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1   Introduction
In LTE, the UE performance requirements for RRC procedures are specified. Considering NR UE has stronger hardware capacity than LTE UE, these requirements should be re-investigated. Therefore, this paper discusses processing delay requirements for RRC procedures in NR.
2   Discussion
The processing delay for RRC procedures is defined by the duration from the end of reception of the RRC message on the UE physical layer to when the UE shall be ready for the reception of uplink grant for response message. The processing delay includes L2 layer processing time and ASN.1 processing time. L2 layer processing includes MAC, RLC and PDCCH processing. Obviously, both L2 layer and ASN.1 processing time depends on UE hardware capacity only.  
Observation 1: Processing delay of RRC procedure depends on UE hardware capacity.

Comparing with other RRC procedures, the processing delay requirement for RRC connection setup/resume is more sensitive because it has an impact on CP latency. According to Report ITU-R M.2410, the minimum requirement for control plane latency is 20ms. In the following, we evaluate processing delay of RRC connection resume procedure by considering its impact on CP latency. Figure 1 illustrates the CP latency steps of NR by seeing LTE as baseline. 
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Figure 1 CP latency steps in NR
According to Figure 1, we analyzed CP latency for NR FDD and TDD in [1]. The UE processing time is dependent on various factors, and is highly related to implementation. For the time being, there is no agreement on UE processing time for L2 and RRC signals. Therefore in this analysis, we make the following assumptions:

· On the scaling of UE processing time, it is noted that RAN1 agrees that L1 processing time is a multiple of OFDM symbols. Considering that there are also L2 and higher layer processing, it is suitable to assume the UE processing time is a multiple of non-slots of M OFDM symbols. Similar assumption is also found in [2]. 
On BS processing time, there might be different assumptions depending on the implementation as well. For the sake of the initial evaluation, it is assumed that BS and UE processing time are identical. 
Based on the above assumption, we assume that the same processing delay for L2 and RRC for both BS and UE, with N non-slots of M OFDM symbols. The analysis results of CP latency for NR FDD and TDD show in Table 1and Table 2, respectively.
Table 1 CP latency analysis for NR FDD

	Component
	Description
	Time (# of non-slot of M OFDM symbols)

	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 RACH transmission and 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)
	N

	6
	Transmission of RRC Connection Resume Request
	1

	7
	
Processing delay in eNB (L2 and RRC)

	N

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

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

	10
	Transmission of RRC Connection Resume Complete
	1

	
	Total delay
	7.5+3*N


Table 2 CP latency analysis for NR TDD

	Component
	Description
	Time (# of non-slot of M OFDM symbols)

	
	
	DL-UL
	DL-DL-DL-DL-UL

	1
	Average delay due to RACH scheduling period 
	1
	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) + delay for the nearest DL TTI
	3
	3

	5
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Resume Request) + delay for the nearest UL TTI
	N+1
	N+4

	6
	Transmission of RRC Connection Resume Request
	1
	1

	7
	Processing delay in eNB (L2 and RRC) + delay for the nearest DL TTI
	N+1
	N+1

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

	9
	Processing delay in the UE (L2 and RRC) + delay for the nearest UL TTI
	N+1
	N+4

	10
	Transmission of RRC Connection Resume Complete
	1
	1

	
	Total delay
	11+3*N
	18.5+3*N


By considering CP latency limitation, we evaluate the maximum value of N the corresponding processing latency for different SCS configuration and scheduling mode, i.e. (7.5+3*N)*M*T_slot, (11+3*N)*M*T_slot and (18.5+3*N)*M*T_slot, in which T_slot is the duration of one symbol in different SCS configuration and M refers to the number of scheduled symbols. Table 3 provides the maximum value of N and corresponding processing latency based on the above equation with the 20ms CP latency limitation in different SCS and scheduling mode.
Table 3 The maximum value of N and corresponding processing delay

	
	15KHz SCS
	30KHz SCS

	
	FDD
	TDD
	FDD
	TDD

	
	
	(DL-UL)
	
	(DL-DL-DL-DL-UL)

	M=2

(2OS non-slot) 
	The maximum value of N
	44.17


	43
	90.83


	87.17

	
	Processing delay 
	6.31ms
	6.14ms
	6.49ms
	6.23ms

	4OS

M =4
(4OS non-slot)
	The maximum value of N
	20.83


	19.67
	44.17


	40.5

	
	Processing delay
	5.95ms
	5.62ms
	6.31ms
	5.79ms

	14OS

M =14
(14OS non-slot)
	The maximum value of N
	4.17


	3
	10.83


	7.17

	
	Processing delay
	4.17ms
	3ms
	5.42ms
	3.58ms


In the latest LTE discussion on CP latency reduction, processing delay in Step 9 consider 5ms, 7ms, 4ms, and 5ms for Option1, 2, 3,4, respectively [3]. Considering that NR UE has stronger hardware capacity than LTE UE, 3ms processing delay requirement may be a suitable value for NR to support typical configurations.
Proposal 1: 3ms processing delay requirement for RRC connection resume procedure may be suitable in NR.
According to [4], the processing delay requirement for RRC connection resume is 15ms in LTE. In order to satisfy 3ms processing delay requirement for RRC connection resume in NR, NR UE hardware capacity should be improved to reduce 80% processing delay.
Proposal 2: To satisfy processing delay requirement for RRC connection resume procedure, NR UE hardware capacity should be improved to reduce 80% processing delay comparing with LTE UEs.

According to Proposal 2, we can evaluate processing delay requirement for other RRC procedures as Table 4

Table 4 UE performance requirements for RRC procedufers for in NR and LTE
	Procedure Title:
	gNB->UE
	UE->gNb
	Time in NR(ms)
	Time in LTE
(subframe)
	Notes

	RRC Connection Control Procedures
	

	RRC connection establishment


	RRCConnectionSetup or RRCConnectionResume
	RRCConnectionSetupComplete or RRCConnectionResumeComplete
	3
	15
	Considering 80% reduction in the processing delay because of stronger hardware capacity for NR UEs

	RRC connection release
	RRCConnectionRelease
	
	NA


	
	

	RRC connection re-configuration (radio resource configuration)


	RRCConnectionReconfiguration
	RRCConnectionReconfigurationComplete
	3
	15
	

	RRC connection re-configuration (measurement configuration)


	RRCConnectionReconfiguration
	RRCConnectionReconfigurationComplete
	3
	15
	

	RRC connection re-configuration (intra-NR mobility)


	RRCConnectionReconfiguration
	RRCConnectionReconfigurationComplete
	3
	15
	

	RRC connection reconfiguration (SCell addition/release)
	RRCConnectionReconfiguration
	RRCConnectionReconfigurationComplete
	4
	20
	

	RRC connection reconfiguration (SCG establishment/ release, SCG cell addition/ release)
	RRCConnectionReconfiguration
	RRCConnectionReconfigurationComplete
	4
	20
	

	RRC connection re-establishment


	RRCConnectionReestablishment
	RRCConnectionReestablishmentComplete
	3
	15
	To be decided

	Initial security activation
	SecurityModeCommand
	SecurityModeCommandComplete/SecurityModeCommandFailure
	2
	10
	

	Initial security activation + RRC connection re-configuration (RB establishment)
	SecurityModeCommand, RRCConnectionReconfiguration
	RRCConnectionReconfigurationComplete
	4
	20
	The two DL messages are transmitted in the same TTI

	Paging
	Paging
	
	NA
	
	

	Inter RAT mobility
	

	Handover to E-UTRA
	RRCConnectionReconfiguration (sent by other RAT)
	RRCConnectionReconfigurationComplete
	NA
	
	

	Handover from E-UTRA
	MobilityFromEUTRACommand
	
	NA
	
	

	Measurement procedures
	

	Measurement Reporting
	
	MeasurementReport
	NA
	
	

	Other procedures
	

	UE capability transfer
	UECapabilityEnquiry
	UECapabilityInformation
	2
	10
	

	Counter check
	CounterCheck
	CounterCheckResponse
	2
	10
	

	UE information
	UEInformationRequest
	UEInformationResponse
	3
	15
	

	SCG failure information
	
	SCGFailureInformation
	NA
	
	

	Delay Budget Report
	
	DelayBudgetReport
	NA
	
	To be decided


Proposal 3: NR UE performance requirements for RRC procedures can refer to Table 4.
3   Conclusion
In this document, we discussed processing delay requirements for RRC procedures in NR.
Observation 1: Processing delay of RRC procedure depends on UE hardware capacity.

Proposal 1: 3ms processing delay requirement for RRC connection resume procedure may be suitable in NR.
Proposal 2: To satisfy processing delay requirement for RRC connection resume procedure, NR UE hardware capacity should be improved to reduce 80% processing delay comparing with LTE UEs.

Proposal 3: NR UE performance requirements for RRC procedures can refer to Table 4.
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