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1 Introduction
In RAN2#109-e [1], one following issue still need to be discussed in RAN2: 
· FFS: the implicit BFD-RS configuration for dormant BWP is supported or not.
And RAN1 provided their reply LS in [5], with related Q6 copied below:

Q6:RAN2 respectfully ask RAN1 is it feasible to support the implicit configuration of the beam failure detection RS for dormant BWP?

Implicit configuration for beam failure detection RS in dormant BWP could be supported if tci-StatesPDCCH-ToAddList or equivalent configuration is provided for a dormant BWP. 
In this contribution, we provide our view on this FFS.
2 Discussion  
2.1 Background of implicit BFD-RS configuration
In NR Rel-15, it was first agreed that up to 8 RS (in FR2) can be explictly configured for UE to perform BFD. However, up to 64 SSB (in FR2) can be configured, which is illurtrated below.  
	
	f <3GHz
	3GH< f <6GHz
	f>6GHz

	Max RS number explicitly configured for BFD
	2
	4
	8

	Max number of SSB 
	4
	8
	64


                  Table 1: Max RS number for BFD and max number of SSB

Thus, in each frequency range (i.e. sub3, sub3-sub6 and FR2), there is always a gap between maximum RS number explcitly configued for BFD and maximum number of SSB, and this gap is up to 56 SSB in FR2. 
Observation 1: In each frequency range (i.e. sub3, sub3-sub6 and FR2), there is always a gap between maximum RS number explicitly configured for BFD and maximum number of SSB, and this gap is up to 56 SSB in FR2.
This big gap caused one issue (especially in FR2): when the UE is moving, NW has to frequently reconfigure BFR-RS to avoid unnecessary BFR trigger caused by the beam mismatch of the RRC configured BFD-RS even if UE is still in cell coverage. It may cause significant RRC signaling overhead and unnecessay BFR triggered if NW has no timely feedback from UE. 

Observation 2: Explicit BFD-RS configuration caused one issue (especially in FR2): when the UE is moving, NW has to frequently reconfigure BFR-RS via RRC to avoid unnecessary BFR trigger caused by coverage hole of the spatial BFD-RS even if UE is still in cell coverage. It may bring significant RRC signalling overhead and unnecessary BFR triggered if NW has no timely feedback from UE. 

To resolve this issue, RAN1 and RAN2 [2] agreed implicit BFD-RS, i.e. when BFD-RS is not explictly configured in RRC, the UE can perform BFD based on the activated TCI-State for PDCCH. And the activated TCI-State of PDCCH can be changed via CORESET TCI MAC-CE specified in TS 38.321 [3].

	Agreements (RAN2#101)
1
Introduce one list of RSs and indicate for each whether it is used for beam- and/or cell-RLM. 

1a
If no RSs are provided for Beam-Monitoring, the UE performs Beam-Monitoring based on the TCI-State for PDCCH (as agreed by RAN1)
2
If no RSs are provided in this list at all (neither for Cell- nor for Beam-RLM), the UE performs Cell-RLM based on TCI-State of PDCCH
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Figure 1: CORESET TCI MAC-CE
Observation 3: To resolve the issue of explicit BFD-RS, implicit BFD-RS was introduced: UE can perform BFD based on the activated TCI-State for PDCCH, which can be changed via L2 signalling (i.e. CORESET TCI MAC-CE).

2.2 Issues of implicit BFD-RS in dormant BWP
For dormant BWP, RAN2 agreed that the UE will not monitor the PDCCH, and it can be achieved by absence of PDCCH-Config IE in RAN2#108 [4]:

· R2 confirm that The dormant BWP is not configured with PDCCH monitoring, this is done by the IE pdcch-Config being absent in the BWP configuration. 
However, the list of TCI-state ID for one CORESET is configured in PDCCH-Config:

PDCCH-Config ::=                    SEQUENCE {

    controlResourceSetToAddModList      SEQUENCE(SIZE (1..3)) OF ControlResourceSet                 OPTIONAL,   -- Need N

    controlResourceSetToReleaseList     SEQUENCE(SIZE (1..3)) OF ControlResourceSetId               OPTIONAL,   -- Need N
    searchSpacesToAddModList            SEQUENCE(SIZE (1..10)) OF SearchSpace                       OPTIONAL,   -- Need N

    searchSpacesToReleaseList           SEQUENCE(SIZE (1..10)) OF SearchSpaceId                     OPTIONAL,   -- Need N

    downlinkPreemption                  SetupRelease { DownlinkPreemption }                         OPTIONAL,   -- Need M

    tpc-PUSCH                           SetupRelease { PUSCH-TPC-CommandConfig }                    OPTIONAL,   -- Need M

    tpc-PUCCH                           SetupRelease { PUCCH-TPC-CommandConfig }                    OPTIONAL,   -- Need M

    tpc-SRS                             SetupRelease { SRS-TPC-CommandConfig}                       OPTIONAL,   -- Need M

    ...

}
::=              SEQUENCE {

    controlResourceSetId                ControlResourceSetId,

    frequencyDomainResources            BIT STRING (SIZE (45)),

    duration                            INTEGER (1..maxCoReSetDuration),

    cce-REG-MappingType                 CHOICE {

        interleaved                         SEQUENCE {

            reg-BundleSize                      ENUMERATED {n2, n3, n6},

            interleaverSize                     ENUMERATED {n2, n3, n6},

            shiftIndex                          INTEGER(0..maxNrofPhysicalResourceBlocks-1)       OPTIONAL -- Need S

        },

        nonInterleaved                      NULL
    },

    precoderGranularity                 ENUMERATED {sameAsREG-bundle, allContiguousRBs},

    tci-StatesPDCCH-ToAddList           SEQUENCE(SIZE (1..maxNrofTCI-StatesPDCCH)) OF TCI-StateId OPTIONAL, -- Cond NotSIB1-initialBWP

    tci-StatesPDCCH-ToReleaseList       SEQUENCE(SIZE (1..maxNrofTCI-StatesPDCCH)) OF TCI-StateId OPTIONAL, -- Cond NotSIB1-initialBWP
    tci-PresentInDCI                        ENUMERATED {enabled}                                  OPTIONAL, -- Need S
    pdcch-DMRS-ScramblingID                 INTEGER (0..65535)                                    OPTIONAL, -- Need S

    ...

}

it means that the UE can’t obtain TCI-State ID list included in PDCCH-Config IE, and thereby NW may not be able to change the activated TCI-State of PDCCH in dormant BWP via MAC-CE. 
Observation 4: RAN2 agreed that PDCCH-Config IE is absent in dormant BWP. It means that the UE can’t obtain TCI-State ID list included in PDCCH-Config IE, and thereby NW may not be able to change the activated TCI-State of PDCCH in dormant BWP via MAC-CE, i.e. implicit BFD-RS can’t work
This issue was discussed in RAN2#109-e [1] but can’t concluded. We think it is necessary to support implicit BFD-RS because beam may change quickly and explicit reconfiguration of BFD-RS via RRC will cause significant signalling overhead, i.e. NW may need to frequently send RRC message to reconfigure BFD-RS as indicated in Observation 2. Otherwise, the UE may not normally perform beam management in dormant BWP. And it may require the NW to send another CORESET TCI MAC-CE after the UE is switched to non-dormant BWP, which will reduce the latency benefit of dormant BWP in FR2.    
Observation 5: If implicit BFD-RS can’t work in dormant BWP, the UE may have to wait another CORESET TCI MAC-CE after the UE is switched to non-dormant BWP. 
Meanwhile, RAN1’s response on implicit BFD-RS support is in Q6 of [2]:

Q6:RAN2 respectfully ask RAN1 is it feasible to support the implicit configuration of the beam failure detection RS for dormant BWP?

Implicit configuration for beam failure detection RS in dormant BWP could be supported if tci-StatesPDCCH-ToAddList or equivalent configuration is provided for a dormant BWP.
As we see, RAN1 is positive on support of implicit BFD-RS, athough they didn’t achieve consensus on solution to support it in dormant BWP
Observation 6: RAN1 reply LS is positive on support of implicit BFD-RS, although they didn’t achieve consensus on solution to support it in dormant BWP
Thus, we propose:

Proposal 1: Support implicit BFD-RS configuration in dormant BWP in Rel-16.
2.3 Solution
To resolve the issue, we think the simplest way is to revert previous RAN2 agreement, i.e. to allow PDCCH-Config in dormant BWP. Specifically, we have the following two ways:
Alt-1: Only tci-StatesPDCCH-ToAddList is applied for the dormant BWP and ignore other configurations in PDCCH-config. 
Alt-2: No search space is configured in PDCCH-Config of dormant BWP, so that the UE doesn’t monitor PDCCH in dormant BWP but can apply tci-StatesPDCCH-ToAddList included in ControlResourceSet.

Between them, we prefer Alt-2 because of the following analysis:

· Alt-1: 

· It will introduce a new UE requirement to ignore some NW configured IEs, which is generally not preferred 

· It is not clear whether other TCI related IE needs to be ignored by the UE (e.g. tci-PresentInDCI). Note that these new MIMO related IEs are always coming in almost each release according to LTE specification experience.

· Alt-2: 

· It will bring much less spec impact in RRC: we only need to clarify that searchSpacesToAddModList is absent or NW only indicates controlResourceSetToAddMod/ReleaseList in dormant BWP. For example: the below change is enough:

–
PDCCH-Config
The IE PDCCH-Config is used to configure UE specific PDCCH parameters such as control resource sets (CORESET), search spaces and additional parameters for acquiring the PDCCH. If this IE is used for the scheduled cell in case of cross carrier scheduling, the fields other than searchSpacesToAddModList and searchSpacesToReleaseList are absent. The Network only configures the fields of controlResourceSetToAddModList and controlResourceSetToReleaseList in dormant BWP.
· NW can still configure TCI related (existing and future) IEs in its CORESET, which is forward combability. 
Thus, we propose RAN2 to adopt Alt-2. 
Proposal 2: RAN2 revert previous agreement to allow PDCCH-config IE can be configured for the dormant BWP with the restriction that only controlResourceSetToAddModList and controlResourceSetToReleaseList can be configured

Note that we have provided RRC TP in appendix2/4 of RAN2 contribution [6]. Thus, we propose to adopt the related part in the TP. 
3 Summary
In the contribution, we discuss remaining issues of dormant BWP. We propose:  

Observation 1: In each frequency range (i.e. sub3, sub3-sub6 and FR2), there is always a gap between maximum RS number explicitly configured for BFD and maximum number of SSB, and this gap is up to 56 SSB in FR2.
Observation 2: Explicit BFD-RS configuration caused one issue (especially in FR2): when the UE is moving, NW has to frequently reconfigure BFR-RS via RRC to avoid unnecessary BFR trigger caused by coverage hole of the spatial BFD-RS even if UE is still in cell coverage. It may bring significant RRC signalling overhead and unnecessary BFR triggered if NW has no timely feedback from UE. 

Observation 3: To resolve the issue of explicit BFD-RS, implicit BFD-RS was introduced: UE can perform BFD based on the activated TCI-State for PDCCH, which can be changed via L2 signalling (i.e. CORESET TCI MAC-CE).

Observation 4: RAN2 agreed that PDCCH-Config IE is absent in dormant BWP. It means that the UE can’t obtain TCI-State ID list included in PDCCH-Config IE, and thereby NW may not be able to change the activated TCI-State of PDCCH in dormant BWP via MAC-CE, i.e. implicit BFD-RS can’t work
Observation 5: If implicit BFD-RS can’t work in dormant BWP, the UE may have to wait another CORESET TCI MAC-CE after the UE is switched to non-dormant BWP. 

Observation 6: RAN1 reply LS is positive on support of implicit BFD-RS, although they didn’t achieve consensus on solution to support it in dormant BWP
Proposal 1: Support implicit BFD-RS configuration in dormant BWP in Rel-16
Proposal 2: RAN2 revert previous agreement to allow PDCCH-config IE can be configured for the dormant BWP with the restriction that only controlResourceSetToAddModList and controlResourceSetToReleaseList can be configured
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