[bookmark: Title][bookmark: DocumentFor]3GPP TSG-RAN WG4 Meeting # 98-e 	     													 R4-2101269
Electronic Meeting, Jan. 25-Feb. 5, 2021
[bookmark: Source]Agenda Item:	11.5.2.1
Source:	Intel Corporation
Title:	Discussion on pre-configured measurement gap
Document for:		Discussion
1 	Introduction
A new WID on NR measurement gap enhancement [1] has been approved in RP#89e. In this paper, the objective below in [1] will be discussed.
	(1) Pre-configured MG pattern(s) (fast MG configuration) [RAN4, RAN2] 
· RRM requirements for pre-configured MG pattern(s) [RAN4]
· Study requirements of the mechanisms of activation/deactivation of MG following a DCI or timer based BWP switch, e.g., per BWP MG configuration
· Specification of rules and UE behaviour for activation/deactivation of a MG following a DCI or timer based BWP switch
· Define measurement period requirements with pre-configured MG pattern(s) in the presence of one or more BWP switch per measurement period
· Specification of applicability of pre-configured MG pattern(s) [RAN4]
· Procedures and signaling for pre-configured MG pattern(s) [RAN2]
· Specification of protocol impacts of the mechanisms of activation/deactivation of MG following a DCI or timer based BWP switch, e.g., per BWP MG configuration based on RAN4 input




2 Discussion
2.1. Application Scenarios
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]As we discussed in RAN#80e [2], one of the important application scenarios to utilize the pre-config MG is the intra-frequency SSB based measurement after BWP switching. However, since multiple measurements (e.g. SSB, CSI-RS and PRS) were introduced in Rel16, whether other measurements beside intra-frequency SSB based measurement can utilize these pre-configured gaps shall be considered. Thus, further clarifications on these application scenarios especially for the measurements based on PRS and CSI-RS are required. 
Particularly, RAN4 also needs to consider the applicable scenarios depending on:
· Which types of reference signal to be measured within the pre-configured gap (e.g. SSB/multiple SSB/CSI-RS/PRS)

For an example, in Rel16 UE is not expected to process DL PRS without configuration of measurement gap. That is the measurement gap for PRS shall be persistently configured if PRS measurement is requested no matter whether BWP switching or not.

Observation 1. The gap for PRS measurement shall be configured immediately when UE is requested to measure PRS. That is the gap for PRS measurement is independent from the BWP switching.

For CSI-RS measurement, the intra-frequency CSI-RS measurement was defined as below [3, TS38.133 v16.5.0]. In other words, when BWP switching happened (e.g. the central frequency of CSI-RS resource changed) the CSI-RS measurement on the new active BWP/cells shall be inter-frequency CSI-RS measurement, in which the measurement gap was desired. If this necessary gap was pre-configured, it could be more efficient to reduce the total measurement delay and signaling to request such gap. 

	A measurement is defined as a CSI-RS based intra-frequency measurement provided that:
-	the SCS of CSI-RS resources on the neighbour cell configured for measurement is the same as the SCS of CSI-RS resources on the serving cell indicated for measurement, and
-	the CP type of CSI-RS resources on neighbour cell configured for measurement is the same as the CP type of CSI-RS resources on the serving cell indicated for measurement, and
-	It is applied for SCS = 60KHzs
-	the centre frequency of CSI-RS resources on the neighbour cell configured for measurement is the same as the centre frequency of CSI-RS resource on the serving cell indicated for measurement
9.10.2.2	Requirements applicability
The requirements in clause 9.10.2 apply, provided:
-	All CSI-RS resources in the same MO are configured with the same csi-rs-MeasurementBW.
-	The BW of the CSI-RS on the intra-frequency neighbor cell is within the active BWP of the UE
[bookmark: OLE_LINK40][bookmark: OLE_LINK39]-	The CSI-RS resources and the associated SSB of the cell being identified or measured are detectable.
-	The bandwidth of CSI-RS resources of intra-MO is the same as that of the CSI-RS resources configured for the serving cell




Observation 2. The pre-configured gap can be helpful to reduce MG configuration delay for CSI-RS measurement significantly.

Additionally, for the scenario of BWP switching on the multiple CCs in Rel16 before BWP switching the gap for the measurements on other neighbor cells is desired when the measurement resource is not in the same one of CA band combination (e.g. cell3 is not in “f0+f1” in Figure 1). 



Figure 1. Measurements when BWP switching on multiple CCs

Observation 3. When BWP switching is done on multiple CCs, the criteria to justify whether the pre-configured gap is needed is same as that of when BWP switching on single CC.

In other words, it seems we do not need to separate discussion for pre-configured gap for the BWP switching on multiple CCs. 

Proposal 1: RAN4 can consider the application scenarios of the pre-configured gap for single CC BWP switching below as a starting point. 
· Scenario 1: intra-frequency SSB based measurement before BWP switching
· Scenario 2: intra-frequency CSI-RS measurement before BWP switching


2.2. RRM Requirements
Firstly, before the more concreted discussions on RAN4 requirements, the possible mechanism to be used shall be discussed in RAN4. In the figure below, the corresponding UE behavior was illustrated as an example.



Figure 2. UE behaviors when pre-configured MG used in NR

Based on the example of UE measurements with the preconfigured gap above, the following necessary RRM requirements can be studied.
i. The delay for MG activation
In the step ②, when the pre-configured MG was activated after BWP switching, generally the delay for MG activation shall be specified as BWP switching delay in TS 38.133 [3].
Depending on whether DCI command to activate the preconfigured gap can be conveyed together with that of BWP switching, the delay of MG activation can be:
· Option 1. Separated one which can include DCI decoding at least.
· Option 2. No separated MG activation delay if the same DCI as BWP activation will enable the pre-configured gap activation autonomously. 
In our view, the extra DCI for pre-configured MG will impact RAN1 standardization works significantly. It is preferred that UE can autonomously activate these pre-configured gaps by “BWP switching DCI” in Rel15. That is the option 2 to define the MG activation delay is more feasible. 
Proposal 2: Do not define separate activation delay requirements for the pre-configured MG activation.

ii. Interruption requirements 
The pre-configured gap can include the duration for RF retuning. During this gap the serving gNB will not schedule and data to the activated serving cells (PCell/SCell) and BWP. As a result, there are no interruptions to the serving cell or activated BWP. 
Proposal 3: Do not define interruption requirements due to pre-configured MG activation. 

iii. GAP patterns 
The more important RRM requirements aspect for the pre-configured MG in RAN4 is the gap pattern itself. In principle, the gap length depends on several factors (e.g. the RF retuning time, misalignment between the serving cell and measurement objects and the measurement reference signal). 
As in NR Rel15, the assumption on the duration of RF retuning in LTE/NR PCell/PSCell can be less than 500us and 250us for FR1 and FR2 respectively. In our view, it is straightforward to reuse the same assumption for RF switching time.
Observation 4: The same RF switching time when considering pre-configured gap pattern as the legacy gap patterns in NR [3] can be reused.
Observation 5: MGL of the pre-configured gap patterns can also rely on the measurement type (e.g. SSB or CSI-RS).
The other discussion which RAN4 needs to have is how much timing misalignment can be at the UE receiver between the two measurement objects (e.g. serving cell and neighbor cell). But for such preconfigured gaps used when BWP switching, the perfect synchronization among UE’s BWP configurations can be assumed. 
Observation 6: The shorter MGL can be considered because of the perfect synchronization of measured BWP.
Considering all observations above, we can conclude the gap pattern can be:
Proposal 4 : The existing gap patterns in Rel16 [3] can be reused for the pre-configured MG depending on the configuration of the targeted measurements reference signal.
Furthermore, considering jointly with the multiple concurrent gap patterns [1] after UE BWP switching (e.g. both SSB and CSI-RS) and the pre-configured gap patterns activated, the gap patterns used for UE can be autonomously selected by both UE and serving gNB depending on the known measurement configurations (e.g. SMTC for SSB based measurement) as shown below.
	MeasObjectNR ::=                    SEQUENCE {
    ssbFrequency                        ARFCN-ValueNR                                                   OPTIONAL,   -- Cond SSBorAssociatedSSB
    ssbSubcarrierSpacing                SubcarrierSpacing                                               OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc1                               SSB-MTC                                                         OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc2                               SSB-MTC2                                                        OPTIONAL,   -- Cond IntraFreqConnected
    refFreqCSI-RS                       ARFCN-ValueNR                                                   OPTIONAL,   -- Cond CSI-RS
    referenceSignalConfig               ReferenceSignalConfig,
    absThreshSS-BlocksConsolidation     ThresholdNR                                                     OPTIONAL,   -- Need R
    absThreshCSI-RS-Consolidation       ThresholdNR                                                     OPTIONAL,   -- Need R
    nrofSS-BlocksToAverage              INTEGER (2..maxNrofSS-BlocksToAverage)                          OPTIONAL,   -- Need R
    nrofCSI-RS-ResourcesToAverage       INTEGER (2..maxNrofCSI-RS-ResourcesToAverage)                   OPTIONAL,   -- Need R
    quantityConfigIndex                 INTEGER (1..maxNrofQuantityConfig),
    offsetMO                            Q-OffsetRangeList,
    cellsToRemoveList                   PCI-List                                                        OPTIONAL,   -- Need N
    cellsToAddModList                   CellsToAddModList                                               OPTIONAL,   -- Need N
    blackCellsToRemoveList              PCI-RangeIndexList                                              OPTIONAL,   -- Need N
    blackCellsToAddModList              SEQUENCE (SIZE (1..maxNrofPCI-Ranges)) OF PCI-RangeElement      OPTIONAL,   -- Need N
    whiteCellsToRemoveList              PCI-RangeIndexList                                              OPTIONAL,   -- Need N
    whiteCellsToAddModList              SEQUENCE (SIZE (1..maxNrofPCI-Ranges)) OF PCI-RangeElement      OPTIONAL,   -- Need N
    ...,
    [[
    freqBandIndicatorNR                 FreqBandIndicatorNR                                             OPTIONAL,   -- Need R
    measCycleSCell                      ENUMERATED {sf160, sf256, sf320, sf512, sf640, sf1024, sf1280}  OPTIONAL    -- Need R
    ]],
    [[
    smtc3list-r16                     SSB-MTC3List-r16                                                  OPTIONAL,   -- Need R
    rmtc-Config-r16                     SetupRelease {RMTC-Config-r16}                                  OPTIONAL,   -- Need M
    t312-r16                            SetupRelease { T312-r16 }                                       OPTIONAL    -- Need M
    ]]
}



Observation 7: It is feasible to include the pre-configured gap as one of instance of multiple concurrent gap pattern if UE supported.

iv. Measurement period requirements
We think that if these new pre-configured MG used for the measurement after the BWP switching, the measurement delay itself will be not different with other legacy gap as the measurement procedure start from the 1st gap after BWP switching. The impacts on the measurement minimum performance requirement (e.g. cell detection delay, measurement period e.t.c) are little. That is the measurement delay requirements can be same as that of intra-f measurement in Section 9.2 of TS38.133 [3] but some scheduling restriction need to be revisited (e.g. in TS38.133 9.2.1. “For intra-frequency SSB based measurements without measurement gaps, UE may cause scheduling restriction as specified in clause 9.2.5.3”)
Proposal 4a: The RAN4 minimum requirements for intra-frequency SSB measurement can follow that of intra-frequency SSB measurement requirements with gap specified in 9.2.6 of TS38.133 [3]. 
Proposal 4b: The RAN4 minimum requirements for intra-frequency SSB measurement and CSI-RS measurement with pre-configured MG can follow that of intra-frequency SSB measurement requirements with gap specified in 9.2.6 of TS38.133 [3] and inter-frequency CSI-RS measurement requirements specified in 9.10.3 of TS38.133 [3] respectively. 

v. Applicability of pre-configured MG: 
Since BWP switching is per-UE capability, the relevant operations (e.g. both BWP and pre-configured MG activation) shall be based on per-UE itself. 
Proposal 5: The applicability of pre-configured MG shall be per-UE.

vi. How many gap patterns shall be pre-configured? 
Importantly, as we interpreted above, if the multiple measurements with pre-configured MG are desired also, the total pre-configured MGs shall be larger than one. 
Observation 7: There are no restrictions on the total number of preconfigured gaps. 
As there are two measurements (SSB and CSI-RS) can be considered currently, the gap patterns which can be pre-configured can be 2 at least. 
But in order to minimize the system overhead due to no scheduling data within a measurement gap, the serving gNB can activate part of pre-configured gaps when there are measurements after the BWP switching. For an example, in Figure 2 above, if there is no any CSI-RS available during bwp-InactivityTimer after BWP switching, only GAP#1 preconfigured can be activated instead all of them.
	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




Observation 8: The serving gNB need not activate all pre-configured gaps but part of them depending on the measurement configuration and bwp-InactivityTimer [4].

  
3 Conclusions
In this contribution, serval issues related to the pre-configured MG in the measurement gap enhancement WI [1] are discussed. The observations and proposals can be summarized as
Observation 1. The gap for PRS measurement shall be configured immediately when UE is requested to measure PRS. That is the gap for PRS measurement is independent from the BWP switching.
Observation 2. The pre-configured gap can be helpful to reduce MG configuration delay for CSI-RS measurement significantly.
Observation 3. When BWP switching is done on multiple CCs, the criteria to justify whether the pre-configured gap is needed is same as that of when BWP switching on single CC.

Proposal 1: RAN4 can consider the application scenarios of the pre-configured gap for single CC BWP switching below as a starting point. 
· Scenario 1: intra-frequency SSB based measurement before BWP switching
· Scenario 2: intra-frequency CSI-RS measurement before BWP switching
Proposal 2: Do not define separate activation delay requirements for the pre-configured MG activation.
Proposal 3: Do not define interruption requirements due to pre-configured MG activation. 
Observation 4: The same RF switching time when considering pre-configured gap pattern as the legacy gap patterns in NR [3] can be reused.
Observation 5: MGL of the pre-configured gap patterns can also rely on the measurement type (e.g. SSB or CSI-RS).
Observation 6: The shorter MGL can be considered because of the perfect synchronization of measured BWP.
Proposal 4 : The existing gap patterns in Rel16 [3] can be reused for the pre-configured MG depending on the configuration of the targeted measurements reference signal.
Observation 7: It is feasible to include the pre-configured gap as one of instance of multiple concurrent gap pattern if UE supported.
Proposal 4a: The RAN4 minimum requirements for intra-frequency SSB measurement can follow that of intra-frequency SSB measurement requirements with gap specified in 9.2.6 of TS38.133 [3]. 
Proposal 4b: The RAN4 minimum requirements for intra-frequency SSB measurement and CSI-RS measurement with pre-configured MG can follow that of intra-frequency SSB measurement requirements with gap specified in 9.2.6 of TS38.133 [3] and inter-frequency CSI-RS measurement requirements specified in 9.10.3 of TS38.133 [3] respectively. 
Proposal 5: The applicability of pre-configured MG shall be per-UE.
Observation 7: There are no restrictions on the total number of preconfigured gaps.
[bookmark: _GoBack]Observation 8: The serving gNB need not activate all pre-configured gaps but part of them depending on the measurement configuration and bwp-InactivityTimer[4].
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