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Introduction
RAN plenary has agreed WI for Further enhancements of NR RF requirements for frequency range 2 (FR2) [1] and the revised WID [14] in RAN#92. Initial discussions started in RAN4#97 meeting where some agreements were reached. In RAN4#98, RAN4#98bis and RAN4#99 meetings further discussions were carried out in RRM with agreed WFs in [8], [11] and [18] as outcome. In this paper we continue the discussion related to other RRM requirements than MRTD for this WI. 

Discussion
In Rel-16 RAN4 defined UE requirements for inter-band CA in FR2 for UEs supporting independent beam management (IBM). The requirements were developed in a generic manner without limiting the requirements to co-located deployments or not co-located deployments. Inter-band CA requirements for CBM capable UE was not developed in Rel-16. For Rel-17 RAN4 is to develop RRM inter-band CA requirements for CBM capable UE for DL and UL CA for an IBM capable UE. In this paper we will discuss the RRM requirements for CBM capable UE other than MRTD requirements for FR2 inter-band DL CA.
Current status on the progress in RF of importance for RRM, is that for inter-band CA following is being discussed:
· Only L+L or H+H combinations are considered
· Inter-band CA between L+H and H+L is not considered
· For L+L, 3 options are considered.
· For H+H, 2 options are considered.
· The maximum supported bands for inter-band CA in FR2 under RF discussion is 2 bands.
In RAN4#98 meeting RAN4 discussed the deployment and UE assumptions for CBM and IBM capable UEs and scenarios [10, 9, 8]. 
Following was agreed related to CBM:
· Deployment scenarios:
· Assumption of deployment and band pair for IBM UE and CBM UE should follow the RF session conclusions (Up to 2nd round discussion).
· UE assumptions:
· UE is assumed to make reception with one beam at a time, i.e. similar to Rel-15 baseline UE assumption.
· At least one active panel at a time can be assumed as baseline for RRM requirements definition.
· A UE that supports inter-band CA with CBM selects its DL Rx beam(s) for all CCs in all configured bands based on DL measurements made in the only CC configured with the reference signal for beam management.
· In FR2 CA cases, requirements apply when the BM RS is provided in a CC with a configured UL BWP.
And for IBM following was agreed:
· Deployment scenarios:
· Assumption of deployment and band pair for IBM UE and CBM UE should follow the RF session conclusions (Up to 2nd round discussion).
· Follow the agreements in Rel16 i.e. there is no restriction on deployment scenario i.e. network assumes IBM UE supports both co-located and non-co-located deployments.
· UE assumptions:
· IBM capable UE is assumed to be capable of receiving signals for FR2 inter-band CA with different beam directions at the same time.
· A UE that supports inter-band CA with IBM selects its DL Rx beam(s) for all CCs in each configured band based on DL reference signals measurements made in that band.
RAN4#98bis RF progress related to inter-band CA for CBM capable UEs did not reach further agreements which would impact RRM. Some agreements related to UL CA for IBM were reached [13].
RAN4#99e RF progress related to inter-band CA for CBM capable UEs was agreed as below. Some agreement related to UL CA for IBM were reached in [16].
· RAN4 agrees to define CBM requirements in such manner that both single chain and multi chain architectures are possible.
Having the baseline understanding of the agreement related to IBM and CBM in place, we look further at the CBM deployment scenarios and UE requirements. We discuss UL CA related aspect in our paper submitted under the UL CA agenda item.
As we discussed in earlier meetings, Rel-15 baseline assumption when developing the UE requirements in FR2, was that the UE could receive with single spatial Rx settings at a time (one Rx beam). Additionally, Rel-15 only supported intra-band collocated CA in FR2 with the related maximum receive timing difference requirement as stated in table 7.6.4-1 in 38.133. As DL pathloss delay difference between the carriers in the two bands can be assumed 0, this requirement also leads to very tight network transmit timing requirement. For intra-band NCCA RAN4 has defined MRTD requirements which equals up to TAE.
Related to other UE RRM requirements than MRTD/MTTD, we see it is feasible to re-use the existing Rel-15 UE requirements for a Rel-17 CBM capable UE with necessary updates where needed. Reasoning being the agreement that the CBM capable UE is assumed to receive with one common Rx beam setting at a time, i.e. similar to Rel-15 baseline UE assumption. Possible impact from different MRTD requirements inter-band CA scenario would need to be accounted.
[bookmark: _Hlk79178305]It is feasible to re-use Rel-15 existing UE RRM requirements for developing UE requirements for Rel-17 CBM capable UE. 
In the following sections we look at the general RRM requirements. We look at network deployments and how the Rel-15 requirements could be re-used and where there may be a need for additional Rel-17 requirements related to CBM capable UEs.

Deployment, Synchronization, QCL assumption and CBM
A CBM capable UE , would not be required to operate with independent Rx beams. Such UE would be assumed using a common beam and common beam management relying at least on 1 DL RS in one band for Rx beam steering. 
We see such UE like the MPUE-Assumption1 or MPUE-Assumption3 (RAN1 UE types introduced in RAN1#AH109): 
· MPUE-Assumption1: Multiple panels are implemented on a UE and only one panel can be activated at a time. 
· MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for Tx.
Whether the UE support MPUE-Assumption 1 or MPUE-Assumption3 is up to UE implementation. Both these assumptions are similar to the assumption used when developing the Rel-15 RRM requirements (when assuming one RX beam) and hence, the reason why we see that Rel-15 RRM requirements can be re-used as baseline for developing RRM requirements for a Rel-17 CBM UE.
RAN4 will of course need to discuss each requirement separately to identify possible changes would be needed to the baseline Rel-15/16 RRM requirements, which was also agreed in RAN4#99. 
When discussing UE requirements for a UE supporting FR2 inter-band CA considering CBM, the cell deployment assumptions in the inter-band CA scenario is that the cells may be fully co-located or almost co-located as illustrated in the following figure. 
[image: ]                  [image: ]
Figure 1 The cell location in the inter-band co-located CA may be fully or almost co-located.
The fully collocated scenario is assumed in the basic Rel-15 UE RRM requirements for intra-band CA in FR2. Colocation information is given to the UE by the QCL configurations which are configured to the UE by the network. Based on the configured QCL information the UE can assume the network deployment, DL signal alignment and can direct the UE Rx beam accordingly. 
It is the deployment and the network configuration that dictates whether two cells can be observed as QCL’ed by the UE or not. The network configuration of the QCL information (and thereby the QCL assumption used by UE side) does not dictate the network synchronization requirements but only assists the UE to steer the Rx beam settings. Hence, the network can configure RS from 2 cells as QCL Type-D although they are not fully collocated but only almost fully collocated. There may of course be a potential negative impact on the UE performance if the synchronization offset between the cells is significant as pointed out by several companies. 
To guarantee the UE performance RAN4 has defined MRTD requirements for the different scenarios. Hence, as long as the MRTD requirements are fulfilled, the UE performance is guaranteed. However, it does not necessarily mean that a UE does fail completely if the MRTD requirements are not fulfilled.
In RAN4#98bis it was agreed:
· Agreements (in GTW): 
· Define MRTD and RRM requirements for CBM capable UEs based on co-located deployment scenarios only. 
· There are no deployment restrictions (Non-co-located/co-located) for network to configure inter-band DL CA for CBM UEs.
· Note: this does not imply that MRTD requirements will be defined based on intra-band CA assumptions
The cells used in the FR2 inter-band CA may or may not be fully collocated. As the CBM UE will use the beam management RS from the cell in which the UL BWP is located (the PCell most likely), the network would configure other necessary RS in other cells as QCL Type-D with the cell in which the UL BWP is allocated. 
[bookmark: _Hlk79177769]As long as the DL reception from each cell in the bands are within the CP (if UE is assumed one single FFT) the UE would be able to receive the data from both cells. In last meeting it was raised that possible UE Rx beam switch delay and possible UE DL timing inaccuracy would need to be accounted as well.
Based on this background we now look more specifically on UE RRM requirements (other than MRTD).

RRM 
In general, we expect that when the DL received signal in each band used in the FR2 inter-band CA is within the MRTD it is feasible to reuse the existing RRM requirements as baseline with a number of changes to cover the CBM specifics in CA. Below we analyse more detailed the impact and need for changes as we see it currently. We also provide TPs how the changes can be captured in the specifications.
If the UE experience conditions where the MRTD is exceeded the UE performance may of course be impacted. We see that such impact would be captured in the table (as proposed) and there would not be a need to capture the impact in greater details. Besides capturing the possible impact in the table, we do not see that other specification changes would be needed. It will be up to different UE implementations and network control.
In the following discussion we are assuming that the received signal on the UE side is within the MRTD applicable for in the inter-band CA deployments (CBM).
The discussion is based on the proposal in the agreed WF from last and discussed in our MRTD discussion paper in this meeting as discussed in our paper on MRTD:
Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2
	8 note1

	FR2
	3note2

	Between FR1 and FR2
	25 

	Note1:	This requirement applies to the UE capable of independent beam management for FR2 inter-band CA.
Note2:	This requirement applies to the UE capable of common beam management for FR2 inter-band CA. If the receive time difference exceeds [CP length - UE Rx beam switch time] of that SCS, demodulation performance degradation is expected for the first symbol of the slot in the SCells of the other band.


 
In the following sections we address the aspects listed in the agreed WF [15] related to RRM requirements from last meeting.

CBM and UE interruption requirements
During earlier meeting (98bis) RAN4 reached following agreement:
· Agreements: 
· The interruption requirements applied for CBM based FR2 inter-band CA need to be introduced in Rel-17, which need RF inputs on the RF architecture of CBM type UE. 
During last meeting (99) RAN4 captured following aspect for FFS in the agreed WF [15]:
· Option 1: The existing Rel16 interruption requirements of intra-band CA shall be applied (Xiaomi, OPPO, Ericsson, MTK)
· Option 2: Existing interruption requirements for inter-band CA in R15/R16 can be reused for CBM type UE in R17 (Huawei)
· Option 3: Existing non-IBM UE interruption requirements would be applicable for an inter-band CA CBM UE. (Nokia)
· Option 4: Need to agree on Issue 1-1-1 first (Intel)
As discussed in former meeting this depend on the network timing and the outcome of the MRTD discussion. 
The detailed requirements would then need to wait agreements related to MRTD and once decided RAN4 can evaluate whether it is more appropriate to apply intra-band CA requirements or inter-band CA requirements. Currently, we believe existing (non-IBM) inter-band CA UE interruption requirements would be applicable.
[bookmark: _Hlk79178335]Existing (non-IBM) inter-band CA UE interruption requirements would be applicable for an inter-band CA CBM UE.

CBM and UE scheduling availability
For this topic, RAN4 discussed and agreed following in RAN4#98bis:
· Agreements: 
· The scheduling availability requirements for CBM capable UE in FR2 inter-band CA scenario shall be introduced to clarify there is scheduling restriction on one FR2 band due to RLM/BFD/CBD/L1-RSRP measurements being performed on another FR2 band if UE uses common beam.
[bookmark: _Hlk79070154]In last RAN4#99 meeting the WF captured following:
· RAN4 to discuss in detail whether and how to introduce scheduling restriction for the following section 
· RRM
· 9.2.5.3.3  Scheduling availability of UE performing measurements on FR2
· 9.10.2.6.2  Scheduling availability of UE performing CSI-RS based measurements in FR2  
· Radio Link Monitoring
· 8.1.7.3  Scheduling availability of UE performing radio link monitoring on FR2
· Link Recovery
· 8.5.7.3  Scheduling availability of UE performing beam failure detection on FR2
· 8.5.8.3  Scheduling availability of UE performing L1-RSRP measurement on FR2
· 8.5.8.3  Scheduling availability of UE performing L1-RSRP measurement on FR2
· L1-RSRP/SINR measurements (Serving cell measurement)
· 9.5.6.3  Scheduling availability of UE performing L1-RSRP measurement on FR2
· 9.8.6.3  Scheduling availability of UE performing L1-SINR measurement on FR2

Here the aspect of MRTD requirement will also impact the discussion related to the detailed scheduling restriction requirement. Hence, how to capture the detailed scheduling availability requirements for CBM capable UE in FR2 inter-band CA scenario was left open. Assuming that the MRTD requirement is fulfilled our understanding is that it should then be possible to use intra-band requirements for FR2 inter-band CA for CBM because the discussion is related to CBM UE. Hence, the steering of the beams in the two bands is common which means they affect each other. E.g. for measurements, if the UE need to steer the Rx beam for performing measurements in the PCell band (sweep), this will also mean that the Rx beam in the non-PCell band will need to sweep.
Existing intra-band UE scheduling availability requirements would be applicable for an inter-band CA CBM UE, but it needs clarification for all the listed cases.
One example how this could be captured using section 9.2.5.3.3 as example:
A UE is capable of common beam management on this FR2 band pair, when inter-band carrier aggregation in FR2 is performed, the scheduling restrictions due to a given serving cell should also apply to all other serving cells in the same band and other band on the symbols that fully or partially overlap with aforementioned restricted symbols
Agree the TP provided.

CBM and UE measurement restrictions
For this topic, a long list of options was listed as outcome from RAN4#99 meeting:
· Option1: RAN4 to discuss in detail whether and how to introduce scheduling restriction for the following section 
· Radio Link Monitoring
· 8.1.2.3  Measurement restrictions for SSB based RLM
· 8.1.3.3  Measurement restrictions for CSI-RS based RLM
· Link Recovery
· 8.5.2.3  Measurement restriction for SSB based beam failure detection
· 8.5.3.3  Measurement restrictions for CSI-RS beam failure detection
· 8.5.5.3  Measurement restriction for SSB based candidate beam detection
· 8.5.6.3  Measurement restriction for CSI-RS based candidate beam detection
· L1-RSRP/SINR measurements (Serving cell measurement)
· 9.5.5.1  Measurement restriction for SSB based L1-RSRP
· 9.5.5.2  Measurement restriction for CSI-RS based L1-RSRP
· 9.8.5.1  Measurement restriction if SSB configured for L1-SINR Measurement
· 9.8.5.2  Measurement restriction if CSI-RS configured for L1-SINR measurement
· 9.8.5.3  Measurement restriction if CSI-IM configured for L1-SINR measurement
· Option 2: RAN4 not to define any measurement restrictions for CBM operation in FR2 inter-band CA 
· CBM UEs only need to perform RLM/BFD/CBD/L1-RSRP measurements on one CC (PCC or PSCC).
· Option 3: Measurement restriction requirements need to be defined for CBM capable UE for inter-band CA scenario. 
· Existing Measurement restriction requirements would be applicable for an inter-band CA CBM UE but may need clarification aligned with the MRTD agreement.
· Option 4: CBM UE is not required to perform layer 1 measurements on multiple CCs
· Option 5: Need to agree on Issue 1-1-1 first 
We do see a need to for some updates to the requirements, but the final outcome of the MRTD discussion may impact the work.
In one example we see that e.g. in section 8.1.2.3 regarding measurement restrictions for SSB based RLM RAN4 would need to cover the measurement restriction for the CBM capable UE when the UE is configured in FR2 inter-band CA. In this case, because the UE only can steer the beams commonly, there may be impact from overlap of the SSB used for RLM in one band to possible CSI-RS in the other band.
As the requirements related to measurement restrictions for the different cases are similar, we also expect similar requirement changes for the above listed cases. 
Measurement restriction requirements need to be defined for CBM capable UE for FR2 inter-band CA scenario.
How to define the UE measurement restrictions for the CBM FR2 inter-band CA scenario is again depending on the MRTD discussion outcome. However, assuming MRTD is fulfilled they could look like (section 8.1.2.3):
A UE is capable of common beam management on this FR2 band pair, when configured with FR2 inter-band CA, when the SSB for RLM measurement on one CC is in the same OFDM symbol as CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band, or the other band, UE is required to measure one of but not both SSB for RLM and CSI-RS. Longer measurement period for SSB based RLM is expected, and no requirements are defined.
Agree the TP provided.

CBM and SCell activation requirements
For the SCell activation requirements two different scenarios were discussed. RAN4 already agreed on 1:
1. SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band.
2. SCell being activated belongs to FR2 and if there is no active serving cell on that FR2 band provided that PCell or PSCell is FR2.
And in RAN4#98bis following was agreed:
· Case 1: if PCell/PSCell and the target SCell are in a FR2 band pair with CBM and the target SCell is known, the existing SCell activation requirements can be readily be re-used for CBM capable UE in inter-band CA scenario
In last RAN4#99 meeting the WF captured following:
· Principle: Case 2: if PCell/PSCell and the target SCell are in a FR2 band pair with CBM and the target SCell is unknown, 
· Option 1: the SCell activation requirements shall be reduced 
· Option 1a: SSB samples for Rx beam sweeping shouldn’t be accounted for in unknown SCell activation latency requirement. 
· Option 1b: L1-RSRP measurement delay is not required in SCell activation delay 
Following case remained open: 
· In the case when target SCell being activated belongs to FR2 and if there is no active serving cell on that FR2 band provided that PCell or PSCell is in FR2 and the target SCell is unknown. 
If the to-be-activated SCell is unknown but PCell/PSCell is in FR2, the target SCell activation delay requirements can be reduced because the UE already have knowledge related to Rx spatial settings of the SCell being activated (CBM capable UE). Hence, the SCell activation requirements defined for the scenario where there is at least one active serving cell in the band, can be used. Reason for this is that the use case is FR2 inter-band CA and the UE is CBM capable and therefore restricted in the beam steering (target SCell has to be in same spatial direction as already used).
If the to-be-activated target SCell is unknown but PCell/PSCell is in FR2, the target SCell activation delay requirements defined for the scenario where there is at least one active serving cell in the band, can be applied.
The detailed requirement would need to be adapted to address that the one active serving cell may be in the other band of the supported inter-band CA combo. As one example TP:
For a UE supporting inter-band CA, when the SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band or on a supported inter-band CA FR2 combo, then Tactivation_time is TFirstSSB+ 5ms provided:
-	The UE is provided with SMTC for the target SCell, and  
-	The SSBs in the serving cell(s) and the SSBs in the SCell fulfil the condition defined in clause 3.6.3,
-	The parameter ssb-PositionsInBurst is same for the serving cell(s) and the SCell.
	If the SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band, if the UE is not provided with any SMTC for the target SCell, Tactivation_time is 3 ms, provided
· the RS (s) of SCell being activated is (are) QCL-TypeD with RS (s) of one active serving cell on that FR2 band.
Agree the TP provided.
We provide all these TPs how the changes can be captured in the specifications in Annex in this paper. 
Conclusion
In this paper we continue the discussion related to other RRM requirements than MRTD for this WI.
1. It is feasible to re-use Rel-15 existing UE RRM requirements for developing UE requirements for Rel-17 CBM capable UE. 
1. Existing (non-IBM) inter-band CA UE interruption requirements would be applicable for an inter-band CA CBM UE.
1. Existing intra-band UE scheduling availability requirements would be applicable for an inter-band CA CBM UE, but it needs clarification for all the listed cases.
One example how this could be captured using section 9.2.5.3.3 as example:
A UE is capable of common beam management on this FR2 band pair, when inter-band carrier aggregation in FR2 is performed, the scheduling restrictions due to a given serving cell should also apply to all other serving cells in the same band and other band on the symbols that fully or partially overlap with aforementioned restricted symbols
Agree the TP provided.
Measurement restriction requirements need to be defined for CBM capable UE for FR2 inter-band CA scenario.
How to define the UE measurement restrictions for the CBM FR2 inter-band CA scenario is again depending on the MRTD discussion outcome. However, assuming MRTD is fulfilled they could look like (section 8.1.2.3):
A UE is capable of common beam management on this FR2 band pair, when configured with FR2 inter-band CA, when the SSB for RLM measurement on one CC is in the same OFDM symbol as CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band, or the other band, UE is required to measure one of but not both SSB for RLM and CSI-RS. Longer measurement period for SSB based RLM is expected, and no requirements are defined.
Agree the TP provided.
If the to-be-activated target SCell is unknown but PCell/PSCell is in FR2, the target SCell activation delay requirements defined for the scenario where there is at least one active serving cell in the band, can be applied.
The detailed requirement would need to be adapted to address that the one active serving cell may be in the other band of the supported inter-band CA combo. As one example TP:
For a UE supporting inter-band CA, when the SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band or on a supported inter-band CA FR2 combo, then Tactivation_time is TFirstSSB+ 5ms provided:
-	The UE is provided with SMTC for the target SCell, and  
-	The SSBs in the serving cell(s) and the SSBs in the SCell fulfil the condition defined in clause 3.6.3,
-	The parameter ssb-PositionsInBurst is same for the serving cell(s) and the SCell.
	If the SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band, if the UE is not provided with any SMTC for the target SCell, Tactivation_time is 3 ms, provided
· the RS (s) of SCell being activated is (are) QCL-TypeD with RS (s) of one active serving cell on that FR2 band.
Agree the TP provided.
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Annex: Text Proposal for other RRM requirements for CBM FR2 inter-band DL CA in 38.133
Here are the example text proposals for FR2 inter-band CA RRM requirements other than MRTD for CBM capable UE. 
<Start of Text Proposal 1>
9.2.5.3.3	Scheduling availability of UE performing measurements on FR2
The following scheduling restriction applies due to SS-RSRP or SS-SINR measurement on an FR2 intra-frequency cell
	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration (The signaling deriveSSB_IndexFromCell is always enabled for FR2). If the high layer signalling of smtc2 is configured in TS 38.331 [2], the SMTC periodicity follows smtc2; Otherwise the SMTC periodicity follows smtc1.
The following scheduling restriction applies to SS-RSRQ measurement on an FR2 intra-frequency cell
-	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, RSSI measurement symbols, and on 1 data symbol before each consecutive SSB to be measured/RSSI symbols and 1 data symbol after each consecutive SSB to be measured/RSSI symbols within SMTC window duration (The signaling deriveSSB_IndexFromCellc is always enabled for FR2). If the high layer signalling of smtc2 is configured in TS 38.331 [2], the SMTC periodicity follows smtc2; Otherwise the SMTC periodicity follows smtc1.
When intra-band carrier aggregation in FR2 is performed, the scheduling restrictions due to a given serving cell should also apply to all other serving cells in the same band on the symbols that fully or partially overlap with aforementioned restricted symbols. 
A UE is capable of common beam management on this FR2 band pair, when inter-band carrier aggregation in FR2 is performed, the scheduling restrictions due to a given serving cell should also apply to all other serving cells in the same band and other band on the symbols that fully or partially overlap with aforementioned restricted symbols.
When inter-band carrier aggregation in FR2 is performed, there are no scheduling restrictions on FR2 serving cells in the bands due to SS-RSRP, SS-RSRQ or SS-SINR measurement on an FR2 intra-frequency cell in different bands, provided that UE is capable of independent beam management on this FR2 band pair. Additionally, there is no scheduling restriction if the UE is configured with different numerology between SSB on one FR2 band and data on the other FR2 band provided the UE is configured for IBM operation for the band pair.
If following conditions are met:
-	The UE has been notified about system information update through paging,
-	The gap between the UE’s reception of PDCCH that UE monitors in the Type 2-PDCCH CSS set that notifies system information update, and the PDCCH that UE monitors in the Type0-PDCCH CSS set, is greater than 2
For the SSB and CORESET for RMSI scheduling multiplexing patterns 3, the UE is expected to receive the PDCCH that the UE monitors in the Type0-PDCCH CSS set, and the corresponding PDSCH, on SSB symbols to be measured; and 
For the SSB and CORESET for RMSI scheduling multiplexing patterns 2, the UE is expected to receive PDSCH that corresponds to the PDCCH that the UE monitors in the Type0-PDCCH CSS set, on SSB symbols to be measured.

<End of Text Proposal 1>
<Start of Text Proposal 2>
8.1.2.3	Measurement restrictions for SSB based RLM
[bookmark: _Hlk52267480]The UE is required to be capable of measuring SSB for RLM without measurement gaps. The UE is required to perform the SSB measurements with measurement restrictions as described in the following scenarios.
For FR1, when the SSB for RLM is in the same OFDM symbol as CSI-RS for RLM, BFD, CBD or L1-RSRP measurement, 
-	If SSB and CSI-RS have same SCS, UE shall be able to measure the SSB for RLM without any restriction;
-	If SSB and CSI-RS have different SCS,
-	If UE supports simultaneousRxDataSSB-DiffNumerology, UE shall be able to measure the SSB for RLM without any restriction;
-	If UE does not support simultaneousRxDataSSB-DiffNumerology, UE is required to measure one of but not both SSB for RLM and CSI-RS. Longer measurement period for SSB based RLM is expected, and no requirements are defined.
A UE is capable of common beam management on this FR2 band pair, when configured with FR2 inter-band CA, when the SSB for RLM measurement on one CC is in the same OFDM symbol as CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band, or the other band, UE is required to measure one of but not both SSB for RLM and CSI-RS. Longer measurement period for SSB based RLM is expected, and no requirements are defined.
For FR2, when the SSB for RLM measurement on one CC is in the same OFDM symbol as CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band, UE is required to measure one of but not both SSB for RLM and CSI-RS. Longer measurement period for SSB based RLM is expected, and no requirements are defined.
For FR2, there is no measurement restriction allowed when the network configures mixed numerology between SSB for RLM measurement on one FR2 band and CSI-RS for RLM, BFD, CBD, L1-RSRP or L1-SINR measurement on the other FR2 band, provided that UE is capable of independent beam management on this FR2 band pair.

<End of Text Proposal 2>
<Start of Text Proposal 3>
[bookmark: _Toc535475975]8.3.2	SCell Activation Delay Requirement for Deactivated SCell
The requirements in this clause shall apply for the UE configured with one downlink SCell in EN-DC, or in standalone NR carrier aggregation or in NE-DC or in NR-DC and when one SCell is being activated.
The delay within which the UE shall be able to activate the deactivated SCell depends upon the specified conditions.
Upon receiving SCell activation command in slot n, the UE shall be capable to transmit valid CSI report and apply actions related to the activation command for the SCell being activated no later than in slot  , where:
	THARQ (in ms) is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3]
	Tactivation_time is the SCell activation delay in millisecond. 
	If the SCell is known and belongs to FR1, Tactivation_time is:
-	TFirstSSB+ 5ms, if the measurement period of the SCell being activated is equal to or smaller than [2400ms].
-	TFirstSSB_MAX + Trs + 5ms, if the measurement period of the SCell being activated is larger than [2400ms].
	If the SCell is unknown and belongs to FR1, and if one of the following conditions is met
-	 ‘ssb-PositionInBurst’ indicates only one SSB is being actually transmitted, or
-	 ‘ssb-PositionInBurst’ indicates multiple SSBs and TCI indication is provided in same MAC PDU with SCell activation,
provided that the side condition Ês/Iot ≥ -2dB is fulfilled, Tactivation_time is:
-	TFirstSSB_MAX + TSMTC_MAX + Trs + 5ms, if the following conditions are met, 
-	the SCell is contiguous to an active serving cell in the same band, and
-	its ssb-PositionInBurst is same as the one of contiguous FR1 active serving cell, and
-	its SMTC offset is same as the one of contiguous FR1 active serving cell, and 
-	its RTD with contiguous FR1 active serving cell is smaller than or equal to 260ns with respect to the to-be-activated SCell’s SSB numerology, and its reception power difference with contiguous FR1 active serving cell is smaller than or equal to 6dB;
-	TFirstSSB_MAX + TSMTC_MAX + 2*Trs + 5ms, otherwise.
otherwise, provided that the side condition Ês/Iot ≥ -2dB is fulfilled, Tactivation_time is:
-	6ms + TFirstSSB_MAX + TSMTC_MAX + Trs + TL1-RSRP,measure + TL1-RSRP,report + THARQ + max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP), if semi-persistent CSI-RS is used for CSI reporting,
-	3ms + TFirstSSB_MAX + TSMTC_MAX + Trs + TL1-RSRP,measure + TL1-RSRP,report + max(THARQ + Tuncertainty_MAC + 5ms + TFineTiming, Tuncertainty_RRC + TRRC_delay), if periodic CSI-RS is used for CSI reporting.
-	However, when the following conditions are fulfilled, no activation requirement will be applied for this unknown SCell:
-	the SCell is contiguous to an active serving cell in the same band, and
-	A single SSB is used in the unknown SCell; or multiple SSBs are used in the SCell and TCI state indication for PDCCH is provided by the same MAC PDU used for SCell activation; and
-	its ssb-PositionInBurst is same as the one of contiguous FR1 active serving cell, and
-	its SMTC offset is same as the one of contiguous FR1 active serving cell
-	its RTD with contiguous FR1 active serving cell is larger than 260ns with respect to the to-be-activated SCell’s SSB numerology, or its reception power difference with contiguous FR1 active serving cell is larger than 6dB;
	If the SCell being activated belongs to FR1 and if there is at least one active serving cell contiguous to the SCell on that FR1 band, if the UE is not provided with SSB configuration (absoluteFrequencySSB) nor SMTC configuration for the target SCell, Tactivation_time is 3 ms, provided
-	The RTD between the target SCell and the contiguous active serving cell is within within ±260ns, and 
-	The difference of the reception power with the contiguous active serving cell is <= 6dB, and 
-	The RS(s) of SCell being activated is (are) QCL-TypeA with TRS(s) of the SCell being activated, and the TRS(s) of the SCell being activated is (are) further QCL-TypeC with SSB(s) of any active serving cell that is contiguous to the SCell being activated on that FR1 band. 
	If the SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band, then Tactivation_time is TFirstSSB+ 5ms provided:
-	The UE is provided with SMTC for the target SCell, and  
-	The SSBs in the serving cell(s) and the SSBs in the SCell fulfil the condition defined in clause 3.6.3,
-	The parameter ssb-PositionsInBurst is same for the serving cell(s) and the SCell.
-	SSB is in the same half-frame on the SCell and the contiguous FR2 active serving cell
	If the SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band, if the UE supporting scellWithoutSSB is not provided with any SMTC for the target SCell, Tactivation_time is 3 ms, provided
-	the RS (s) of SCell being activated is (are) QCL-TypeD with RS (s) of one active serving cell on that FR2 band.
	If the SCell being activated belongs to FR2 and if there is no active serving cell on that FR2 band provided that PCell or PSCell is in FR1 or in FR2:
	If the target SCell is known to UE and semi-persistent CSI-RS is used for CSI reporting, then Tactivation_time is:
-	3ms + max(Tuncertainty_MAC + TFineTiming + 2ms, Tuncertainty_SP), where Tuncertainty_MAC=0 and Tuncertainty_SP=0 if UE receives the SCell activation command, semi-persistent CSI-RS activation command and TCI state activation command at the same time.
	If the target SCell is known to UE and periodic CSI-RS is used for CSI reporting, then Tactivation_time is:
-	max(Tuncertainty_MAC + 5ms + TFineTiming, Tuncertainty_RRC + TRRC_delay-THARQ), where Tuncertainty_MAC=0 if UE receives the SCell activation command and TCI state activation commands at the same time.
	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).
	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 periodic CSI-RS is used for CSI reporting, provided that the side condition Ês/Iot ≥ -2dB is fulfilled, then Tactivation_time is:
-	3ms + TFirstSSB_MAX + 15*TSMTC_MAX + 8*Trs + TL1-RSRP, measure + TL1-RSRP, report + max {(THARQ + Tuncertainty_MAC + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)}.
For a UE supporting FR2 inter-band CA, when the SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band or on a supported inter-band CA FR2 combo, then Tactivation_time is TFirstSSB+ 5ms provided:
-	The UE is provided with SMTC for the target SCell, and  
-	The SSBs in the serving cell(s) and the SSBs in the SCell fulfil the condition defined in clause 3.6.3,
-	The parameter ssb-PositionsInBurst is same for the serving cell(s) and the SCell.
	If the SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band, if the UE is not provided with any SMTC for the target SCell, Tactivation_time is 3 ms, provided
· the RS (s) of SCell being activated is (are) QCL-TypeD with RS (s) of one active serving cell on that FR2 band.
	where,
	TSMTC_MAX:
-	In FR1, in case of intra-band SCell activation, TSMTC_MAX is the longer SMTC periodicity between active serving cells and SCell being activated provided the cell specific reference signals from the active serving cells and the SCells being activated or released are available in the same slot; in case of inter-band SCell activation, TSMTC_MAX is the SMTC periodicity of SCell being activated.
-	In FR2, in case of intra-band SCell activation, TSMTC_MAX is the longer SMTC periodicity between active serving cells and SCell being activated provided that in Rel-15 only support FR2 intra-band CA; in case of FR2 inter-band SCell activation, TSMTC_MAX is the SMTC periodicity of SCell being activated.
-	TSMTC_MAX is bounded to a minimum value of 10ms.
	Trs is the SMTC periodicity of the SCell being activated if the UE has been provided with an SMTC configuration for the SCell in SCell addition message, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing. If the UE is not provided SMTC configuration or measurement object on this frequency, the requirement which involves Trs is applied with Trs = 5ms assuming the SSB transmission periodicity is 5ms. There are no requirements if the SSB transmission periodicity is not 5ms
TFirstSSB: is the time to the end of the first complete SSB burst indicated by the SMTC, or within 5ms if SMTC is not configured, after slot n + . 
TFirstSSB_MAX: Is the time to the end of the first complete SSB burst indicated by the SMTC, or within 5ms if SMTC is not configured, after slot n + , further fulfilling:
-	In FR1, in case of intra-band SCell activation, the occasion when all active serving cells and SCells being activated or released are transmitting SSB bursts in the same slot; in case of inter-band SCell activation, the first occasion when the SCell being activated is transmitting SSB burst.
-	In FR2, the occasion when all active serving cells and SCells being activated or released are transmitting SSB bursts in the same slot. 
	TFineTiming is the time period between UE finish processing the last activation command for PDCCH TCI, PDSCH TCI (when applicable) and the timing of first complete available SSB corresponding to the TCI state. 
	TL1-RSRP, measure is L1-RSRP measurement delay TL1-RSRP_Measurement_Period_SSB ms or TL1-RSRP_Measurement_Period_CSI-RS based on applicability as defined in clause 9.5 assuming M=1.
	TL1-RSRP, report is delay of acquiring CSI reporting resources.
	Tuncertainty_MAC is the time period between reception of the last activation command for PDCCH TCI, PDSCH TCI (when applicable) relative to
-	SCell activation command for known case;
-	First valid L1-RSRP reporting for unknown case.
	Tuncertainty_RRC is the time period between reception of the RRC configuration message for TCI of periodic CSI-RS for CQI reporting (when applicable) relative to
-	SCell activation command for known case;
-	First valid L1-RSRP reporting for unknown case. 
	Tuncertainty_SP is the time period between reception of the activation command for semi-persistent CSI-RS resource set for CQI reporting relative to
-	SCell activation command for known case;
-	First valid L1-RSRP reporting for unknown case.
	TRRC_delay is the RRC procedure delay as specified in TS38.331 [2].
	Longer delays for RRM measurement requirements, and in case of FR2 also SSB based RLM/BFD/CBD/L1-RSRP measurement requirements, can be expected during the cell detection time for unknown SCell activation.
	When absoluteFrequencySSB is not configured in DownlinkConfigCommon for target SCell but SMTC for target SCell is configured, no requirement would be applied.
	TCSI_reporting is the delay (in ms) including uncertainty in acquiring the first available downlink CSI reference resource, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resources as specified in TS 38.331 [2].
SCell in FR1 is known if it has been meeting the following conditions:
-	During the period equal to max(5*measCycleSCell,  5*DRX cycles) for FR1 before the reception of the SCell activation command:
-	the UE has sent a valid measurement report for the SCell being activated and
-	the SSB measured remains detectable according to the cell identification conditions specified in clause 9.2 and 9.3.
-	the SSB measured during the period equal to max(5*measCycleSCell, 5*DRX cycles) also remains detectable during the SCell activation delay according to the cell identification conditions specified in clause 9.2 and 9.3.
Otherwise SCell in FR1 is unknown.

For the first SCell activation in FR2 bands, the SCell is known if it has been meeting the following conditions:
-	During the period equal to 4s for UE supporting power class 1/5 and 3s for UE supporting power class 2/3/4 before UE receives the last activation command for PDCCH TCI, PDSCH TCI (when applicable) and semi-persistent CSI-RS for CQI reporting (when applicable):
-	the UE has sent a valid L3-RSRP measurement report with SSB index 
-	SCell activation command is received after L3-RSRP reporting and no later than the time when UE receives MAC-CE command for TCI activation
-	During the period from L3-RSRP reporting to the valid CQI reporting, the reported SSBs with indexes remain detectable according to the cell identification conditions specified in clauses 9.2 and 9.3, and the TCI state is selected based on one of the latest reported SSB indexes.
Otherwise, the first SCell in FR2 band is unknown. The requirement for unknown SCell applies provided that the activation commands for PDCCH TCI, PDSCH TCI (when applicable), semi-persistent CSI-RS for CQI reporting (when applicable), and configuration message for TCI of periodic CSI-RS for CQI reporting (when applicable) are based on the latest valid L1-RSRP reporting.
If the UE has been provided with higher layer in TS 38.331 [2] signaling of smtc2 prior to the activation command, TSMTC_Scell follows smtc1 or smtc2 according to the physical cell ID of the target cell being activated. TSMTC_MAX follows smtc1 or smtc2 according to the physical cell IDs of the target cells being activated and the active serving cells.
In addition to CSI reporting defined above, UE shall also apply other actions related to the activation command specified in TS 38.331 [2] for a SCell at the first opportunities for the corresponding actions once the SCell is activated.
The starting point of an interruption window on spCell or any activated SCell, as specified in clause 8.2, shall not occur before slot n+1+  and not occur after slot slot n+1+, where NR slot length is with respect to the numerology used in the SCell being activated, and TX is:
-	TFirstSSB, for any scenario where Tactivation_time  includes TFirstSSB;
-	TFirstSSB_MAX, for any scenario where Tactivation_time  includes TFirstSSB_MAX;
-	Tuncertainty_MAC +TFineTiming, for any scenario where Tactivation_time  includes TFineTiming.
The length of the interruption window may be different for different victim cells, and depends on the applicable scenario and on the frequency band relation between the aggressor cell and the victim cell.
The requirements in this clause and requriements on interruption due to SCell activation in clause 8.2 apply provided that the SSB of the to-be-activated SCell is within the first active DL BWP of the Scell.
Starting from the slot specified in clause 4.3 of TS 38.213 [3] (timing for secondary Cell activation/deactivation) and until the UE has completed the SCell activation, the UE shall report out of range if the UE has available uplink resources to report CQI for the SCell.
Starting from the slot specified in clause 4.3 of TS 38.213 [3] (timing for secondary Cell activation/deactivation) and until the UE has completed a first L1-RSRP measurement, the UE shall report lowest valid L1 SS-RSRP range if the UE has available uplink resources to report L1-RSRP for the SCell.

<End of Text Proposal 3>
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