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1 Introduction

The basic operation of RLF in EN-DC is almost same as LTE induced from the agreements so far. Now we have to consider signaling aspects of RLF and RLM for NR RRC TS 38.331. 
2 RLM signaling in ASN.1 

Even though it is expected to have more complexity in system design when adopting CSI-RS as RLM-RS, currently RAN1 is considering CSI-RS as a RLM-RS. There are sub issues when two RS are assumed to be used for RLM as followings:
2.1 Issue: RLM-RS can have two types of component RS at the same time?

This issue should be first resolved in RAN1, as RAN1 agreements have self-contradicting agreements. 
<Table 1. From RAN1#90>

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
< Table 2. from RAN1#90b>
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.


- FFS: whether to have different number for sub 6 and above 6 GHz

Therefore, even though related IE for RS type indication (RLM-RS-type) is in R1-1716932 (L1 parameter set from RAN1), we don’t need to adopt this IE in RRC ASN.1 structure at the moment. 
Proposal 1. RLM-RS-type IE should be determined to be adopted in ASN.1 after RAN1 has clear conclusion on the support of simultaneous configuration of two component RS (CSI-RS and SSB).

2.2 Issue: RLM-RS configuration contents
Regardless of the availability on simultaneous configuration of two component RS for RLM-RS, RLM-RS configuration should have the resource configuration for those RS types. 
List of RLM-resource-config-SS, and List of RLM-resource-config-CSIRS (which are in R1-1716932 and email discussion result of [99bis#19][NR] L1 parameters in RRC (Ericsson)) are necessary for RS level configuration. 
Moreover Pair_of_BLER_ID seems to be necessary for required service and its corresponding RLM BLER threshold information by following RAN1 agreements. Since there still is not clear input on this parameter from RAN1, we could consider this IE as FFS for the time being.
< Table 3. from RAN1#90b>
Agreements:
- The IS/OOS threshold pair index to be used by a UE is explicitly indicated by RRC 


- IS/OOS threshold pair index corresponds to a specific IS/OOS threshold pair (to be defined by RAN4)

- FFS on default IS/OOS threshold pair index
Proposal 2. RLM configuration should have, at least, List of RLM-resource-config-SS, List of RLM-resource-config-CSIRS and Pair_of_BLER_ID is FFS.

2.3 Issue: RLM-RS configuration container 
There are three possible containers for RLM-RS configuration: CSI-MeasConfig, measConfig, and PcellConfig.
Even though RLM-RS has two types, it is better to keep one container for RLM-RS configuration for understandable specification. Based on the RAN1 agreement, RLM-RS based on CSI-RS can be separately configured from CSI-RS for BM as shown in the following agreement. And RLM-RS might have SSB as well as CSI-RS simultaneously in which case SSB should not be in CSI-RS configuration container. Finally, RLM-RS is rather mobility aspect than L1 CSI operation. So there is no need to signal CSI-RS for RLM using the CSI-MeasConfig IE. 
< Table 4 from RAN1#90b>
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.

For measConfig, this container is including measurement configuration for intra-, and inter-frequency mobility with the link between measurement object and report configuration. Since this container has CSI-RS and SSB configuration for measurement, it is natural to contain the CSI-RS and SSB together for RLM. RLM is not related to any report configuration, therefore the configuration of RLM-RS should be placed separately with measurement object, report config, and measurement IDs.

For PcellConfig, this container is for the configuration only per Pcell or Pscell, and is under cellGroupConfiguration. This container might be considered as one possible location since RLF timers and constants parameters are located in this container in LTE and TP from email discussion from Ericsson. If only SSB is RLM-RS, then there is no need to look into RS configuration container like measConfig or CSI-measConfig since SSB index can be obtained through PBCH reading. However, since RLM-RS could have CSI-RS, it is better to have RLM-RS in the same level of other CSI-RS configuration container such as measConfig. So PcellConfig can be considered less optimal than measConfig.  
Proposal 3. RLM configuration should be in measConfig container.

Proposal 4. RLM RS in measConfig should be separately configured with measurement object and report configuration.

From the Table 4., the framework for signaling CSI-RS for RLM would be the same one for signaling CSI-RS for BM in RAN1 perspective. However still CSI-RS signaling for BM and RRM are not clearly fixed in RAN1 and 2. According to which method is used for RLM-RS signaling between BM or RRM, there will be issue on signaling overhead in RAN2. Therefore, we had better postpone the detail design on RLM-RS signaling until the details of CSI-RS resource signaling for BM and RRM are made.

Proposal 5. Keep FFS on the detail design for RLM-RS based on CSI-RS signaling until that of CSI-RS signaling for BM and RRM are completed. 
3 RLF signaling in NR 

3.1 Issue: RLF timer value and time interval for indication generation 
Since the RLF timer value also should be designed for all the possible RS configuration, we need to calculate the possible RLF timer values by considering the measurement time window and time interval for generating one IS or OOS indication. Currently RAN4 is considering 5 or 20 for the number of samples to get estimate on one configured RLM-RS. And possible periodicity of SSB is 5, 10, 20, 40, 80, 160 ms from RAN1. Assume that only SSB is the RLM-RS. Then measurement time window (A) is periodicity multiplied by the number of sample, because every SSB is transmitted in order per one periodicity. And the minimum time interval for indication generation (B) will be the periodicity. Therefore, the calculated measurement time window for all the cases are as following table. 

	# SSB samples
	Periodicity (ms)

	
	5
	10
	20
	40
	80
	160

	5
	25
	50
	100
	200
	400
	800

	20
	100
	200
	400
	800
	1600
	3200


At least one IS indication should be able to be made within RLF timer value (i.e., B < RLF timer value). So RLF timer value should be greater than the periodicity values in the table. If the number of consecutive IS indication for timer stop is N, then B*N<RLF timer value. Network should be able to configure the timer value based on these relation. 
If CSI-RS is used together with SSB, then the periodicity of CSI-RS should be accounted for too. Now, CSI-RS slot config also has the same values as SSB periodicity i.e., 5, 10, 20, 40, 80, 160 ms with FFS on 80, and 160. However, if the periodicity of SSB and that of CSI-RS for RLM are different each other, the taken time to estimate per different type of RLM-RS must be different. For generating periodic indication (i.e., IS/OOS) all the considered RSs should be estimated, and the resulting indication should be judged based on results on all RS. However the same number of RS should be taken for fair comparison. The periodicity of CSI-RS for RLM should be configured based on this relationship.

Proposal 6. The scope of T313 values is from 25 ms to 3200 ms.

Proposal 7. Network should configure the T313 value and N313, N314 when SSB periodicity is given, so that there is no confliction between time interval for indication generation and timer value. 
Proposal 8. Network should configure CSI-RS periodicity for RLM to have the same number of RS estimate for the measurement time window.  

3.2 Issue: L2 RLF parameter signaling 
For RLF, RAN2 agreed that NR follows the LTE RLF operation as a baseline. Therefore, we need to configure the values of N313, N314 and T313 parameters for NR link. These values can be configured per CellGroup as LTE. One consideration point is whether the L2 parameter of RLF should be differentiated per service type. Since already L1 parameter for RLM will be differentiated per service type, and there is no enough time for further discussion on service type based differentiation, there is no need to differentiate L2 parameters at the same time. 

Proposal 9. L2 parameters for RLF should be identical regardless of the service type of a UE.

Proposal 10. L2 parameters for RLF is signalled per CellGroup as LTE in rlf-TimersAndConstants under CellGroupConfig.

4 Conclusion 
This documents are summarized with the following proposals:
Proposal 1. RLM-RS-type IE should be determined to be adopted in ASN.1 after RAN1 has clear conclusion on the support of simultaneous configuration of two component RS (CSI-RS and SSB).

Proposal 2. RLM configuration should have, at least, List of RLM-resource-config-SS, List of RLM-resource-config-CSIRS and Pair_of_BLER_ID is FFS.

Proposal 3. RLM configuration should be in measConfig container.

Proposal 4. RLM RS in measConfig should be separately configured with measurement object and report configuration.

Proposal 5. Keep FFS on the detail design for RLM-RS based on CSI-RS signaling until that of CSI-RS signaling for BM and RRM are completed. 
Proposal 6. The scope of T313 values is from 25 ms to 3200 ms.

Proposal 7. Network should configure the T313 value and N313, N314 when SSB periodicity is given, so that there is no confliction between time interval for indication generation and timer value. 
Proposal 8. Network should configure CSI-RS periodicity for RLM to have the same number of RS estimate for the measurement time window.  

Proposal 9. L2 parameters for RLF should be identical regardless of the service type of a UE.

Proposal 10. L2 parameters for RLF is signalled per CellGroup as LTE in rlf-TimersAndConstants under CellGroupConfig.

Appendix: TP for TS 38.331 covering RLM/RLF operation

- 
MeasConfig

The IE MeasConfig specifies measurements to be performed by the UE, and covers intra-frequency, inter-frequency and inter-RAT mobility as well as configuration of measurement gaps.

MeasConfig information element

-- ASN1START

-- TAG-MEAS-CONFIG-START

MeasConfig ::=






SEQUENCE {


-- Measurement objects


measObjectToRemoveList




MeasObjectToRemoveList










OPTIONAL,


measObjectToAddModList




MeasObjectToAddModList










OPTIONAL,


-- Reporting configurations


reportConfigToRemoveList



ReportConfigToRemoveList









OPTIONAL,


reportConfigToAddModList



ReportConfigToAddModList









OPTIONAL,


-- Measurement identities


measIdToRemoveList





MeasIdToRemoveList











OPTIONAL,


measIdToAddModList





MeasIdToAddModList











OPTIONAL,


rlm-ResourceConfigCSI-RS



rlmCSI-RSresourceList

rlm-ResourceConfigSS




rlmSSBindexList

Pair_of_BLER_ID (FFS)

-- Other parameters


-- s-Measure config


s-MeasureConfig






CHOICE {



ssb-rsrp







RSRP-Range,









csi-rsrp







RSRP-Range








} 

























OPTIONAL,


-- Placehold for measGapConfig


measGapConfig






MeasGapConfig












OPTIONAL
}

MeasObjectToRemoveList ::=



SEQUENCE (SIZE (1..maxObjectId)) OF MeasObjectId

MeasIdToRemoveList ::=




SEQUENCE (SIZE (1..maxMeasId)) OF MeasId

ReportConfigToRemoveList ::=


SEQUENCE (SIZE (1..maxReportConfigId)) OF ReportConfigId

rlmCSI-RSresourceList ::=



SEQUENCE (SIZE (1..maxrlmCSIId)) OF rlmCSI-RSresourceId
rlmSSBindexList ::=





SEQUENCE (SIZE (1..maxrlmSSBId)) OF rlmSSBindexId

-- TAG-MEAS-CONFIG-STOP

-- ASN1STOP

Editor’s Note: FFS Whether UE speed based TTT scaling (e.g. speedStatePars) is supported in Rel-15.

Editor’s Note: FFS Whether measScaleFactor (or equivalent) is supported in Rel-15.

Editor’s Note: FFS How to support allowInterruptions in NR (RAN4 input needed) in Rel-15.

Editor’s Note: FFS Whether quantityConfig is configured per MeasConfig or MeasObject.
Editor’s Note: FFS where to add RLM related parameters: rlm-ResourceConfigCSI-RS, rlm-ResourceConfigSS
Editor’s Note: FFS Whether adopt Pair_of_BLER_ID
<Unaffected Texts are omitted>

- 
RLF-TimersAndConstants
Editor’s Note: TODO: Insert the RLF timers and related functionality. Check what is needed for EN-DC.

The RLF-TimersAndConstants IE is used to configure UE specific timers and constants. 

RLF-TimersAndConstants information element

-- ASN1START

-- TAG-RLF-TIMERS-AND-CONSTANTS-START

RLF-TimersAndConstants ::= 




SEQUENCE {


-- TODO: Add RRC parameters such as timers and constants.

release







NULL,


setup







SEQUENCE {



t313






ENUMERATED {













ms0, ms50, ms100, ms200, ms500, ms1000, ms1600, ms3200},



n313






ENUMERATED {













n1, n2, n3, n4, n6, n8, n10, n20},



n314






ENUMERATED {












n1, n2, n3, n4, n5, n6, n8, n10},

}

-- TAG-RLF-TIMERS-AND-CONSTANTS-STOP

-- ASN1STOP

