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Introduction
Due to the limitation of scope and tight timeline, some important RRM requirements were not consdiered in Rel-16.  E.g. 
· NR SRS antenna port switching requirement and second pair of BLER for RLM were not included in the Rel-16 RRM enhancement after Rel-16 package discussion in [1]. 
Further for Rel-16 WI, not all the work was completed due to low efficient of E-meetings and heavy work load in RAN4. Some critical features might not be completed in Rel-16. Such important leftovers shall be incorporated in Rel-17 RRM further enhancement. E.g. 
· Leftovers from Rel-16 RRM requirements for CSI-RS based L3 measurement. 
· Some deprioritized scenarios in Rel-16 RRM requirements for CSI-RS based L3 measurement.
· Other leftovers are also not precluded, e.g. leftovers from Rel-16 RRM enhancement WI.
Thus, in this paper, we provide the justification of WI to specify some new RRM requirements in Rel-17. 
Discussion
CSI-RS based L3 measurement enhancement

2.1.1 Leftovers from Rel-16
Depending on the conclusion in RAN4#96e meeting for Rel-16 RRM requirements for CSI-RS based L3 measurement [2], the following agreements are reached: 
	Agreement: 
· Rel-16 CSI-RS based measurement requirements are based on Single FFT implementation
· UE supports using the serving cell timing for CSI-RS based L3 measurement for intra-frequency measurements in Rel-16
· Note: the measurement degradation can be expected for the case when timing difference is larger than CP and it can be discussed in the performance part
· Do not define CSI-RS measurement requirements for such collision case in Rel-16.
· Collision between CSI-RS L3 measurement of neighbor cell and serving cell measurement for RLM/BFD or other CSI-RS L1 measurements
Agreement: 
· Do not associate CSI-RS location with SMTC
· [bookmark: OLE_LINK75][bookmark: OLE_LINK76]CSI-RS resources per frequency layers are configured within 5 ms window at any location
· CSI-RS periodicities for L3 measurement: 10, 20, 40 ms
· Up to 1 CSI-RS periodicity can be configured per CSI-RS intra-frequency layer
· Up to 1 CSI-RS periodicity can be configured per CSI-RS inter-frequency layer
· The exact relative location between CSI-RS and SMTC can be decided by NW to make sure a single MG pattern can cover both CSI-RS and SMTC for inter-frequency layer.
· Note: the restrictions above are the conditions to apply the requirements for both Core and Performance part
Agreement: 
· Synchronization and measurement for CSI-RS based measurement can use the same searcher for SSB based measurement
· Do not introduce new UE capability on the simultaneous reception of CSI-RS and SSB
· UE is not required to support simultaneous reception of CSI-RS and SSB
Agreement: 
· Only one MO corresponding to one frequency layer is considered in R16 for requirements definition
· Send LS to RAN1 and RAN2 and ask to increase the number of configurable CSI-RS resources per MO from 96 to 192


From the conclusions above, it can be seen that not all requirements are defined in R16 due to the tight timeline. And some cases are also useful and should be considered and further studied in R17. 
Firstly, the CSI-RS based measurement requirements in R16 are based on single FFT implementation and the serving cell timing. But actually from UE implementation, the timing of associated SSB can be used when associated SSB is configured. Such implementation is aligned with RAN1/2 specification and similar approach has already been used in SSB based measurement. So we think the corresponding requirement should be specified in R17. 
Secondly, the RRM requirements for CSI-RS based L3 measurement in R16 are applicable when CSI-RS resources per frequency layers are configured within 5 ms window at any location. But there is no NW indication for this time window due to lacking RAN2 specification in R16. So we think this issue can be further studied in R17 and the NW signaling indication for CSI-RS measurement window e.g. CMTC configuration can be introduced. 
Thirdly, the RRM requirements for CSI-RS based L3 measurements are based on shared searcher with SSB based measurement and UE is not required to support simultaneous reception of CSI-RS and SSB. However there is no requirements for UEs with dedicated CSI-RS measurement engine which can do better. It is proposed to introduce UE capability of different type of UE and enhanced requirements in R17. 
Fourthly, only one MO with at most 192 CSI-RS resources is considered in R16. But during Rel-16 discussions, there were proposals for multiple MOs larger than 2. The extension of CSI-RS resources from 96 to 192 per MO may not be enough. So this issue should be further studied from both network deployment and UE complexity perspective. 
At last, the collision case between CSI-RS based L3 measurement and SSB/CSI-RS based L1 measurement is not considered in R16 due to tight timeline. So this need to be studied and specified in R17. 
In summary, the following items might need to be further discussed in Rel-17.
· Synchronization assumption for CSI-RS based L3 measurement
· For the CSI-RS resource with associated SSB, the timing is based on the cell given by the cellId of the CSI-RS resource configuration
· CSI-RS based measurement requirements are based on multiple FFT implementation 
· RRM requirements for the case when CSI-RS based L3 measurement have collision with SSB or CSI-RS based L1 measurement 
· Study whether configurable CSI-RS resources in Rel-16 are enough and identify solutions to address the limitation 
· RRM requirements for UE with dedicated CSI-RS measurement engine
· Introduce CMTC for CSI-RS based L3 measurement
· RRM requirement based on CMTC for CSI-RS based L3 measurement
· [bookmark: _GoBack]Signaling design for CMTC of CSI-RS based L3 measurement
2.1.2 Scenarios not considered in Rel-16
Due to the work scope and timeline, some realistic scenarios were excluded in Rel-16 according to the agreements in RAN4#95e meeting.   
	Agreements: 
· When CSI-RS resource of serving cell is not available in all configured MOs, no requirements are defined for the MOs configured for CSI-RS based RRM measurement
· No requirements shall be defined in Rel-16 for CSI-RS L3 measurement, when
· associated SSB is not configured 
· associated SSB is not detected even if associated SSB is configured
· Define requirements only for intra-f without gap and inter-f with gap in Rel-16.
· All inter-frequency measurements are gap-assisted. 
· All intra-frequency measurements are gapless
· Define intra-frequency requirements for the scenarios
· all CSI-RS resources in the same MO have the same BW 
· the BW of the CSI-RS on the neighbor cell is within the active BWP of the UE
· No requirement is defined when the BW of intra-MO is different from that of the CSI-RS resources configured for the serving cell in Rel-16 
· Define inter-frequency requirements for the scenarios
· all CSI-RS resources in the same MO have the same BW 
· Inter-frequency CSI-RS resource to be measured with gap that is not confined in the active BWP
· UE is not required to perform CSI-RS based L3 measurement when associated SSB is not QCLed with CSI-RS for FR2


However, the network configuration is not always so restrictive, there are more possibilities existing in the network. So for future use, more practical cases shall be considered for CSI-RS based L3 measurement. Based on current specification status and network configuration reality, we think the following scenarios should be considered as potential candidates for Rel-17 further enhancement.
· intra-frequency measurement with gap（e.g. The BW of the target CSI-RS resources is not within the active BWP of the UE for intra-frequency measurement）
· inter-frequency measurement without gap （e.g. The BW of the target CSI-RS resources is within the active BWP of the UE for inter-frequency measurement）
· the BW of intra-MO is different from that of the CSI-RS resources configured for the serving cell 
· CSI-RS are not Q-CLed with the associated SSB
· associated SSB is not configured or not detected
· CSI-RS resource of serving cell is not available
Proposal 1: Further study and specify RRM requirements for CSI-RS based L3 measurement in Rel-17, including but not limited to 
· Rel-16 leftovers as listed in 2.1.1
· Scenarios not considered in Rel-16 as listed in 2.1.2

SRS antenna port switching requirement
SRS antenna switching is used to obtain full DL channel information at gNB through channel reciprocity when the UE has fewer transmitting chains than receiving chains. RAN1 has agreed related agreements for SRS antenna switching which are captured as follows:
	Agreements in RAN1 #NR3:
· For antenna switching for SRS transmission within a carrier, at least support 1Tx (in the case of UE with 1T2R) and 2Tx (in the case of UE with 2T4R) antenna switching scheme 
Agreements in RAN1 #AH1801:
· For sounding different antenna ports, the antenna switching time is 15 µsec.
· The UE is configured with a guard period of Y symbols, in which the UE does not transmit any other signal, in the case the SRS resources of a set are transmitted in the same slot. The guard period is in-between the SRS resources of the set.
Table: The minimum guard period between two SRS resources of an SRS resource set for antenna switching
	SCS(KHz)
	Y (symbol)

	15
	1

	30
	1

	60
	1

	120
	2





In the RAN2’s spec. TS38.331, RAN2 has introduced two signaling to report UE’s capability for TX switching impact to other bands.
BandParameters-v1540 ::=            SEQUENCE {
    …
    srs-TxSwitch-v1540              SEQUENCE {
        supportedSRS-TxPortSwitch       ENUMERATED {t1r2, t1r4, t2r4, t1r4-t2r4, t1r1, t2r2, t4r4, notSupported},
        txSwitchImpactToRx              INTEGER (1..32)                         OPTIONAL,
        txSwitchWithAnotherBand         INTEGER (1..32)                         OPTIONAL
    }                                                                           OPTIONAL
}
The interruption requirement for SRS antenna switching still hasn’t been captured in RAN4 spec. Since SRS antenna switching in one carrier will possibly influence the reception/transmission for other carriers, RAN4 need to study the interruption requirement for SRS antenna switching.
Proposal 2: RAN4 should study the interruption requirement for SRS antenna switching in Rel-17.
RLM requirement enhancement
The function of RLM is to monitor the DL signal quality of the primary cell for the purpose of determining UE out-of-sync or in-sync status. The RLM design has been extensively discussed in RAN1 during many meetings. Reference [3-19] shows the broad interest of this topic in RAN1 from different companies. One of the most important aspects discussed for RLM is whether to support multiple IS/OOS PDCCH BLER pairs for supporting RLM optimization of VoNR and URLLC. Finally RAN1 agreed to support configurability between two pairs of IS/OOS BLER values for RLM purposes for VoNR and a LS was also sent to RAN4 to let RAN4 to decide the second BLER pair.
From the LS in R1-1809853, very clear background information on the purpose of the second IS/OOS BLER pair was included. It has been observed in LTE, when semi-persistent scheduling is used, the service quality can be adequate also when the SINR is below the level corresponding to a PDCCH BLER of 10%. The most prominent example is for VoLTE. In these cases, it has been observed that the UE triggers RLF also when the voice quality is quite adequate. In other words, RLF may be triggered prematurely. We think RLM is a very important feature which impact operators’ network performance and deployment cost. We propose to have some discussion on this feature in Rel-17. 
Proposal 3: Study on how to introduce the second IS/OOS BLER pair for VoNR in Rel-17.
Conclusion
In this contribution, we provide the justification to specify some enhanced RRM requirements in Rel-17. 
Proposal 1: Further study and specify RRM requirements for CSI-RS based L3 measurement in Rel-17 as below.
· Rel-16 leftovers as listed in 2.1.1
· Scenarios not considered in Rel-16 as listed in 2.1.2
(Note: A separate WI for enhanced RRM requirement for CSI-RS based L3 measurement is preferred)
Proposal 2: RAN4 should study the interruption requirement for SRS antenna switching in Rel-17.
Proposal 3: Study on how to introduce the second IS/OOS BLER pair for VoNR in Rel-17.
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