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Introduction
[bookmark: _Hlk510705081]In this contribution we discuss the remaining details on mobility procedure and radio link monitoring for release 15.
Discussion
On SSB based measurements with RMSI pattern 2 and 3
In RAN1 meeting #93, RAN1 discussed the possible change of initial DL BWP definition for SS/PBCH block and control resource set multiplexing pattern 2 and 3 so that they would cover also the SSB, enabling measurements and also using of available system bandwidth for data delivery more efficiently for broadcast [2]. In the end RAN1 made following agreement:
	Agreements:
· When SS/PBCH block and control resource set multiplexing pattern 2 or 3 is configured in PBCH and initial DL BWP is active, 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.
· Note: When SS/PBCH block and control resource set multiplexing pattern 2 or 3 is configured in PBCH and initial DL BWP is active, SS/PBCH based RRM, RLM, and [BM] is still possible when the initial active DL BWP does not contain SS/PBCH




The spirit of this agreement was UE would be able to carry out measurements on the SSB that is located outside the initial DL BWP without measurement gaps. I.e. the assumption was that UE would have it’s receiver configured so that it would be possible to receive both initial DL BWP and SSB simultaneously, removing the need to configure measurement gaps in this case, or need to reconfigure the BWP. This is not currently captured in anyway in specification, thus it would seem prudent to clarify this aspect, either in RAN1 specification and/or send a LS to RAN4 and RAN2 to capture this.
Proposal: 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.
In addition, it was left open whether the (SBB based) beam management measurement could be included to this agreement. Now as it was agreed that UE can carry out RLM related measurements from the associated SSB, it would be fair to assume that due to rather close similarity of the BFD measurements, that these also could be carried out. Similarly, based on the functional similarity of BM and RRM measurements (RSRP) it would seem possible also to encompass these measurements. It is proposed to support BM related measurements from the associated SSB with RMSI multiplexing pattern 2 and 3.
Proposal: 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).
In relation to this agreement, RAN1 send LS to RAN2 and RAN4, and RAN2 sent a response LS to RAN1 in [3], asking some additional questions related to two issues. Firstly, when multiplexing pattern 2 or 3 is used for the initial DL BWP, and an active DL BWP overlaps with the initial DL BWP but not with the SS/PBCH block associated to the initial DL BWP can UE do SSB based measurements for BM/BFD/RLM without measurement gaps. Secondly, when active BWP does not overlap with initial DL BWP nor the associated SSB, and UE is configured with additional CORESET/SS to provide SI and paging, does a SSB need to be associated to these and if UE needs to be configured with measurement gaps to monitor this. The aspects related to the second issue are covered in [4] under DL control agenda, while the first issue is covered in this Section. 
So in high level the questions related to issue 1 from RAN2 LS could be summarised as if it is possible for the UE to do BM/BFD/RLF (and RRM) measurements outside it’s active DL BWP. In this general case the answer based on earlier RAN1 agreements would be negative, but when considering the given scenario, as illustrated in Figure 1,  it could be considered to be feasible. So when the SSB is adjacent to the active BWP (i.e. difference of 1RB) and the total bandwidth covered by the active BWP and SSB is less than the UE capability, it could be considered possible for the UE to carry out measurement of said SSB, without measurement gaps. Naturally we would need to account the possible scheduling availability restrictions within SMTC window defined by RAN4, and possibly additional restrictions in relation to QCL for BM measurements.
[image: ]
Figure 1. Illustration of the issue#1
In light of the above discussion it is proposed that RAN1 would inform RAN2 and RAN4 that based on RAN1 understanding if active DL BWP overlaps with the initial DL BWP and the total bandwidth covered by SSB and the active DL BWP, UE would be able to perform measurements on the associated SSB without measurement gaps. 
Proposal: Inform to RAN2 that when SSS/PBCH block and CORESET multiplexing pattern 2 or 3 is configured, UE would be able to do SS/PBCH block based measurements (from the associated SSB) without measurement gaps.
Corresponding draft LS is provided in [5].

On the implicit configuration of RLM-RS
[bookmark: _GoBack]In RAN1 meeting #93 following agreements related to RLM were made:
	Agreements:
Confirm the following working assumptions regarding the values of X/Y/Z:
· The maximum number of RLM-RS(s) and BFD-RS(s) should depend on whether same RS(s) is shared between RLM and BFD. The maximum number of unique RS(s), each RS using different set of resources, for both RLM-RS(s) and BFD-RS(s) are:
· X RS(s) per BWP for below 3 GHz,
· X=2(working assumption)
· Y RS(s) per BWP for above 3 GHz and below 6 GHz,
· Y=6 (working assumption)
· Z RS(s) per BWP for above 6 GHz,
· Z=8(working assumption)

Agreements:
· In case of no explicit RLM-RS configuration, when TCI-states indicate a combination of SSB, CSI-RS, and CSI-RS for tracking, UE RLM behavior is as follows:
· When an active TCI state contains single RS, the UE is expected to perform RLM measurement using RS configured by the active TCI state
· When an active TCI state contains two RSs, the UE is expected to use the RS associated with QCL Type D as RLM-RS.
· For RLM, it is assumed that a TCI state that contains two RS should have one and only one RS with TypeD QCL. 
· UE is not required to perform RLM measurements with aperiodic RS configured in the TCI state.

Agreements:
· Confirm WA on RLM based on CSI-RS for tracking: If the TCI-states refer to CSI-RS for tracking, it is up to UE to select a NZP-CSI-RS resource from the configured resources for CSI-RS for tracking for RLM

Agreements:
· UE is not expected to monitor more than NRLM RadioLinkMonitoringRS for radio link monitoring when UE monitors RSs based on TCI states of PDCCH.




As per agreement in the RAN1#92, the maximum number of beam failure detection resources is limited to X=2 per BWP. In contrast, UE can be configured with maximum of 3 CORESET, each with associated active TCI State for PDCCH. This mismatch introduces ambiguity for UE that which resources is should monitor for beam failure detection when implicit configuration is used.
To prevent the ambiguity, a straightforward approach would be to allow of RLM-RS monitoring would have been to increase the maximum number of RLM-RS for below 3GHz frequency range but the working assumption of X=2 was confirmed in RAN1#93. Changing ‘X’ would require revisiting the current agreement. 
For X, i.e. at below 3GHz deployments, it is not completely evident, whether there is any particular issue for the UE to support, higher value, i.e. X=4. Extending this value would enable independent behaviour of these to process, if so desired, similar to 3GHz to 6GHz range.
Proposal: Reconsider to increase the value of X (number of RLM-RS below 3GHz) to 4.
If the above proposal is not accepted the specification should be clear on how UE performs radio link monitoring when the number of active TCI states for PDCCH is higher than the maximum number of RLM-RS (NRLM) . This concerns currently the operation below 3 GHz frequency range and when implicit RLM-RS configuration is used. As per agreement in RAN1#93, 38.213 states that UE is not expected to use more than NRLM RLM-RS in case of implicit configuration but does not state the UE behaviour in case if the number of active TCI states for PDCCH exceeds the NRLM. It is not preferable to leave such issue for UE implementation as network has no knowledge which RS UE is monitoring. In our view clear rules should be defined how the RLM-RS are selected.
If the UE is not provided higher layer parameter RadioLinkMonitoringRS and the UE configured with more than NRLM activated TCI States for PDCCH UE selects NRLM CSI-RS and/or a SS/PBCH block for radio link monitoring as follows, depending whether CORESET#0 is associated with TCI state :

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.

Proposal: Adopt the prosed selection rules as text proposal in Annex A to 38.213, Radio Link Monitoring
Conclusion
In this contributin we have discussed some issues related to RRM and RLM. 
In section 2, we addressed the ambiquity in earlier agreement related to SSB based measurements with RMSI multiplexing pattern 2 and2 and questions raised by RAN2 LS. We make following proposals:
Proposal: 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.
Proposal: 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).
Proposal: Inform to RAN2 that when SSS/PBCH block and CORESET multiplexing pattern 2 or 3 is configured, UE would be able to do SS/PBCH block based measurements (from the associated SSB) without measurement gaps.
Corresponding draft LS is provided in [5].

In Section 3 we raise an issue of ambiquity for implicit RLM-RS configuration in UE bheviour when the number of configured CORESETs is larger than number of the supported RLM-RS, and propose two alternatives to solve it as follows:-
Proposal: Reconsider to increase the value of X (number of RLM-RS below 3GHz) to 4.
If not agreeable;
Proposal: Adopt the prosed selection rules as text proposal in Annex A to 38.213, Radio Link Monitoring:
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.
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Annex A. Text Proposal for 38.213 on Radio Link Monitoring

=== Text Proposal Starts 38.213 V15.2.0 ===

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 RS
A UE does not expect to use more than [image: ] RadioLinkMonitoringRS for radio link monitoring when the UE is not provided higher layer parameter RadioLinkMonitoringRS.

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.

=== Text Proposal Ends 38.213 V15.2.0 ===
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