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1. Introduction
This contribution summarizes discussion aspects of NR RRM and RLM measurements based on submitted contribution for RAN1 #94.
The GREY highlighted sections are issues that has been resolved.
The BLUE highlights are issues that contain suggested conclusion/proposal.
The YELLOW highlights are issues that require discussion.

2.  Summary of Issues from Submitted Contribution

2.1 CSI-RS transmission assumption during C-DRX periods [1][2][3][5][7][8][9][10][11]
Whether CSI-RS for L3 mobility is configured only within C-DRX UE’s active time for C-DRX operation and whether UE should not assume that configured CSI-RS resources for L3 mobility are present outside the active time, were left FFS in RAN1 #90. In RAN1 #91, two alternative were identified and since RAN1 has not been able to come to a conclusion and consensus. 

Continue further discussion on the following proposals:
· Alt 1) It will be up to the network on whether to transmit the configured CSI-RS resources for L3 mobility outside the active time of UE configured with C-DRX. 
· Supported by ZTE, Ericsson
· Alt 1a) A UE in DRX may NOT assume that a CSI-RS resource used for radio link monitoring is present outside the active time.
· Supported by Ericsson, Huawei, HiSilicon, NTT Docomo
· Corresponding Text Proposal (from ZTE, Huawei, HiSlicon, NTT Docomo) is available below.
----------------------------------Text Proposal for Section 5.1.6.1.3 in TS38.214------------------------------------
	If a UE is configured with the higher layer parameters CSI-RS-Resource-Mobility and associatedSSB, the UE may base the timing of the CSI-RS resource on the timing of the cell given by the cellId of the CSI-RS resource configuration. Additionally, for a given CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE, the UE is not required to monitor the corresponding CSI-RS resource. The higher layer parameter isQuasiColocated indicates whether the associated SS/PBCH block given by the associatedSSB and the CSI-RS resource(s) are quasi co-located with respect to ['QCL-TypeD'].
If a UE is configured with a C-DRX, the UE may not assume CSI-RS configured for L3 mobility are transmitted outside the active time of UE by serving cell. 

	If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility and the higher layer parameter associatedSSB is not configured, the UE shall perform measurements based on CSI-RS-Resource-Mobility and the UE may base the timing of the CSI-RS resource on the timing of the serving cell.
If a UE is configured with the higher layer parameters CSI-RS-Resource-Mobility and associatedSSB, the UE may base the timing of the CSI-RS resource on the timing of the cell given by the cellId of the CSI-RS resource configuration. Additionally, for a given CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE, the UE is not required to monitor the corresponding CSI-RS resource. The higher layer parameter isQuasiColocated indicates whether the associated SS/PBCH block given by the associatedSSB and the CSI-RS resource(s) are quasi co-located with respect to ['QCL-TypeD']. 
RRC connected UE that is configured with DRX shall not assume that CSI-RS resources for mobility are transmitted outside the active time.

	For frequency range 2 the associatedSSB is either present for all configured CSI-RS resources or not present for any configured CSI-RS resources per frequency layer.
In a UE is configured with a DRX, the UE may not assume CSI-RS resource for L3 mobility are transmitted outside the active time.


----------------------------------End of Text Proposal --------------------------------------------------------------------
· Alt 2) UE can assume that the configured CSI-RS resources for L3 mobility and RLM are present outside the C-DRX active time.
· Supported by Vivo, LGE, OPPO
· Alt 2a) UE can assume the configured CSI-RS for RLM are present outside the active time, if BFD is performed outside the active time and CSI-RS for RLM shares configuration with CSI-RS for BFD.
· Supported by Mediatek
· Alt 2b) It is up to UE implementation that UE measures CSI-RS resources of neighbour cell even outside active time
· Supported by LGE
· Alt 3) For C-DRX UE’s assumption on CSI-RS reception, no additional clarification of the specification is needed.
· Supported by Samsung


2.2 SSB-less Scells [1][5][7][8][10]
One company wanted to clarify that SSB-less Scells can be only support CSI-RS based RRM measurement as SSB do not exist for these cells. Another company commented that no further specification work is needed. Another different company noted that RRM measurements for SSB-less cell should not be supported in Rel-15. Given that there were no associated text proposal for the clarificationn, therefore further discussion will be needed on whether any change needs to be made in the specification. 

Continue further discussion on the following proposals:
· Cells without SSB only support CSI-RS based RRM measurement.
· Supported by ZTE
· The use of SS-RSRP from other serving cells for the SCells without SSB is only related to network configuration and operation, and additional discussion is not needed about RRM measurement for SCells without SSB.
· Supported by LGE
· RRM measurement for Scells without SSB can be supported by CSI-RS based RRM where the timing reference is based on the SSBs on the Pcell/PScell.
· Supported by Samsung
· Do not support SSB based RRM measurement for scells wothout SSBs
· Supported by OPPO
· For RRM measurement on SCell(s) without SSB in case of intra-band CA, UE follows synchronization/timing of other serving cells having SSB within the same band for the SCell without SSB.
· UE also assumes the RSRP result for the SCell without SSB is same with the RSRP result for other serving cell having SSB within the same band.
· Supported by NTT Docomo
· If SS-RSRQ measurement for SCell(s) without SSB is supported, following text proposal is applied to Section 5.1.3 in TS38.215.
· Supported by NTT Docomo
	5.1.3	SS reference signal received quality (SS-RSRQ)
~
Secondary synchronization signal reference signal received quality (SS-RSRQ) is defined as the ratio of N×SS-RSRP / NR carrier RSSI, where N is the number of resource blocks in the NR carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks. 
~
If higher-layers indicate certain SS/PBCH blocks for performing SS-RSRQ measurements, then SS-RSRP is measured only from the indicated set of SS/PBCH block(s).
If higher-layers indicate no SS/PBCH block for performing SS-RSRQ measurements, then SS-RSRP is measured from other frequency carrier configured with SS/PBCH block(s) for SS-RSRP measurement within the same band.
~



2.3 Correction for CSI-RS [1]
One company noted that CSI-RS description in TS38.211 only seems to describe non-mobility CSI-RS, even though the description should apply for all CSI-RS types.

Suggestion for agreement:
· Adopt the following text proposal
----------------------------------Text Proposal for Section 7.1.4.5 in TS38.211------------------------------------
	----omitted----
Zero-power (ZP) and non-zero-power (NZP) CSI-RS are defined
-	for a non-zero-power CSI-RS configured by the NZP-CSI-RS-Resource IE or CSI-RS-Resource-Mobility in the CSI-RS-ResourceConfigMobility IE, the sequence shall be generated according to clause 7.4.1.5.2 and mapped to resource elements according to clause 7.4.1.5.3
----omitted----
The UE shall assume the reference-signal sequence [image: ] is defined by
[image: ]
where the pseudo-random sequence [image: ] is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialised with

at the start of each OFDM symbol where  is the slot number within a radio frame, [image: ] is the OFDM symbol number within a slot, and [image: ] equals the higher-layer parameter scramblingID or sequenceGenerationConfig.
----omitted----
The value of [image: ] is given by the higher-layer parameter density in the CSI-RS-ResourceMapping IE or the CSI-RS-ResourceConfigMobility IE and the number of ports  is given by the higher-layer parameter nrofPorts.
----omitted----
The time-domain locations  and  are provided by the higher-layer parameters firstOFDMSymbolInTimeDomain and firstOFDMSymbolInTimeDomain2, respectively, in the CSI-RS-ResourceMapping IE or the CSI-RS-ResourceConfigMobility IE and defined relative to the start of a slot.
The frequency-domain location is given by a bitmap provided by the higher-layer parameter frequencyDomainAllocation in the CSI-RS-ResourceMapping IE or the CSI-RS-ResourceConfigMobility IE with the bitmap and value of [image: ] in Table 7.4.1.5.3-1 given by

-	[image: ],  for row 1 of Table 7.4.1.5.3-1
-	[image: ], [image: ] for row 2 of Table 7.4.1.5.3-1
-	[image: ], [image: ] for row 4 of Table 7.4.1.5.3-1
-	[image: ], [image: ] for all other cases
where [image: ] is the bit number of the [image: ] bit in the bitmap set to one, repeated across every [image: ] of the resource blocks configured for CSI-RS reception by the UE when [image: ]. The starting position and number of the resource blocks in which the UE shall assume that CSI-RS is transmitted are given by the higher-layer parameters freqBand and density in the CSI-RS-ResourceMapping IE for the bandwidth part given by the higher-layer parameter bwp-Id in the CSI-ResourceConfig IE, or given by the higer-layer parameters csi-rs-MeasurementBW and density in the CSI-RS-ResourceConfigMobility IE where the the startPRB given by csi-rs-MeasurementBW is relative to common resource block 0.
----omitted----
where the periodicity [image: ] (in slots) and slot offset [image: ] are obtained from the higher layer parameter CSI-ResourcePeriodicityAndOffset or slotconfig. The UE shall assume that CSI-RS is transmitted in a candidate slot only if all OFDM symbols of that slot corresponding to the configured CSI-RS resource are classified as 'downlink'.



------------------------------Text Proposal for Section 5.1.6.1.3 in TS38.214--------------------------------
	For frequency range 2 the associatedSSB is either present for all configured CSI-RS resources or not present for any configured CSI-RS resources per frequency layer.
The number of antenna port of CSI-RS for mobility is always 1. A UE shall assume the power of CSI-RS RE is the same as that of SSS RE if there is no explicit RRC configuration. A UE shall assume the ‘CDM-type’ is always ‘noCDM’.



	

2.4 Corrections to RLM measurement behaviors [1]
One company noted that depending on how the UE performs measurements within the RLM evaluation period, the accuracy of the measurements for determination of IS or OOS may be impacted from periodicity configuration of the RLM-RS.
Continue further discussion on the following proposals:
· Discard some invalid measurement samples for IS/OOS evaluation to improve the accuracy of evaluation result and thus avoid unnecessary OOS when beam failure is recovered successfully.
· Supported by ZTE
· Corresponding text proposal is shown below

--------------------------------------Text Proposal for Section 5 in TS38.213---------------------------------------
	In non-DRX mode operation, the physical layer in the UE shall assess the radio link quality, evaluated over the previous time period defined in [10, TS 38.133] against thresholds (Qout and Qin) configured by higher layer parameter RLM-IS-OOS-thresholdConfig.
In DRX mode operation, the physical layer in the UE shall assess the radio link quality, evaluated over the previous time period defined in [10, TS 38.133], against thresholds (Qout and Qin). 
If an RLM-RS has been reconfigured during the previous time period defined in [10, TS 38.133] due to beam failure recovery, the UE shall only use measurement samples collected before beam failure declaration and after successful beam failure recovery for radio link quality assessment. 



2.5 Fast adaptation of RLM-RS [1][5]
Other than default RLM-RS which uses RS configured by TCI state of the PDCCH being monitored by the UE, RLM-RS is configured by RRC. Due the latency involved in RRC configuration, one companies noted that RLM may be negatively impacted from not being able to change RLM-RS quickly enough.
Another company noted that the framework of fast RS reconfiguration by TCI states could be used to allow fast reconfiguration for ordinary RRC configured RSs for RLM.

Continue further discussion on the following proposals:
· When beam failure recovery is successful, the RLM-RS for recovered beam after the beam failure recovery or configured RLM-RS QCL-ed with RS for recovered beam after the beam failure recovery should be used for RLM.
· Supported by ZTE
· Corresponding text proposal is shown below.

--------------------------------------Text Proposal for Section 5 in TS38.213---------------------------------------
	A UE can be configured for each SpCell [11, TS 38.321] with a set of resource indexes for radio link monitoring by higher layer parameter RLM-RS-List. The UE is provided by higher layer parameter RLM-RS an association between a resource index, from the set of resource indexes, with either a CSI-RS resource configuration or a SS/PBCH block. For a CSI-RS resource configuration, the UE is provided a corresponding index by higher layer parameter RLM-CSIRS. The higher layer parameters CSI-IM-RE-pattern, CSI-IM-Resource, CSI-IM-ResourceId, CSI-IM-timeConfig, CSI-IM-FreqBand, CSI-IM-ResourceMapping, and Pc_SS in the CSI-RS configuration are not applicable. In CSI-RS resource configuration, a UE expects to be provided only ‘No CDM’ from higher layer parameter CDM-Type, only ‘1’ and ‘3’ from higher layer parameter density, and only ‘1 port’ from higher layer parameter nrofPorts [6, TS 38.214]. For a SS/PBCH block, the UE is provided a corresponding index by higher layer parameter RLM-SSB. The RLM-RS for recovered beam after beam failure recovery or the configured RLM-RS QCL-ed with the RS for recovered beam after beam failure recovery is used for RLM after successful beam failure recovery.  



· MAC-CE for TCI-state indication of PDCCH is used for fast configuration of RLM-RS resources. (Details could be determined by RAN2)
· Tci-StatesPDCCH-ToAddList in CORESET configuration are used as candidates of RLM-RS resources
· RLM-RS resource to be monitored are activated by MAC-CE (TCI-state indicator of PDCCH is reused as MAC-CE command for RLM-RS activation), and additional TCI-states for RLM-RS are defined in the MAC-CE of TCI-state indication of PDCCH 
· Immediately on receiving MAC-CE, RLM-RS resources configured by RRC signaling are deactivated, and RLM-RS resources listed in MAC-CE are used for RLM
· Supported by LGE


[bookmark: _GoBack]2.6 Reply LS to R1-1808174 [1][6][12][13][14][15][16][17]
RAN2 has sent an LS to RAN1 in R1-1808174 asking 6 questions regarding measurements in active DL BWPs. RAN1 will need to provide response to RAN2 and several companies has proposed responses to the questions.
Issue #1: In case multiplexing pattern 2 or 3 is used for the initial DL BWP, for an active DL BWP that overlaps with the initial DL BWP but not with the SS/PBCH block associated to the initial DL BWP, is it possible for the UE to: 
Question #1a: Perform BM based on the SS/PBCH block associated to the initial DL BWP?
Question #1b: Perform BFD based on the SS/PBCH block associated to the initial DL BWP?
Question #1c: Perform RLM based on the SS/PBCH block associated to the initial DL BWP?
Question #1d: Monitor the SS/PBCH block associated to the initial DL BWP to receive broadcast SI / paging based on CORESET#0 and searchspace#0? (assuming the same SCS is used in the active BWP as that of initial BWP)
Issue #2: For an active DL BWP that overlaps with neither the initial DL BWP nor with the SS/PBCH block associated to the initial DL BWP (from now on: "non-overlapping" active DL BWP), RAN2 understands that additional CORESET/search space(s) need to be configured in the active DL BWP to provide SI broadcast and paging to a connected UE. What is not clear is whether an SS/PBCH block necessarily needs to be associated to the additional CORESET/search space(s) and, specifically, if a UE needs to monitor such SS/PBCH block.
Note that, at least for Rel-15, RAN2 has agreed that - for all purposes apart from RRM measurements - a UE will only be configured with a single SS/PBCH block, i.e. the one associated to the initial DL BWP. So RAN2 discussed whether, in a "non-overlapping" active DL BWP, broadcast transmission of SI/paging could be spatially QCL'ed with the SS/PBCH block associated to the initial DL BWP and if the UE could monitor such SS/PBCH block for this purpose. In fact, based on previous agreements, RAN2 assumes that, in a "non-overlapping" active DL BWP, a UE will be required to monitor the SS/PBCH block associated to the initial DL BWP only for RRM measurements (potentially using gaps), but not for BM, BFD, RLM (with the possible exception of the scenario covered by Issue#1, for which RAN2 is seeking answer). Whether the UE could monitor such SS/PBCH block also for receiving SI broadcast and paging is unclear. 
Question #2a: In a "non-overlapping" active DL BWP, does a UE necessarily need to monitor an SS/PBCH block associated to the additional CORESET/search space to be able to receive SI broadcast? If yes, could this be the SS/PBCH block associated to the initial DL BWP? And under which conditions, if any, could the UE monitor it for this purpose?

Continue further discussion on the following potential responses to RAN2:
· Answer #1a/1b/1c:
· It is possible for UE to perform BM/BFD/RLM based on the SS/PBCH block associated to the initial DL BWP as long as the bandwidth of the active DL BWP plus the bandwidth of the SS/PBCH block do not exceed the UE supported bandwidth.
· Supported by ZTE
· In case multiplexing pattern 2 or 3 is used for the initial DL BWP, for an active DL BWP that overlaps with the initial DL BWP but not with the SS/PBCH block associated to the initial DL BWP, UE is not required to perform BM, BFD, and RLM based measurements on the SS/PBCH block associated to the initial DL BWP.
· Supported by Intel
· No, the UE can perform BM/BFD/RLM based on the CSI-RS in the active DL BWP.
· Supported by Huawei.
· It should not be assumed that UE is able to perform BM/BFD/RLM based on the SS/PBCH block associated to the initial DL BWP.
· Supported by Motorola, Lenovo
· In case the active DL BWP not overlapping with cell defining SSB, SSB based BM/BFD/RLM is not allowed and CSI-RS resources should be configured for these purposes instead.
· Supported by Vivo
· Yes. (with the assumption RAN1 agrees to extending the previous RAN1 agreement, see proposed agreement below)
· When SS/PBCH block and control resource set multiplexing pattern 2 or 3 is configured in PBCH and initial DL BWP is active or initial DL BWP is included in the active DL BWP, for SS/PBCH block based RRM, RLM and [BM] measurement purposes only, UE is expected to be able to measure the SS/PBCH block associated with control resource set configured in PBCH.
· Supported by CATT
· When SS/PBCH and CORESET multiplexing pattern 2 or 3 is configured by the PBCH and the active DL BWP overlaps with the initial DL BWP and the total bandwidth required to receive both is within UE minimum capability, UE would be able to perform SSB based RRM, RLM, BM and BFD measurements from the SS/PBCH block provided in the initial DL BWP configuration without measurement gaps.
· Supported by Nokia
· No, it is not possible for UE. The case UE performs SS/PBCH block based RLM/BM/BFD when initial DL BWP is active (per the RAN1 agreements last meeting) is only an exception. This case is possible since the BW and location of initial DL BWP are fixed and configured in PBCH (UE could fix its Rx bandwidth to be the sum of initial DL BWP, SSB BW and gap if any). On the other hand, DL BWP that overlaps with the initial DL BWP is dynamically configured. Hence, if UE is asked to measure SS/PBCH block outside of active BWP, UE is required to implement a new set of RF/Rx bandwidth configurations; doubling the configurations UE needs to support BWP.
· Supported by Qualcomm
· Definition of initial active DL BWP is updated so that the initial active DL BWP covers both CORESET#0 and SS/PBCH block associated to the initial active DL BWP. Then, answers to questions#1a/b/c could be “No” since there is no exception on BWP principle.
· Supported by NTT DOCOMO
· Answer #1d:
· It is possible for UE to Monitor the SS/PBCH block associated to the initial DL BWP to receive broadcast SI / paging based on CORESET#0 and searchspace#0 as long as the bandwidth of the active DL BWP plus the bandwidth of the SS/PBCH block do not exceed the UE supported bandwidth.
· Supported by ZTE
· In case multiplexing pattern 2 or 3 is used for the initial DL BWP, for an active DL BWP that overlaps with the initial DL BWP but not with the SS/PBCH block associated to the initial DL BWP, the current specification does not require the UE to perform RLM/BFD measurements to SS/PBCH block. Monitoring of the SS/PBCH block for reception of PDCCH transmitted in CORESET #0 and search space #0 may be required for the UE obtain appropriate channel estimation parameters and appropriate Rx beam configuration information. Therefore, potentially pose problems for the UE receive PDCCH transmitted in CORESET #0 and search space #0. This problem can be avoided if the gNB configures active DL BWP that includes both initial active DL BWP and SS/PBCH block when reception of PDCCH over CORESET #0 and search space #0 is required. Please note that TCI state configuration and allowed PDCCH transmission in CORESET #0 and search space #0 is still being discussed in RAN1. In RAN1 #93, the following agreement was made regarding PDCCH reception over CORESET #0 and search space #0. Therefore, whether such described configuration is supported and if so how is currently unclear and requires further work in RAN1 to resolve.
	Agreements:
· NW and UE maintain the same understanding on SSB/CORESET#0/SS#0 in connected_mode at least for non-broadcast PDCCH
· Solutions FFS
· For the broadcast PDCCH, it is up to UE which common search space to monitor based on which SSB in both connected, in-active, and idle modes
· Unicast PDSCH can be scheduled by a DCI associated with the CORESET #0


· Supported by Intel
· For receiving broadcast SI/paging in this case, the UE can be configured with an additional CORESET/search space and associated CSI-RS in the active DL BWP.
· Supported by Huawei
· It should not be assumed that UE is able to monitor the SS/PBCH block associated to the initial DL BWP to receive broadcast SI / paging based on CORESET#0 and searchspace#0.
· Supported by Motorola, Lenovo
· If the active BWP overlap with the initial active BWP, it is preferred that the cell defining SSB is also confined in the bandwidth of active BWP, if UE is expected to perform RLM/BFD/BM based on SSB and receive broadcast SI/paging based on CORESET#0 and searchspace#0. Otherwise, additional CSI-RS resources should be configured.
· Supported by Vivo
· Yes. (with the assumption RAN1 agrees to extending the previous RAN1 agreement, see proposed agreement below)
· When SS/PBCH block and control resource set multiplexing pattern 2 or 3 is configured in PBCH and initial DL BWP is active or initial DL BWP is included in the active DL BWP, for SS/PBCH block based RRM, RLM and [BM] measurement purposes only, UE is expected to be able to measure the SS/PBCH block associated with control resource set configured in PBCH.
· Supported by CATT
· When SS/PBCH and CORESET multiplexing pattern 2 or 3 is configured by the PBCH and the active DL BWP overlaps with the initial DL BWP and the total bandwidth required to receive both is within UE minimum capability, UE would be able to perform SSB based RRM, RLM, BM and BFD measurements from the SS/PBCH block provided in the initial DL BWP configuration without measurement gaps.
· Supported by Nokia
· No, it is not possible for UE. UE receives paging/SI using Rx beam associated with SS/PBCH block reception. Hence, UE might need to measure SS/PBCH block for Rx beam refinement/change. If SS/PBCH block is outside of active DL BWP, a measurement gap is required (which is not preferred and not supported in the specification).
· Supported by Qualcomm
· Definition of initial active DL BWP is updated so that the initial active DL BWP covers both CORESET#0 and SS/PBCH block associated to the initial active DL BWP. Then, answers to questions#1d could be “No” since there is no exception on BWP principle.
· Supported by NTT DOCOMO
· Answer #2a/2b:
· It is not very necessary for UE in a "non-overlapping" active DL BWP to monitor an SS/PBCH block associated to the additional CORESET/search space. In case the UE cannot monitor the SSB , the UE can still determine the SSB index for the purpose of PDCCH occasion calculation according to the CSI-RS which is QCLed with the SSB. Even in case the UE cannot determine the SSB index due to the lack of CSI-RS QCLed with the SSB, the UE can still receive SI/Paging by monitoring all the PDCCH occasion within the SI-Window/PO. Therefore, The association between PDCCH monitoring occasion for SI/paging reception and SS/PBCH block index is still useful for UE to reduce complexity.
· Supported by ZTE
· UE is not required to monitor an SSB outside the “non-overlapping” active DL BWP for reception of SI broadcast and paging information. Appropriate TCI states could be configured for the CORESET/search space of the SI broadcast and paging information, such that UE does not need to perform measurements of SSB outside the “non-overlapping” active DL BWP.
· Supported by Intel
· Not necessarily. The UE can be configured to monitor a CSI-RS associated to the additional CORESET/search space to be able to receive SI broadcast/Paging.
· Supported by Huawei
· No. The UE can be configured with a CSI-RS resource, which is associated (quasi-co-located) with an SS/PBCH block associated with the initial DL BWP, in addition to the additional CORESET/search space for reception of SI broadcast in the non-overlapping active DL BWP. Thus, UE does not need to monitor the SS/PBCH block associated with the initial DL BWP to receive SI broadcast in the non-overlapping active DL BWP.
· Supported by Motorola, Lenovo
· In cases the active BWP not overlapping with cell defining SSB, UE does not need to monitor cell defining SSB for SI and paging reception.
· Supported by Vivo
· Yes. (with the assumption RAN1 agrees to extending the previous RAN1 agreement, see proposed agreement below)
· When SS/PBCH block and control resource set multiplexing pattern 2 or 3 is configured in PBCH and initial DL BWP is active or initial DL BWP is included in the active DL BWP, for SS/PBCH block based RRM, RLM and [BM] measurement purposes only, UE is expected to be able to measure the SS/PBCH block associated with control resource set configured in PBCH.
· Supported by CATT
· UE supporting feature 6-1a (“non-overlapping” active UE-specific BWP) does not have to monitor an SS/PBCH block associated to the additional UE-specific RRC configured CORESET/search space on a UE-specific RRC configured “non-overlapping” BWP to be able to receive SI broadcast/Paging.
· Supported by Nokia
· For non-overlapping active DL BWP, it is our understanding that additional CORESET/search space configuration for broadcast SI is via RRC. Furthermore, broadcast SI is unicast to UE. Hence, UE would receive PDCCH/PDSCH for broadcast SI over configured active beam(s) that are determined by beam management. Note that the beam management is based on the reference signals (CSI-RS or SS/PBCH block) configured in the active DL BWP). If an SS/PBCH block that is associated to the additional PDCCH search space for receiving broadcast SI is a reference signal configured for beam management, UE needs to monitor it. Furthermore, UE would not monitor the SS associated with the initial DL BWP.
· Supported by Qualcomm
· it is our understanding that additional CORESET/search space configuration for paging is via RRC. Furthermore, paging is unicast to UE. Furthermore, UE is not required to decode PDSCH for paging in RRC-CONNECTED (RAN1 agreements copied below). UE would receive PDCCH for paging indication over configured active beam(s) that are determined by beam management. Note that the beam management is based on the reference signals (CSI-RS or SS/PBCH block) configured in the active DL BWP). If an SS/PBCH block that is associated to the additional PDCCH search space for receiving paging is a reference signal configured for beam management, UE needs to monitor it. Furthermore, UE would not monitor the SS associated with the initial DL BWP.
· Supported by Qualcomm
	Agreements:
· Confirm the following working assumption:
· P-RNTI PDSCH is not required to be decoded by UE in RRC_CONNECTED mode
· Note: P-RNTI PDCCH may not schedule a P-RNTI PDSCH but rather carries the message by itself, which may be used for e.g. systemInfoModification, cmas-Indication, and etws-Indication


· Inform RAN2 that the answers to the Questions #2a and #2b are both No. For UE-dedicatedly configured DL BWP, SSB or CSI-RS should be inside of the DL BWP and should be the QCL source of the CORESET associated with the common search spaces.
· Supported by NTT DOCOMO

· Additional clarification requested to be made to RAN2:
· Further clarification is needed that UE is expected to be able to perform intra frequency RRM measurements based on cell defining SSB, when SSB and control resource set multiplexing pattern 2 or 3 is configured in PBCH and the active DL BWP is the initial DL BWP.
· Supported by Vivo



2.76 Clarification to SS-RSSI [11]
The current TS38.215 doesn’t seem to have the references to the high layer parameters associated with SS-RSSI configuration. One company suggested to make clarification to TS38.215.
Suggestion for agreement:
· Adopt the following text proposal
>>> Text Proposal for 38.215 Section 5.1.3 >>>
	Definition
	Secondary synchronization signal reference signal received quality (SS-RSRQ) is defined as the ratio of N×SS-RSRP / NR carrier RSSI, where N is the number of resource blocks in the NR carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

NR carrier Received Signal Strength Indicator (NR carrier RSSI), comprises the linear average of the total received power (in [W]) observed only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. The measurement time resource(s) for NR Carrier RSSI are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration.

If indicated by higher-layers, for a half-frame with SS/PBCH blocks the NR Carrier RSSI is measured in slots indicated by the higher layer parameter measurementSlots and in from OFDM symbols of the indicated slots and the OFDM symbols are given by Table 5.1.3-1. 
-	For intra-frequency measurements, NR Carrier RSSI is measured with timing reference corresponding to the serving cell in the frequency layer 
-	For inter-frequency measurements, NR Carrier RSSI is measured with timing reference corresponding to any cell in the target frequency layer
Otherwise, if measurement gap is not used, NR Carrier RSSI is measured from all OFDM symbols within SMTC window duration and, if measurement gap is used, NR Carrier RSSI is measured from all OFDM symbols corresponding to overlapped time span between SMTC window duration and minimum measurement time within the measurement gap.

Table 5.1.3-1: NR Carrier RSSI measurement symbols
	OFDM signal indication
endSymbol
SS-RSSI-MeasurementSymbolConfig
	Symbol indexes

	
	

	0
	{0,1}

	1
	{0,1,2,..,10,11}

	2
	{0,1,2,…, 5}

	3
	{0,1,2,…, 7}




If higher-layers indicate certain SS/PBCH blocks for performing SS-RSRQ measurements, then SS-RSRP is measured only from the indicated set of SS/PBCH block(s).

For frequency range 1, the reference point for the SS-RSRQ shall be the antenna connector of the UE. For frequency range 2, NR Carrier RSSI shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch, where the combining for NR Carrier RSSI shall be the same as the one used for SS-RSRP measurements. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported SS-RSRQ value shall not be lower than the corresponding SS-RSRQ of any of the individual receiver branches.

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_INACTIVE intra-frequency,
RRC_INACTIVE inter-frequency,
RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency


>>> End text Proposal >>>


2.87 SSB collision with other channels/signals [2]
One company noted that UE behavior when SSB used for RRM measurement collides with serving cell UL/flexible symbol require further clarification and possible new behaviors to resolve collision issue.
Continue further discussion on the following proposals:
· In case intra-frequency neighbor cell SSB based RRM measurement occasion collides with serving cell UL/flexible symbols, following UE behaviors are defined
· UE cancels RRM measurements when the UE detects a dynamic-SFI indicating at least one of symbols where SSB is transmitted as uplink or flexible, or when UE detects DCI format 0_0/0_1/1_1/2_3 indicating PUSCH/PUCCH/SRS/PRACH transmission in at least one of symbols where SSB is transmitted.
· When DCI format 2_0 monitoring is not configured and uplink transmission is not scheduled in any symbols of the SSB to be measured, SSB based RRM can still be performed.
· Supported by Vivo



2.98 Default Density for CSI-RS for mobility [3]
The density configuration for CSI-RS for mobility is current set as optional with Need R condition. One company proposed to define a default value such that when the density configuration is not present, UE is aware of the default value.

Continue further discussion on the following proposals:
· The density configuration CSI-RS-CellMobility is always needed for CSI-RS based RRM measurement.
· Supported by Mediatek
· Define a default value of d3 for the density configuration for CSI-RS-CellMobility.
· Supported by Mediatek


2.109 SSB measurements outside initial active DL BWP when UE is configured with SSB and control signal multiplexing pattern 2 and 3 [4][12]
Few companies discussed further refinements and/or addition to previous RAN1 agreement to support measurement of SSB outside the initial active DL BWP when UE are configured with SSB and control signaling multiplexing pattern 2 or 3.
Given that LS has been sent to RAN2 and RAN4 regarding the agreement from RAN1 #93, further discussion may be necessary to make sure RAN1 specification is aligned with RAN2 and RAN4.
Additionally, one company also noted that measurements of SSB which may be outside the initial active DL BWP may have biased measurement, especially for interference and noise. Therefore suggested to modify the measurement when UE conducts measurement outside the initial active DL BWP.
Continue further discussion on the following proposals:
· Adopt the following text proposal for TS38.213
· Supported by CATT

	The downlink radio link quality of the primary cell is monitored by a UE for the purpose of indicating out-of-sync/in-sync status to higher layers. Unless otherwise stated, Tthe UE is not required to monitor the downlink radio link quality in DL BWPs other than the active DL BWP on the primary cell. When SS/PBCH block and control resource set multiplexing pattern 2 or 3 is configured in PBCH and initial DL BWP is active, UE is expected to perform RLM by monitoring the associated SS/PBCH block. 




	
Unless otherwise stated, Aa UE does not expect to monitor PDCCH when the UE performs RRM measurements [10, TS 38.133] over a bandwidth that is not within the active DL BWP for the UE. When SS/PBCH block and control resource set multiplexing pattern 2 or 3 is configured in PBCH and initial DL BWP is active, UE is expected to perform RRM measurements over the associated SS/PBCH block.




· For multiplexing patterns 2 and 3, when the SSB is placed outside of the "initial active DL BWP" is used for supporting the RRM/RLM/BM of the "initial active DL BWP", the interference and the noise level within the "initial active DL BWP" should be taken into account for RRM/RLM/BM measurements. The existing requirements for measuring SS-RSRQ and SS-SINR need to be modified to take into account the RSSI, the interference and the noise level within the "initial active DL BWP".
· Supported by CATT
· For multiplexing patterns 2 and 3, when the SSB is placed outside of the "active DL BWP" is used for supporting the RRM/RLM/BM of the "active DL BWP", the interference and the noise level within the "active DL BWP" should be taken into account for RRM/RLM/BM measurements. The existing requirements for measuring SS-RSRQ and SS-SINR need to be modified to take into account the RSSI, the interference and the noise level within the "active DL BWP".
· Supported by CATT
· For multiplexing patterns 2 and 3, when the SSB outside of the “initial active DL BWP” (or the “active DL BWP”) is used for measuring SS-RSRQ, the SS-RSRQ can still be defined as the ratio of (N×SS-RSRP) / (NR carrier RSSI), where N is the number of resource blocks in the NR carrier RSSI measurement bandwidth. The measurement bandwidth for SS-RSRP is the SSB bandwidth, while the measurement bandwidth of NR carrier RSSI can be defined with one of the following alternatives. 
· Alt.1: the set of resource block of the CORESET#0 within the “initial active DL BWP” (or the “active DL BWP”);
· Alt.2: the set of resource block of the CORESET#0 0 within the “initial active DL BWP” (or the “active DL BWP”); plus the set of resource block of SSB
· Alt.3: the set of resource block of the active DL BWP;
· Alt.4: the set of resource block of the active DL BWP plus the set of resource block of SSB
· Note: Alt.3 and Alt.4 are applicable to the case when active DL BWP contains the initial active DL BWP. 
· Supported by CATT
· For multiplexing patterns 2 and 3, if the SSB outside of “initial active DL BWP” (or the “active DL BWP”) is used for measuring SS-SINR, the SS-SINR is defined as the ratio of the linear average over the power contribution of the resource elements carrying secondary synchronization signals divided by the linear average of the noise and interference power contribution over the resource elements within the measurement bandwidth of the noise and interference, which can be defined by one of the following alternatives: 
· Alt.1: the set of resource block of the CORESET#0 within the “initial active DL BWP” (or the “active DL BWP”);
· Alt.3: the set of resource block of the CORESET#0 within the “initial active DL BWP” (or the “active DL BWP”) plus the set of resource block of SSB
· Alt.3: the set of resource block of the active DL BWP;
· Alt.4: the set of resource block of the active DL BWP plus the set of resource block of SSB
· Note: Alt.3 and Alt.4 are applicable to the case when active DL BWP contains the initial active DL BWP. 
· Supported by CATT
· For multiplexing patterns 2 and 3, when the SSB outside of “initial active DL BWP” (or the “active DL BWP”) is used for measuring SS-RSRQ, the SS-RSRQ can be defined as the ratio of (SS-RSRP) / (averaged NR carrier RSSI),  where the SS-RSRP is measured from SSB, while the averaged NR carrier RSSI is the sum of the linear average of the reference signal power (e.g., SS-RSRP) measured over the bandwidth of SSB plus the linear average of the total received power measured over the bandwidth of the “initial active DL BWP” (or the “active DL BWP”).
· Supported by CATT
· For SS/PBCH block and control resource set multiplexing pattern 2 or 3, it is proposed to clarify that it is possible to do SSB based measurements without measurement gaps.
· Supported by Nokia, NSN
· For SS/PBCH block and control resource set multiplexing pattern 2 or 3, SSB based BM measurements can be done without measurement gaps (from the associated SSB).
· Supported by Nokia, NSN



2.110 Measurement reports when UE is able detect PSS/SSS but is not able to detect SSB index [5]
One company noted that it may be possible for the UE to able to detect PSS/SSS and hence the cell ID, but in some situations may not be able to decode the PBCH to obtain the SSB index. The company suggested to have further discussions on the UE operation for such scenario.
Continue further discussion on the following proposals:
· FFS UE operation for measurement reporting when SSB index could not be detected for neighbour cell.


2.121 Non-cell defining SSB for RLM [5]
One company noted that some RAN2 agreements are for measurements made with cell-defining SSB. To avoid further discussion, it is proposed that for release 15, only cell-defining SSB are used for RLM measurements.
Continue further discussion on the following proposals:
· In Rel-15, only cell-defining SSB could be used as SSB resources for RLM

2.132 ECP support for CSI-RS for mobility measurements [8][9]
There were discussion on how to support 60 kHz subcarrier spacing with ECP for CSI-RS for mobility measurements in the last RAN1 #93 meeting. Among the potential solutions two were discussed:
· Option 1: Introduce an addition of RRC parameter “cyclicprefix” for CSI-RS for mobility configuration to support 60kHz ECP CSI-RS.
· Option 2: If 60kHz is configured for CSI-RS for L3 mobility in the MO and UE is configured with at least one configured DL BWP of PCell/PScell with 60kHz and ECP, UE may assume the configured CSI-RS for L3 mobility with 60kHz is ECP.

Few companies has provided different views on the matter. Therefore, further discussion on whether support for is needed and if so how it should be supported may require some discussion.
Continue further discussion on the following proposals:
· Introduce RRC signaling for indication of ECP/NCP for CSI-RS.
· Supported by OPPO
· Adopt the following text proposal
· Supported by Huawei, HiSilicon

	Text proposal for TS 38.214 v15.2.0 Section 5.1.6.3
< Unchanged parts are omitted >
If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility and the higher layer parameter associatedSSB is not configured, the UE shall perform measurements based on CSI-RS-Resource-Mobility and the UE may base the timing of the CSI-RS resource on the timing of the serving cell. 
If a UE is configured with the higher layer parameters CSI-RS-Resource-Mobility and associatedSSB, the UE may base the timing of the CSI-RS resource on the timing of the cell given by the cellId of the CSI-RS resource configuration. Additionally, for a given CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE, the UE is not required to monitor the corresponding CSI-RS resource. The higher layer parameter isQuasiColocated indicates whether the associated SS/PBCH block given by the associatedSSB and the CSI-RS resource(s) are quasi co-located with respect to ['QCL-TypeD']. 
If CSI-RS for mobility is configured with 60 kHz subcarrier spacing and UE is configured with at least one configured DL BWP of PCell/PSCell with 60kHz subcarrier spacing and ECP, UE shall assume the configured CSI-RS for mobility with 60kHz subcarrier spacing uses ECP.
< Unchanged parts are omitted >



2.143 Semi-persistent CSI-RS for RLM [9]
Agreement in RAN1 #93 prohibited use of aperiodic CSI-RS configuration for RLM purposes. One company noted that the same should also apply for semi-persistent CSI-RS configurations, which should be aligned with the spirit of the agreement in RAN1 #93. 
Suggestion for agreement:
· Adopt the following text proposal

	Text proposals for TS 38.213 v15.2.0 Section 5
< Unchanged parts are omitted >
If the UE is not provided higher layer parameter RadioLinkMonitoringRS and the UE is provided by higher layer parameter TCI-state for PDCCH one or more RSs that include one or more of a CSI-RS and/or a SS/PBCH block
-	the UE uses for radio link monitoring the RS provided for the active TCI state for PDCCH if the active TCI state for PDCCH includes only one RS
 -	if the active TCI state for PDCCH includes two RS, the UE expects that one RS has QCL-TypeD and the UE uses the one RS for radio link monitoring; the UE does not expect both RS to have QCL-TypeD
-	the UE is not required to use for radio link monitoring an aperiodic or semi-persistent RS
< Unchanged parts are omitted >



2.154 Semi-persistent CSI-RS for RLM [9]
There were some limited discussion on the prioritization of RRM, RLM, and BFD operation when the UE is required to perform multiple of these functions simultaneously. One company noted that if UE needs to prioritize one task over the others on specific occasions that RRM/RLM/BFD tasks cannot concurrently performed, these tasks can be prioritized depending on UE-specific radio conditions and recent indications/feedback that are received from lower layers. 
Continue further discussion on the following proposals:
· In the event of tasks prioritization RRM, RLM, and BFD due to reasons such as corresponding RSs having different subcarrier spacing, not being QCL-D in FR2, UE-specific radio conditions etc., the UE behavior should be clarified.  

2.165 RLM configuration in case of multiple BWP [10]
Given that RLM RS are configured for each BWP, the exact UE behavior when fast BWP switching occurs may need further discussion. One company noted that how UE derives the Rx beam information when active DL BWP is switched may impact RLM measurements (in terms of accuracy and latency).

Continue further discussion on the following proposals:
· NR supports to configure multiple BWPs with different sets of RLM-RSs even if RLM-RSs in different BWPs are not QCL type-D.
· If some RLM-RSs associated to previous BWP and current BWP are QCL type-D, UE may utilize previous measurements on RLM-RSs associated to the previous BWP together with measurements on different RLM-RSs associated to the current BWP.
· Supported by NTT Docomo
· Following the associated text proposal to TS38.213
	5	Radio link monitoring
~
For a CSI-RS resource configuration, the higher layer parameter powerControlOffsetSS is not applicable and a UE expects to be provided only 'No CDM' from higher layer parameter cdm-Type, only '1' and '3' from higher layer parameter density, and only '1 port' from higher layer parameter nrofPorts [6, TS 38.214].
If a UE is configured with multiple DL BWPs for the serving cell and DL BWP is switched from one to another as defined in Subclause 12, UE updates the RS for radio link monitoring from RadioLinkMonitoringRS or TCI-state for PDCCH associated with the previous DL BWP to RadioLinkMonitoringRS or TCI-state for PDCCH associated with the current DL BWP. UE may utilize previous measurements on the RS associated to the previous BWP together with measurements on different RS associated to the current BWP if the RS associated to the previous BWP and the RS associated to the current BWP are QCL-typeD as defined in [6, TS 38.214].




2.176 Clarification on RLM capability bit for mix of SS block and CSI-RS signal  [10]
One company noted that there could be ambiguity in determining what RLM capability to support mixture of SSB and CSI-RS is from the current specification description. More specifically, the company noted that this capability may have two possible interpretations as below.
· Case 1: Within a BWP, performing RLM on multiple RLM-RSs including both SSB and CSI-RS
· Case 2: In case of multiple BWPs, performing RLM on multiple BWPs according to BWP switching where RLM-RSs for BWP#0 are SSBs and RLM-RSs for BWP#1 are CSI-RS resources.

Continue further discussion on the following proposals:
· The capability of RLM based on a mix of SS block and CSI-RS signals is necessary to perform RLM on multiple RLM-RSs including both SSB and CSI-RS within a BWP.
· This capability is not necessary to perform RLM on SSB for a BWP and RLM on CSI-RS for another BWP according to BWP switching.
· Send LS to RAN2 to ask appropriately define the capability of RLM based on a mix of SS block and CSI-RS signals in their specification.
· Supported by NTT Docomo

2.187 Providing a motivation for the second RLM BLER pair to RAN4 [10]
RAN1 has agreed to support a second BLER pair thresholds for RLM in NR Adhoc #3 in 2017. Since no further progress has been made in RAN4 to determine the second BLER pair thresholds. One company noted that one of the reasons for this is that companies do not fully understand the motivation to introduce the second BLER pair. Therefore suggests that RAN1 provide further background information to RAN4.

Continue further discussion on the following proposals:
· RAN1 should inform RAN4 about more details on motivation and use case for second BLER pair. Otherwise, the functionalities for second BLER pair should be removed from Rel-15 specification.


2.198 Number of RLM RS [12]
One company noted a that number of CORESET that could be configured for the UE per BWP is limited to 3, while the number of RLM RS that could be configured for the UE per BWP is limited to 2. This may have impact on how the gNB configure the CORESETs and RLM RS negatively.

Continue further discussion on the following proposals:
· Reconsider to increase the value of X (number of RLM-RS below 3GHz) to 4. If this proposal is not acceptable, define the following in TS38.213.
· If the UE is not provided higher layer parameter RadioLinkMonitoringRS and the UE configured with more than NRLM activated TCI States for PDCCH:
· If CORESET #0 is being configured with an active TCI state for PDCCH, UE uses for radio link monitoring the RS provided for the active TCI state and the NRLM -1 RSs provided for the active TCI states that were most recently activated by network.
· If CORESET #0 is not being configured with an active TCI state for PDCCH UE selects the NRLM RS provided for active TCI states for PDCCH that were most recently activated by network.
· Supported by Nokia
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