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Introduction
The ITU target for control plane (CP) latency in IMT 2020 has been set to 20ms. In [1] an evaluation of the CP latency for current LTE has been made, the result shows the CP latency in LTE Rel-14 exceeds 20ms. In last meeting discussion has been made for CP latency reached that:
=>	RAN2 will focus on component 5, 7, 9 and 10 to reduce the CP latency. 
=>	The following table is used as baseline.
	Component
	Description
	Op1:Latency
[ms]
	Op2:Latency
[ms]
	Op3:Latency
[ms]
	Op4:Latency
[ms]

	1
	Average delay due to RACH scheduling period (1TTI)
	0.5
	0.5
	0.5
	0.5

	2
	Transmission of RACH Preamble
	1
	1
	1
	1

	3
	Preamble detection and processing in eNB
	2
	2
	2
	2

	4
	Transmission of RA response
	1
	1
	1
	1

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Resume Request)
	3
	4
	4[5]
	5

	6
	Transmission of RRC Connection Resume Request
	1
	1
	1
	1

	7
	[bookmark: OLE_LINK26][bookmark: OLE_LINK27]Processing delay in eNB (L2 and RRC)
	3
	2
	4[3]
	2

	8
	Transmission of RRC Connection Resume
	1
	1
	1
	1

	9
	Processing delay in the UE (L2 and RRC; including UL grant reception)
	5
	7
	4
	5

	10
	Transmission of RRC Connection Resume Complete and UP data 
	[0]
	[0]
	[0]
	[0]

	 
	Total delay [ms]
	17.5
	19.5
	18.5
	18.5



This contribution will focus on the component 1 (note for different UL/DL configurations, the average delay would be different), 5, 7 and 9 to make the evaluation for TDD.
Discussion
For TDD, 7 UL/DL configurations can be configured for UE as following table shows, this contribution will consider each UL/DL configuration to evaluate whether there are cases that can reach the IMT CP latency requirements with the least reduction requirements for eNB or UE.
Table-1 Uplink-downlink configurations
	Uplink-downlink 
configuration
	Downlink-to-Uplink 
Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D



Considering the average delay is different with different UL/DL configurations for TDD, and this delay will impact the CP latency, the following list given the average delay in different UL/DL configurations:
	UL/DL configuration
	0
	1
	2
	3
	4
	5
	6

	Average delay(ms)
	0.7
	1.1
	1.7
	2.6
	3.3
	4.1
	0.9



UE
Assuming that the eNB can make the maximum extend optimization of processing delay as the latency give in the baseline table, that is, the Processing delay in eNB (L2 and RRC) in step 7 can be reduced to 2ms. We will make an evaluation of the requirements on UE to reach IMT target.
Both step 5 and step 9 have no optimization
Given that, both the step 5 and step 9 have made no optimization, i.e. the UE processing delay consumed in step 5 can’t be less than 5ms and in step 9 can’t be less than 7ms. The sum delay except for step 5 and step 7 and step9 is 6.2ms, if the delay for step 5 and step 9 are 5ms and 7ms, and the delay for step 7 is the least delay 2ms refers to the baseline table, the CP latency should at least be 20.7ms. It is impossible to reach the IMT latency target i.e. under 20ms.
Observation 1: If UE makes no optimization to reduce components 5 and 9, the CP latency can’t reach the IMT target for all UL/DL configurations in TDD.
Only step 9 has no optimization
Given that, the component 5 can be reduced to 3ms or 4ms, component 7 can be reduced to 2ms or 3ms, but component 9 can’t be less than 7ms. Taking the 7 UL/DL configurations into consideration, the average delay is different for different UL/DL configurations. The sum of the component 2, 3, 4, 6, 8, 9 is 13ms, and the least sum of the component 5 and 7 is 5ms, so except component 1, the least CP latency is 18ms, so each UL/DL configuration that the average delay is more than 2ms will can’t reach the IMT target, those UL/DL configurations include UL/DL configuration 3, 4 and 5.
Observation 2: Even if the UE can reduce the component 5 to 3ms and the eNB can reduce component 7 to 2ms respectively, and if not reduce component 9, the CP latency can never reach the IMT target for UL/DL configuration 3, 4 and 5 in TDD.
For other UL/DL configurations, when subframeAssignment is set to 6, the CP latency can reach 18.9ms or 19.9ms. Take the subframeAssignment is set to 6 as example, the average delay is 0.9 ms (Cx: Component x), the following table gives the explicit procedure in sub-frame:
	SFN: N
	SFN: N+1
	SFN: N+2

	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6

	D
	S
	U
	U
	U
	D
	S
	U
	U
	D
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D
	D
	S
	U
	U
	U
	D
	S

	
	
	
	
	
	
	
	
	C2
	C3
	C4
	C5
	C6
	C7
	C8
	C9

	
	
	
	
	
	
	C2
	C3
	C4
	C5
	C6
	C7
	C8
	C9
	
	
	


The following table takes the UL/DL configuration 6  as example:
	UL/DL configuration
	6
	6

	Component
	Description
	Latency[ms]
	Latency[ms]

	1
	Average delay due to RACH scheduling period (1TTI)
	0.9
	0.9

	2
	Transmission of RACH Preamble
	1
	1

	3
	Preamble detection and processing in eNB
	2
	2

	4
	Transmission of RA response
	1
	1

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Resume Request)
	4
	3

	6
	Transmission of RRC Connection Resume Request
	1
	1

	7
	Processing delay in eNB (L2 and RRC)
	2
	2

	8
	Transmission of RRC Connection Resume
	1
	1

	9
	Processing delay in the UE (L2 and RRC; including UL grant reception)
	7
	7

	10
	Transmission of RRC Connection Resume Complete and UP data 
	0
	0

	 
	Total delay [ms]
	19.9
	18.9



Observation 3: If component 9 is not reduced and if the UE can reduce the component 5 to 3ms or 4ms and the eNB can reduce component 7 to 2ms, the CP latency can reach the IMT target in TDD.
[bookmark: _GoBack]Only step 5 has no optimization
Given that, component 7 can be reduced to 2ms or 3ms, the component 9 can be reduced to less than 7ms, but component 5 can’t be less than 5ms. Taking the 7 UL/DL configurations into consideration, The sum of the component 2, 3, 4, 6, 8 and 5 is 11ms, and the least sum of the component 9 and 7 is 6ms, so except component 1, the least CP latency is 17ms, so each UL/DL configuration that the average delay is more than 3ms will can’t reach the IMT target, those UL/DL configurations include UL/DL configuration 4 and 5.
Observation 4: Even if the UE can reduce the component 9 to 4ms and the eNB can reduce component 7 to 2ms respectively, and if not reduce component 5, the CP latency can never reach the IMT target for UL/DL configuration 4 and 5 in TDD.
For other UL/DL configurations, the CP latency can be reduced to 18.7 ms for UL/DL configuration 0, can be reduced to 19.1ms for configuration 1, can be reduced to 19.6 ms for configuration 3, and can be reduced to 18.9ms or 19.9ms for configuration 6.
Take the subframeAssignment is set to 0 as example, the average delay is 0.7ms (Cx: Component x), the following table gives the explicit procedure in sub-frame:
	SFN: N
	SFN: N+1
	SFN: N+2

	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4

	D
	S
	U
	U
	U
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	
	
	
	C2
	C3
	C4
	C5
	C6
	C7
	C8
	C9
	
	
	
	


The following table lists 3 examples including UL/DL configuration 0 and 1.
	UL/DL configuration
	0
	1

	Component
	Description
	Latency[ms]
	Latency[ms]

	1
	Average delay due to RACH scheduling period (1TTI)
	0.7
	1.1

	2
	Transmission of RACH Preamble
	1
	1

	3
	Preamble detection and processing in eNB
	2
	2

	4
	Transmission of RA response
	1
	1

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

	6
	Transmission of RRC Connection Resume Request
	1
	1

	7
	Processing delay in eNB (L2 and RRC)
	2
	2

	8
	Transmission of RRC Connection Resume
	1
	1

	9
	Processing delay in the UE (L2 and RRC; including UL grant reception)
	5
	5

	10
	Transmission of RRC Connection Resume Complete and UP data 
	0
	0

	 
	Total delay [ms]
	18.7
	19.1



Observation 5: If not reduce component 5 and if the UE can reduce component 9 to be less than 7ms and the eNB can reduce component 7 to 2ms or 3ms, the CP latency can reach the IMT target in TDD.
eNB
Assuming the eNB make no optimization, i.e. the component 7 can’t be less than 4ms, but UE can reduce the process latency. The sum of the component 2, 3, 4, 6, 8 and 7 is 10ms, and the least sum of the component 9 and 5 is 7ms, so except component 1, the least CP latency is 17ms, so each UL/DL configuration that the average delay is more than 3ms will can’t reach the IMT target, those UL/DL configurations include UL/DL configuration 4 and 5.
Observation 6: Even if the UE can reduce the component 9 to 4ms and can reduce the component 5 to 3ms respectively, and if not reduce component 7, the CP latency can never reach the IMT target for UL/DL configuration 4 and 5 in TDD.
For other UL/DL configurations, the CP latency can be reduced to 19.7ms for UL/DL configuration 0, can be reduced to 19.1ms for configuration 1, can be reduced to 19.6ms for configuration 3, can be reduced least to 17.9ms for configuration 6.
Take the subframeAssignment is set to 0 as example, the average delay is 0.7ms (Cx: Component x), the following table gives the explicit procedure in sub-frame:
	SFN: N
	SFN: N+1
	SFN: N+2

	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	0
	1
	2
	3
	4

	D
	S
	U
	U
	U
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	
	
	C2
	C3
	C4
	C5
	C6
	C7
	C8
	C9
	
	
	
	


The following table gives 3 examples including UL/DL configuration 0 and 1:
	UL/DL configuration
	0
	1

	Component
	Description
	Latency[ms]
	Latency[ms]

	1
	Average delay due to RACH scheduling period (1TTI)
	0.7
	1.1

	2
	Transmission of RACH Preamble
	1
	1

	3
	Preamble detection and processing in eNB
	2
	2

	4
	Transmission of RA response
	1
	1

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Resume Request)
	3
	4

	6
	Transmission of RRC Connection Resume Request
	1
	1

	7
	Processing delay in eNB (L2 and RRC)
	5
	4

	8
	Transmission of RRC Connection Resume
	1
	1

	9
	Processing delay in the UE (L2 and RRC; including UL grant reception)
	5
	4

	10
	Transmission of RRC Connection Resume Complete and UP data 
	0
	0

	 
	Total delay [ms]
	19.7
	19.1



Observation 7: If not reduce component 7 and if the UE can reduce component 5 to 3ms or 4ms and the component 9 to 4ms or 5ms or 6ms, the CP latency can reach the IMT target in TDD.
Both eNB and UE make optimization 
If both UE and eNB can reduce the component 5, 7and 9 as the baseline table shows, the UL/DL configuration of 2, 4 and 5 still can’t reach the IMT target to be less than 20ms, but the other UL/DL configurations can reach the IMT target to be less than 20ms.
Observation 8: If both the UE and eNB can reduce the component 5, 7 and 9 as baseline table shows, except for the UL/DL configuration of 2, 4 and 5 the CP latency can reach the IMT target in TDD.
From above evaluations, if UE makes no optimization to reduce the processing delay in step5 and step 9, the control plane latency in TDD can’t reach the IMT target, but if eNB makes no optimization to reduce the processing delay in step7, UE can at least reduce the processing delay in one of the step 5 and 9, the control plane latency in TDD can satisfy the IMT requirement in some UL/DL configurations. 
Proposal 1: The control plane latency of TDD should satisfy the IMT target less than 20ms.
Proposal 2: To reach the IMT target for TDD, it requests UE to make reduction on the processing delay at least one of component 5 and component 9.
Conclusion
In this contribution, we propose:
Observation 1: If UE makes no optimization to reduce components 5 and 9, the CP latency can’t reach the IMT target for all UL/DL configurations in TDD.
Observation 2: Even if the UE can reduce the component 5 to 3ms and the eNB can reduce component 7 to 2ms respectively, and if not reduce component 9, the CP latency can never reach the IMT target for UL/DL configuration 3, 4 and 5 in TDD.
Observation 3: If component 9 is not reduced and if the UE can reduce the component 5 to 3ms or 4ms and the eNB can reduce component 7 to 2ms, the CP latency can reach the IMT target in TDD.
Observation 4: Even if the UE can reduce the component 9 to 4ms and the eNB can reduce component 7 to 2ms respectively, and if not reduce component 5, the CP latency can never reach the IMT target for UL/DL configuration 4 and 5 in TDD.
Observation 5: If not reduce component 5 and if the UE can reduce component 9 to be less than 7ms and the eNB can reduce component 7 to 2ms or 3ms, the CP latency can reach the IMT target in TDD.
Observation 6: Even if the UE can reduce the component 9 to 4ms and can reduce the component 5 to 3ms respectively, and if not reduce component 7, the CP latency can never reach the IMT target for UL/DL configuration 4 and 5 in TDD.
Observation 7: If not reduce component 7 and if the UE can reduce component 5 to 3ms or 4ms and the component 9 to 4ms or 5ms or 6ms, the CP latency can reach the IMT target in TDD.
Observation 8: If both the UE and eNB can reduce the component 5, 7 and 9 as baseline table shows, except for the UL/DL configuration of 2, 4 and 5 the CP latency can reach the IMT target in TDD.
Proposal 1: The control plane latency of TDD should satisfy the IMT target less than 20ms.
Proposal 2: To reach the IMT target for TDD, it requests UE to make reduction on the processing delay at least one of component 5 and component 9.
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