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1 Introduction

In RAN1, beam management has been widely discussed. Following agreements on beam failure recovery mechanism have been made in RAN1#90 meeting and RAN1 #90b meeting, which are highly related to RLM/RLF [1]

 REF _Ref5640 \n \h [2]
	Agreements:

· Beam failure is declared only when all serving control channels fail.

· When a subset of serving control channels fail, this event should also be handled


· Details FFS
Working Assumption:
Beam failure detection is determined based on the following quality measure:

· Hypothetical PDCCH BLER




Moreover, we also have some important agreements on RLM/RLF in RAN1#90b [2], i.e.
	Agreements:

· At least single-port CSI-RS resources, following the same design already agreed for BM, can be used for RLM 

· FFS configuration details, especially w.r.t. interaction with those configured for BM

Agreements:

· Discuss further offline on the maximum # of indicated CSI-RS resources & SS blocks to be used for RLM 

· In case of SS/PBCH block based RLM, the RLM-RS resources are UE-specifically RRC configured, where among L SS Blocks for a given frequency band, each SS block to be used for RLM can be individually indicated

· FFS signalling details (e.g., via bitmap, via SS block index)

· Note: this depends on the max # of SS blocks for RLM 
Agreements:

· RLM-RS based on CSI-RS can be separately configured from CSI-RS for BM.

· Framework for signaling CSI-RS for RLM would use the same signaling framework for signaling CSI-RS for BM.

· FFS: additional updates of CSI-RS for RLM based on updates of CSI-RS in BM

· Note: Network can choose to re-use of some or all of CSI-RS resources for BM for CSI-RS for RLM.

Agreements:

· NR supports configuration of at most X number of RLM-RS (CSI-RS and/or SSB) resources for a UE

· final value of X to be determined in the next meeting and (X <= [8])

· Note: in the deployment scenario where BM is needed, the BM processing and reporting are a pre-requisite for the network to select up to X RLM-RSs.

Agreements: 
· Rel-15 NR will not provide additional signaling (other than the configuration of RLM-RS(s) resource(s)) for the purpose of interference and noise (IN) measurement for RLM. 
· Rel-15 NR will not provide configuration of additional resource(s) for the purpose of IN measurement for RLM. 
· RAN1 continues discussions on which (existing) resource(s) can be and/or cannot be used for IN measurement for RLM. 

· Note that this does not necessarily mean the NR specification will specify UE behavior on use of resources for IN measurement for RLM. 



In this contribution, we will discuss the following issues: (1) how to perform evaluation of radio link quality in physical layer for RLM/RLF; (2) clarify some details on RLM-RS resource. This is the revision of R1-1717038.

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.

Proposal 1: The configured RLM-RS resources should correspond to the serving beams for UE.

It is agreed that maximum number of SS blocks transmitted within SS burst set for different carrier range are 4, 8, 64 respectively. In different frequency range beams have different features, such as beam gain and beam width. The beam width is narrower to handle severe signal attenuation in high frequency range. That is why more SS blocks is needed in high frequency range from 6GHz to 52.6GHz. Similarly, more CSI-RS resource is needed to cover the whole cell coverage. In this case, it is possible to configure more serving beams/resources for UE to prevent beam stoppage in high frequency range. However, in low frequency range, there is no need to configure multiple serving beams/resources for UE, e.g. only one resource is enough for single-beam scenario. Therefore, the maximum number of configured RLM-RS resource should be different for different frequency range. Meanwhile, considering UE measurement complexity, the maximum number of RLM-RS resource should be 8 for frequency range from 6GHz to 52.6GHz, and should be 4 for frequency range from 3GHz to 6Hz, and should be 2 for frequency range up to 3GHz.

Proposal 2: The maximum number of configured RLM-RS resource should be different for different frequency range, i.e.

· 2 for frequency range up to 3GHz.

· 4 for frequency range from 3GHz to 6Hz

· 8 for frequency range from 6GHz to 52.6GHz

In fact, the number and locations of actual transmitted SS blocks within SS burst set are up to and deployment scenario gNB implementation, which are indicated by RMSI. Therefore, connected UE can be aware of actual transmitted SS blocks pattern. It is reasonable to indicate SS blocks used for RLM based on actual transmitted SS blocks to reduce the signaling overhead. In addition, compared with SS block index, bitmap can save more signaling overhead and should be adopted for SS blocks indication for RLM. 

Proposal 3: SS block used for RLM should be indicated based on actual transmitted SS blocks via bitmap. 
As discussed above, UE measurement complexity is increased linearly with the number of configured RLM-RS resources. When a large number of configured RLM-RS resources (e.g. 8 RLM-RS resources), how to reduce UE measurement complexity 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 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 this case, however, the IS/OOS evaluation period should also increase in order to make sure the number of measurement instance keep unchanged. Otherwise, the evaluation performance will reduce due to the reduction of number of measurement instance within the evaluation period. Then, the time interval between two successive IS/OOS indication has to increase accordingly. Unfortunately, it will delay the radio link failure declaration in higher layer. Therefore, the parameters such as N310 and 311 should decrease to start the timer in time. Fig 1 illustrates an example of radio link monitoring on different number of configured RLM-RS resource. 


[image: image1.emf]1

1

2

1

2

3

4

Evaluation period

Evaluation period

Evaluation period

4 instancne

4 instancne

4 instancne

RS period

OOS

RLM-RS resource

Declare RLF


Fig 1 an example of radio link monitoring on different number of configured RLM-RS resource
Proposal 4: UE measurement complexity should be taken into account into the radio link monitoring design in NR, especially when more RLM-RS resources are configured for RLM, e.g. increase RLM-RS period and measurement period. 
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, 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. In this case, BM result should also influence the CSI-RS resource for RLM as discussed above. 

Proposal 5: 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, how to evaluate the link quality should be further study.

As 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. 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 6: The RLM or IS/OOS triggering mechanism should avoid OOS if the beam failure can be recovered in time.
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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

It is agreed that beam failure is declared only when all serving control channels fail. It means RS for beam failure detection should represent control channel quality, which is the same as RLM. Furthermore, it is likely that RS for beam failure detection should be periodically transmitted. Therefore, RLM RS and RS for beam failure detection can be shared, especially in multi-beam operation. In addition, when beam failure is declared, it is likely that OOS should be indicated to higher layers due to the fact that UE cannot receive PDCCH any more in this case. It will bring more difficulty for the threshold design for beam failure detection and RLM, if different RS is used. Therefore, the same RS should be used for beam failure detection and RLM. In RAN1 #90b, only hypothetical PDCCH BLER is agreed as the working assumption of beam failure detection. So the only difference is that beam failure detection is a physical layer procedure which can be fast recovered at physical layer, while RLM is used to identity a long period of problem in radio link quality which will result in RLF declared by RRC layer and re-establishment of RRC connection. Therefore, beam failure detection and evaluation of radio link quality can share a common framework from perspective of physical layer. Beam failure monitoring (BLM) evaluation period should be much shorter than RLM evaluation period in the case of multi-beam operation as shown in Fig 4.
Proposal 7: Beam failure detection and evaluation of radio link quality can share the same RS and a common framework from perspective of physical layer. 
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Fig 4 illustration of NR RLM in the case of multi-beam operation

It is agreed that Rel-15 does not support dedicated resource for the purpose of interference and noise measurement for RLM. In our companion contribution [3], we prefer the same resource for the signal and interference plus noise measurement for SINR. In addition, CSI-RS has a great flexibility and can be placed in PDCCH region such that it can reflect the interference of PDCCH exactly. Therefore, RLM-RS should also be used for IN measurement for RLM.

Proposal 8: RLM-RS should also be used for IN measurement for RLM.
3 Conclusions
In this contribution, RLM/RLF issues are discussed and we have following observations and proposals:
Proposal 1: The configured RLM-RS resources should correspond to the serving beams for UE.

Proposal 2: The maximum number of configured RLM-RS resource should be different for different frequency range, i.e.

· 2 for frequency range up to 3GHz.

· 4 for frequency range from 3GHz to 6Hz

· 8 for frequency range from 6GHz to 52.6GHz

Proposal 3: SS block used for RLM should be indicated based on actual transmitted SS blocks via bitmap.
Proposal 4: UE measurement complexity should be taken into account into the radio link monitoring design in NR, especially when more RLM-RS resources are configured for RLM, e.g. increase RLM-RS period and measurement period.
Proposal 5: BM result can influence the RLM-RS resource for RLM.
Proposal 6: The RLM or IS/OOS triggering mechanism should avoid OOS if the beam failure can be recovered in time.

Proposal 7: Beam failure detection and evaluation of radio link quality can share the same RS and a common framework from perspective of physical layer. 
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