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1 Introduction

In RAN1 #91 and #AH0801, we have some important agreements on RLM/RLF, i.e.
	Agreements:

· For value of X:

· For below 3GHz:  X = 2

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

· For above 6GHz: X = [8]

Agreements:

· Confirm working assumption of maximum of 8 RLM-RSs for FR2 that can be configured for a UE




In this contribution, we will discuss how to perform evaluation of radio link quality in physical layer for RLM/RLF. This is a resubmission of R1-1800086.

2 Discussion on RLM
In RAN1 #90, it has been agreed that X RLM-RS resources are configured for UE and if Y RLM-RS resource(s) among all configured X RLM-RS resources is above Q_in threshold then IS is sent to higher layers. Although it seems that how to configure RLM-RS resource is an implementation issue, some details on RLM-RS resource need to be further clarified. Before this, we would like to clarify that serving beam is the beam used for PDDCH and/or PDSCH for UE. The beam not used for PDCCH and PDSH for UE can be seen as non-serving beam.

There seem to be two cases for the configured RLM-RS. 

A) X RLM-RS resources correspond to the current serving beams for UE

In this case, RLM-RS resources always correspond to the current serving beams. If a new beam is configured as serving beam, a corresponding RLM-RS resource should be allocated to represent the new beam. If one serving beam is too weak and removed from the serving beam, then the corresponding RLM-RS resource should be disqualified for RLM. Therefore, IS/OOS indication based on configured RLM-RS can reflect UE state very well. 

B) X RLM-RS resources correspond to the current serving beams and non-serving beams for UE

In this case, the resources corresponding to the current serving beam are subset of configured X RLM-RS resources. An extreme situation is that all the SS blocks or CSI-RS are configured for UE. The benefit is that the configured RLM-RS resource does not need to be updated when the serving beams change. However, a severe problem is the IS/OOS will not represent the UE state correctly. For instance, if all the serving beams fail sometimes, i.e. beam failure event occurs but 1 RLM-RS resource corresponding to non-serving beams is still above the Q_in threshold IS indication will be sent to higher layers according to the agreement. It is obviously contradictory between IS/OOS indication and UE state. Therefore, we clarify that configured RLM-RS resources should correspond to the serving beams for UE.

Observation 1: The configured RLM-RS resources should correspond to the serving beams for UE.
In the last meeting, it is confirmed that the number of RLM-RS is up to 8. UE measurement complexity is increased linearly as well as power consumption with the number of configured RLM-RS resources. When a large number of configured RLM-RS resources (e.g. 8 RLM-RS resources) are configured for UE, how to reduce UE measurement complexity and power consumption is an important issue, which needs to be further studied. A straightforward scheme is to increase measurement period in such a case as well as RLM-RS transmission period. For example, if the number of RLM-RS resources increase from 1 to 8, the measurement period increase to eight times of the original period correspondingly such that the measurement complexity keeps unchanged. In other words, a coupling relationship between RLM-RS transmission period and the number of configured RLM-RS resources can be established. When the number of configured RLM-RS resources is larger, the RLM-RS transmission period should be longer. Fig 1 illustrates an example of radio link monitoring on different number of configured RLM-RS resource. In the example, the total number of RLM-RS resources measured by UE within the same duration are same even though different number of RLM--RS resources are configured for UE. That is to say, UE measurement complexity is not increased when more RLM-RS resources are configured for UE.
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Case A: only 1 RLM-RS resource is configured for UE 

The total number of RLM-RS resources measured by UE is 32

Case B: 2 RLM-RS resources is configured for UE 

The total number of RLM-RS resources measured by UE is 32

Case C: 4 RLM-RS resources is configured for UE 

The total number of RLM-RS resources measured by UE is 32


Fig 1 an example of radio link monitoring on different number of configured RLM-RS resource
Proposal 1: Establish coupling relationship between RLM-RS transmission period (or measurement period) and the number of configured RLM-RS resources to reduce the UE measurement complexity and power consumption, especially when more RLM-RS resources are configured. 
It is agreed that the design of CSI-RS for BM is reused for CSI-RS for RLM but CSI-RS for RLM can be configured separately from CSI-RS for BM. It can bring some configuration freedom to gNB at the cost of configuration signaling overhead. If two type of CSI-RS have the same or partly same configuration, i.e. BM and RLM share the same CSI-RS or CSI-RS for RLM is the subset of CSI-RS for BM, it is reasonable that BM result should influence the CSI-RS for RLM. In other words, RLM evaluation result should be influenced by BM result. For example, if one serving beam is indicated as a non-serving beam via BM, then the corresponding CSI-RS resource should not be used for RLM from that time on. If two type of CSI-RS have different configuration, it can associate two type of CSI-RS due to the fact that CSI-RS for RLM should correspond the serving beams and CSI-RS for BM should correspond the serving beams and non-serving beams, e.g. QCL relation between two type of CSI-RS. Besides, BM measurement results is very helpful for RLM, e.g. it can be used for gNB to configure RLM-RS resource and for UE to select Rx beam from Rx beams set for RLM. In this case, BM result should also influence the CSI-RS resource for RLM as discussed above. 

Observation 2: BM result can influence the RLM-RS resource for RLM.

As discussed above, RLM-RS resource can be influenced by BM result. Therefore, there must be a RLM evaluation period within which RLM-RS resource is changed. In this case, some special process during the evaluation procedure should be introduced to improve evaluation results accuracy and avoid some unnecessary OOS. An example is shown in Fig 2 below, at first UE monitors RLM-RS 1 and RLM-RS 2. Then at t4 gNB indicates that RLM-RS 2, RLM-RS 3 and RLM-RS 4 are QCLed with DMRS of PDCCH w.r.t spatial RX parameters for UE, instead of RLM-RS 1 and RLM-RS 2. From this time on, UE begins to monitor RLM-RS 2, RLM-RS 3 and RLM-RS 4. Therefore, measurement results on RLM-RS 1 and RLM-RS 2 before t4 and measurement results on RLM-RS 2, RLM-RS 3 and RLM-RS 4 after t4 are used for the RLM evaluation. At last 4 beam level link qualities will be obtained. Since the measurement results are based on the serving beam all time, the RLM evaluation results can reflect the UE state exactly.
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Fig 2 illustration of RLM in the case of changing of RS resource and the crosses denote measurement samples

According to the 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, which will depend on the threshold design for beam failure detection and RLM respectively. If beam failure recovery is successful, it means at least one serving control can work normally, IS indication should be sent to higher layers based on the agreement and RLF should not be declared. As shown in Fig 3, at first RLM-RS 1 and RLM-RS 2 are used for RLM. Beam failure is declared at t3 and beam failure recovery mechanism starts to perform. UE continues to monitor RLM-RS 1 and RLM-RS 2 until a new RLM-RS is allocated by gNB. At t4, failed beam (corresponding to RLM-RS 1) is recovered successfully and UE only begins to monitor RS1. If all the measurements on RLM-RS 1 within the period are used for RLM evaluation, it is likely that the RLM evaluation result is below Q_out due to the fact that most of the measurement samples (between t3 and t4) are low, which will lead to OOS indication. In the example, samples between t3 and t4 can be seen as invalid samples. It is obvious that IS/OOS indication is contradictory to UE state. In this case, a feasible method is to discard the measurement samples based on a failed and recovered beam and use the remaining measurement samples for RLM evaluation, e.g. before the beam failure detection and after beam failure recovery. 

Proposal 2: Discard some invalid measurement samples for IS/OOS evaluation to improve evaluation result accuracy and avoid unnecessary OOS when beam failure is recovered successfully.
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Fig 3 illustration of RLM in the case of beam failure recovery successful and the crosses denote the measurement samples and the red crosses denote the discarded samples

--------------------------------------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], the UE shall only include measurement samples corresponding to the most recent RLM-RS configuration in the radio link quality assessment. 


3 Conclusions
In this contribution, RLM/RLF issues are discussed and we have following observations and proposals:
Observation 1: The configured RLM-RS resources should correspond to the serving beams for UE.

Observation 2: BM result can influence the RLM-RS resource for RLM.

Proposal 1: Establish coupling relationship between RLM-RS transmission period (or measurement period) and the number of configured RLM-RS resources to reduce the UE measurement complexity and power consumption, especially when more RLM-RS resources are configured.

Proposal 2: Discard some invalid measurement samples for IS/OOS evaluation to improve evaluation result accuracy and avoid unnecessary OOS when beam failure is recovered successfully.
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Case A: only 1 RLM-RS resource is configured for UE 
The total number of RLM-RS resources measured by UE is 32


Case B: 2 RLM-RS resources is configured for UE 
The total number of RLM-RS resources measured by UE is 32


Case C: 4 RLM-RS resources is configured for UE 
The total number of RLM-RS resources measured by UE is 32



