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1   Introduction
This paper discusses processing delay requirements for RRC procedures in NR. 
Compared to R2-1815829, Observation 2 and proposals 1-5 are added.

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 L3 layer processing time (including ASN.1 processing time and some other processing time). L2 layer processing includes MAC, RLC and PDCCH processing. Obviously, both L2 layer and L3 layer 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. In fact, in 3GPP TSG RAN Meeting #81, the details of the control plane latency for NR Rel-15 were agreed [2].
According to Report ITU-R M.2410, the minimum requirement for control plane latency is 20ms. In 3GPP TSG RAN Meeting #80, the details of the control plane latency for LTE Rel-15 were agreed [1]. The proposed procedure and assumptions for LTE Rel-15 can be used as a reference for the analysis on NR system. In the 3GPP TSG RAN Meeting #81, the details of the control plane latency for NR Rel-15 were agreed [2], in which control plane latency is evaluated from RRC_INACTIVE state to RRC_CONNECTED. During the evaluation, processing delay in UE of RRC Resume is assumed as 7ms and it is proved that 7ms RRC resume processing delay can fulfil the control plane latency requirement of 20ms.

Observation 2: 7ms RRC resume processing delay can fulfil the control plane latency requirement of 20ms.
According to [3], in LTE, the processing delay requirement for RRC connection resume is 15ms, and 15 ms is a basic RRC processing delay for RRC connection establishment/Resume, normal RRC connection reconfiguration without SCell addition/release and SCG establishment/release SCG cell addition/release, and RRC connection re-establishment. In NR, the processing delay of RRC resume has been reduced - in practice - to 7ms in some scenarios. Then, 7ms can be considered as a baseline RRC processing delay for those procedures.
Proposal 1: 7ms can be considered as a baseline RRC processing delay for RRC connection establishment/Resume, normal RRC connection reconfiguration without SCell addition/release and SCG establishment/release SCG cell addition/release, and RRC connection re-establishment.

For RRC connection reconfiguration with SCell addition/release, SCG establishment/ release, or SCG cell addition/ release, additional 5ms is needed in LTE due to the need of additional processes. Although the processing capacity is enhanced in NR, additional time also is needed for those procedures comparing with normal RRC reconfiguration. In order to satisfy 7ms processing delay requirement for RRC connection resume in NR, NR UE hardware capacity should be improved significantly comparing with LTE UE hardware capacity. Hence, we think that additional 3ms are enough for RRC connection reconfiguration with SCell addition/release, SCG establishment/ release, or SCG cell addition/ release in NR.

Proposal 2: 10ms processing delay is suitable for RRC connection reconfiguration with SCell addition/release, SCG establishment/ release, or SCG cell addition/ release.
One fundamental difference between NR and LTE is that NR has introduced the concept of BWP. The network could perform BWP switch using DCI or RRC. Generally, the processing delay of RRC reconfiguration with BWP switch includes two parts: 1) processing the content of RRC reconfiguration message; 2) applying BWP switch. The first part time should be same to that of the normal RRC reconfiguration message, e.g., RRC reconfiguration (radio resource configuration). According to [4], the maximum DCI-based BWP switch is 1ms for type 1 UE and 3ms for type 2 UE (The type1 and type2 indicates UE physical layer capacity from respective of BWP switch delay, see Phy-Parameters in Subclause 6.3.3 of [5]). Therefore, the processing delay requirement of RRC reconfiguration with BWP switch should have additional 1ms and 3ms besides the normal RRC reconfiguration processing delay for type1 UE and type 2 UE respectively.
Proposal 3: the processing delay requirement of RRC reconfiguration with BWP switch should have additional 1ms and 3ms besides the normal RRC reconfiguration processing delay for type1 UE and type 2 UE respectively.
In LTE, the processing delay for Initial security activation, Counter check, and UE capability transfer is 10ms considering that the size of those RRC message is small and those procedures don’t need too much parameter reconfiguration. Similarly, those procedures also don’t need too much processing delay in NR. Considering the enhanced NR UE hardware capacity, 4ms should be suitable for those procedures in NR

Proposal 4: 4ms processing delay is suitable for Initial security activation, Counter check, and UE capability transfer in NR.
Moreover, due to the fact that the process complexity will increase when SecurityModeCommand and RRCConnectionReconfiguration are transmitted in the same TTI, the process delay is 20ms in LTE. In NR, 10ms processing delay is suitable when they are transmitted in the same TTI.

Proposal 5: 10ms processing delay is suitable when SecurityModeCommand and RRCConnectionReconfiguration are transmitted in the same TTI.
According to Proposal 1-5, we can summarize the processing delay requirements for RRC procedures in NR in Table 1 below:
Table 1 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
	7
	15
	Note to be deleted: Considering 53% 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
	7
	15
	

	RRC connection re-configuration (measurement configuration)


	RRCConnectionReconfiguration
	RRCConnectionReconfigurationComplete
	7
	15
	

	RRC connection re-configuration (intra-NR mobility)


	RRCConnectionReconfiguration
	RRCConnectionReconfigurationComplete
	7
	15
	

	RRC connection reconfiguration (SCell addition/release)
	RRCConnectionReconfiguration
	RRCConnectionReconfigurationComplete
	10
	20
	

	RRC connection reconfiguration (SCG establishment/ release, SCG cell addition/ release)
	RRCConnectionReconfiguration
	RRCConnectionReconfigurationComplete
	10
	20
	

	RRC connection reconfiguration (BWP switch)
	RRCConnectionReconfiguration
	RRCConnectionReconfigurationComplete
	8,10
	NA
	8 for type1 UE; 10 for type2 UE

	RRC connection re-establishment


	RRCConnectionReestablishment
	RRCConnectionReestablishmentComplete
	7
	15
	

	Initial security activation
	SecurityModeCommand
	SecurityModeCommandComplete/SecurityModeCommandFailure
	4
	10
	

	Initial security activation + RRC connection re-configuration (RB establishment)
	SecurityModeCommand, RRCConnectionReconfiguration
	RRCConnectionReconfigurationComplete
	10
	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
	4
	10
	

	Counter check
	CounterCheck
	CounterCheckResponse
	4
	10
	

	SCG failure information
	
	SCGFailureInformation
	NA
	
	


Proposal 6: RAN2 adopts NR UE performance requirements for RRC procedures as captured in Table 1.
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.
Observation 2: 7ms RRC resume processing delay can fulfil the control plane latency requirement of 20ms.
Proposal 1: 7ms can be considered as a baseline RRC processing delay for RRC connection establishment/Resume, normal RRC connection reconfiguration without SCell addition/release and SCG establishment/release SCG cell addition/release, and RRC connection re-establishment.

Proposal 2: 10ms processing delay is suitable for RRC connection reconfiguration with SCell addition/release, SCG establishment/ release, or SCG cell addition/ release.

Proposal 3: the processing delay requirement of RRC reconfiguration with BWP switch should have additional 1ms and 3ms besides the normal RRC reconfiguration processing delay for type1 UE and type 2 UE respectively.
Proposal 4: 4ms processing delay is suitable for Initial security activation, Counter check, and UE capability transfer in NR.

Proposal 5: 10ms processing delay is suitable when SecurityModeCommand and RRCConnectionReconfiguration are transmitted in the same TTI.
Proposal 6: RA2 adopts NR UE performance requirements for RRC procedures as captured inTable 1.
A corresponding CR to TS38.331 is provided in [6]
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