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1. Introduction

The baseline RRM requirements for NR system are defined in Rel-15 38.133 as part of NR_newRAT WI. Due to time limit, requirements for some procedures were not thoroughly discussed or even missing. In Rel-16 there is a WI for RRM enhancements (NR_RRM_Enh) which introduces RRM requirements for some procedures that were left without requirements in Rel-15 or some new procedures supported in Rel-16. 
However, as discussed in section 2, based on latest Rel-16 38.133, RRM requirements for some procures supported in Rel-15 and Rel-16 are still missing, and in other cases the requirements are defined based on sub-optimal assumptions leading to unsatisfactory performance requirements. Therefore, we propose a new WI to introduce further RRM enhancements, the scope of which is presented in section 3. 
2. Discussion on possible RRM enhancements
2.1. Inter-RAT measurement without gaps 
In Rel-16, RRM requirements for inter-frequency measurement without gaps are defined. If UE supports the related capability, it shall be able to measure inter-frequency layer without gaps if the SSB of the inter-frequency layer is fully confined within the UE active BWP. The calculation of CSSF outside gaps is updated such that inter-frequency layers to be measured without gaps are accounted.
In EN-DC, LTE PCell may configure inter-RAT NR measurement on NR serving frequencies as well as non-serving frequencies. Based on Rel-15 requirements, the inter-RAT NR measurements on NR serving frequencies follows the RRM requirements for NR intra-frequency, and the inter-RAT NR measurements on NR non-serving frequencies are always assumed to be based on gaps.
As shown in Figure 1, it should be possible for UE to measure the inter-RAT MO (MO#2) without gaps, if it can measure the inter-frequency MO (MO#1) for the same SSB frequency without gaps.
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Figure 1: Inter-RAT measurement without gaps
In this way, the principle for non-serving frequencies with SSB fully confined within the UE active BWP is aligned between inter-frequency measurement and inter-RAT measurement, and measurement gaps can also be saved for inter-RAT measurement. It is thus proposed to define the RRM requirements for inter-RAT NR measurement without gaps on non-serving frequencies with SSB fully confined within the UE active BWP.
Scope 1: Define the RRM requirements for inter-RAT NR measurement without gaps on non-serving frequencies with SSB fully confined within the UE active BWP.
2.2. Enhancements to measurement without gaps 

In Rel-16, RRM requirements for inter-frequency measurement without gaps are defined. The calculation of CSSF outside gaps is updated where inter-frequency layers to be measured without gaps is treated in the same way as intra-frequency measurement for SCells. In particular, if the inter-frequency carrier can be measured without gaps, it will be measured outside gaps even measurement gaps are configured, e.g. for measurement of other inter-frequency carriers that have to be measured with gaps.
In Rel-16 RAN2 has introduced the NeedForGap capability, which indicates whether UE supports measurement of an intra-frequency, inter-frequency, or inter-RAT NR carrier without gaps, if the SSB of the NR carrier is outside UE active BWP. The indication is per serving cell for intra-frequency and per band for inter-frequency and inter-RAT.

NeedForGapsIntraFreq-r16  ::=                 SEQUENCE {

    servCellId-r16                               ServCellIndex,

    gapIndicationIntra-r16                       ENUMERATED {gap, no-gap}
}

NeedForGapsNR-r16  ::=                        SEQUENCE {

    bandNR-r16                                   FreqBandIndicatorNR,

    gapIndication-r16                            ENUMERATED {gap, no-gap}
}

Depending on the UE RF capability and current band combination, UE may be able to measure some carriers without gaps (group#1) while some other carriers with gaps (group#2). In this case measurement gaps will be configured. It is possible to follow the Rel-16 principle that group#1 carriers are measured outside gaps, however, there may be some disadvantages as a larger number of carriers are at stake, e.g. the measurement of group#1 carriers may cause scheduling restriction in addition to measurement gaps, and/or the number of group #1 carriers is much larger than that for group#2 leading to much larger latency for group#1 carriers.

To address the above problems, one approach is to have some group#1 carriers measured within gaps (if the SMTC of groups#1 carriers are overlapped with gaps), e.g. when it can avoid additional scheduling restriction or when it gives balanced performance for all carriers. It is thus proposed to define more flexible RRM requirements for carriers that can be measured both within and outside gaps, when measurement gaps are configured. 
Scope 2: Define more flexible RRM requirements for carriers that can be measured both within and outside gaps, when measurement gaps are configured.
2.3. BFR based on CBRA
The BFR requirements are defined in Rel-15 which include beam failure detection (BFD) and candidate beam detection (CBD). For CBD the requirements are defined such that UE shall be able to correctly evaluate the candidate beams in candidateBeamRSList (set q1). If RSRP for at least one resource in set q1 is above the configured thresholds, UE would perform CFRA on dedicated RA resources. 
	8.5.5.1
Introduction

The requirements in this clause apply for each SSB resource in the set [image: image2.wmf]1
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 configured for a serving cell, provided that the SSBs configured for candidate beam detection are actually transmitted within UE active DL BWP during the entire evaluation period specified in clause 8.5.5.2.

8.5.6.1
Introduction

The requirements in this clause apply for each CSI-RS resource in the set [image: image3.wmf]1
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 configured for a serving cell, provided that the CSI-RS resources configured for candidate beam detection are actually transmitted within UE active DL BWP during the entire evaluation period specified in clause 8.5.6.2.


According to RAN2 specification 38.321 (clause 5.1.2), if there is no resource in set q1 with RSRP above the configured threshold, UE is supposed to perform CBRA based on SSB above the configured threshold or even any SSB. 
	1>
else (i.e. for the contention-based Random Access preamble selection):

2>
if at least one of the SSBs with SS-RSRP above rsrp-ThresholdSSB is available:

3>
select an SSB with SS-RSRP above rsrp-ThresholdSSB.

2>
else:

3>
select any SSB.


RRM requirements for this procedure have been missing, which means UE may not be able to correctly measure the SSBs and perform CBRA for BFR in case none of the resources in set q1 is valid for CFRA, and it may result at incorrect BFR procedure. It is thus proposed to define the RRM requirements for BFR based on CBRA when none of the resources in set q1 is valid for CFRA.
Scope 3: Define the RRM requirements for BFR based on CBRA when none of the resources in set q1 is valid for CFRA.

2.4. HO with PSCell
In Rel-16 RAN2 has introduced support of HO from NR SA to EN-DC, as indicated in LS R2-1916600. 
	RAN2 discussed the support of inter-RAT HO from NR SA to EN-DC in Rel-16 and agreed that:

· The NR SA to EN-DC handover shall be supported in Rel-16

· Assume a new UE capability is needed

RAN2 kindly asks all the involved groups to take above RAN2 decisions into account and update specifications accordingly if any.


For HO from NR SA to EN-DC, besides the change of PCell, UE also needs to add the NR PSCell, so the procedure includes both HO and PSCell addition. Currently there is no RRM requirement for this procedure, which means the delay and interruption for the procedure is unspecified. 
Besides the inter-RAT HO, RAN2 has also supported intra-RAT HO with PSCell as follows, and the corresponding RRM requirements for these procedures are also missing. 
-  from EN-DC to EN-DC

-  from NE-DC to NE-DC

-  from NR-DC to NR-DC

It is noted that HO with PSCell is a valid use case in real deployment, and it provides benefit for both network and UE in terms of signalling overhead reduction and smooth user experience. It is thus proposed to define RRM requirements for HO with PSCell, to make sure the supported HO procedures can be completed by UE with guaranteed performance. 
Scope 4: Define RRM requirements for HO with PSCell.
3. Scope of the proposed WI
The scope of the proposed WI for further RRM enhancements are summarized as follows.

(1) Inter-RAT NR measurement without gaps when configured with EN-DC
· Define the conditions under which UE can perform inter-RAT measurement without gaps when configured with EN-DC

· Specify RRM requirements for inter-RAT measurement without gaps when configured with EN-DC

· The RRM requirements for inter-frequency measurement without gaps defined in Rel-16 are used as starting point
· Define related UE capability, if necessary
(2) Enhancements to measurement without gaps
· Study the principles in determining whether the carrier, which can be measured both within and outside measurement gaps and when gaps are configured, should be measured within gaps or outside gaps

· Specify RRM requirements, based on the agreed principles, for carriers that can be measured both within and outside measurement gaps
· Impacts at least the CSSF outside gaps and CSSF within gaps
(3) BFR based on CBRA
· Study the UE behavior in BFR when none of the resources in set q1 is valid for CFRA, e.g.

· Time point when UE triggers measurement for CBRA based BFR

· DL and UL QCL assumption after CBRA based BFR

· Specify RRM requirements for BFR based on CBRA
(4) HO with PSCell
· Determine the scenarios for HO with PSCell for which RRM requirements are to be specified
· from NR SA to EN-DC
· from EN-DC to EN-DC

· from NE-DC to NE-DC

· from NR-DC to NR-DC
· Study the UE behavior for HO with PSCell
· Existing requirements for HO and PSCell addition as baseline

· Timeline and interaction between HO and PSCell addition
·  Specify RRM requirements for HO with PSCell based on agreed UE behavior
4. Conclusions
In this paper we provided justifications for possible RRM enhancements in Rel-17.
Scope 1: Define the RRM requirements for inter-RAT NR measurement without gaps on non-serving frequencies with SSB fully confined within the UE active BWP.
Scope 2: Define more flexible RRM requirements for carriers that can be measured both within and outside gaps, when measurement gaps are configured.

Scope 3: Define the RRM requirements for BFR based on CBRA when none of the resources in set q1 is valid for CFRA.

Scope 4: Define RRM requirements for HO with PSCell.
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