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Introduction
In RAN2#103 meeting, there were contributions [1-6] discussing the RRC procedure delay in NR. 
In this contribution, we discuss RRC procedure delay in NR, with consideration of IMT-2020 CP latency requirement. 
Discussion
In 38.331 section 12, RRC procedure delay (as shown below) is defined as “the time in [ms] from the end of reception of the network -> UE message on the UE physical layer up to when the UE shall be ready for the reception of uplink grant for the UE -> network response message with no access delay other than the TTI-alignment (e.g. excluding delays caused by scheduling, the random access procedure or physical layer synchronisation)”. In LTE, RRC procedure delay varies for different RRC procedures, with typical values of 15 and 20 ms.


Figure 11.2-1: Illustration of RRC procedure delay
In RAN2#102 meeting, it was agreed that if UE supports reduced LTE CP latency to meet 20 ms IMT-2020 requirement, LTE RRC procedure delay is reduced to 3 ms. Following is captured in 36.331 CR R2-1809184. 
[bookmark: _Hlk514982017]N = 3 applies for the case of reception of RRCConnectionResume if reducedCP-LatencyEnabled is configured, the UE supports reduced CP latency, and the RRC message only includes MAC and PHY (re-)configurations and does not include (re-)configurations of DRX, SPS, SCells, and MIMO. Further, the UL grant is sent using PDCCH DCI format 0 in common search space. In this scenario, the RRC procedure delay can extend beyond the reception of the UL grant, up to 7 ms.

For NR, contributions [1-4] submitted to RAN2#103 meeting derives RRC procedure delay based on either 20 ms IMT-2020 requirement, or 10 ms target from section 7.4 of TR 38.913 [7] (“The target for control plane latency should be 10ms”). First of all, we should discuss whether the CP latency requirement should be satisfied for all Rel-15 NR UEs. Given that both LTE and NR are submitted as RITs for IMT-2020, while the CP latency requirement is an optional requirement for Rel-15 LTE UEs, we prefer to apply the same principle to NR, i.e. supporting of reduced CP latency to satisfy IMT-2020 requirements is NR UE capability.
[bookmark: Proposal_Reduced]Proposal 1: The support of reduced CP latency to satisfy IMT-2020 requirements is NR UE capability.
For NR UEs not supporting reduced CP latency, the question is what the requirements for RRC processing time are. We agree with the analysis in [5] that LTE RRC processing delays are used as baseline for NR. The reasons are as follows:
· The increased UE processing capability for L1/L2 does not necessarily mean that RRC processing capability is increased accordingly.
· RRC processing time includes the processing time for various RF, PHY, MAC/RLC/PDCP/SDAP reconfigurations, and such reconfiguration time might not be improved over LTE. 
· [bookmark: _GoBack]The reason to choose Rel-12 of LTE RRC specification for comparison is that the supported features in NR Rel-15 are roughly similar to that of LTE Rel-12 (e.g. with dual connectivity introduced from LTE Rel-12). Note that LTE Rel-12 still contains many features not available in NR, e.g. MBMS, Sidelink, Relay, In-device coexistence, MDT, MTC, Home NB, which actually means that RRC specification is actually more complicated in NR compared with that in LTE. This also reflects the increased complexity of physical layer as RRC signalling is used for reconfiguration. Therefore even maintaining similar RRC processing time as LTE actually means that RRC processing time in NR is improved.
[bookmark: Proposal_LTEBaseline]Proposal 2: LTE RRC procedure delays are used as baseline for NR.
We now derive the RRC delay requirement for NR UEs supporting reduced CP latency to satisfy IMT-2020 requirements. It should be noted that 10 ms target froms TR 38.913 [7] is a target for NR system design, not a requirement for NR Rel-15 system. Similarly, in section 7.5 of TR 38.913 [7], “For URLLC, the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL.” Such 0.5 ms user plane latency is also not used as a requirement in URLLC related evaluation. In summary, only 20 ms IMT-2020 CP latency requirement should be considered when deriving RRC procedure delay requirement for NR UEs supporting reduced CP latency. 
[bookmark: Proposal_20]Proposal 3: When deriving RRC procedure delay requirement for NR UEs supporting reduced CP latency, 20 ms IMT-2020 CP latency requirement is considered.
In contribution R2-1811689 [8] on NR CP latency evaluation, component 9 (RRC procedure delay and the procedure of UL grant) of message RRCResume is assumed to be 7 ms (aligned with the LTE CP latency CR R2-1809184), which was from the agreed value during LTE CP latency discussion. 3ms is considered as the processing time to reconfigure PHY layer before the UE receive UL grant and overall 7ms is considered to process RRCResume message. 
The CP latency result in R2-1811689 [8] is as follows for 4 OFDM symbol PDSCH/PUSCH duration (the results in TR 37.910 [9] Table 5.7.2.1-2 and 5.7.2.1-5 are similar):
Table 1: Control plane latency evaluation results
	CP latency (ms)
	Paired spectrum
	Unpaired spectrum

	
	15 kHz SCS
	30 kHz SCS
	15 kHz SCS
	30 kHz SCS

	
	13.8
	12.3
	14.3
	12.4



It can be seen that if component 9 is relaxed from 7 ms to 12.7 ms, IMT-2020 CP latency requirement of 20 ms can be still satisfied for all cases. Component 9 includes both the RRC procedure delay and the L1 processing time of UL grant, which is assumed to be 10 and 12 OFDM symbols for 15 and 30 kHz SCS, respectively (according to Table 6.4-1 of TS 38.214 [10]). Therefore RRC procedure delay is 12.7 – 10/14 ≈ 12 ms. It is also proposed to apply same restriction as in LTE regarding when the reduced CP latency can be applied.

[bookmark: Proposal_Req]Proposal 4: For NR UEs supporting reduced CP latency, NR RRC procedure delay requirement is set to 12 ms, if the following condition is satisfied: RRC message only includes MAC and PHY (re-)configurations and does not include (re-)configurations of DRX, Configured scheduling, SCells, and MIMO; the UL grant is sent using PDCCH DCI format 0_0 in common search space.
Conclusion
In this contribution, we discuss RRC procedure delay in NR, with consideration of IMT-2020 CP latency requirement. We propose the following:
Proposal 1: The support of reduced CP latency to satisfy IMT-2020 requirements is NR UE capability.
Proposal 2: LTE RRC procedure delays are used as baseline for NR.
Proposal 3: When deriving RRC procedure delay requirement for NR UEs supporting reduced CP latency, 20 ms IMT-2020 CP latency requirement is considered.
Proposal 4: For NR UEs supporting reduced CP latency, NR RRC procedure delay requirement is set to 12 ms, if the following condition is satisfied: RRC message only includes MAC and PHY (re-)configurations and does not include (re-)configurations of DRX, Configured scheduling, SCells, and MIMO; the UL grant is sent using PDCCH DCI format 0_0 in common search space.
A text proposal to TS 38.331 is shown in Annex.
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[bookmark: _Toc510018781][bookmark: _Toc524434818]Annex  Text proposal to TS 38.331
12		Processing delay requirements for RRC procedures
The UE performance requirements for RRC procedures are specified in the following tables. The performance requirement is expressed as the time in [ms] from the end of reception of the network -> UE message on the UE physical layer up to when the UE shall be ready for the reception of uplink grant for the UE -> network response message with no access delay other than the TTI-alignment (e.g. excluding delays caused by scheduling, the random access procedure or physical layer synchronisation).


Figure 12.1-1: Illustration of RRC procedure delay
Table 12.1-1: UE performance requirements for RRC procedures for UEs 
	Procedure title:
	Network -> UE
	UE -> Network
	Value [ms]
	Notes

	RRC Connection Control Procedures

	RRC connection establishment

	RRCSetup
	RRCSetupComplete
	15
	

	RRC connection resume

	RRCResume
	RRCResumeComplete
	15 or 12
	N = 12 applies for the case of reception of RRCResume if reducedCP-LatencyEnabled is configured, the UE supports reduced CP latency, and the RRC message only includes MAC and PHY (re-)configurations and does not include (re-)configurations of DRX, Configured scheduling, SCells, and MIMO. Further, the UL grant is sent using PDCCH DCI format 0_0 in common search space.

For other cases N = 15 applies.

	RRC reconfiguration (radio resource configuration)

	RRCReconfiguration
	RRCReconfigurationComplete
	X15
	

	RRC reconfiguration (measurement configuration)

	RRCReconfiguration
	RRCReconfigurationComplete
	15
	

	RRC reconfiguration (re-configuration with sync)

	RRCReconfiguration
	RRCReconfigurationComplete
	20
	

	RRC reconfiguration (SCell addition/release)

	RRCReconfiguration
	RRCReconfigurationComplete
	20
	

	RRC connection re-establishment

	RRCReestablishment
	RRCReestablishmentComplete
	15
	

	UE assistance information
	
	UEAssistanceInformation
	NA
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