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Introduction
In this contribution, we discuss the remaining details of mobility management for NR, including RRM measurement and RLM.
RRM
C-DRX assumption on CSI-RS reception
In the previous meeting, it was agreed that UE is not required to measure CSI-RS configured for L3 mobility outside the active time of UE configured with C-DRX. Whether network transmits CSI-RS configured for L3 mobility outside the active time of UE is FFS. For inter-frequency measurement, one or two measurement gaps are configured for UE and UE only measures CSI-RS and SSB from neighbor cells within the MG windows. It would be better to configure MG for inter-frequency neighbor cells measurement outside the active time of UE in order not to interrupt the data transmission and reception in active time. Thus, we further clarify that UE is not required to measure CSI-RS from the serving cells outside the active time of UE. Regarding whether network should transmit CSI-RS configured for L3 mobility outside the active time, we prefer a flexible solution depending on network implementation. 
[bookmark: OLE_LINK6]Proposal 1: It will be up to network whether to transmit CSI-RS for L3 mobility outside the active time of UE.
Based on Proposal 1, a text proposal is given 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. 


RRM measurements for SCells without SSB
[bookmark: OLE_LINK4]A cell without SSB is supported in NR as a SCell. In this case, CSI-RS resources without associated SSB can be configured for cell RRM measurement for Scell addition/modification/release. Another alternative is to use SSB-based RRM measurement results of other cell as the RRM measurement result of the cell without SSB. However, the feasibility of this alternative is still unclear, especially when two cells have different transmission power and beamforming schemes which completely depend on network implementation. In addition, it was agreed that measurement bandwidth for SS-RSSI and SS-RSRP should be the same. This may lead to the fact the measured results of SS-RSSI from other cell can not reflect the load of cell without SSB. Hence, CSI-RS based RRM measurement is preferred for the cells without SSB due to its more reliable measurement result. 
Proposal 2: Cells without SSB only support CSI-RS based RRM measurement.
TP for CSI-RS
Although the design of CSI-RS for L3 mobility is based on NZP/ZP CSI-RS, there are some differences between them. For instance, they have different configuration structures and IE names. Furthermore, the frequency indication of NZP/ZP CSI-RS is based on BWP while the frequency indication of CSI-RS for L3 mobility is based on point A. However, the description of CSI-RS for L3 mobility has not been presented in the spec. We propose to adopt the following text proposals for the spec.
[bookmark: OLE_LINK2]Proposal 3: Adopt the following text proposals for the spec. 
----------------------------------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  is defined by

where the pseudo-random sequence  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,  is the OFDM symbol number within a slot, and  equals the higher-layer parameter scramblingID or sequenceGenerationConfig.
----omitted----
The value of  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  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’.



RLM
[bookmark: OLE_LINK5]In NR, there exists a RLM evaluation period within which the configured RLM-RS resource is changed due to the UE movement or BWP switch. In this case, some special processing should be introduced to improve the accuracy of evaluation results and avoid some unnecessary OOS. An example of RS resource switching during RLM evaluation period is shown in Fig. 1 below. In this example, UE monitors RLM-RS 1 and RLM-RS 2 at the beginning. Then at time t4 gNB indicates to UE that RLM-RS 2, RLM-RS 3, and RLM-RS 4 should be used for RLM. From this time on, UE begins to monitor RLM-RS 2, RLM-RS 3 and RLM-RS 4. Therefore, measurement results based on RLM-RS 1 and RLM-RS 2 before time t4 and measurement results based on RLM-RS 2, RLM-RS 3 and RLM-RS 4 after time t4 will be used for RLM evaluation. In total, 4 beam-level link qualities have been obtained within RLM evaluation period from time t1 to time t2. 


[bookmark: _Ref494378684][bookmark: OLE_LINK30]Fig. 1: Illustration of RLM in the case of RLM-RS resource changing. The crosses in the figure denote measurement samples
[bookmark: OLE_LINK32]According to the previous agreement, when all serving control channels fail, beam failure event will be declared. In this case, it is likely that the OOS should be indicated to the higher layers and beam failure recovery procedure will start. If beam failure recovery is successful, it means at least one serving control channel can work normally, IS indication should be sent to higher layers based on the agreement and RLF should not be declared. An example of beam failure recovery during RLM evaluation period is shown in 2. In this example, RLM-RS 1 and RLM-RS 2 are used for RLM at the beginning. Beam failure is declared at time t3 and beam failure recovery mechanism starts immediately. UE continues to monitor RLM-RS 1 and RLM-RS 2 until a new RLM-RS is allocated by gNB. At time t4, failed beam (corresponding to RLM-RS 1) is recovered successfully. If all the measurement results based on RLM-RS 1 within the RLM evaluation period are used for RLM evaluation, it is likely that the RLM evaluation result will be below Q_out due to the fact that most of the measurement samples (between t3 and t4) have very small value, which will lead to OOS indication. In this example, samples from RLM-RS 2 between time t3 and t4 can be seen as invalid samples. It is obvious that IS/OOS indication based on these invalid samples can not reflect the actual UE state. In this case, a feasible method is to discard the measurement samples collected during beam failure recovery procedure and use only the remaining measurement samples, e.g. samples collected before beam failure declaration and after beam failure recovery procedure, for RLM evaluation. 
Proposal 4: 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.



[bookmark: OLE_LINK1][bookmark: _Ref494378694]Fig. 2: Illustration of RLM in the case of successful beam failure recovery. The crosses denote the measurement samples and the red crosses denote the discarded samples
According to the previous agreement, RLM-RS is configured by RRC signaling. Due to large latency of RRC configuration, many OOS will be indicated to higher layer until new RLM-RS is configured by network. In addition, aperiodic OOS indication is not supported in NR. As a result, RLF may be declared by higher layer due to the larger latency of RRC signaling. Considering the fact that the recovered beam is used by gNB for PDCCH/PDSCH transmission immediately after successful beam failure recovery, we propose that UE should perform RLM on the RLM-RS for recovered beam after beam failure recovery or RLM-RS QCL-ed with RS for recovered beam after beam failure recovery. By doing so, unnecessary RLF due to RLM-RS reconfiguration can be avoided.
Proposal 5: 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. 


Based on Proposals 4 and 5, we have following text proposals for the spec.
--------------------------------------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. 
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. 


Draft reply for LS from RAN2
In the LS [3], RAN2 has some questions on active DL BWPs overlapping/non-overlapping with initial DL BWP. Here we present our views on the questions in the LS.
	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)



Answer to question #1a, 1b and 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. 
Answer to question #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.
	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?
Question #2b: 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 paging? 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?



Answer to question #2a and 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.
Conclusions
In this contribution, NR mobility issues are discussed and we have following proposals:
Proposal 1: It will be up to network whether to transmit CSI-RS for L3 mobility outside the active time of UE.
Proposal 2: Cells without SSB only support CSI-RS based RRM measurement.
Proposal 3: Adopt the above text proposals for the spec.
Proposal 4: Discard some invalid measurement samples for IS/OOS evaluation to improve the accuracy of evaluation result and thus to avoid unnecessary OOS when beam failure is recovered successfully.
Proposal 5: 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. 
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