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Introduction

In RAN2#100, control plane (CP) latency reduction for LTE was discussion. The objective is to meet IMT2020 requirement of 20ms. An LS [1] was agreed to consult with RAN1 on the following:
· One aspect which can be used to reduce the CP latency is to reduce processing time of the UL grant received in Random Access Response and by reducing from today's N+6 to N+4 ms. This is proposed for Resume procedure only.
· Another aspect which could reduce the CP latency (including RRC Connection setup) much further is to use sTTI during the Random Access procedure. The proposed solution is to introduce a new RACH format. For the new RACH format, it is proposed to change subsequent RRC procedure the processing time to N+4 where N is sTTI of 2/3 OS. 
Same issue was also discussed in RAN Plenary #78, and the decision is to task RAN2 and RAN1 to check feasibility and values of the reduced processing times in RRC Resume procedure and make corresponding spec changes as part of TEI15 [2].
In this document, we discuss the possibility to reduce the processing time from N+6 to N+4ms for legacy TTI and the reduced processing time in RRC Resume procedure.
Discussion
Time reduction after RAR reception for 1ms TTI
RP LS [2] states the following:
….RAN decided to task RAN2 and RAN1 to check feasibility and values of the reduced processing times in RRC Resume procedure…..
We think that Suspend/Resume procedure is the baseline for CP latency evaluation.
Observation 1: Suspend/Resume procedure is used as the baseline for CP latency evaluation.
Table 1 show the estimated CP latency of current LTE system [3]. We think the reduction from N+6 to N+4 is relevant to Component 5+6. In sTTI WI [5], “shortened processing time” for legacy TTI is introduced, and the corresponding HARQ processing time can be reduced from N+4 to N+3. Note that, the original design is applied for User Plane packets; ie., UL grant is derived from PDCCH. However, to derive the UL grant in RAR, UE has to further decode PDSCH in addition to PDCCH. The N+3 time budget cannot apply directly to CP data.  Further evaluation is needed.
Observation 2: To derive the UL grant in RAR, UE has to decode PDSCH in addition to PDCCH. 
Proposal 1: The N+3 time budget for “shortened processing time” feature cannot apply directly to CP data.
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	Description
	Latency
[ms]

	1
	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 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 
	1

	9
	Processing delay in the UE (L2 and RRC; including UL grant reception)
	15

	10
	Transmission of RRC Connection Resume Complete and UP data
	1

	 
	Total delay [ms]
	31.5



Table 1: CP latency of legacy LTE system
Processing time reduction for resume procedure
Reduction in Component 7
eNB processing time is actually not specified in 3GPP specification. We assume that it can be reduced from 4ms to 2ms by considering the improvement of eNB processing power and design optimization of Suspend/Resume procedure.
Reduction on Component 9
As for the UE processing time in Component 9, it is defined to be 15ms in legacy LTE system. It contributes almost 50% of CP latency time. CP latency of course can be largely reduced if the reconfiguration time can be reduced. The proposed processing time is 5ms and 1ms for Option-1 and Option-2, respectively. We think those aggressive number reduction seems unrealistic. For Component 9, UE has to do the following:
· Decoding DL packet containing RRC message
· Parsing RRC ASN.1 code and deriving parameters. 
· Checking if the RRC parameters is valid and UE is able to comply with the new configuration.
· Reconfiguring L1/L2 modules. (Note that some reconfiguration involved hardware modules, such as security engine, may have additional processing time)
From UE implementation viewpoint, reconfiguration takes few milliseconds to finish all the necessary steps. Due to dependency between reconfiguration steps, processing time cannot be reduced much even by higher UE processing power. Based on our assessment, a reasonable processing time is 10ms.
Observation 3: RRC processing time can’t be reduced much due to dependency between reconfiguration steps.
The required reconfiguration time is highly relevant to the reconfiguration complexity. We think there are some possible directions to reduce the RRC processing time:
· Possible direction 1: limiting the reconfiguration parameters (e.g., advanced PHY parameters are excluded) during the initial access. We assume that the main use case for the short CP latency is small packet transmission. For such scenario, advanced PHY configurations seems unnecessary.
· Possible direction 2: Additional reconfiguration is not carried in RRC Connection Resume message; that is, UE can start reconfiguration after Component 6. Additional L1/2 reconfiguration anyway can be transmitted by later RRC message after UE enters RRC_Connected state.
· Possible direction 3:  Introduce the pre-configuration concept, which is used in WCDMA system.
RRC related works are discussed in RAN2 so we suggest that possible RRC processing time reduction is discussed by RAN2.
Proposal 2: Possible RRC processing time reduction should be discussed by RAN2.
Based on the above discussion, we propose a possible time budget for CP latency by processing time reduction.
	Component
	Description
	Baseline: Latency 
	Example by 14OS

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

	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
	4

	6
	Transmission of RRC Connection Resume Request
	1
	1

	7
	Processing delay in eNB (L2 and RRC)
	4
	2

	8
	Transmission of RRC Connection Resume
	1
	1

	9
	Processing delay in the UE (L2 and RRC)
	15
	7

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

	 
	Total delay [ms]
	31.5
	20.5


Table 2: Example of CP latency by processing time reduction

sTTI-based transmission 
If reasonable processing time reduction by eNB and UE still cannot meet IMT2020 CP latency requirement, reduction on the over-the-air transmission time is the next-step to exploit. In [4], 2/3 OS sTTI-based option is proposed. Actually, 7OS sTTI is another TTI format introduced in sTTI WI [5]. We don’t think it is worthwhile to apply 2/3 OS sTTI format only for CP latency reduction purpose because the sub-slot-based scheme has big impact to UE implementation.
Applying 7OS sTTI to Component 4, 6, 8, and 10, additional 2ms can be used for processing time. That is, the RRC processing time in Component can be relaxed to 9ms.
Proposal 3: RAN1 to discuss sTTI-based option if RAN2 conclude that RRC processing time reduction is not enough to meet CP latency requirement.
Conclusion
In this contribution, we propose:
Observation 1: Suspend/Resume procedure is used as the baseline for CP latency evaluation.
Observation 2: to derive the UL grant in RAR, UE has to decode PDSCH in addition to PDCCH. 
Proposal 1: The N+3 time budget for “shortened processing time” feature cannot apply directly to CP data.
Observation 3: RRC processing time can’t be reduced much due to dependency between reconfiguration steps.
Proposal 2: Possible RRC processing time reduction should be discussed by RAN2.
Proposal 3: RAN1 to discuss sTTI-based option if RAN2 conclude that RRC processing time reduction is not enough to meet CP latency requirement.
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