Page 1
3GPP TSG RAN WG1 Meeting #91																R1-1721377
Reno, Nevada, USA, November 27th — December 1st, 2017

Source: 	Intel Corporation 
Title:	Summary of Thursday offline discussion for NR Radio Link Monitoring
Agenda item:	7.1.5.2
Document for:	Discussion and Decision

1. Introduction
This contribution tries to summaries Thursday’s offline discussion on the NR RLM topic during RAN1 #91.

2.  Summary of Offline Discussions

2.1 Interference/Noise Measurement Resources for RLM
There are many diverse view on the interference and noise measurement resources for RLM and how UE should perform RLM measurements. The following are list of proposals that we may need to further discuss and down select from.
Down-Select from the list of options, if agreement cannot be made, then there is no consensus to define any description on interference/noise measurement resources for RLM.
Interference/Noise measurement resource CSI-RS based RLM
· Option 1) RLM-RS resources: ZTE, Huawei, Nokia, [Qualcomm]
· Concerns raised: I/N measurement does not reflect load (it measures data load)

· Option 2) 1st OFDM symbols of RLM-RS slot: Vivo, OPPO
· Concerns raised: signal power component is captured as part of I/N measurement and result in inaccurate measurements

· Option 3) DMRS REs within a CORESET: LGE, Samsung
· Samsung: RMSI CORESET
· Concerns raised: increase in complexity
· Objected by: Qualcomm, Intel

· [bookmark: _GoBack]Option 4) The IMR definition used for SS-SINR/CSI-SINR is reused for interference/noise measurement for RLM: NTT Docomo

· Option 5) No explicit resources are defined for Interference and noise Measurement Resource (IMR) for RLM, and it is up to UE implementation on how interference and noise measurement can be performed. The UE may perform interference measurements on any resource with a known signal, i.e., a known reference signal, a transmission the UE can decode, or a resource element the UE knows is empty: Ericsson, Intel, Qualcomm


Interference/Noise measurement resource SS/PBCH block based RLM
· Option 1) RLM-RS resources: ZTE, Huawei, Nokia, [Qualcomm]
· Concerns raised: I/N measurement does not reflect load (as it can potentially only measure SS/PBCH of neighbor cells)
· Objected by: Vivo

· Option 2) 1st OFDM symbols of RLM-RS slot: Vivo, OPPO
· Concerns raised: signal power component is captured as part of I/N measurement and result in inaccurate measurements

· Option 3) DMRS REs within a CORESET: LGE, Samsung
· Concerns raised: increase in complexity
· Objected by: Qualcomm, Intel

· Option 4) The IMR definition used for SS-SINR/CSI-SINR is reused for interference/noise measurement for RLM: NTT Docomo

· Option 5) No explicit resources are defined for Interference and noise Measurement Resource (IMR) for RLM, and it is up to UE implementation on how interference and noise measurement can be performed. The UE may perform interference measurements on any resource with a known signal, i.e., a known reference signal, a transmission the UE can decode, or a resource element the UE knows is empty: Ericsson, Intel, Qualcomm 
· Concerns raised: RAN4 may have problems defining a test requirements
· Objected by: Vivo
· Vivo has commented that they may be willing to accept this proposal if RAN4 requirements are not made with UEs performing interference/noise measurement using SS/PBCH block resources, or if specification states that SS/PBCH block resources are excluded from interference/noise measurement.

It was commented that for option 5, RAN1 could make recommendation to RAN4 on what resource should be used for I/N measurements. It will be up to RAN4 determine the requirements.

Additional proposal for discussion if option 3 is supported:
· DM-RS REs within CORESET are reserved and not used for transmission of other channels


2.3 RLM-RS default configuration
In RAN1 AH#3, it was agreed that there would be no default RLM-RS configuration (see agreement below). One company has suggested that an implicit configuration of RLM-RS could be supported prior to RRC (re)configuration.
	Agreements:
· RLM-RS is undefined until explicitly/implicitly configured.
· Note: This implies that the network needs to configure the RLM-RS for UE to perform RLM



Following proposal was made:
· Adopt in the specification use of the implicit configuration of RLM-RS (prior to RRC configuration) based on the selected downlink RS for Msg#1 transmission in initial access and for which UE assumes to be QCL with Msg#2/4.

Suggested Conclusion:
· RAN1 has agreed to not support default configuration of RLM-RS. Therefore, it is suggested to have no further discussion on the default configuration.


2.4 Rx Beam assumption for RLM measurements
One company has noted that Rx beam assumption for performing RLM measurement is missing and suggested that UE should use the same Rx beam to estimate the signal and noise/interference component. This methodology has been agreed to RSRQ and RS-SINR measurements, therefore is expected to be non-controversial. In RAN1 #90 the following agreement was made:
	Agreements:
· 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




Suggested conclusion:
· No further agreement is needed.


2.4 RLM measurement evaluation period
Number of companies have made proposals regarding the RLM measurement evaluation period. From the discussion moderator’s understanding RLM measurement evaluation period definition is currently being discussed in RAN4 and there are several RAN4 contributions to the next RAN4 meeting. RAN1 may need to discuss which working group is responsible for making agreements related to evaluation period. Therefore, it is suggested that RAN1 continue further discussion based on the following proposals.

Following proposals:
· NR should support longer OOS evaluation period than IS evaluation period, to relax UE RLM complexity.
· The relationship of the RLM evaluation period with other configuration parameters such as the number of RLS-RSs can be decided by RAN4.
· Evaluation period for IS is shorter than that for OOS.
· There may be a need to adjust the evaluation period depending on the rate that UE can be assumed to be able to perform the monitoring of RLM-RS configured.
· The IS/OOS indications to higher layers are provided with the same period as the RLM-RS with the smallest period. The UE provides the indications based on all the signals received during the latest evaluation period.

Suggested Conclusion:
· Evaluation period for RLM is up to RAN4. 
· No further discussion necessary in RAN1.


2.5 Antenna Port relation between RLM-RS and hypothetical PDCCH (Issue not in any of the submitted contribution)
In RAN1 #90 and #90bis, we have made agreements on the antenna port relation between RLM-RS and the hypothetical PDCCH.
Agreement from RAN1 #90, 
	Agreements:
· 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




Agreement from RAN #90bis
	Agreements:
· For guidance for RAN4 testing & requirement purposes:
· UE may assume that configured RLM-RS and the “hypothetical” DMRS of the “hypothetical” PDCCH for RLM has QCL relationship with respect to spatial, average gain, delay and Doppler parameters.




Both agreements were discussed in RAN4 and caused confusion among companies in RAN4. Additionally, based on discussion in RAN4, an editor’s note was placed to 38.133 that stated “Editor’s note: Depending on RAN1’s agreements, the antenna ports for RLM-RS and hypothetical PDCCH for RLM will be specified”.

Suggested Conclusion:
· Antenna port mapping is much stronger connection then QCL relationship, and will aid UE to determine the hypothetical PDCCH BLER accurately. 
· RAN1 re-confirms “UE assumes same antenna port between hypothetical PDCCH and RLM-RS”
· Send an LS to RAN4 to request to capture this as part of RLM in 38.133.



2.6 Discussion on which parameters for CSI-RS not used for RLM
RLM CSI-RS configuration currently entirely re-uses general CSI-RS framework. Some parameters are not relevant for RLM and RAN1. This is to identify which parameters are not applicable for RLM.  

Suggested conclusion:
· Agree on the following applicability of CSI-RS configuration fields for RLM
· This agreement does not have any RRC impact.

	Parameter Name
	Description
	Value
	Note
	Applicable for RLM-CSI-RS

	
QCL-Info-CSI-RS
	For a target aperiodic or periodic CSI-RS, contains a reference to one TCI-RS-SetConfig in TCI-States for providing the QCL source. For periodic CSI-RS, the source can be SSB or another periodic-CSI-RS. For aperiodic, the source can be SSB, semi-persistent CSI-RS, or periodic-CSI-RS.
	ID of one TCI-RS-SetConfig in TCI-States containing either a CSI-RS ID or an SSB ID
	 
	NO

	CDMType
	Includes parameters to capture CDM value (1, 2, 4, or 8), CDM pattern (freq only, time and freq, time only)
	No CDM, FD-CDM2, CDM4(FD2,TD2), CDM8(FD2,TD4
	Contained in NZP-CSI-RS-ResourceConfig
	YES

	CDMType
	Includes parameters to capture CDM value (1, 2, 4, or 8), CDM pattern (freq only, time and freq, time only)
	 
	Contained in NZP-CSI-RS-ResourceConfig
	YES

	CSI-IM-RE-pattern
	The resource element pattern for the CSI-IM resource
	(2,2) or (4,1)
	Contained in CSI-IM-ResourceConfig
	NO

	CSI-IM-Resource
	CSI-IM resource configuration
	 
	 
	NO

	CSI-IM-ResourceId
	CSI-IM resource ID
	0 .. CSI-IM-ResourceMax  - 1
	Contained in CSI-IM-ResourceConfig
	NO

	CSI-IM-timeConfig
	Contains periodicity and slot offset for periodic/semi-persistent CSI-IM
	Periodicity: {5, 10, 20, 40, 80, 160, 320, 640} slots 
Slot offset: For CSI-IM periodicity P, the supported offsets are 0…P-1
	Contained in CSI-IM-ResourceConfig
	NO

	CSI-IM-FreqBand
	Includes parameters to enbale configuration of frequency-occupancy of CSI-IM
	 
	Contained in CSI-IM-ResourceConfig
	NO

	CSI-IM-ResourceMapping
	Include parameters to capture OFDM symbol and subcarrier occupancy of the CSI-IM resource within a slot
	symbol locations: [0..13]
subcarrier locations: [0..9]
	Contained in CSI-IM-ResourceConfig
	NO

	CSI-RS-Density
	Density of CSI-RS resource measured in RE/port/PRB
For density = 1/2, includes 1 bit indication for RB level comb offset indicating  whether odd or even PRBs are occupied by CSI-RS
	{1/2, 1, 3} for X = 1
{1/2, 1} for X = {2, 16, 24, 32}
{1} for X = {4, 8, 12}
Comb offset = 0 ==> even RBs
Comb offset = 1 ==> odd RBs
Note: Other densities and restriction based on functionality can be added later if agreed
	Contained in NZP-CSI-RS-ResourceConfig
	YES

	CSI-RS-FreqBand
	Includes parameters to enbale configuration of wideband and partial band CSI-RS
	Starting RB index in units of 4 RBs
Number of spanned RBs in units of 4 RBs
Minimum BW = min(24, BWP for data) RBs
	Contained in NZP-CSI-RS-ResourceConfig
	YES

	CSI-RS-ResourceMapping
	Include parameters to capture OFDM symbol location(s) in a slot and subcarrier occupancy in a PRB of the CSI-RS resource
FFS: how to configure CSI-RS in different slots for fine time/frequency tracking
	Starting subcarrier:
X = 1 port: no restriction
Y = 2: constrained to be one among even subcarriers in an RB
Y = 4: constrained to be one among subcarriers 0, 4, 8 in an RB

OFDM symbol locations:
{0,1,2,3,4,5,6,7,8,9,10,11,12,13}, where 2 is supported only when DL-DMRS-typeA-pos equals 3
	Contained in NZP-CSI-RS-ResourceConfig
	YES

	CSI-RS-timeConfig
	Contains periodicity and slot offset for periodic/semi-persistent CSI-RS
	Periodicity: {5, 10, 20, 40, 80, 160, 320, 640} slots
Slot offset: For CSI-RS periodicity P, the supported offsets are 0…P-1
	Contained in NZP-CSI-RS-ResourceConfig
	YES


	NrofPorts
	Number of ports
	1,2,4,8,12,16,24,32
	Contained in NZP-CSI-RS-ResourceConfig
	YES
(RAN1 agreed to support only 1 for RLM)

	NZP-CSI-RS-ResourceConfig
	NZP CSI-RS resource configuration
	 
	 
	YES

	NZP-CSI-RS-ResourceConfigId
	NZP-CSI-RS resource configuration ID
	0 ..  NZP-CSI-RS-ResourceMax  - 1
	Contained in NZP-CSI-RS-ResourceConfig
	YES

	Pc
	Power offset of NZP CSI-RS RE to PDSCH RE
	[-8 ...15] dB with step size of 1 dB
	Contained in NZP-CSI-RS-ResourceConfig
	NO

	Pc_SS
	Power offset of NZP CSI-RS RE to SS RE
Note: This parameter is optional
	[-3 .. 6] dB with step size of 3dB
	Contained in NZP-CSI-RS-ResourceConfig
	NO

	ResourceConfigType
	Time domain behavior of resource configuration
	aperiodic, semi-persistent, or periodic
	Contained in ResourceConfig
	YES
(RAN1 agreed to only support periodic)

	ScramblingID
	Scambling ID
	10 bits
	Contained in NZP-CSI-RS-ResourceConfig
	YES

	CSI-IM-timeConfig
	Contains periodicity and slot offset for periodic/semi-persistent CSI-IM
	Periodicity: {5, 10, 20, 40, 80, 160, 320, 640} slots 
Slot offset: For CSI-IM periodicity P, the supported offsets are 0…P-1
	Contained in CSI-IM-ResourceConfig
	NO

	ZP-CSI-RS-ResourceConfig
	ZP CSI-RS resource configuration
	 
	 
	NO

	ZP-CSI-RS-ResourceConfigId
	ZP CSI-RS resource configuration ID
	0 ..  ZP-CSI-RS-ResourceMax  - 1
	Contained in ZP-CSI-RS-ResourceConfig
	NO

	ZP-CSI-RS-ResourceMapping
	Include parameters to capture OFDM symbol and subcarrier occupancy of the ZP-CSI-RS resource within a slot
	 
	Contained in ZP-CSI-RS-ResourceConfig
	NO

	ZP-CSI-RS-timeConfig
	Contains periodicity and slot offset for periodic/semi-persistent ZP-CSI-RS
	 
	Contained in ZP-CSI-RS-ResourceConfig
	NO

	ZP-CSI-RS-FreqBand
	Includes parameters to enbale configuration of frequency-occupancy of ZP-CSI)RS
	 
	Contained in ZP-CSI-RS-ResourceConfig
	NO

	ZP-CSI-RS-RE-pattern
	The resource element pattern for the ZP-CSI-RS resource
	 
	Contained in ZP-CSI-RS-ResourceConfig
	NO

	ZP-CSI-RS-Density
	Density of ZP-CSI-RS resource measured in RE/port/PRB
	 
	Contained in ZP-CSI-RS-ResourceConfig
	NO



2.7 Relationship between RLM and Beam Management
A number of companies have noted that there is similarity between beam failure detection (BFD) in beam management (BM) and RLM measurement and IS/OOS declaration. The discussion and proposal can be categorized in to two groups, (i) aperiodic IS/OOS reporting based on BM, and (ii) RLM-RS updates based on BM.

Continue discussion on the following proposal on aperiodic IS/OOS triggering mechanism:
· The RLM or IS/OOS triggering mechanism should avoid OOS if the beam failure can be recovered in time.
· The use of aperiodic out-of-sync and in-sync indications based on beam failure recovery procedure should be further considered to assist the RLF procedure.
· The use of aperiodic out-of-sync indications based on a beam failure recovery procedure (using the same or different RS as used for RLM) to assist the RLF procedure should be configurable for a UE.

Continue discussion on the following proposal on relationship between RLM and BFD:
· BM result can influence the RLM-RS resource for RLM
· The configured RLM-RS resource(s) and RS(s) used for beam failure detection (BFD-RS) should be the same set.
· In case of CSI-RS based RLM, the RLM-RS resources should be based on the set of CSI-RS configured for beam management.
· RLM-RS resources are reused as RSs for new candidate beam identification during beam recovery procedure
· When network configures the association between beam management reference signal and PDCCH DMRS, it indicates if the corresponding beam management reference signal (e.g. SS Block / CSI-RS) is to be used also for radio link monitoring. Indication may be configured to be implicit or explicit.
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