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Introduction
RAN plenary has agreed WI for Further enhancements of NR RF requirements for frequency range 2 (FR2) [1]. Initial discussions started in RAN4#97 meeting where some agreements were reached. In RAN4#98 meeting initial discussions were carried out in RRM with agreed WF in [8] as outcome. In this paper we continue the discussion related to RRM for this WI. 
We discuss the UE the RRM requirements discussion and MRTD and MTTD related requirements.
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.
Current status on the progress in RF 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 FR under RF discussion is 2 bands.
In last RAN4#98 meeting RAN4 had additional discussions concerning 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.
Having the baseline understanding of IBM and CBM in place, we look further at the CBM deployment scenarios and UE requirements.
As we discussed in last meeting, for Rel-15 the baseline assumption when developing the UE requirements in FR2, were that the UE could receive with one panel and spatial Rx settings at a time. Additionally, Rel-15 only assumed support of intra-band collocated CA in FR2 with strict timing conditions on the network side for intra-band contiguous CA. For intra-band NCCA RAN4 has defined MRTD requirements which equals up to TAE.
For Rel-17 inter-band CA, we see that a similar strict collocation requirement on the deployment would lead to significant network deployment restrictions. And hence we do not see a similar strict collocation requirement as assumed in Rel-15 (intra-band CA) should be applied to Rel-17 inter-band deployments. More about the MRTD/MTTD in section 2.2. 
However, related to the UE RRM requirements, we still see it is feasible to re-use the baseline Rel-15 UE requirements for a Rel-17 CBM capable UE. Reasoning being the agreement that the CBM capable UE is assumed to make reception with one common beam setting at a time, i.e. similar to Rel-15 baseline UE assumption.
It is feasible to re-use Rel-15 baseline UE RRM requirements as baseline UE requirements for Rel-17 CBM capable UE. 
In the following section we look at the RRM requirements, how and whether the Rel-15 requirements would be directly re-usable or whether there is a need for additional Rel-17 requirements related to CBM capable UEs.

UE Assumptions
In Rel-16 the understanding is that an IBM capable UE support both co-located and not co-located deployments [7]. And in the WF [3] from RAN4#97 it was concluded:
1. Typical inter-band CA deployment between bands in the same frequency group cannot be limited to co-located deployments

Based on these assumptions several companies discussed in last meeting the issue of inter-band CA and the deployment assumptions. We discussed the question of what could be considered as an inter-band CA deployment and considered that at least it would include:
1) Fully co-located deployment (e.g. same assumptions as intra-band CA in Rel-15)
2) Almost co-located deployment (e.g. inter-band CA cells are some distance apart (figure 1))
3) Not co-located deployment (e.g. angle between inter-band CA cells is assumed not possible to cover by one and same UE Rx beam/panel (figure 2) with reasonable performance)
4) Not co-located deployment (e.g. distance to the inter-CA cells is very different (figure 3))
Without discussing a specific UE implementation assumption, it would be good to have some example UE implementation (architectures) which could be used in the discussions. In one UE implementation example a UE could be implemented using 3 antenna panels (or modules). Each antenna panel could consist of several antenna elements – e.g. 4 antenna elements for each panel - with dual polarization. 
The baseline assumption in Rel-15 and Rel-16 is that the UE not capable of IBM, is able to receive with one panel and Rx beam at a time. Meanwhile the Rel-16 IBM capable UE, the UE can operate with one or two independent Rx beams simultaneously. 
For the Rel-16 IBM capable UE, it is not clearly captured if there would be any limitations on the UE side related to the number of simultaneously active panels. A similar discussion has been going on in RAN1 and in RAN1 they have agreed on 3 different multi-panel UE types which in RAN1 are used for discussion purposes (RAN1#AH1901):
A Multi-Panel UE (MPUE) may exhibit different implementations regarding its capabilities for simultaneous transmission/reception:
1. MPUE-Assumption1: Multiple panels are implemented on a UE and only one panel can be activated at a time, with panel switching/activation delay of few ms 	
2. MPUE-Assumption2: Multiple panels are implemented on a UE and multiple panels can be activated at a time and one or more panels can be used for Tx 	
3. 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
Our understanding is that during the Rel-16 discussion related to inter-band CA and IBM capable UEs, since no restriction were listed, IBM capable UEs would be an MPUE-Assumption3 UE. Hence, an IBM capable UE, if the UE has multiple panels implemented, can have multiple panels activated and operate with multiple active panels at the same time. This would be aligned with RF session.
[bookmark: _Hlk61637320]Capture that for an IBM capable UE, with more than 1 panel, the UE is able to actively operate with multiple panels simultaneously.
A UE which CBM capable, would not be required to be able to operate with independent Rx beams. They would be using common beam management relying at least on 1 DL RS in one band for its Rx beam steering. We see such UE like the MPUE-Assumption1: Multiple panels are implemented on a UE and only one panel can be activated at a time. Such assumption is very similar to Rel-15 and hence, why Rel-15 RRM requirements can be re-used as baseline.
[bookmark: _Hlk68288716]Rel-15 RRM requirements can be re-used as baseline for Rel-17 FR2 inter-band CBM UE RRM requirements.
The cell deployment assumption in the inter-band CA scenario may be fully co-located or almost co-located as illustrated in the following figure. 
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Figure 4 The cell location in the inter-band co-located CA may be fully or almost co-located.
The fully collocated scenario is assumed included already in the basic Rel-15 UE RRM requirements for intra-band CA. Colocation information is in Rel-15 given by the QCL conditions which are configured to the UE by the network and the UE can assume that the network synchronization for intra-band CA is as defined in 38.133. 
However, for inter-band CA we do not see a need for a similar strict assumption on the network synchronization between the two bands as for intra-band is needed. On the other hand, we would see such strict timing requirements as being a significant limitation on the network deployment options. 
In our view it is the deployment and the network configuration that dictates whether the inter-band CA cells can be observed as QCL’ed by the UE or not. The network configuration of the QCL information (and assumption on UE side) does not dictate the network synchronization requirements. 
If the Rel-15 network intra-band synchronization requirement is fulfilled on network side for the inter-band CA deployment, the Rel-15 requirements should be readily applicable as UE requirements for the Rel-17 inter-band CA scenario for a CBM capable UE.
Rel-15 requirements should be readily applicable as UE requirements for the Rel-17 inter-band CA scenario for a CBM capable UE.
This is applicable at least when the SCS in the two bands are the same. When different SCS is used existing Rel-15 requirement should also be readily applicable as there are no restrictions stating that the SCS between SCells shall be the same. 
Rel-15 CA requirements are applicable for Rel-17 FR2 inter-band CA for CBM even if the SCS different between the bands.
When considering different network synchronization timing than assumed for Rel-15 intra-band case, there may be some impact on the existing UE requirements. One aspect is how to address the existing RRM requirements. Another aspect was raised by some companies in last meeting when the timing between the bands is more relaxed than assumed for Rel-15 intra-band and different SCS used in between the bands in the inter-band CA scenario. The issue raised was that if the DL timing between the bands is different, changing UE TCI state (Rx spatial settings) based on DL timing in band 1 may impact DL reception on band 2, which may lead to an loss of the DL signal in band 2.
If the DL timing between the bands is different, changing UE TCI state (Rx spatial settings) based on DL timing in band 1 may impact DL reception on band 2, which may lead to an loss of the DL signal in band 2.
We believe that if more relaxed network synchronization requirements and thereby UE MRTD requirements lead to some reception limitations on the UE, such limitations should be identified and would need to be accounted in the UE requirements. 
Any timing impacts should be identified and should need to be accounted in the UE requirements.
In the following sections we address the aspects listed in the agreed WF [RRM WF 4095] related to RRM requirements from last meeting.


CBM and UE interruption requirements
During last meeting two options were listed:
Option 1: The existing interruption requirements of intra-band CA can be applied
Option2: 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
As discussed in former section this may depend on the network timing and the outcome of the MRTD discussion. In one scenario where the timing is as strict as for intra-band CA case the requirements developed for the intra-band CA case can be readily re-used. If the network timing is less strict and therefore the MRTD margin on the UE side is larger there may be an additional interrupt impact due to the DL timing difference.
However, it seems clear that UE interruption requirements need to be defined for CBM capable UEs for inter-band CA scenario. 
Define UE interruption requirements for FR2 inter-band CA for a CBM capable UE. 
The detailed requirements would then need to wait further agreements related to MRTD and possible RF related topics. Such requirements would depend on the agreed MRTD. E.g. if MRTD of 3 us is agreed it may be possible to re-use existing requirements defined for intra-band synchronous EN-DC. Currently, we believe existing non-IBM UE requirements would be applicable.
Existing non-IBM UE interruption requirements would be applicable.

CBM and UE scheduling restrictions
For this topic, RAN4 discussed following options in RAN4#98:
Option 1: To apply an agreement from RAN4 #94-bis-e:
· “The scheduling availability requirements for 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.
· The existing scheduling restriction requirements on FR2 shall be extended to serving cells in different bands.”
Option 2: The existing scheduling/measurement restriction requirements applied for FR2 intra-band CA need to be extended to FR2 inter-band CA with CBM type UE.
Option 3: Need more discussion
For this topic, as for the previous topic, it seems agreeable to all to introduce UE scheduling requirements for a CBM capable UE for the inter-band CA scenario. 
introduce UE scheduling restriction requirements for a CBM capable UE for the inter-band CA scenario.
Also here the aspect of MRTD requirement will impact the discussion related to the detailed scheduling restriction requirement. Hence, how to capture the detailed scheduling restriction requirements for CBM capable UE in inter-band CA scenario need more discussion.
Existing non-IBM UE scheduling restriction requirements would be applicable

CBM and UE measurement restrictions
For this topic 4 options were listed as outcome from RAN4#98:
Option 1: To apply an agreement from RAN4 #95-e:
· “For CBM UEs in FR2 inter-band CA, the existing measurement restriction requirements for FR2 is applied for the RLM/BFD/CBD/L1-RSRP measurements being performed on different FR2 bands.”
Option 2: For CBM UEs the measurement restriction applies when the SSB for RLM, BFD, CBD or L1- RSRP measurement on one band is in the same OFDM symbol as the CSI-RS for RLM, BFD, CBD or L1- RSRP measurement on another band
Option 2a: For CBM UEs the measurement restriction applies when the SSB for RLM, BFD, CBD or L1- RSRP measurement on one band is in the same OFDM symbols overlapping with the CSI-RS for RLM, BFD, CBD or L1- RSRP measurement on another band
Option 3: The existing scheduling/measurement restriction requirements applied for FR2 intra-band CA need to be extended to FR2 inter-band CA with CBM type UE
Option 4: More discussion is needed.
We do see the options very much related and not mutually exclusive but rather much related instead. From the options it seems that measurement restriction requirements need to be defined for CBM capable UE for inter-band CA scenario. It also seems clear that detailed requirements would need further discussion. 
Measurement restriction requirements need to be defined for CBM capable UE for inter-band CA scenario.
How to define the UE measurement restrictions for the CBM inter-band CA scenario is again depending on the MRTD discussion outcome.
Existing Measurement restriction requirements would be applicable.

CBM and SCell activation requirements
For the SCell activation requirements two different scenarios were discussed on last meeting:
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.
While agreement was reached on case 1, case 2 remained open. Following options were suggested in RAN4#98:
Option1: 
· If the target SCell is known, the existing known SCell requirement in Case 2 shall be applied.
· In the case when 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 the target SCell is unknown the existing SCell activation delay requirements for FR1+FR2 CA without L1-RSRP measurement delay can be reused.
Option2: The SCell activation requirements in Case 2 applied for CBM type UE need to be defined. How to define the SCell activation requirements for CBM type UE depends on the RF architecture and MRTD requirements for CBM type UE
Option3: Scell activation delay would be reduced for the case if the PCell/PSCell and the target SCell are in a FR2 band pair with CBM, and the target SCell is unknown.
Option 4: Need further discussion
In our view, if the FR2 SCell being activated is known the existing SCell activation requirements can be readily be re-used for CBM capable UE in inter-band CA scenario.
If the FR2 SCell being activated is known the existing SCell activation requirements can be readily be re-used for CBM capable UE in inter-band CA scenario.
If the activated SCell is unknown but PCell/PSCell is in FR2, the SCell activation delay requirements can be reduced because the UE already have knowledge related to Rx spatial settings of the SCell being activated. Hence, the SCell activation requirements defined for the scenario where there is at least one active serving cell in the band, can be used. 
If the activated SCell is unknown but PCell/PSCell is in FR2, the SCell activation delay requirements defined for the scenario where there is at least one active serving cell in the band, apply.
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.

CBM and CSSFoutside_gap
Regarding the CSSFoutside_gap the current RAN4 discussions are only considering 2 bands in the inter-band CA discussion. Hence, as long as RF is not discussing more than 2 bands there is no need to discuss impact on the CSSFoutside_gap requirements.
If RAN4 one day initiate discussions going beyond 2 bands, RAN4 can discuss the possible impact on the CSSFoutside_gap.
Existing R15 requirements for CSSFoutside_gap can be used as the baseline for CBM UE

CBM and beam management
Related beam management and beam failure/recovery procedures following options were listed as outcome RAN4#98:
Option 1: The existing BFD/CBD requirements in Rel-16 can be applied for CBM type UE
Option 2: Need further discussion
Assuming scheduling availability and measurement restriction aspects are covered by earlier sections, we do not see that the current beam failure and recovery procedure would need changes due to support of inter-band CA for CBM. Hence, we suggest option 1.
The existing BFD/CBD requirements in Rel-16 can be applied for CBM type UE.

MRTD and MTTD for inter-band CA
Now assuming that inter-band CA deployments should not assume co-located deployments only RAN4 would need to look on the MRTD and MTTD requirements for inter-band CA in FR2. RAN4 already has agreed following requirement:
Table 7.5.4-1: Maximum uplink transmission timing difference requirement for inter-band NR carrier aggregation
	Frequency Range of the pair of TAGs
	Maximum uplink transmission timing difference (µs) 

	FR1
	34.6

	FR2
	8.5 Note1

	Between FR1 and FR2
	26.1 

	Note1:	This requirement applies to the UE capable of independent beam management for FR2 inter-band CA.



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

	Between FR1 and FR2
	25 

	Note1:	This requirement applies to the UE capable of independent beam management for FR2 inter-band CA.



These requirements are already capturing the non-co-located deployment assumption for IBM but does not specifically state what the MRTD and MTTD requirements for inter-band CA in FR2 under CBM, no CBM-specific RRM requirements are specified in Rel-16. Such UE requirements would need to be discussed and agreed in RAN4.
For the case of inter-band CA in FR2 under CBM, it has been assumed L+L (e.g., 26+28GHz) pair is suited for CBM, For L+L pair, the same hardware components such as antenna are shared among bands, both in UE and network implementation. Thus, the CBM is primarily assumed for L+L pair, and we could have more tight requirements of MRTD for CBM. As we know, MRTD for inter-band CA is specified with the combination of BS TAE and the propagation delay difference among frequency bands of the cell. To reduce the MRTD for CBM, BS TAE budget and/or Δdistance (maximum propagation delay distance difference among bands) are required. BS TAE has been already specified to be 3usec in TS 38.104, and it is agreed that there shall be no change in BS TAE requirement for the case of FR2 inter-band DL CA. The only way is to reduce the propagation delay difference.
As discussed in section 2.1, A UE not IBM capable but CBM capable, would not be required to able to operate with more panels than one at a time. The cell location in the inter-band CA may be fully co-located or almost co-located as illustrated in the figure4. Co-location can be assumed for CBM but it does not mean that gNBs cannot be not co-located, it is up to network configuration. With the deployment of co-located or non-co-located configured by network, the UE implementation should be similar for CBM capable UE. 
For UE not IBM capable but CBM capable, no matter how the network configures co-located or non-co-located deployment, the deployment should ensure that the cells can be observed as QCL’ed by the UE. Hence, the distance between cells will not be too large and we can ignore the impact caused by propagation delay. The MRTD for FR2 inter-band CA with CBM could be equal to BS TAE defined in 38.104. 
The MRTD requirements for inter-band CA in FR2 under CBM shall be 3us.

Conclusion
In RAN4#98 meeting initial discussions were carried out in RRM with agreed WF in [8] as outcome. In this paper we continue the discussion related to RRM for this WI. In this paper we addressed the open items listed in the agreed WF including MRTD and MTTD requirements. Based on the discussion we make a number of observations and agreements:
1. It is feasible to re-use Rel-15 baseline UE RRM requirements as baseline UE requirements for Rel-17 CBM capable UE. 
UE assumptions:
1. Capture that for an IBM capable UE, with more than 1 panel, the UE is able to actively operate with multiple panels simultaneously.
Rel-15 RRM requirements can be re-used as baseline for Rel-17 FR2 inter-band CBM UE RRM requirements.
Rel-15 requirements should be readily applicable as UE requirements for the Rel-17 inter-band CA scenario for a CBM capable UE.
Rel-15 CA requirements are applicable for Rel-17 FR2 inter-band CA for CBM even if the SCS different between the bands.
If the DL timing between the bands is different, changing UE TCI state (Rx spatial settings) based on DL timing in band 1 may impact DL reception on band 2, which may lead to an loss of the DL signal in band 2.
Any timing impacts should be identified and should need to be accounted in the UE requirements.

CBM and UE interruption requirements:
Define UE interruption requirements for FR2 inter-band CA for a CBM capable UE. 
Existing non-IBM UE interruption requirements would be applicable.

CBM and UE scheduling restrictions:
introduce UE scheduling restriction requirements for a CBM capable UE for the inter-band CA scenario.
Existing non-IBM UE scheduling restriction requirements would be applicable

CBM and UE measurement restrictions:
Measurement restriction requirements need to be defined for CBM capable UE for inter-band CA scenario.
Existing Measurement restriction requirements would be applicable.

CBM and SCell activation requirements:
If the FR2 SCell being activated is known the existing SCell activation requirements can be readily be re-used for CBM capable UE in inter-band CA scenario.
If the activated SCell is unknown but PCell/PSCell is in FR2, the SCell activation delay requirements defined for the scenario where there is at least one active serving cell in the band, apply.

CBM and CSSFoutside_gap:
Existing R15 requirements for CSSFoutside_gap can be used as the baseline for CBM UE

CBM and beam management:
The existing BFD/CBD requirements in Rel-16 can be applied for CBM type UE.

MRTD and MTTD for inter-band CA:
The MRTD requirements for inter-band CA in FR2 under CBM shall be 3us.
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