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1. Introduction
In Rel-15 the timeline for NR standardization was very tight as there was market request to deploy new generation of mobile system as early as possible. The NSA (EN-DC) and SA were finalized in Jun. 2018.  It was also agreed that late drop, including NE-DC and NR DC, would be included in Rel-15. Due to the tight timeline and heavy workload, there are some RRM requirements not being specified in Rel-15.

In this contribution we provide justifications of WID to specify RRM requirements for CSI-RS based RRM measurement, autonomous gap based CGI reading, requirements for LTE SRS carrier switching and NR SRS carrier switching, RRM requirements for EN-DC and NE-DC related to LTE euCA, requirements for multiple SCell activation/deactivation.
2. Justification
In RAN4#90 meeting it was agreed in R4-1902032 following RRM requirements will be specified in Rel-16.
· The CSI-RS based L3 measurement requirement will be specified in Rel-16.

· The RRM requirements for CGI reading with autonomous gap will be specified in Rel-16.
· The requirements for LTE SRS carrier switching and NR SRS carrier switching will be specified in Rel-16.

· The RRM requirements for EN-DC and NE-DC related to LTE euCA will be specified in Rel-16
· The requirements for multiple SCell activation/de-activaition will be specified in Rel-16
2.1 CSI-RS based L3 mobility 
A new important feature in NR is that CSI-RS can be used for measurement for L3 mobility.  The UE procedure of receiving CSI-RS for mobility has been specified in section 5.1.6.4 in TS38.214. The measurement procedure and relevant IEs for CSI-RS based measurement have been in place in TS 38.331. The corresponding RRM requirements are supposed to be specified in TS38.133. There were discussions in RAN4 on defining RRM requirements for CSI-RS based measurement for L3 mobility. It was hard to achieve agreement to introduce requirements for CSI-RS based measurement for mobility as there was concern on UE complexity of implementation due to e.g. large FFT size for neighbour cell measurement. RAN4 tried to narrow down the scope and scenario for CSI-RS measurement. Two scenarios were identified for further investigation.

· Scenario A: Intra-frequency gapless measurement for neighbor cells and serving cells 

· Scenario B: SCC without SSB for CA cases
There were also discussions in RAN#79 and agreements were captured in RP-180591. To complete RRM requirements on schedule it was agreed to split the work with different priorities. 

· Progress and completion of the work on requirements (considering both SSB based and CSI-RS based measurements) will be prioritized in the following manner:

· Priority 1: SSB based RLM/RRM  

· Priority 2: CSI-RS based RLM, CSI-RS based beam management requirements 

· Priority 3: CSI-RS based RSRP, RSRQ, and RS-SINR measurement (RAN4 will first target completion of priority 1 and 2 before June 2018.)

The requirements for SSB based RLM/RRM, CSI-RS based RLM and CSI-RS based beam management have been finalized in Rel-15. However there was no agreement to introduce simplied CSI-RS based RRM requirements for L3 mobility Rel-15. In RAN4#90 meeting it was agreed CSI-RS based RRM requirements will be specified in Rel-16.
The CSI-RS based RRM measurement for L3 mobility would bring a lot of system benefits. Some possible use cases are as follows.

· SS-SINR measurement is based on SSB symbols only. The SS-SINR is an important indication of network quality which should reflect neighbour cell loading. It can be used for handover either. The SSB on a carrier frequency is likely to be collided, which make the SS-SINR estimation is always underestimated. To obtain actual SS-SINR estimation CSI-RS based measurement would make it possible. By configuring non-colliding CSI-RS resources on a carrier frequency the measured SS-SINR would reflect actual network loading. This would benefit quality based handover.

· When performing SSB based intra-frequency measurement UE is not required to perform measurement on SSB outside of active operating BWP. The serving cell and intra-frequency measurement will be conducted with measurement gap assisted if SSB is not fully included within the active operation BWP. Consequently the intra-frequency measurement delay will be longer than no gap assisted measurement. Moreover the overall measurement delay will be longer if there are other measurement objects being configured as intra-frequency measurement will compete measurement gaps with inter-frequency and inter-RAT measurement. The SSB configuration would not be changed frequently so it is not possible to configure BWP in which SSB is always included. However CSI-RS can be configured flexibly within the channel bandwidth, it makes intra-frequency measurement without gaps possible when SSB is not included in the active operation bandwidth.

· For CA deployment it is allowed that SCCs can be configured without SSB to reduce overhead. There are a lot of cases that measurement on SCC is needed, e.g. SCell addition, SCell activation. When no SSB is configured on a SCC CSI-RS based measurement can only be used to measure this SCC.
· CSI-RS based measurement can be configured with larger bandwidth, which make it possible to obtain more accurate RSRP, RSRQ and SINR measurement to reflect the signal level and signal quality on the whole channel bandwidth. This is especially useful for quality based intra-frequency and inter-frequency handover.
There are also other use cases by taking advantage of CSI-RS based measurement for mobility. Therefore it is necessary to introduce RRM requirements for CSI-RS based mobility. 
It was also agreed in RP-180591 that CSI-RS based RRM measurement core requirements may be specified in release independent manner.
· If RAN4 does not introduce CSI-RS based RSRP, RSRQ and RS-SINR measurement core requirements by June 2018 then, once the work is completed, RAN4 will consider whether to introduce these requirements in release independent manner (i.e. whether to backdate to allow support by Rel-15 devices) 

It is important to consider this aspect either when specifying CSI-RS based RRM core requirements to avoid device incompatibility. 
Proposal 1: Introduce CSI-RS based RRM measurements in Rel-16.

2.2 CGI reading with autonomous gap 
CGI reading is an important function of ANR for self-organizing network. For NR, the RAN2 agreements on ANR were included in RAN2 LS R4-1809626 (R2-1809226) to inform RAN4 and other working groups.

· Agreement 1: If reportCGI for NR cell is configured by eNB, then UE behaviour follows inter-RAT ANR T321 value; if reportCGI for NR cell is configured by gNB, then UE behaviour follows intra-RAT ANR T321 value.

· Agreement 2: RAN2 agreed that for UE capability for ANR towards NR cell, DRX based reading of ANR towards NR cell related measurement should be supported

· Agreement 3:  RAN2 agreed to introduce a UE capability bit in NR for

· Intra-RAT ANR (including inter and Intra frequency) 

· Inter-RAT ANR towards LTE cell. 

· Inter-RAT ANR towards NR cell without EN-DC

· Inter-RAT ANR towards NR cell with EN-DC

The CGI reading towards NR cell is supported with DRX based measurement. The value of T321 for intra-NR ANR and inter-RAT ANR with LTE was discussed in RAN4 and provided in reply LS.  There is scenario that UE is not required to report CGI and is provided in the LS with note.

· Note: When DRX on duration is overlapped (fully or partially) with SMTC occasion, RAN4 assumes that the UE may use SMTC occasions for measurement purposes rather than PBCH decoding for CGI determination. Hence it is not expected that the UE reports CGI in this scenario.

Furthermore there would be other scenario that UE may not able to report CGI. In EN-DC deployment, if DRX is only configured for SN but no DRX is configured for MN, then CGI reading for NR neighbor cell may cause interruption to LTE MN when UE is conducting NR neighbor cell measurement during DRX idle period for SN. Since no interruption requirements are specified UE may not report CGI for this scenario either. With this the DRX based measurement for CGI reading is quite limited. 

CGI reading with autonomous gaps was introduced in LTE since Rel-9 for closed subscriber group (CSG) handover where short measurement delay is required. UE is allowed to drop certain number of ACK/NACK during CGI reading within autonomous gaps. Though CSG is not considered in NR the autonomous gap based CGI reading solution is also useful for ANR. RAN2 asked if it is feasible to use autonomous gap for Intra-NR ANR and Inter-RAT ANR towards NR cell. RAN4 replied in the LS R4-1811851 as follows.
· Answer to Q2:  Since the autonomous gap mechanism for NR was not studied in detail in RAN4, based on LTE experience RAN4 didn’t identify critical functionality issues yet to use autonomous gap. However, RAN4 do not plan to study RRM requirements for this functionality in release 15.

Due to workload RAN4 didn’t study RRM requirements for autonomous gap based CGI reading mechanism. Considering there are limitations of DRX based CGI reading and other potential use cases it is necessary to have autonomous gap based measurement as early as possible since ANR is more helpful in early deployment. 
In RAN4#90 meeting it was agreed autonomous gap based CGI reading requirements will be specified in Rel-16.

Proposal 2: Introduce autonomous gap based CGI reading requirements in Rel-16.

· NR RRM requirements related to LTE SRS carrier switching and NR SRS carrier switching 
A PUSCH-less SCC is a TDD SCC without PUCCH/PUSCH configured. When a UE needs to transmit periodic or aperiodic SRS and/or non-contention based PRACH on a PUSCH-less SCC, the UE can perform carrier based switching to one or more PUSCH-less SCCs from a CC with PUSCH or from another PUSCH-less SCC prior to transmitting SRS and/or PRACH.

The interruption requirements on PCC and each of the activated SCCs for LTE SRS carrier switching have been specified. The interruption requirements on PSCC are also specified for LTE dual connectivity operation. In NR multi-radio dual connectivity (EN-DC and NE-DC), there would also be interruptions on NR CCs, e.g. PCC for EN-DC, PSCC for NE-DC and other activated SCCs. This requirements are not specified in Rel-15. There may be other impact on NR due to LTE SRS carrier switching.

NR SRS carrier switching are also introduced. Similar interruption requirements should be introduced. The scenarios should include NR standalone, NR dual connectivity, EN-DC and NE-DC.

The issue was raised by company in RAN4#90 meeting and it was agreed the requirements for LTE SRS carrier switching and NR SRS carrier switching will be specified in Rel-16.

Proposal 3: Introduce NR RRM requirements related to LTE SRS carrier switching and NR SRS carrier switching in Rel-16.

· NR RRM requirements related to LTE euCA operation
In euCA an SCell can be in one of the three states: activated, deactivated and dormant by following network configuration. The delay and interruption requirements for activated SCell and deactivated SCell have been specified in Rel-15. However no requirement for SCell in dormant state has been considered. The scenarios should include EN-DC and NE-DC operation.

The issue was raised by company in RAN4#90 meeting and it was agreed RRM requirements for EN-DC and NE-DC related to LTE euCA will be specified in Rel-16.

Proposal 4: Introduce NR RRM requirements for EN-DC and NE-DC related to LTE euCA operation in Rel-16.

·  NR RRM requirements for multiple SCell activation/deactivation
In LTE the delay and interruption requirements for SCell activation/deactivation are specified with one SCell and with multiple downlink SCells respectively. In Rel-15 NR the activation/de-activation delay requirements and interruption requirements are specified with one SCell only. It is necessary to specify delay and interruption requirements for SCell activation/deactivation with multiple downlink SCells.

In RAN4#90 meeting and it was agreed RRM requirements for multiple SCell activation/deactivation will be specified in Rel-16.
Proposal 5: Introduce NR RRM requirements for multiple SCell activation/deactivation in Rel-16.
The work on these requirements require quite a lot of time slot to specify corresponding requirements, it should be done with a WID other than under TEI to guaranteed the necessary time slot. Some other requirements, such as second BLER pair for RLM can be done in TEI as it is quite straightforward. There are also other requirements, e.g. RRM requirement related with inter-band FR2 scenario or independent beamforming on different FR2 CCs, the requirements for NR SRS antenna port switching, which needs further discussion on whether the requirements will be specified in Rel-16. Thus these are not included in the WID.
Proposal 6: The above work is done in NR RRM requirements enhancement WI.
3. Scope of the WI
The core part of the work item aims to specify enhanced RRM requirements for NR, including RRM requirements for CSI-RS based measurement for L3 mobility, autonomous gap based CGI reading, LTE SRS carrier switching and NR SRS carrier switching, LTE euCA and multiple SCell activation/deactivation.  
.  
[1] CSI-RS based L3 mobility [RAN4]

· Identify scenarios for which RRM requirements for CSI-RS based measurement are to be specified[RAN4]

· Specify RRM core requirements for CSI-RS based measurement, including cell identification delay, measurement delay etc.,

· Intra-frequency measurement and Inter-frequency measurement

· NR standalone, NR-DC, EN-DC, NE-DC
· UE measurement capability, including number of frequency layer and number of cells etc., may be further investigated for CSI-RS based measurement if necessary [RAN4]

· Definition of intra-frequency and inter-frequency measurement for CSI-RS based RRM can be further studied [RAN4]

· Discussion and Decision whether to introduce these requirements in release independent manner.

[2] Autonomous gap based CGI reading [RAN4, RAN2]

· Specify RRM core requirements for autonomous gap based CGI reading

· NR standalone, NR-DC, EN-DC, NE-DC

· Report CGI procedure needs to be updated if RRM requirements for autonomous gap based CGI reading are specified [ RAN2]

[3] NR RRM requirements related to LTE SRS carrier switching and NR SRS carrier switching [RAN4]

· Specify RRM core requirements for LTE SRS carrier switching and NR SRS carrier switching
· NR standalone, NR-DC, EN-DC, NE-DC

[4] NR RRM requirements related to LTE euCA operation [RAN4]

· Specify RRM core requirements related to LTE euCA operation
· EN-DC, NE-DC

[5] NR RRM requirements for multiple SCell activation/deactivation [RAN4]

· Specify RRM core requirements for multiple SCell activation/deactivation
· NR standalone, NR-DC, EN-DC, NE-DC

The performance part of the work item aims to specify accuracy requirements and test cases for NR, including RRM requirements for CSI-RS based measurement for L3 mobility, autonomous gap based CGI reading, LTE SRS carrier switching and NR SRS carrier switching, LTE euCA and multiple SCell activation/deactivation.  .  
[1] CSI-RS based L3 mobility [RAN4]

· Specify RSRP, RSRQ and SINR accuracy requirements for CSI-RS based RRM measurement [RAN4]

· Specify test cases for CSI-RS based RRM measurement [RAN4]
[2] Autonomous gap based CGI reading [RAN4]

· Specify test cases for autonomous gap based CGI reading [RAN4]
[3] NR RRM requirements related to LTE SRS carrier switching and NR SRS carrier switching [RAN4]

· Specify test cases for RRM requirements related to LTE SRS carrier switching and NR SRS carrier switching [RAN4]

[4] NR RRM requirements for LTE euCA [RAN4]

· Specify test cases for RRM requirements related to LTE euCA [RAN4]

[5] NR RRM requirements for multiple SCell activation/deactivation [RAN4]

· Specify test cases for RRM requirements related to multiple SCell activation/deactivation [RAN4]

4. Conclusion

In this contribution we provide justifications of WID to specify RRM requirements for CSI-RS based RRM measurement and for autonomous gap based CGI reading.

Proposal 1: Introduce CSI-RS based RRM measurements in Rel-16.

Proposal 2: Introduce autonomous gap based CGI reading requirements in Rel-16.

Proposal 3: Introduce NR RRM requirements related to LTE SRS carrier switching and NR SRS carrier switching in Rel-16.

Proposal 4: Introduce NR RRM requirements for EN-DC and NE-DC related to LTE euCA operation in Rel-16.

Proposal 5: Introduce NR RRM requirements for multiple SCell activation/deactivation in Rel-16.

Proposal 6: The above work is done in NR RRM requirements enhancement WI.
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