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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, the way forward on control plane latency reduction for LTE FDD was discussed and the following agreements were reached [1]:
Agreements:
1	CP latency reduction feature is optional feature with capability signalling and is configurable.
2	Agree on the conditions in the Notes in the following Table for CP latency reduction.

And also the notes in the following table were endorsed for LTE FDD [2]:
Table-1 CP latency for FDD
	Component
	Description
	Latency
[ms]

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

	2
	Transmission of RACH Preamble
	1

	3
	Preamble detection and processing in eNB
	2

	4
	Transmission of RA response
	1

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

	6
	Transmission of RRC Connection Resume Request
	1

	7
	Processing delay in eNB (L2 and RRC)
	3

	8
	Transmission of RRC Connection Resume
	1

	9
	9.1 Processing delay in the UE (L2 and RRC), i.e., from reception of RRC Connection Resume to the reception of UL grant
	6

	
	9.2 transmission of UL grant by eNB
	1

	
	9.3 processing delay in the UE (processing of UL grant and preparing for UL tx)
	3

	10
	Transmission of RRC Connection Resume Complete and UP data 
	0

	 
	Total delay [ms]
	Not more than 23.5

	
	

	Notes
	

	1
	In step 5, the latency of 4ms has been agreed by RAN1, see LS in R2-1806411

	2
	In step7, the processing delay in eNB (L2 and RRC) has been reduced to 3ms.

	3
	In step 9.1, RRC connection resume message only include MAC and PHY configuration.  No DRX, SPS, CA, or MIMO re-configuration will be triggered by this message. 

	4
	In step 10, the latency associated to the Transmission of RRC Connection Resume Complete and UP data is assumed to be 0ms




Also, RAN1 agreed that added for UEs supporting reduced latency and when reduced latency is enabled [10].
This contribution will further discuss the CP latency for TDD in LTE based on these agreements and working assumptions.
Discussion
Whether should TD-LTE CP latency also achieve the IMT-2020 target?
According to RAN plenary LS on CP latency reduction in [3], it tasked that “RAN2 and RAN1 to check feasibility and values of reduced processing times in RRC Resume procedure and make corresponding spec changes as part of TEI15 by June 2018 to fulfil IMT-2020 requirement.”
It includes both FDD and TDD in LTE. So TD-LTE also should fulfill IMT-2020 requirement. If reduced processing times is not workable for TD-LTE, other enhancements should be re-considered. To save time and reduce the impact to specifications, it is proposed that
Proposal 1: The control plane latency of TDD should satisfy the IMT target less than 20ms by reducing processing times in RRC Resume procedure as well as that of FDD.
CP latency reduction for TDD
For TDD, 7 UL/DL configurations can be configured for UE as following table shows, this section will consider each UL/DL configuration to evaluate whether there is a UL/DL configuration that the average CP latency can reach the IMT CP latency requirements.
Table-2 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 table gives the average delay in different UL/DL configurations:
Table-3 average delay of first component for each UL/DL configuration
	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



It is obvious that if C5 is 4ms, C7 is 3ms and C9 is 10ms, no TDD UL/DL configuration can fulfill IMT-2020 requirement.
Observation 1: if C5 is 4ms, C7 is 3ms and C9 is 10ms, no TDD UL/DL configuration can fulfill IMT-2020 requirement.
Since for configuration 2-5, the average delay of C1 is much bigger than 0.5ms, and the distribution of UL and DL slots is not so balanced, we needn’t spend much time on the evaluation of the CP latency for these UL/DL configurations. And for configuration 0, although the average delay is the smallest, most slots are UL slots, it will wait for a long time for the available DL slot. So configuration 0 can also be excluded in the evaluation. We can focus on UL/DL configuration 1 and 6.
Observation 2: TDD UL/DL configuration 1 and configuration 6 are worthy to be considered in CP latency reduction compared with other configurations.
In FDD CP latency table, C9 is 10ms which is too long. And hence it can be considered to be reduced as much as possible. For FDD, to meet 20ms, C9 can be reduced to 6ms. And if UL grant can be sent earlier, it really needn’t so much time. So in our following evaluations, we’ll assume C9 can be reduced to 6ms.
And according to the notes in table 1, C5 is 4ms and C7 is 3ms.
For TDD UL/DL configuration 1, the delay of each step is show in Table-4:
Table-4 CP latency reduction of UL/DL configuration 1 (C5:4; C7:3; C9:6)
	1
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	0.5
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	Total delay
	
	21.5
	20.5
	19.5
	23.5
	22.5



The average delay is 21.5ms.
For TDD UL/DL configuration 6, the delay of each step is show in Table-5:
Table-5 CP latency reduction of UL/DL configuration 6 (C5:4; C7:3; C9:6)
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	Total delay
	
	21.5
	20.5
	19.5
	22.5
	21.5
	20.5
	20.5
	19.5
	23.5
	22.5



The average delay is 21.2ms.
So according to table 4 and 5, if TDD follows FDD’s current agreements and working assumptions, no TDD UL/DL configuration can fulfill IMT-2020 requirements.
Observation 3: with the assumption that C5=4ms, C7=3ms and C9=6ms, no TDD UL/DL configuration can fulfill IMT-2020 requirements.
According to the evaluation above, at least 2ms should be reduced. It is difficult to squeeze one component for the 2 ms, so we can consider both C5 and C7 would be reduced by 1 more ms respectively. If so, the CP latency for TDD configuration 1 would be as shown in table 6:
 Table-6 CP latency reduction of UL/DL configuration 6 (C5:3; C7:2; C9:6)
	1
	0:D
	0.5
	
	
	
	

	
	1:S
	1
	0.5
	
	
	

	
	2:U
	2
	1
	0.5
	
	

	
	3:U
	
	2
	1
	2.5
	

	
	4:D
	1
	
	2
	
	1.5

	
	5:D
	3
	1
	
	
	

	
	6:S
	
	5
	1
	1
	1

	
	7:U
	
	
	4
	2
	2

	
	8:U
	1
	
	
	
	

	
	9:D
	2
	
	
	1
	1

	2
	0:D
	
	
	
	3
	3

	
	1:S
	1
	1
	1
	
	

	
	2:U
	6
	2
	2
	
	

	
	3:U
	
	
	
	1
	1

	
	4:D
	
	1
	1
	2
	2

	
	5:D
	
	6
	6
	
	

	
	6:S
	
	
	
	1
	1

	
	7:U
	
	
	
	6
	6

	
	8:U
	0
	
	
	
	

	
	9:D
	
	
	
	
	

	3
	0:D
	
	
	
	
	

	
	1:S
	
	0
	0
	
	

	
	2:U
	
	
	
	
	

	
	3:U
	
	
	
	0
	0

	
	4:D
	
	
	
	
	

	Total delay
	
	17.5
	19.5
	18.5
	19.5
	18.5



The average delay is 18.7ms which can meet IMT-2020 requirement. And we further evaluate with the assumption is C5 = 4ms, C7=2ms, but unfortunately, no configuration can meet the requirement.
So it is proposed that:	
Proposal 2: to let TDD also meet IMT-2020 requirement, C5 should be further reduced to 3ms and C7 should be further reduced to 2ms.
And corresponding CP latency table should be updated as table 7:
Table-7 further CP latency reduction
	Component
	Description
	FDD Latency
[ms]
	TDD UL/DL configuration 1
Latency
[ms]

	1
	Average delay due to RACH scheduling period (1TTI)
	0.5
	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
	3.6

	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
	9.1 Processing delay in the UE (L2 and RRC), i.e., from reception of RRC Connection Resume to the reception of UL grant
	6
	6

	
	9.2 transmission of UL grant by eNB
	
	

	
	9.3 processing delay in the UE (processing of UL grant and preparing for UL tx)
	
	

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

	 
	Total delay [ms]
	17.5
	18.7

	
	
	

	Notes
	
	

	1
	In step 5, the latency is reduced to 3ms.
	

	2
	In step7, the processing delay in eNB (L2 and RRC) has been reduced to 2ms.
	

	3
	In step 9.1, RRC connection resume message only include MAC and PHY configuration.  No DRX, SPS, CA, or MIMO re-configuration will be triggered by this message. The total delay of step 9 is reduced to 6ms.
	

	4
	In step 10, the latency associated to the Transmission of RRC Connection Resume Complete and UP data is assumed to be 0ms.
	



Proposal 3: RAN2 is requested to endorse above Table-7 as part of further CP latency reduction in Rel-15.
Specification impact analysis
RAN1 impact analysis
In last RAN1 meeting, RAN1 has concluded that for Rel-15 UEs capable of CP latency enhancement step 5 can be reduced to 4ms corresponding to n+5 timing [4]. For such capable UEs, we call these UEs are capable of CP latency enhancement UEs. If it is agreed to reduce step 5 to 3ms, corresponding timing should be n+4. And we can call these UEs are capable of further CP latency enhancement UEs.
Proposal 4: to let TDD also meet IMT-2020 requirement, RAN1 should further conclude that for Rel-15 UEs capable of further CP latency enhancement step 5 can be reduced to 3ms corresponding to  n+4 timing.

Corresponding draft CR can be found in [7] where is further proposed based on [10].
RAN2 impact analysis
Impact to 36.306:
To support above two capable UEs, i.e. one type is capable of CP latency enhancement with step 5 can be reduced to 4ms and another one is capable of further CP latency enhancement with step 5 can be reduced to 3ms, so two requirements without UE radio access capability parameters can be defined in 36.306 respectively like the modification in [5].
Proposal 5: two requirements are defined in 36.306, one is defined for CP latency enhancement with step 5 can be reduced to 4ms and one is defined for further CP latency enhancement with step 5 can be reduced to 3ms.
Corresponding CR can be found in [9].
 Impact to 36.331:
As proposed in [6], to let the UE knows whether the eNB requires the UE capable of (further) CP latency enhancement shall apply this feature or not, the eNB can indicate this information in SIB2. And the processing delay requirement for RRC connection establisment for the case when the UE receives RRCConnectionResume is reduced in case one of these two features is enabled and the UE supports it.
Proposal 6: in SIB2, two parameters should be defined to indicate whether the UE capable of CP latency enhancement shall apply this feature and indicate whether the UE capable of further CP latency enhancement shall apply this feature repectively.
Proposal 7: modify the table of UE performance requirements for RRC procedures to support CP latency enhancement, i.e. support N = 2 for RRC connection establishment. 
Corresponding CR can be found in [8].
Conclusion
In this contribution, we further analyze the CP latency for TDD based on agreements and assumptions for FDD, and observe the following observations:
Observation 1: if C5 is 4ms, C7 is 3ms and C9 is 10ms, no TDD UL/DL configuration can fulfill IMT-2020 requirement.
Observation 2: TDD UL/DL configuration 1 and configuration 6 are worthy to be considered in CP latency reduction compared with other configurations.
Observation 3: with the assumption that C5=4ms, C7=3ms and C9=6ms, no TDD UL/DL configuration can fulfill IMT-2020 requirements.
And we further propose:
Proposal 1: The control plane latency of TDD should satisfy the IMT target less than 20ms by reducing processing times in RRC Resume procedure as well as FDD.
Proposal 2: to let TDD also meet IMT-2020 requirement, C5 should be further reduced to 3ms and C7 should be further reduced to 2ms.
Proposal 3: RAN2 is requested to endorse above Table-7 as part of further CP latency reduction in Rel-15.
Proposal 4: to let TDD also meet IMT-2020 requirement, RAN1 should further conclude that for Rel-15 UEs capable of further CP latency enhancement step 5 can be reduced to 3ms corresponding to n+4 timing.
Proposal 5: two requirements are defined in 36.306, one is defined for CP latency enhancement with step 5 can be reduced to 4ms and one is defined for further CP latency enhancement with step 5 can be reduced to 3ms.
Proposal 6: in SIB2, two parameters should be defined to indicate whether the UE capable of CP latency enhancement shall apply this feature and indicate whether the UE capable of further CP latency enhancement shall apply this feature repectively.
Proposal 7: modify the table of UE performance requirements for RRC procedures to support CP latency enhancement, i.e. support N = 2 for RRC connection establishment. 
This contribution will be submitted to RAN1 together with corresponding RAN1 CR. And if RAN2 agree with these proposals, corresponding CRs in [8] and [9] can be discussed and agreed.
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