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1 Introduction
In RAN4-AH-1801, requirements for CSI-RS based RRM was discussed, in particular the scope for Rel-15. Although no WF was agreed, during the discussion, it seemed to be common understanding among all companies that RRM requirements for link reconfiguration which is part of the beam management would be needed.
RAN4 has not discussed requirements for link reconfiguration, in this paper, we will provide our initial views on the RRM requirements for link reconfiguration. 
2 Discussion
Link reconfiguration is also known as beam failure recovery, and is part of beam management framework for NR. The procedure is detailed in section 6 of 38.213 and section 5.17 of 38.321. Basically, it requires UE to detect the radio failure of current set of beams (the failure detection condition is similar as that for RLM) and report a new beam from a candidate set of beams (the selection of new beam is based on RSRP threshold). 
In our view, this procedure is essential in beam based operation. Without it, UE will trigger RLF even if some other beams than the current set of beams in the serving cell can still serve the UE with good performance, or the UE has to support a large number of beams for the current set of beams. Therefore, RRM requirements should be defined for this procedure. In addition, the requirements are needed for both FR1 and FR2 as beam based operation is also possible in both FRs. Also, although the discussion is triggered by CSI-RS, the requirements are needed for both SSB and CSI-RS as both may be configured for the current and candidate sets. 

Proposal 1: RAN4 to define RRM requirements for link reconfiguration, for both FR1 and FR2, and for both SSB based and CSI-RS based.
Next, we will analyze the procedure in detail and discuss what requirements should be defined.  
	The physical layer in the UE shall assess the radio link quality according to the set 
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 of resource configurations against the threshold Qout,LR [10, TS 38.133]. The threshold Qout,LR corresponds to the default value of higher layer parameter RLM-IS-OOS-thresholdConfig and Beam-failure-candidate-beam-threshold, respectively. For the set 
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, the UE shall assess the radio link quality only according to periodic CSI-RS resource configurations or SS/PBCH blocks that are quasi co-located, as described in [6, TS 38.214], with the DM-RS of PDCCH receptions DM-RS monitored by the UE. The UE applies the configured Qin,LR threshold for the periodic CSI-RS resource configurations. The UE applies the Qout,LR threshold for SS/PBCH blocks after scaling a SS/PBCH block transmission power with a value provided by higher layer parameter Pc_SS. 
The physical layer in the UE shall, in slots where the radio link quality according to the set 
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 is assessed, provide an indication to higher layers when the radio link quality for all corresponding resource configurations in the set 
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 that the UE uses to assess the radio link quality is worse than the threshold Qout,LR. 


In our understanding of the RAN1 description of the procedure as copied above, UE, for the failure detection, needs to monitor the radio link quality on all current beams against Qout and Qin. However, it is not fully clear how Qout and Qin are derived based on current wording in 38.213. In our understanding, Qout is derived in the same way as Qout for RLM but always with the default BLER pair, so UE should measure SINR from the current beams and compare it to Qout. Qin, however, is an RSRP threshold which is also used in candidate beam selection, so UE should also measure RSRP from the current beams and compare it to Qin. Similar to RLM, the evaluation period requirement should be defined for both Qout and Qin evaluations.
Proposal 2: UE should measure SINR for Qout and RSRP for Qin from the current beams. Requirement on evaluation period should be defined for evaluation of current beams against Qout and Qin.

As mentioned the Qout is an SINR threshold which is derived in the same way as Qout for RLM but always with the default BLER pair. For RLM, the Qout depends on both BLER pair and the hypothetical PDCCH parameters. RAN1 does not specify anything related to the hypothetical PDCCH. In our view, the same hypothetical PDCCH parameters to derive Qout for RLM can be re-used for link reconfiguration, as in both cases, the Qout represents an SINR level where the serving cell beam cannot support a reasonable control channel performance. We did not see a clear reason why the same SINR level (derived from certain PDCCH parameters) would be used to trigger RLF but not the failure of current beams. It should be noted that RLM is also performed on SSB or CSI-RS which represents the link quality for a certain beam.
Proposal 3: The hypothetical PDCCH parameters to derive Qout for RLM are re-used for link reconfiguration.

Besides the evaluation of radio link on each configured RS, link reconfiguration is also similar to RLM in that L1 of UE would indicate the radio link status to higher layers. In our understanding, there is at least one status, which is “beam failure” defined by link quality on all current beams being below Qout, and is similar to OOS status in RLM. Whether there is another status “no beam failure” similar to IS status in RLM is not clear, and there is ongoing discussion [1] between RAN1 and RAN2 on it.
For RLM, RAN4 also defined requirements for L1 indication of OOS and IS status, so that UE will timely indicate to higher layer when the status of radio link quality evaluated over the evaluation period changed. Similarly, requirements for “beam failure” indication should also be defined. If “no beam failure” status is defined by RAN1, the corresponding requirement for L1 indication should also be defined.
Proposal 4: Requirement on L1 indication interval should be defined at least for “beam failure” indications.
Below is a copy of the UE behavior for selecting and reporting a new beam from the candidate set.
	The UE shall provide to higher layers information identifying a periodic CSI-RS configuration index or SS/PBCH block index 
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 from the set 
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. 
A UE is configured with one control resource set by higher layer parameter Beam-failure-Recovery-Response-CORESET. The UE may receive from higher layers, by parameter Beam-failure-recovery-request-RACH-Resource, a configuration for a PRACH transmission as described in Subclause 8.1. After 4 slots from the slot of the PRACH transmission, the UE monitors PDCCH for a DCI format with CRC scrambled by C-RNTI, within a window configured by higher layer parameter Beam-failure-recovery-request-window, and receives PDSCH according to an antenna port quasi co-location associated with periodic CSI-RS configuration or SS/PBCH block with index 
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 in set 
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, in the control resource set configured by higher layer parameter Beam-failure-Recovery-Response-CORESET. 


Although not clearly specified in 38.213, following previous RAN1 agreement, for beam recovery UE should evaluate all beams in the candidate set against the configured RSRP threshold Beam-failure-candidate-beam-threshold, and select one among those above the threshold. How the selection is done is left to UE implementation. Similar as the failure detection part, the requirement on evaluation period for evaluating the candidate beams should be defined. As UE would start RACH once it selects the new beam, and there is no status defined for any candidate set of beams, L1 indication period requirement is not needed for beam recovery.
Proposal 5: UE should measure RSRP from the candidate beams. Requirement on evaluation period should be defined for the evaluations of candidate beams against the configured threshold.

Besides evaluation period and L1 indication, for RLM the requirement is also defined on number of beams (RLM-RS resources) UE should be able to monitor. This was mainly discussed and agreed in RAN1, and the principle is that network configures a small set of beams for UE to monitor, and UE is required to monitor all configured beams. The exact number of configurable beams for RLM is fixed depending on different frequency ranges. 
For link reconfiguration, the same principle should be followed, i.e. UE should be able to monitor all the configured beams in the current set and candidate set. RAN1 has not agreed the maximum number of beams for the current set and candidate set. If this is to be further agreed in RAN1, RAN4 can simply follow the agreement. If RAN1 is not going to define the maximum number, our view is to re-use the same number as RAN1 agreed for RLM, i.e.
· For below 3GHz: X = 2

· For above 3GHz and below 6GHz: X = 4

· For above 6GHz: X = 8

In addition, the candidate set only contains beams that can be indicated by CFRA resources, but in case there is no beam in the candidate set that is above Beam-failure-candidate-beam-threshold, UE may need to search other beams outside the candidate set that can be indicated by CBRA resources, and how this could be accounted in the number of beams should be further discussed in RAN4.

Proposal 6: UE is required to monitor all configured beams in the current set and candidate set, respectively.  
For RLM there were discussions in RAN4 whether gap based requirements should be defined or not. This was triggered by the consideration that UE may be in a different BWP than where the RLM-RS are actually transmitted. RAN1 has later agreed that UE is not required to perform RLM outside its active DL BWP, and based on this agreement, RAN4 excluded the need for gap based RLM requirements.
In [2] RAN1 has agreed that the RRC configuration of CSI & beam management framework is per BWP. Our view is that, similar to RLM, UE is not required to monitor RS outside its active DL BWP for link reconfiguration, so gap based requirements for link reconfiguration are not needed.
It should be noted that gap sharing between RLM and other RRM measurement may still happen, e.g. if RLM-RS resources are fully overlapping with measurement gaps. RAN4 is discussing if and how to define requirements for such cases, and a common principle can be used for both RLM and link reconfiguration. 
Proposal 7: Gap based requirements for link reconfiguration are not needed.

Finally, we discuss how requirements for link reconfiguration should be captured in 38.133 specification. Since the procedure is similar to RLM, in particular the failure detection part, one consideration is to capture the requirements in the current RLM section (section 8.1). However, as they are separate procedures with separate configurations, and also considering the evaluation against Qin is different than for RLM (this is pending RAN1 confirmation) and also there is a new candidate beam selection part, mixing the requirements for the two procedures in one section could degrade the readability of the specification. Therefore, our preference is to have a new section for link reconfiguration requirements. 

For RLM, the requirements are structured in a way that the evaluation is per RS resource while the L1 indication is per UE, following the design RLM on multiple links (beams) from RAN1. Since the same RAN1 design is applied also for link reconfiguration, similar subsection structure as for RLM can be used for link reconfiguration.  
Proposal 8: A new section is created in 38.133 for link reconfiguration, with similar subsection structure as for RLM.
3 Conclusions 

In this paper, we provided our first views on RRM requirements for link reconfiguration procedure. 
Proposal 1: RAN4 to define RRM requirements for link reconfiguration, for both FR1 and FR2, and for both SSB based and CSI-RS based.
Proposal 2: UE should measure SINR for Qout and RSRP for Qin from the current beams. Requirement on evaluation period should be defined for evaluation of current beams against Qout and Qin.

Proposal 3: The hypothetical PDCCH parameters to derive Qout for RLM are re-used for link reconfiguration.
Proposal 4: Requirement on L1 indication interval should be defined at least for “beam failure” indications.
Proposal 5: UE should measure RSRP from the candidate beams. Requirement on evaluation period should be defined for the evaluations of candidate beams against the configured threshold.
Proposal 6: UE is required to monitor all configured beams in the current set and candidate set, respectively.
Proposal 7: Gap based requirements for link reconfiguration are not needed.
Proposal 8: A new section is created in 38.133 for link reconfiguration, with similar subsection structure as for RLM.
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