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Introduction
During the last RAN2#103bis meeting, a the UE RRC processing time in case of the transition from RRC_INACTIVE to RRC_CONNECTED (i.e., RRC resume procedure) was discussed. In particular, was decided to not focus in this quarter on the IMT-2020 CP latency requirements but rather identify values for the processing delay of the RRCResume message that are reasonable from a technical point of view.
From a technical point of view, we want to emphasize that the transition time from RRC_INACTIVE to RRC_CONNECTED will be a key factor for system performance. From UE battery life point of view, it is preferable to move UEs to RRC_INACTIVE as soon as possible upon inactivity. The shorter the delay to move from RRC_INACTIVE to RRC_CONNECTED, the faster it will also be possible to move the UE to RRC_INACTIVE, without taking a performance hit when it is time to move up to RRC_CONNECTED again. Due to the bursty nature of mobile broadband traffic, it is expected that such transitions between RRC_CONNECTED and RRC_INACTIVE will be very frequent and that the involved latency will affect user perceived performance.  
Therefore, in this contribution we will evaluate the CP latency for the RRC resume procedure by considering two different cases (i.e., when the UE resumes within the same cell group and when not) and we propose suitable a RRC UE processing time value for the case when the UE goes in RRC_INACTIVE and perform the RRC resume procedure in the same cell group.
[bookmark: _Ref178064866]Discussion
The focus of our analysis is on CP latency for the NR connection resume procedure (i.e., showed in Figure 1).


Figure 1 RRC Resume procedure (transition from RRC_INACTIVE to RRC_CONNECTED)
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.
Going forward in the analysis, two main cases has been considered:
CASE 1. The UE goes in RRC_INACTIVE and perform the RRC resume procedure in the same cell group.
CASE 2. The UE goes in RRC_INACTIVE and perform the RRC resume procedure in a different cell group.
From the two cases described, in case the UE needs to resume in a different cell group (i.e., CASE 2), it is likely that smaller RRCResume message is needed. In this case, it may be hard for the UE to decode the RRC message in relatively short time.
[bookmark: _Toc528882795][bookmark: _Toc528882799]In case the UE goes to RRC_INACTIVE and performs the RRC resume procedure in a different cell group, it may be not possible for the UE to decode the RRCResume message in relatively short time.
However, when considering the CASE 1, it is reasonable to consider that not all the fields present in the RRCResume message are needed and thus it is possible for the UE to decode the RRC message in a short time. According to this assumption, if we have a look at the ASN.1 of the RRCResume message that is sent on step 6 (from the network to the UE), we can observe that, among the fields present, the one that may impact on the processing delay may be the L1 configuration nested in masterCellGroup (containing the CellGroupConfig IE). 
[bookmark: _Toc525763326]–	RRCResume
The RRCResume message is used to resume the suspended RRC connection.
Signalling radio bearer: SRB1
RLC-SAP: AM
Logical channel: DCCH
Direction: Network to UE
RRCResume message
-- ASN1START
-- TAG-RRCRESUME-START

RRCResume ::=                       SEQUENCE {
    rrc-TransactionIdentifier           RRC-TransactionIdentifier,
    criticalExtensions                  CHOICE {
        rrcResume                           RRCResume-IEs,
        criticalExtensionsFuture            SEQUENCE {}
    }
}

RRCResume-IEs ::=                   SEQUENCE {
    radioBearerConfig                   RadioBearerConfig                                                       OPTIONAL, -- Need M
    masterCellGroup                     OCTET STRING (CONTAINING CellGroupConfig)                               OPTIONAL, -- Need M
    measConfig                          MeasConfig                                                              OPTIONAL, -- Need M
    fullConfig                          ENUMERATED {true}                                                       OPTIONAL, -- Need N

    lateNonCriticalExtension            OCTET STRING                                                            OPTIONAL,
    nonCriticalExtension                SEQUENCE{}                                                              OPTIONAL

}

-- TAG-RRCRESUME-STOP
-- ASN1STOP

	RRCResume-IEs field descriptions

	masterCellGroup
Configuration of the master cell group (NR Standalone):

	radioBearerConfig
Configuration of Radio Bearers (DRBs, SRBs) including SDAP/PDCP.



In fact, even if once receiving the resume message, the actions that the UE needs to perform are to retrieve all the previous configurations (that was using when in RRC_CONNECTED) from the internally stored AS context, still there are some fields in ServingCellConfig that are mandatory to include. 
[bookmark: _Toc525763521]–	ServingCellConfig
The ServingCellConfig IE is used to configure (add or modify) the UE with a serving cell, which may be the SpCell or an SCell of an MCG or SCG. The parameters herein are mostly UE specific but partly also cell specific (e.g. in additionally configured bandwidth parts).
ServingCellConfig information element
-- ASN1START
-- TAG-SERVING-CELL-CONFIG-START

ServingCellConfig ::=               SEQUENCE {
    tdd-UL-DL-ConfigurationDedicated    TDD-UL-DL-ConfigDedicated                                               OPTIONAL,   -- Cond TDD

    initialDownlinkBWP                  BWP-DownlinkDedicated                                                   OPTIONAL,   -- Need M
    downlinkBWP-ToReleaseList           SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Id                              OPTIONAL,   -- Need N
    downlinkBWP-ToAddModList            SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Downlink                        OPTIONAL,   -- Need N
    firstActiveDownlinkBWP-Id           BWP-Id                                                                  OPTIONAL,   -- Cond SyncAndCellAdd
    bwp-InactivityTimer                 ENUMERATED {ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30,
                                                    ms40,ms50, ms60, ms80,ms100, ms200,ms300, ms500,
                                                    ms750, ms1280, ms1920, ms2560, spare10, spare9, spare8,
                                                    spare7, spare6, spare5, spare4, spare3, spare2, spare1 }    OPTIONAL,   --Need R
    defaultDownlinkBWP-Id               BWP-Id                                                                  OPTIONAL,   -- Need S

    uplinkConfig                        UplinkConfig                                                            OPTIONAL,   -- Need M
    supplementaryUplink                 UplinkConfig                                                            OPTIONAL,   -- Need M

    pdcch-ServingCellConfig             SetupRelease { PDCCH-ServingCellConfig }                                OPTIONAL,   -- Need M
    pdsch-ServingCellConfig             SetupRelease { PDSCH-ServingCellConfig }                                OPTIONAL,   -- Need M
    csi-MeasConfig                      SetupRelease { CSI-MeasConfig }                                         OPTIONAL,   -- Need M
    sCellDeactivationTimer              ENUMERATED {ms20, ms40, ms80, ms160, ms200, ms240,
                                                    ms320, ms400, ms480, ms520, ms640, ms720,
                                                    ms840, ms1280, spare2,spare1}                   OPTIONAL,   -- Cond ServingCellWithoutPUCCH
    crossCarrierSchedulingConfig        CrossCarrierSchedulingConfig                                            OPTIONAL,   -- Need M
    tag-Id                              TAG-Id,
    ue-BeamLockFunction                 ENUMERATED {enabled}                                                    OPTIONAL,   -- Need R
    pathlossReferenceLinking            ENUMERATED {pCell, sCell}                                               OPTIONAL,   -- Cond SCellOnly
    servingCellMO                       MeasObjectId                                                            OPTIONAL,   -- Cond MeasObject
    ...
}

UplinkConfig ::=                    SEQUENCE {
    initialUplinkBWP                    BWP-UplinkDedicated                                                     OPTIONAL,   -- Need M
    uplinkBWP-ToReleaseList             SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Id                              OPTIONAL,   -- Need N
    uplinkBWP-ToAddModList              SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Uplink                          OPTIONAL,   -- Need N
    firstActiveUplinkBWP-Id             BWP-Id                                                                  OPTIONAL,   -- Cond SyncAndCellAdd

    pusch-ServingCellConfig             SetupRelease { PUSCH-ServingCellConfig }                                OPTIONAL,   -- Need M
    carrierSwitching                    SetupRelease { SRS-CarrierSwitching }                                   OPTIONAL,   -- Need M
    ...
}

-- TAG-SERVING-CELL-CONFIG-STOP
-- ASN1STOP

	Conditional Presence
	Explanation

	MeasObject
	This field is mandatory present for the SpCell if the UE has a measConfig, and it is optionally present, Need M, for SCells.

	SCellOnly
	This field is optionally present, Need R, for SCells. It is absent otherwise. 

	ServingCellWithoutPUCCH
	This field is optionally present, Need S, for SCells except PUCCH SCells. It is absent otherwise.

	SyncAndCellAdd
	This field is mandatory present, Need N, for a SpCell upon reconfigurationWithSync (PCell handover, PSCelladdition/change) and upon RRCsetup/RRCResume/RRCReestablishment.
The field is mandatory present, Need M, for an SCell upon addition.
For SpCell, the field is optionally present, Need N, upon reconfiguration without reconfigurationWithSync.
In all other cases the field is absent.

	TDD
	This field is optionally present, Need R, for TDD cells. It is absent otherwise.



If we look at the ServingCellConfig IE, it is possible to figure out that the fields firstActiveDownlinkBWP-Id and firstActiveUplinkBWP-Id are mandatory present when performing the RRCResume procedure. However, since the UE in CASE 2 didn’t move from the cell group, then it is possible to restore the L1 configuration from the AS context and continue to use it without the need to signal a new one.
Therefore, in case the UE does not change the cell group while in RRC_INACTIVE, it is possible to argue that the full RRCResume message is not needed since it can restore most of the RRC configuration from the stored AS context. In fact, even if these two aforementioned fields are mandatory present, those are just IDs and not a new L1 configuration for the BWPs.
[bookmark: _Toc528882796][bookmark: _Toc528882800]In case the UE does not change the cell group while in RRC_INACTIVE, the full RRCResume message is not needed since the UE can restore most of the RRC configuration from stored the AS context.
Proceeding with our control plane latency analysis, table 1 is provided to get an overview of the impact of the RRC processing time on the total delay of the RRC resume procedure. 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 should be lower with respect the one that has been already agreed for LTE (15ms). In the table, it is shown that with a 3ms RRC processing time, decent performance can be achieved. 

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)

	-
	Delay due to RACH scheduling period (1TTI period)
	0 ms
	0 ms
	0 ms

	1
	Transmission of RACH Preamble
	1 ms
	0.5 ms
	0.143 ms

	2
	Preamble detection and processing in gNB + Transmission of RA response
	3 ms
	1.5 ms
	1.286 ms

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

	3
	Transmission of RRC Connection Resume Request
	1 ms
	0.5 ms
	0.143 ms

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

	6
	Transmission of RRC Connection Resume (and UL grant)
	1 ms
	0.5 ms
	0.143 ms

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

	8
	Transmission of RRC Connection Resume Complete (including NAS Service Request)
	1 ms
	0.5 ms
	0.143 ms

	Total delay
	17 ms
	13.50 ms
	11.858 ms



According to these assumptions, the achieved CP latency is below 20ms in all the considered cases. 
[bookmark: _Toc506476713][bookmark: _Toc506498776][bookmark: _Toc510732041][bookmark: _Toc510732938][bookmark: _Toc525850963][bookmark: _Toc528882818][bookmark: _Toc528883568]RAN2 should consider 3ms as the target for RRC UE processing time for the RRC Resume message in NR.

How to reach 3ms processing time for RRC resume?
If a 3ms processing time of the RRC resume message is not feasible in the general case, without limitations on the message content, it is possible to apply some conditions, under which the 3ms processing time is reachable. This approach was successfully applied in LTE 36.331, and can also be applied for NR 38.331. Possible conditions to consider include but is not restricted to:
1. The UE resumes in same cell as suspended
2. The RRC resume message does not include (re-)configurations of DRX, SPS and SCells.

[bookmark: _Toc528882819][bookmark: _Toc528883569]RAN2 should consider conditions for the content of RRC resume message, under which a 3ms RRC UE processing time can be achieved, similar as was done in LTE.
To illustrate the usage of such conditions, a CR is provided in [1].
Conclusion
In section 2 we made the following observations:
Observation 1	In case the UE goes to RRC_INACTIVE and performs the RRC resume procedure in a different cell group, it may be not possible for the UE to decode the RRCResume message in relatively short time.
Observation 2	In case the UE does not change the cell group while in RRC_INACTIVE, the full RRCResume message is not needed since the UE can restore most of the RRC configuration from stored the AS context.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 should consider 3ms as the target for RRC UE processing time for the RRC Resume message in NR.
Proposal 2	RAN2 should consider conditions for the content of RRC resume message, under which a 3ms RRC UE processing time can be achieved, similar as was done in LTE.

[bookmark: _In-sequence_SDU_delivery][bookmark: _GoBack]References
[bookmark: _Ref517342584]R2-1817525, CR to 38.331 on RRC UE processing time for RRCResume, Ericsson, RAN2#104, November 2018.
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