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Introduction
During the last TSG RAN #78 it was decided to check the feasibility and values of the reduced processing times in LTE RRC Resume procedure in order to meet the requirements of the ITU control plane (CP) latency in IMT 2020 that is 20ms [1], and the one targeted by 3GPP that is 10ms [2]. In this contribution we will evaluate the CP latency for the RRC resume procedure and we propose suitable RRC UE processing time for NR to meet the ITU and 3GPP requirements.
[bookmark: _Ref178064866]Discussion
CP latency definition and requirements
According to the definition of CP latency given by ITU, this can be defined as “the transition time from a most battery efficient state (e.g. Idle state) to the start of continuous data transfer (e.g. Active state)”. Here the most battery efficient state can be interpreted as RRC Idle or RRC Inactive state, since both of them have the same energy consumption. Also, the start of continuous data transfer should here be interpreted as the point in time where the UE is ready to be scheduled, i.e. when it enters the Active state.
Based on these definitions, ITU defined the CP latency requirements in IMT 2020 to be 20ms [1]. However, since proponents were also encouraged to consider lower control plane latency, 3GPP decided to target their own CP latency requirements down to 10 ms [2]. We note that these requirements are intended for the purpose of evaluation in the eMBB and URLLC usage scenarios.
Achievable CP latency in NR RRC resume
The focus of our analysis is on CP latency for the NR connection resume procedure (i.e., showed in Figure 1).


Figure 1 RRC Connection Resume procedure
For the evaluation of the latency, we consider a subcarrier spacing of 15 kHz with three different NR numerologies represented by the cases when 14 and 7 OFDM symbols are considered and when NR mini-slot is used. For this latter case, that is mostly used for URLLC scenarios, we consider 2 OFDM symbols.

Table 1 CP latency for the RRC resume procedure for different OFDM symbols (15 kHz subcarrier spacing).
	Component
	Description
	14 OFDM symbols
(TTI = 1 ms)
	7 OFDM symbols
(TTI = 0.5 ms)
	2 OFDM symbols
(TTI = 0.143)

	1
	Delay due to RACH scheduling period (1TTI period)
	0.5 ms
	0.25 ms
	0.0715 ms

	2
	Transmission of RACH Preamble
	1 ms
	0.5 ms
	0.143 ms

	3
	Preamble detection and processing in gNB + Transmission of RA response
	1.5 ms
	0.75 ms
	0.643 ms

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

	5
	Transmission of RRC Connection Resume Request
	1 ms
	0.5 ms
	0.143 ms

	6
	Processing delay in gNB (RRC)
	3 ms
	3 ms
	3 ms

	7
	Transmission of RRC Connection Resume (and UL grant)
	1 ms
	0.5 ms
	0.143 ms

	8
	Processing delay in the UE (RRC)
	3 ms
	3 ms
	3 ms

	9
	Transmission of RRC Connection Resume Complete (including NAS Service Request)
	1 ms
	0.5 ms
	0.143 ms

	Total delay
	13 ms
	10 ms
	8 ms



From the CP analysis provided in Table 1, it is evident that the most relevant delay that impacts the overall latency of the RRC resume procedure in NR is the processing delay of both the UE and gNB. Further, in the shown analysis it is assumed that due to enhanced hardware capability that will be available for NR, the RRC processing time for both the UE and gNB are lower with respect the one that has been already agreed for LTE (5ms). Along this line, the UE and gNB processing time in this study are assumed to be 3ms.
According to this assumption, the achieved CP latency is able to meet the requirements targeted by the ITU in all the considered cases. However, this is not valid when considering the 10ms CP latency targeted by the 3GPP where the CP latency requirements of 10ms is achieved only when considering the NR mini-slot and 7 OFMD symbols. 
[bookmark: _Toc506476716][bookmark: _Toc506498773]NR control plane ITU requirements are possible to be achieved when assuming that, due to enhanced hardware capabilities, 3ms is the processing delay in the UE and gNB. 
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Therefore, it is clear that, since the RRC UE processing time is the one that has to be necessary improved compare to LTE, a value of 3ms or less for RRC UE processing time is needed to meet requirements targeted by ITU and 3GPP. Thus, RAN2 should consider 3ms (or less) as a feasible RRC UE processing time to meet the NR latency requirements targeted by ITU and 3GPP. In fact, by considering 3ms it is possible to reach both ITU and 3GPP requirements for the cases of NR mini-slot (i.e., with a CP latency of 8ms) and 7 OFDM symbols (i.e., with a CP latency of 10ms), which in practice means the latency requirement will be reachable in wider range of deployments, compared to only mini-slot deployments. Thus, we propose  
[bookmark: _Toc506476713][bookmark: _Toc506498776]RAN2 should consider 3ms (or less) as a feasible RRC UE processing time to meet the NR latency requirements targeted by ITU and 3GPP.
Conclusion
In section 2 we made the following observations:
Observation 1	NR control plane ITU requirements are possible to be achieved when assuming that, due to enhanced hardware capabilities, 3ms is the processing delay in the UE and gNB.
Observation 2	Considering 3ms as RRC UE and gNB processing time, the 3GPP 10ms CP latency requirements is met in case of NR mini-slot and 7 OFDM symbols.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 should consider 3ms (or less) as a feasible RRC UE processing time to meet the NR latency requirements targeted by ITU and 3GPP.

[bookmark: _In-sequence_SDU_delivery][bookmark: _GoBack]References
[bookmark: _Ref505702028][bookmark: _Ref174151459][bookmark: _Ref189809556]5D/TEMP/216-E, Preliminary draft new report ITU-R M., [IMT-2020.TECH PERF REQ], ITU-R Working Party 5D, (WP5D-TD-0300).
[bookmark: _Ref505702034]3GPP TR 38.913, Study on scenarios and requirements for next generation access technologies, 3GPP, 14.3.0, August 2017.
	3/3	
image1.emf
UE eNB MME S-GW

Random Access Preamble

Random Access Response

1. RRCConnectionResumeRequest

(resumeID, resumeCause, shortResumeMAC-I)

2. RRCConnectionResume

(NextHopChainingCount)

4. RRCConnectionResumeComplete

5. S1-AP: UE Context Resume Request

7. S1-AP: UE Context Resume Response

6. Modify Bearers

UL data

DL data

3. SRBs and DRBs resumed and AS security re-

established; UE enters RRC_CONNECTED


Microsoft_Visio_Drawing.vsdx
UE
eNB
MME
S-GW
Random Access Preamble
Random Access Response
1. RRCConnectionResumeRequest
(resumeID, resumeCause, shortResumeMAC-I)
2. RRCConnectionResume (NextHopChainingCount)
4. RRCConnectionResumeComplete
5. S1-AP: UE Context Resume Request
7. S1-AP: UE Context Resume Response
6. Modify Bearers
UL data
DL data
3. SRBs and DRBs resumed and AS security re-established; UE enters RRC_CONNECTED



