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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#89 meeting, which are highly related to RLM/RLF [1]
	· To receive gNB response for beam failure recovery request, a UE monitors NR PDCCH with the assumption that the corresponding PDCCH DM-RS is spatial QCL’ed with RS of the UE-identified candidate beam(s)
· FFS whether the candidate beam(s) is identified from a preconfigured set or not
· Detection of a gNB’s response for beam failure recovery request during a time window is supported

· FFS the time window is configured or pre-determined

· FFS the number of monitoring occasions within the time window

· FFS the size/location of the time window

· If there is no response detected within the window, the UE may perform re-tx of the request

· FFS details

· If not detected after a certain number of transmission(s), UE notifies higher layer entities

· FFS the number of transmission(s) or possibly further in combination with or solely determined by a timer 


Moreover, we also have some important agreements on RLM/RLF in RAN1 #AH2 [3], i.e.
	Agreements:
· The RS used for RLM should have following properties 

· Periodic transmission with short enough periodicity

· Wideband transmission relative to bandwidth of active bandwidth part

· Supporting both single beam and multi-beam operations

· Representing control channel quality

· Both CSI-RS based RLM and SS block based RLM are supported

· FFS: whether or not only a single type of RS is configured to UE for RLM at a time

Agreements:
· NR should strive to provide aperiodic indication(s) based on beam failure recovery procedure to assist radio link failure (RLF) procedure, if same RS is used for beam failure recovery and RLM procedures. 

· Example 1: aperiodic indication(s) based on beam failure recovery procedure can reset/stop T310

· RAN2 can decide specific procedure

· Example 2: aperiodic indication(s) based on failure of beam recovery procedure

· How to use aperiodic indication can be decided in RAN2

· FFS: aperiodic indication(s) based on beam failure recovery procedure to assist RLF procedure if different RS is used




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) whether IS/OOS indications for RLF should be provided per cell; (3) RS for RLM.
2 Discussion on evaluation of Radio Link Quality
It has been agreed that there should be an aperiodic indication sent to higher layers and used during RLF procedure if beam failure cannot be recovered. We believe that this indication should not impact this RLM performed in physical layer. How to involve this indication during RLF procedure is up to RAN2.

Observation 1: aperiodic indication should not impact RLM performed in physical layer. 
It has been agreed in RAN2 that physical layer should provide IS/OOS indication to higher layer just like LTE, then RRC can declare RLF based on the indication. Furthermore single procedure for both multi-beam and single beam operation is preferred by RAN2 [2].
In LTE, the downlink radio link quality is evaluated by the UE so that the physical layer in the UE can assess the radio link quality, i.e. compare the radio link quality with threshold (Qout and Qin) in every radio frame to indicate IS/OOS event to UE’s own higher layers. The IS and OOS events are triggered when radio link quality is above Qin and below Qout respectively. The radio link quality is evaluated over RLM evaluation period (i.e. the last X ms as defined in 36.133) by measuring CRS and deducing hypothetical PDCCH BLER. This procedure is so-called RLM with which the situation that network cannot keep in touch with UE through PDCCH will be discovered.
In NR, things are different from LTE due to the absence of CRS and the introduction of multi-beam operation, but the basic principles can still be reused by NR. Now, RAN1 is studying beam failure recovery mechanism for multi-beam operation. It has been agreed that at least periodic CSI-RS will be used as beam failure detection RS (BRS) for beam pair link monitoring (BLM). The failure of one beam pair link (BPL) will occur when the radio link quality of an associated control channel (e.g. NR-PDCCH) falls below a certain level. The radio link quality of the monitored BPL should be evaluated over a certain period (which is called BLM evaluation period in this contribution for description convenience) by measuring BRS.
It is also agreed in RAN1#89 that IS and OOS indications are also based on SINR-like metric which represents whether or not UE can receive PDCCH. So it can be seen that both RLM and BLM are based on the radio link quality of NR-PDCCH. The only difference is that BLM or beam failure recovery is a physical layer mechanism which enables fast recovery when BPL failure happens, 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, evaluation of BPL quality and evaluation of radio link quality can share a common framework from perspective of physical layer. BLM evaluation period should be much shorter than RLM evaluation period in the case of multi-beam operation as shown in Fig 1.
Proposal 1: evaluation of BPL quality and evaluation of radio link quality can share a common framework from perspective of physical layer.
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Fig 1 illustration of NR RLM in the case of multi-beam operation
Single beam operation can be regarded as a special case of multi-beam operation, i.e. BLM period is configured as long as RLM evaluation period and beam failure recovery mechanism is not applied, which is quite similar to LTE. Then we can have a common RLM or IS/OOS triggering mechanism for single beam operation and multi-beam operation.
Proposal 2: A common RLM or IS/OOS triggering mechanism is used for both single beam operation and multi-beam operation.
There may be one or several BPL(s) configured for beam failure monitoring. It is obvious that failure of the configured BPL should not necessarily result in RLF or OOS event thanks to beam failure recovery mechanism. Therefore, beam failure recovery and RLM should not work independently. NR should study the mechanism of radio link evaluation or IS/OOS triggering, which avoids OOS or RLF if the beam failure can be recovered in time.
Observation 2: RLM should take beam failure recovery into account.
An example is shown in Fig 2. At the beginning (i.e. t0), UE is configured to monitor BPL0 for beam failure detection and two BRSs are configured so that UE can measure BPL0 and BPL1. After BPL quality evaluation performed within BLM period from t1 to t2, failure of BPL0 is declared at time instant t2. UE starts beam failure recovery procedure and send beam failure recovery request (RR) to gNB with the identified new candidate beam (i.e. BPL1). At time instant t3, UE receives gNB’s RR response with the indication of new BPL1. Although UE will change the monitored BPL from BPL0 to BPL1 only after the time instant t3, it should use the measurement based on BRS1 to perform radio link evaluation from the beginning of BLM evaluation period (i.e. t1) during which failure of BPL0 is detected, so that the negative impact on radio link evaluation due to the failed BPL0 is avoided. 
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Fig 2 illustration of RLM in the case of RR response received before assessing radio link quality
Furthermore, identification of new candidate beam does not mean the failed beam is successfully recovered since if recovery request (RR) cannot be received by gNB or RR response cannot be received by UE, UE is still not able to work with new identified beam. Therefore, the measurement based on failed BPL should still be used for radio link evaluation if RR response is not received by UE before the time instant (i.e. t4) that radio link quality assessing is performed.
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Fig 3 illustration of RLM in the case of response NOT received before assessing radio link quality
Another example is shown in Fig 3. Although UE has the measurement based on BRS1 (corresponding to BPL1) and identify BPL1 as new candidate BPL after detecting the failure of BPL0, it still uses the measurement based on BRS0 to perform radio link quality evaluation after the time instant t1 since RR response with the indication of BPL1 is not received before assessing radio link quality. Then it is more likely that OOS event happens.
Proposal 3: The RLM or IS/OOS triggering mechanism should avoid OOS or RLF if the beam failure can be recovered in time.
According to above discussion, UE will perform evaluation of radio link quality with the measurements based on the RS(s) corresponding to the suitable BPL(s) in a cell (i.e. no matter the BPLs come from one TxRP or different TxRPs of the cell). As a consequence, the evaluation of radio link quality will reflect the radio link quality of one cell. Therefore, when it comes to the question “whether or not IS/OOS indications for RLF can be provided per cell”, we prefer that IS/OOS indications should be cell specific. 
Proposal 4: IS/OOS indications for RLF should be provided per cell.
3 RS for RLM
SS block has been agreed to be used for RLM in addition to CSI-RS in the last RAN1 meeting. Although the details of CSI-RS have not been concluded, the consensus is that the signal feature of CSI-RS could be different from SS block, e.g. Beam width and beam gain. If both SS and CSI-RS are configured to UE for RLM at a time, it is difficult to merge two signal qualities into a single IS/OOS due to the different signal feature. Therefore, the IS/OOS based on SS block or CSI-RS should be evaluated and indicated independently. In other words, independent IS/OOS based on SS block and CSI-RS should be indicated to the upper layer separately. It will increase power consumption and complexity for UE. We believe that it is not necessary to configure CSI-RS and SS at the same time for RLF/RLM. CSI-RS and SS usually correspond to PDCCH and PBCH respectively. If one cell is PDCCH limited, the CSI-RS can be configured for RLF/RLM, otherwise, SS can be used. 
If both CSI-RS and SS are configured for RLF/RLM, they should correspond to separate RLF procedure in high layer. Besides, although quality threshold can be carefully designed, it is inevitable that different IS/OOS status is obtained from SS and CSI-RS. For example, CSI-RS quality is below Qout but SS quality is above Qin. In this case, how to declare cell RLF based on the CSI-RS RLF procedure and SS RLF procedure is up to RAN2. 
Proposal 5: only single type of RS can be configured to UE for RLM at a time. 
As discussion above, RLM is influenced by beam failure recovery procedure. However, if different RS are used for beam failure recovery and RLM, e.g. RLM is based on SS block but beam monitoring is based on CSI-RS, it seems straightforward that beam failure recovery and RLM work independently, which is not our expectancy. Consequently, SS block also should be used for beam failure recovery and the same RS should be used for beam failure recovery and RLM.
Proposal 6: same RS should be used for beam failure recovery and RLM. 
4 Conclusions
In this contribution, RLM/RLF issues are discussed and we have following observations and proposals:
Observation 1: aperiodic indication should not impact RLM performed in physical layer.
Observation 2: beam failure recovery and RLM should not work independently.
Proposal 1: evaluation of BPL quality and evaluation of radio link quality can share a common framework from perspective of physical layer.
Proposal 2: A common RLM or IS/OOS triggering mechanism is used for both single beam operation and multi-beam operation.
Proposal 3: The RLM or IS/OOS triggering mechanism should avoid OOS or RLF if the beam failure can be recovered in time.
Proposal 4: IS/OOS indications for RLF should be provided per cell.
Proposal 5: only single type of RS can be configured to UE for RLM at a time.

Proposal 6: same RS should be used for beam failure recovery and RLM.
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