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1. Introduction
FR2 operation has been supported from the first release (Rel-15) of NR. As compared to LTE or NR FR1 operation, FR2 operation provides ultra-high throughput and ultra-low latency thanks to the large available BW and large numerology. Therefore, it is a key feature for NR. 

As Rel-15 is the first release of cellular system specification that supports FR2 operation, the system design may not be perfect in terms of supported scenarios, efficiency, etc. Based on the experience from trial systems and initial deployments, there were continuous enhancements to the FR2 operation design in Rel-16 and Rel-17, e.g. in MIMO enhancement WIs. 

FR2 operation also has unique impacts in RAN4 RRM, e.g. one outstanding difference compared to FR1 is the consideration of UE Rx beam. The performances of FR2 operation in some aspects are regulated by the RAN4 RRM requirements, as we will discuss in more detail in next section. Therefore, besides the possible enhancements from RAN1/2 perspective, some enhancements need to be considered for specific issues related to RAN4 RRM requirements. 
In this paper we will provide our considerations on some FR2 RRM enhancements.
2. Discussion
2.1 BM measurement enhancement in FR2
FR2 operation is based on beams, where both gNB and UE use multiple beams to transmit to/receive from different directions. Using Tx/Rx beams is key for FR2 operation to mitigate the large pathloss, and the beam management framework is based on beam measurement, beam reporting, beam indication, beam correspondence, etc. Beam measurement by the UE is an important component where UE could evaluate the radio conditions for each Tx-Rx beam pair, and thus identify the best Tx beams from the gNB and determine the best Rx beams for receiving a certain gNB Tx beam. The Rx beam information may be also used to determine the UE Tx beam based on beam correspondence. 

RAN4 has defined the requirements for beam measurement, namely the L1-RSRP/SINR measurement requirements in clause 9.5 and 9.8 of 38.133. The requirements are defined such that UE is assumed to measure all the configured resources subject its capability:

	The UE shall be able to measure all CSI-RS resources and/or SSB resources of the nzp-CSI-RS-ResourceSet and/or csi-SSB-ResourceSet within the CSI-ResourceConfig settings configured for L1-RSRP for the active BWP, provided that the number of resources does not exceed the UE capability indicated by beamManagementSSB-CSI-RS.


This may cause some power inefficiency at UE side, as not all resources may be visible to the UE, and the measurement may be just a waste of power. On the contrary, for L3 measurement, UE only measures beams from detected cells.

More importantly, the measurement is subject to the UE measurement capability, which may be limited. For example, the maximum number of CSI-RS resources that UE is able to measure can be as small as 4. If NW configures 64 resources, it would be up to UE implementations which 4 resources are to be measured, and UE may measure those invisible resources, resulting in no valid report to the NW and waste of UE power. 

	 BeamManagementSSB-CSI-RS ::=        SEQUENCE {

    maxNumberSSB-CSI-RS-ResourceOneTx   ENUMERATED {n0, n8, n16, n32, n64},

    maxNumberCSI-RS-Resource            ENUMERATED {n0, n4, n8, n16, n32, n64},

    maxNumberCSI-RS-ResourceTwoTx       ENUMERATED {n0, n4, n8, n16, n32, n64},

    supportedCSI-RS-Density             ENUMERATED {one, three, oneAndThree}                                       

    maxNumberAperiodicCSI-RS-Resource   ENUMERATED {n0, n1, n4, n8, n16, n32, n64}

}


On course, it is possible for NW to configure the resources according to UE indicated capability and the SSB measurement results. For example, it can configure 4 resources which are QCL-ed to the SSBs with large L1-RSRP, but this requires frequent reconfiguration of beam measurement resources.

Based on above, we suggest to consider enhancements to FR2 beam measurement requirements that would allow UE to measure a subset of the configured resources, which can lead to better power efficiency and more reliable measurement performance. 

Objective 1: Enhance FR2 beam measurement requirements to allow UE to measure a subset of the configured resources, which can lead to better power efficiency and more reliable measurement performance.

2.2 FR2-FR2 DAPS requirements
In Rel-16 Mobility Enhancement WI, requirements for DAPS HO were defined for FR1-FR1 HO, FR1-FR2 HO but not for FR2-FR2 HO. The reason was that FR2-FR2 DAPS HO would require UE to simultaneously receive from 2 direction, and this may not be feasible based on assumptions on UE Rx beam at that time. 

In Rel-16 RAN4 RRM Enhancement WI, FR2 inter-band CA was supported. Based on the discussion, UE may support independent beam management (IBM) for two bands in FR2, which means it can Tx/Rx from different directions at the same time. We understand at least for inter-band inter-frequency scenario, it should be feasible to introduce FR2-FR2 DAPS HO for UE supporting IBM for the two bands, e.g. as in Figure 1. 
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Figure 1: Example scenario for FR2-FR2 DAPS HO

Of course, supporting of DAPS HO is not directly linked to UE IBM capability for CA, and FR2-FR2 DAPS HO may be also supported in other scenarios even for intra-frequency HO. The applicable scenario, UE requirements and UE capability can be discussed in the WI phase.

Objective 2: Define requirements for FR2-FR2 DAPS handover at least for inter-band scenario.

2.3 SCell activation enhancement in FR2
SCell activation delay is important for FR2 operation considering that FR2 cells are likely to be used as SCells. With small activation delay, UE can fast access the FR2 resources with large BW and enjoy the large throughput, so that the user experience can be improved significantly. 

However, due to the nature of FR2 operation, the SCell activation delay is larger for FR2 than for FR1. For the first unknown SCell, the delay can be more than 1 second! Of course, when there is an active serving cell in an FR2 band, the activation would be rather fast, but it means UE would always have an active cell in FR2 band even there is no data Tx/Rx requiring such BW, and this is not friendly to the UE power consumption. 

The large activation delay in FR2 was caused by the assumption in the requirements that UE needs to receive the TCI indication from NW for PDCCH, PDSCH and CSI-RS for CSI during the activation process. This would require some signaling delay as TCI indication is via MAC CE or even RRC.

For unknown case, the activation delay is based on the assumption that UE needs to perform L1-RSRP measurement and reporting so that NW can indicate the TCI, and this would prolong the activation delay by L1-RSRP measurement time and reporting delay. 

	
If the PCell/PSCell and the target SCell are configured as FR1-FR2 CA or if the PCell/PSCell and the target SCell are in a FR2 band pair with independent beam management, and the target SCell is unknown to UE and semi-persistent CSI-RS is used for CSI reporting, provided that the side condition Ês/Iot ≥ -2dB is fulfilled, then Tactivation_time is:
-
6ms + TFirstSSB_MAX + 15*TSMTC_MAX + 8*Trs  + TL1-RSRP, measure + TL1-RSRP, report  + THARQ + max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP).


In our view, some enhancements to the FR2 SCell activation assumption can be made to reduce the activation delay. For example, if UE has reported the best Tx beam via either L3 RSRP or L1-RSRP before or during the activation process, this can be assumed to be used before a TCI indication comes. For UE initial access to PCell UE can assume the DL transmission is QCL-ed to the SSB used for initial access, and with similar assumption applied to SCell activation, we can minimize or eliminate the delay for TCI indication. Of course, the detailed enhancement can be discussed in the WI phase. 

Another possible enhancement is the support of multiple SCell activation for FR2 inter-band CA. This is actually a leftover from Rel-16 RRM Enhancement WI, where multiple SCell activation and FR2 inter-band CA were discussed separately, and it was decided to not specify the requirements for this case. In Rel-18 with FR2 inter-band CA stable, RAN4 can define the requirements for this case.

Objective 3: Enhance the FR2 SCell activation requirements

· Minimize or eliminate the time needed for TCI indication and for L1-RSRP measurement and/or reporting during activation process

· Define requirements for Multiple SCell activation/deactivation in FR2 inter-band CA

2.4 BWP switching enhancement 
BWP switching requirements are also important for FR2. To enable UE power saving in FR2 cells, NW may switch the UE to a small BWP when data activity is not heavy, and switch UE to a large BWP otherwise. Similar as SCell activation requirements, the BWP switching delay requirements also impacts how fast UE can access the FR2 resources with large BW, thus impacts the user experience. Moreover, UE is not required to Tx/Rx data during the BWP switching delay so a longer delay would mean long interruption time. 
Currently there are two types of BWP switching delay based on UE capability, as shown in Table 8.6.2-1 of 38.133. It is noted that Table 8.6.2-1 is for single CC case, which is the baseline for SCell dormancy and BWP switch in multiple CCs.

Table 8.6.2-1: BWP switch delay
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	NR Slot length 
	BWP switch delay TBWPswitchDelay (slots)

	
	(ms)
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:
Depends on UE capability.

Note 2:
If the BWP switch involves changing of SCS, the BWP switch delay is determined by the smaller SCS between the SCS before BWP switch and the SCS after BWP switch.


In our view, the switching delay for type 2 UE is rather large, which can be 2.25ms in absolute time. Type 1 switching delay on the contrary, is only 0.75ms. With large BW in FR2, 2.25ms is a long time. In Rel-15 RAN4 has define separate MG patterns for FR1 and FR2 because of a 0.5ms difference in the RF re-tuning time. Based on the same consideration, we suggest to enhance the type 2 BWP switching delay requirement. This may lead to a new UE capability in between type 1 and type 2, and this can be discussed in more detail in the WI phase.

Scope 4: Enhance type 2 BWP switching delay in FR2 and new capability can be considered.

2.5 FR2 TCI/UL spatial relation switching delay reduction 

In Rel-15/16, the requirements of active TCI state switching and UL spatial relation are defined, which is used to configured the QCL relation for DL reception and spatial filtering for UL transmission. In Rel-17, the unified TCI state framework is also under discussion. These RRM activities are sensitive to delay as they are usually companied with data transmission or reception. 

However, due to the nature of FR2 operation, the TCI/UL spatial relation switching delay is larger for FR2 than for FR1 for unknown case considering the beam sweeping in FR2. For instance, the L1-RSRP delay during the switching procedure is scaled by N (8 for FR2) compared to that in FR1. And considering when RS are overlapping with L3 measurement or when DRX is configured, the delay could be much longer. For instance, TL1-RSRP could be 160 ms when periodicity of SSB is 20ms, and it could be 480ms when P =3 and 5760 ms when DRX is 160 ms. For these event triggered RRM activities, we suggest to enhance the FR2 TCI/UL spatial relation switching delay, and the detailed enhancement can be discussed in the WI phase. 

Objective 5: Enhance FR2 TCI/UL spatial relation switching delay can be considered.
3. Proposed WI objectives
Core part: 

Specify enhancements to RRM requirements in FR2：
1. Beam management L1 measurement enhancement in FR2[RAN4]
· Enable Network to configure more resources with reliable performance and enable UE to measure on limited configured BM resources with better power efficiency 

· Expect little impact on other RAN groups 

2. Mobility enhancement in FR2 [RAN4]

· Define FR2-FR2 DAPS requirements

3.  SCell activation enhancement in FR2 [RAN4]

· Further reduce the SCell activation delay in FR2 (e.g., minimize TCI indication and/or L1-RSRP measurement)

· Define requirements for multiple Scell activation/deactivation in FR2 inter-band CA

4. Enhance type 2 BWP switching delay in FR2 [RAN4]
· New capability can be considered
5. TCI/UL spatial relation switching delay reduction in FR2 [RAN4]

· Reduce the TCI/UL spatial relation switching delay in FR2 (e.g. reduce the L1-RSRP measurement delay for unknown case)
Perf part: 

· Specify RRM performance requirement for Beam management L1 measurement enhancement in FR2.

· Specify RRM performance requirement for FR2-FR2 DAPS handover.

· Specify RRM performance requirement for SCell activation enhancement in FR2.

· Specify RRM performance requirement for Enhance BWP switching delay in FR2.

· Specify RRM performance requirement for TCI/UL spatial relation switching delay in FR2.
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