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1 Introduction

In the RAN2#101 meeting, RAN2 has discussed CP latency reduction to meet IMT-2020 requirement which is 20ms and an LS on CP latency reduction [1] was sent to RAN1. In the LS, RAN2 identified the following options:

	Component
	Description
	Option 1:
	Option 2:
	Option 3:
	Option 4:

	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
	Alt 1:4

Alt 2: 5
	5

	6
	Transmission of RRC Connection Resume Request
	1
	1
	1
	1

	7
	Processing delay in eNB (L2 and RRC)
	3
	2
	Alt 1: 4

Alt 2: 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 CP delay [ms]
	17.5
	19.5
	18.5
	18.5


Some of these options reduce the processing delay of the RAR as shown in step 5. RAN2 would like to ask RAN1 whether it would be feasible to reduce the processing time shown in step 5 and if so, how much specification effort is required and how much gain could be obtained.

Note that regarding the component 10, RAN2 has not yet concluded on whether that latency component can be neglected (in which case 0ms latency will be assumed) or not (in which case 1ms latency will be assumed). 

ACTION: 
RAN2 would like to ask RAN1 whether it would be feasible to reduce the processing time shown in step 5 and if so, how much specification effort is required and how much gain could be obtained.

2 Current CP latency in LTE
According to Report ITU-R M.2410 [IMT-2020.TECH PERF REQ], control plane (CP) latency refers to the transition time from a most “battery efficient” state (e.g. idle state) to the start of continuous data transfer (e.g. Active state). The minimum requirement for control plane latency is 20ms. 

Proposal 1: CP latency of no more than 20ms needs to be supported in LTE in Rel-15.
In order for the UE to transmit UP data to the network, the UE has to enter RRC_CONNECTED from RRC_IDLE. Then the UE will experience the so-called CP latency i.e. the time of RRC_IDLE -> RRC_CONNECTED transition. Currently, there are two options for the UE to enter RRC_CONNECTED, i.e. 1) RRC Connection Setup procedure and (2) RRC Connection Resume procedure. In this paper, we focus on RRC Connection Resume procedure for CP latency reduction as mentioned in the LS sent from RAN2 [1].
According to TS 36.331, a summary of CP latency for RRC connection resume procedure is shown in Table 1, and it can be observed that current CP latency in LTE cannot fulfill IMT-2020 target of 20ms CP latency, so an efficient and feasible solution is needed to reduce LTE CP latency.
Observation 1: Current LTE CP latency does not fulfil the IMT-2020 requirements.
Table 1. Current CP latency in LTE FDD

	Component
	Description
	Minimum [ms]

	1
	Average delay due to RACH scheduling period
	0.5

	2
	RACH Preamble
	1

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

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

	6
	Transmission of RRC Connection Resume Request
	1

	7
	Processing delay in eNB (L2 and RRC)
	4

	8
	Transmission of RRC Connection Resume (and UL grant)
	1

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

	10
	Transmission of RRC Connection Resume complete and UP data
	1

	Total delay [ms]
	31.5


3 1ms TTI based CP latency reduction 
In the LS [1], 4 options of 1ms TTI based CP latency reduction were proposed, which focuses on reducing UE/eNB processing delays of three components:
· The first reduced delay is the time in step 5, from UE receiving RA response until the UE transmits MSG3. 

· The second reduced delay is the eNB processing time in step 7 to process MSG3, which is not standardized. 

· The third reduced delay is the UE processing delay in step 9 for the processing of RRC message received in MSG 4. 

On step 5, at least 4ms can be supported since processing time for 1ms TTI can be reduced from n+4 to n+3 with little specification effort. The specification impact lies in section 6.1.1 of TS 36.213, in which the reduced uplink transmission timing after a random access preamble transmission will be captured. 
Proposal 2: At least 4ms is supported for step 5 for 1ms TTI based CP latency reduction.

Observation 2: Reduced processing time in step 5 needs little specification effort.
Option 3 in LS [1] is preferred among all options. As shown in Table 2, CP latency can be reduced to less than 20ms such that the ITU IMT-2020 requirement can be fulfilled. 
Observation 3: With 1ms TTI based processing delay reduction on UE and eNB, the CP latency can fulfil IMT-2020 requirements.
Table 2. 1ms TTI based CP latency reduction 
	Component
	Description
	Minimum[ms]

	
	
	Current LTE
	1ms TTI based reduction

	1
	Average delay due to RACH scheduling period
	0.5
	0.5

	2
	RACH Preamble
	1
	1

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

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

	6
	Transmission of RRC Connection Resume Request
	1
	1

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

	8
	Transmission of RRC Connection Resume (and UL grant)
	1
	1

	9
	Processing delay in the UE (L2 and RRC)
	15
	4

	10
	Transmission of RRC Connection Resume complete and UP data
	1
	1

	Total delay [ms]
	31.5
	18.5 or 19.5


4 Conclusions
In this contribution, the solutions for LTE CP latency reduction are discussed. The following observations are made:
Observation 1: Current LTE CP latency does not fulfil the IMT-2020 requirements.
Observation 2: Reduced processing time in step 5 needs little specification effort.
Observation 3: With 1ms TTI based processing delay reduction on UE and eNB, the CP latency can fulfil IMT-2020 requirements.
The following proposals are given based on observations:
Proposal 1: CP latency of no more than 20ms needs to be supported in LTE in Rel-15.
Proposal 2: At least 4ms is supported for step 5 for 1ms TTI based CP latency reduction.
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