3/ #7/ #8

	
	
	PDCCH in subframe#0 or #5

(probability=0.2)
	PDCCH in subframe#1 or #6

(probability=0.2)
	PDCCH in subframe#4 or #9

(probability=0.6)

	1
	Average delay due to PDCCH transmission
	0.5
	0.5
	1.5

	2
	UE receives dedicated preamble on PDCCH and prepares UL Tx+ delay for nearest PRACH
	7
	6
	8

	3
	RACH Preamble
	1
	1
	1

	4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of the timing adjustment) + delay for nearest DL subframe
	3
	3
	3

	5
	Node B needs to wait 2 subframes before DL Tx to allow UE to adapt UL response according to the time alignment+ delay for nearest DL subframe
	3
	3
	3

	6
	Transmission of DL data
	1
	1
	1

	
	Total delay [ms]
	15.5
	14.5
	17.5

	
	Averaged Total delay [ms] (considering the probability of PDCCH transmission location)
	16.5


Table B.1.2.2.4-1b: Downlink initiated dormant to active transition (error free)

	Component
	Description
	Average [ms]

PRACH in subframe#1/ #6

	
	
	PDCCH in subframe#0 or #5

(probability=0.2)
	PDCCH in subframe#1 or #6

(probability=0.2)
	PDCCH in subframe#4 or #9

(probability=0.6)

	1
	Average delay due to PDCCH transmission
	0.5
	0.5
	1.5

	2
	UE receives dedicated preamble on PDCCH and prepares UL Tx+ delay for nearest PRACH
	6
	10
	7

	3
	RACH Preamble
	1
	1
	1

	4
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of the timing adjustment) + delay for nearest DL subframe
	5
	5
	5

	5
	Node B needs to wait 2 subframes before DL Tx to allow UE to adapt UL response according to the time alignment+ delay for nearest DL subframe
	2
	2
	2

	6
	Transmission of DL data
	1
	1
	1

	
	Total delay [ms]
	15.5
	19.5
	17.5

	
	Averaged Total delay [ms] (considering the probability of PDCCH transmission location)
	17.5


B.2
U-plane latency
B.2.1
FDD frame structure

The LTE U-plane one way latency for a scheduled UE consists of the fixed node processing delays (which includes radio frame alignment) and 1ms TTI duration for FDD as shown in Figure B.2.1-1. Considering that the number of HARQ processes is fixed to 8 for FDD, the one-way latency can calculated as:

DUP [ms] = 1.5 + 1 + 1.5+ n*8 = 4 + n*8,

where n is the number of HARQ retransmissions. Considering a typical case where there would be 0 or 1 retransmission, the approximate average U-plane latency is given by


DUP,typical [ms] = 4 + p*8,
where p is the error probability of the first HARQ retransmission. The minimum latency is achieved for a 0% BLER, but a more reasonable setting is 10% HARQ BLER.

DUP,0%HARQ_BLER [ms] = 4 
(0% HARQ BLER)

DUP,10%HARQ_BLER [ms] = 4.8 
(10% HARQ BLER)
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Figure B.2.1-1: User plane latency components for FDD
B.2.2
TDD frame structure

The LTE U-plane one way latency for a scheduled UE consists of the fixed node processing delays, radio frame alignment and TTI duration for TDD as shown in Figure B.2.2-1.
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Figure B.2.2-1: User plane latency components for TDD

Where:

a)
The total one-way processing time is 2.5ms.

b)
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 is radio frame alignment and depends on the frame structure.

c)
The TTI duration is 1ms.

Based on the assumptions above, the LTE U-plane latency is given by:


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


DUP,typical [ms] = 3.5 + 
[image: image9.wmf]FA
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+ p*
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where p is the error probability of the first HARQ transmission. Tables B.2.2-2a and B.2.2-2b show the U-plane latency in downlink and uplink, respectively, for different TDD UL/DL configuration when 0% HARQ BLER is assumed.

Table B.2.2-2a: U-plane latency analysis with 0% HARQ BLER (average in downlink)

	Step
	Description
	UL/DL configuration

	
	
	0
	1
	2
	3
	4
	5
	6

	1
	eNB Processing Delay
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	2
	Frame Alignment
	1.7ms
	1.1ms
	0.7ms
	1.1ms
	0.8ms
	0.6ms
	1.4ms

	3
	TTI duration
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	4
	UE Processing Delay
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms

	
	Total one way delay
	5.2ms
	4.6ms
	4.2ms
	4.6ms
	4.3ms
	4.1ms
	4.9ms


Table B.2.2-2b: U-plane latency analysis with 0% HARQ BLER (average in uplink)

	Step
	Description
	 UL/DL configuration

	
	
	0
	1
	2
	3
	4
	5
	6

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

	2
	Frame Alignment
	1.1ms
	1.7ms
	2.5ms
	3.3ms
	4.1ms
	5ms
	1.4ms

	3
	TTI duration
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	4
	eNB Processing Delay
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms

	
	Total one way delay
	4.6ms
	5.2ms
	6ms
	6.8ms
	7.6ms
	8.5ms
	4.9ms


Tables B.2.2-3a and B.2.2-3b show the U-plane latency in downlink and uplink, respectively, for different TDD UL/DL configuration when 10% HARQ BLER is assumed.
Table B.2.2-3a: U-plane latency analysis with 10% HARQ BLER (average in downlink)

	Step
	Description
	UL/DL configuration

	
	
	0
	1
	2
	3
	4
	5
	6

	1
	eNB Processing Delay
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	2
	Frame Alignment
	1.7ms
	1.1ms
	0.7ms
	1.1ms
	0.8ms
	0.6ms
	1.4ms

	3
	TTI duration
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	4
	UE Processing Delay
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms

	5
	HARQ Retransmission
	0.1*10ms
	0.1*10.2ms
	0.1*9.8ms
	0.1*10.5ms
	0.1*11.6ms
	0.1*12.4ms
	0.1*11.2ms

	
	Total one way delay
	6.2ms
	5.62ms
	5.18ms
	5.65ms
	5.46ms
	5.34ms
	6.02ms


Table B.2.2-3b: U-plane latency analysis with 10% HARQ BLER (average in uplink)

	Step
	Description
	UL/DL configuration

	
	
	0
	1
	2
	3
	4
	5
	6

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

	2
	Frame Alignment
	1.1ms
	1.7ms
	2.5ms
	3.3ms
	4.1ms
	5ms
	1.4ms

	3
	TTI duration
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms
	1ms

	4
	eNB Processing Delay
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms
	1.5ms

	5
	HARQ Retransmission
	0.1*11.6ms
	0.1*10ms
	0.1*10ms
	0.1*10ms
	0.1*10ms
	0.1*10ms
	0.1*11.5ms

	
	Total one way delay
	5.76ms
	6.2ms
	7ms
	7.8ms
	8.6ms
	9.5ms
	6.05ms


Note:
The analysis shows that the 5ms U-plane latency requirement can be simultaneously satisfied in TDD for both uplink and downlink using the UL/DL configuration #6 when 0% HARQ BLER is assumed.
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