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1. Introduction

During previous RAN1 meetings, the following agreements were reached on NR RLM.
Agreements(RAN1#90)
· NR supports RLM on PCell and PSCell only
· For RLM, NR supports to configure a single type of RS for a CORESET for a UE at a time

· FFS on interference measurement resource for each RS type
· Signal and interference measurements for a given CORESET may be performed by using same RX beam
Agreements: (RAN1#90)
· Hypothetical PDCCH BLER is used as the metric for determining IS/OOS conditions for both SS/PBCH block based and CSI-RS based RLM
· UE assumes same antenna port between hypothetical PDCCH and RS used for RLM
· FFS: UE assumes QCL relationship between PDCCH transmitted in a CORESET and RS configured for the CORESET with respect to spatial, average gain, delay and Doppler parameters
Agreements: (RAN1#90)
· NR supports to configure X RLM-RS resource(s)

· One RLM-RS resource can be either one SS/PBCH block or one CSI-RS resource/port

· The RLM-RS resources are UE-specifically configured at least in case of CSI-RS based RLM

· FFS: how to configure RLM-RS resources in case of SS/PBCH block based RLM

· FFS: whether/which the default RLM-RS resource(s) is defined

· FFS: whether configured RLM-RS resource(s) and RS(s) used for beam failure detection are same or different set

· FFS: in case of CSI-RS based RLM, which CSI-RS is used, beam management CSI-RS or L3 mobility CSI-RS

· FFS: if/how to configure interference measurement resource for RLM
· The symbols used for interference measurement can be same or different from the symbol from RLM-RS resource(s)
Agreements: (RAN1 NR AH#3)
· When UE is configured to perform RLM on one or multiple RLM-RS resource(s),

· Periodic IS is indicated if the estimated link quality corresponding to hypothetical PDCCH BLER based on at least Y=1 RLM-RS resource among all configured X RLM-RS resource(s) is above Q_in threshold
· FFS the interference measurement resource related to the estimated link quality crresponding to the hypothetical PDCCH BLER
In this contribution, we mainly discuss the  necessity of interference measurement resource for RLM and how to configure interference measurement resource for RLM. This contribution is resubmission of R1-1715679.
2. Discussion  
In NR, it has been agreed that both SS block and CSI-RS can be used as RLM measurement reference signal. And it was also agreed that hypothetical PDCCH BLER is used as the metric for determining IS/OOS conditions for both SS/PBCH block based and CSI-RS based RLM and UE assumes same antenna port between hypothetical PDCCH and RS used for RLM.
For the SINR metric to derive the hypothetical PDCCH BLER, the signal part can be measured on the RLM measurement reference signal, but for interference measurement, both SS block and CSI-RS may not experience the same interference as that of PDCCH. For example, SS block are transmitted in the PDSCH region and the interference on SS block are usually from the SS block or PDSCH transmitted from neighboring cells. CSI-RS is also transmitted in PDSCH region, and the interference on CSI-RS are usually from the CSI-RS or PDSCH transmitted from neighboring cells. Note that for each cell, the load of PDCCH CORSET and the load of PDSCH region may have large difference depending on the actural scheduling. Therefore, it is proposed to configure dedicated interference measurement resource for RLM measurement.
Proposal 1:  It is proposed to configure dedicated interference measurement resource for RLM measurement.
For the interferrence measurement resource, there are several options can be considered:
· Option 1: NZP CSI-RS resource in PDCCH symbol

· Option 2: ZP CSI-RS resource in PDCCH symbol
· Option 3: Blank PDCCH resource 
For option 1 and option 2, both resource type can be used to measure the interference of PDCCH symbols. However, whether CSI-RS can be transmitted in PDCCH symbols is still discussed in the agenda item of CSI-RS design in MIMO session. In our view, NZP and ZP CSI-RS in PDCCH symbols may affect the PDCCH performance.For example, some PDCCH REs in some REG of PDCCH shall be punctured for  NZP and ZP CSI-RS if these REs collide with CSI-RS REs. Even if NZP/ZP CSI-RS  is configured to be FDMed with the PDCCH CORSETs that one UE monitor, there may be other UEs’ CORSET besides the UE’s CORSET, the effect on other UE’s PDCCH still exsits.

Alternatively, blank PDCCH resource in option 3 can be considered. One blank PDCCH resource can be one PDCCH candidate or an additional PDCCH CORSET for the UE. On the blank PDCCH resource, there is no signal transmitted by the serving cell or one pre-defined PDCCH with know DCI payload can be transmitted which can serve as the interference measurement RS. Blank PDCCH resource from different cells shall be different(e.g., TDMed or FDMed) in order to capture the interference from neighboring cells. Note that UE doesn’t need to monitor PDCCH in the blank PDCCH resource thus there is no effect on the UE’s PDCCH monitoring behaviour.

There are abvious advantages for this option, by properly configuring the blank PDCCH resource, blank PDCCH resource  can aviod the collision with normal PDCCH(resource), there is no effect on the normal PDCCH transmission.  Blank PDCCH resource can be configured within or adjacent to (e.g., FDMed with) the normal PDCCH CORSET, therefore, the interferrence measured on blank PDCCH resource would be well consistent with the interferrence on PDCCH.
Proposal 2: Blank PDCCH resource is proposed as the interferrence measurement resource for RLM.

3. Conclusions
In this contribution, we discussed the interferrence measurement resource for RLM,based on the discussion, we have the following proposals: 
Proposal 1:  It is proposed to configure dedicated interference measurement resource for RLM measurement.
Proposal 2: Blank PDCCH resource is proposed as the interferrence measurement resource for RLM.

