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1	Introduction
In this contribution, we discuss the UE features for feMIMO. We also recall the RAN2 LS “Guidelines on UE capability definitions” in section 3 to raise RAN1 attention on the expectation from RAN2.
[bookmark: _Ref178064866]2	Discussion
During RAN1#106bis-e, the discussion on UE features for feMIMO was kicked off. The outcome from the discussion was captured in [4]. The discussion continued in RAN1#107-e, and a few additional agreements were made.[1] 
2.1	Enhancements to multi-beam operation
The work in the multi-beam agenda targets to develop a more efficient TCI framework. Unnecessary flexible configurations are removed, and the signalling mechanisms for the critical parts are streamlined. However, this work has led to that some Rel-15/16 functionality has been replicated, and based on this replicated functionality, enhancements have been added. 
It may be tempting to define a basic level of functionality that contains only the replicated functionality. This would bring the Rel-17 TCI framework on par with the Rel-15/16 functionality and would lead to a functional feature. However, there is no incentive for an operator to deploy only the replicated functionality, and there is no incentive for a NW vendor to implement only the replicated functionality:
[bookmark: _Ref92210217][bookmark: _Toc92701379]There is no incentive for a NW vendor to implement only the parts of the Rel-17 TCI framework that replicated the Rel-15/16 functionality.
Based on Observation 1, we conclude that a UE that supports the Rel-17 TCI framework must also support enhancements on top of the replicated functionality:
[bookmark: _Toc92701380]A UE that supports the Rel-17 TCI framework must support enhancements relative the Rel-15/16 TCI framework: it is not sufficient to support only the replicated functionality. 
To reiterate: no NW will implement only the duplicated functionality. There is no point that a UE only implements and advertises support for the replicated functionality. This would be a useless paper product. 
A UE that supports the Rel-17 TCI framework would thus have to also support enhancements. Overall, the Rel-17 TCI framework supports two main performance enhancements:
· DCI-based TCI state update for all channels
· Inter-cell beam management
To make the Rel-17 TCI framework attractive for an operator to deploy and attractive for a NW vendor to implement, the basic level of UE support should include both DCI-based TCI state update and inter-cell beam management:
[bookmark: _Ref92211877][bookmark: _Toc92817698]A UE that supports the Rel-17 TCI framework should support both DCI-based TCI state update and inter-cell beam management.
The support described in Proposal 1 could be on a minimum level: for example, DCI-based TCI state update requires that the UE supports two active TCI states – but not more than that. Inter-cell beam management would require that the UE can measure on SSBs associated with one PCI different from the serving cell PCI – but not more than one. More advanced UEs could then advertise larger values for these capabilities.
The initial discussion on the UE features for the Rel-17 TCI framework [4] was quite scattered. In an attempt to structure the discussion, the topic was split in three subtopics:
1. Joint TCI for intra-cell operation
2. Joint TCI for inter-cell operation
3. Separate UL/DL TCI
The target of the separation was to define and agree on components. Agreeing on a component does not mean that the UE would signal it separately.
This separation led to one agreement for 1, whereas for 2 and 3, proposals were captured in [3]. We will discuss the topics separately.
2.1.1	Joint TCI for intra-cell operation
The agreement on joint TCI for intra-cell operation was captured in [1], and is included in the appendix for ease of reference. Most of the agreed components are clear, and we therefore provide comments for each of the components:
1. Joint DL/UL TCI update with their components: (configuration mechanism, [QCL rules,] applicable source and target signals, MAC-CE -based TCI]  activation assignment) 
0. Remove the highlighting and brackets for “QCL rules” – the statement “applicable source and target signals” is difficult to understand without it.
0. Remove “MAC-CE-based TCI”. Signaling is described in component 5.
1. Common cross multi-CC TCI update and activation (involving RRC common TCI state pool)
1. This is OK. Our understanding is that this is merely the Rel-16 functionality applied to the Rel-17 TCI states
1. Association between TCI state and UL PC settings except for PL RS [for PUCCH, PUSCH, and SRS] 
2. Remove the highlighting for PUCCH and PUSCH, keep for SRS. The power control for SRS is still discussed.
1. Beam misalignment between the DL source RS in the TCI state to provide spatial relation indication and the PL-RS 
3. OK.
1. [MAC-CE+DCI-based TCI state indication (including TCI state activation, use of DCI formats 1_1/1_2 with and without DL assignment)]
4. Remove highlighting. As previously discussed, this is part of the basic functionality
1. [TCI states pool for configured reference BWP/CC shared by a set of BWP/CC]
5. Remove the component. This is covered by component 10: a UE that does not report the support of component 10 will not support the reference CC functionality. As this only applies only to CA, which in itself is an optional feature, this cannot be part of the basic functionality. 
1. [Maximum number of CCs configured with BFR]
6. Remove the component. This is covered by the UE feature maxNumberSCellBFR-r16, and it is not more complex to perform beam failure detection for the Rel-17 TCI framework.
1. [R17 mechanism reusing R15/16 signalling to indicate R17 TCI for individual DL channel/RS that cannot share the same unified TCI as UE-dedicated PDCCH/PDSCH]
7. Remove the component. The Rel-16 behaviour is kept, there is no need for a capability. The statement “configuration mechanism” in component 1 covers also the signaling described here.
1. [Configuration of both R17 TCI and R15/16 TCI and spatial relation]
8. Remove the component. There will no such support. 
1. The maximum number of configured joint TCI state pools across all BWPs and all CCs in a band
9. OK
1. [The maximum number of configured joint TCI states across all BWPs and all CCs in a band]
10. OK – remove highlighting and brackets. Assuming that the capability is signalled per band, there is no need to include “per band” in the description.
1. [The maximum number of configured joint TCI states per CC [in a band]]
11. OK – remove highlighting and brackets. Assuming that the capability is signalled per band, there is no need to include “per band” in the description.
1. [Support The maximum number of MAC-CE activated joint TCI states [per BWP per CC/across all BWPs and all CCs in a band]]
12. ‘per BWP is unnecessary: there can only be activated TCI states for one (the active) BWP. Split in two components: 
0. 13a The maximum number of MAC-CE activated joint TCI states per CC
0. 13b The maximum number of MAC-CE activated joint TCI states across all CCs
1. [Support any Whether a particular DL RS that is a valid target DL RS of a Rel-15/16 TCI state based on the Rel-15/16 QCL rules can be configured as a target DL RS of Rel-17 DL TCI (hence the Rel-17 DL TCI state pool)]
13. Remove. Part of component 1 – configuration mechanism and QCL rules
1. [The minimum beam application time between PUCCH of ACK and the first slot in Y symbols per SCS]
14. OK – remove highlighting and brackets
1. [The minimum time gap between the beam indication PDCCH and first slot where beam is applied]
15. Remove. The only feature related to timing is component 15, and the UE could use component 15.
2.1.2	Joint TCI for inter-cell operation
No components were agreed for inter-cell operation. Instead, a list of proposed components was included in [3]. In contrast to the components discussed in section 1.1.1, many of these components are unclear and partly overlapping. Directly commenting on the proposed components is not so useful.
On high level, the proposed components fall in three categories:
· Components that define inter-cell operation: support for SSB as a direct/or indirect QCL source and support of L1-RSRP reporting for SSB associated with a different PCI.
· Components that are copies of features for intra-cell operation.
· Components that are specific to inter-cell operation, mainly regarding measurements.
As previously stated, inter-cell beam management should be part of the basic support. Referring to [3], components 15 and 17 define inter-cell beam management, and here we have the following comments:
13. [Support of joint DL/UL TCI update with their components (configuration mechanism [, QCL rules], applicable source and target signals including non-serving SSB as direct/indirect QCL source)]
· Remove the highlighting and the brackets

15. [Support of [L1-RSRP/beam] measurement and report on SSB(s) with PCI(s) different from serving cell PCI]
· Remove the highlighting and the brackets

Since this is part of the basic functionality, component 13 can be combined with component 1 in section 2.1.1.
Components 17 in [3] is related to the beam indication:
17. The maximum number of PCI(s) different from serving cell PCI that can be associated with activated TCI states
The idea is to limit the UE complexity. In an attempt to reduce the complexity even further, we propose the following modification:
17. The maximum number of PCI(s) that can be associated with activated TCI states
With this modification, the UE can advertise that all activated TCI states must be associated with one PCI. This would mean that MAC CE+DCI must be used to indicate a different cell: DCI alone cannot be used.
There are several components in [3] that are related to measurements, but many of them are unclear and partly overlapping. Here we present a systematic approach that was previously used during the Rel-16 discussion. 
The UE complexity of performing measurements is related to two aspects: memory and processing requirements. To reduce requirements on memory, limitations on the configuration, e.g., the maximum number of CSI-RS configured for measurements across all CCs, is introduced. To reduce the processing requirements, limitations on the number of measurements per slot is introduced. We will now discuss these two aspects separately.
There are already features specified in 38.306 that limit the memory requirements of the UE. For example, the UE feature beamManagementSSB-CSI-RS was designed for this purpose. Clearly, that UE feature can also be applied to inter-cell beam measurements. 
It could be argued that the memory consumption related to the inter-cell beam measurements is higher than that of the corresponding intra-cell beam measurements. However, we have this agreement from RAN1#107-e:
Agreement
On Rel-17 enhancements for inter-cell beam management and inter-cell mTRP, a CSI-SSB-ResourceSet configured for L1-RSRP measurement/reporting includes at least a set of SSB indices where PCI indices are associated with the set of SSB indices, respectively. The PCI indices refer to PCIs within the set of PCIs configured for inter-cell beam management or inter-cell multi-TRP.
· The additionalInfo associated with SSB(s) with PCI(s) different from the serving cell agreed in RAN1 Agenda Item 8.1.2.2 is also applicable to inter-cell BM
· Detailed signaling design is up to RAN2
· FFS (to be concluded in RAN1#107-e): Whether the above L1-RSRP measurement/reporting also includes group-based beam report for inter-cell mTRP

Since the PCI index is included in the CSI-SSB-ResourceSet, the additional memory consumption is small: assuming Nmax=7, only three bits are used to represent the other PCI and is added to each CSI-SSB-ResourceSet. Typically, an CSI-SSB-ResourceSet contains many (up to 64) SSB indices and the additional three bits can be neglected. We hence observe:
[bookmark: _Toc92701381]The memory consumption of the RRC configuration of intra-cell and inter-cell beam measurement is very similar.
Based on this, we propose
[bookmark: _Ref92457570][bookmark: _Toc92817699]No UE feature is defined to signal the number of supported inter-cell SSB measurements – the UE features related to SSB measurements defined in Rel-15/16 apply.
With Proposal 2, it is also clear that all previous UE features defined for beam measurements, e.g., maxNumberResAcrossCC-AcrossFR-r16 and maxNumberResAcrossCC-OneFR-r16, also applies for inter-cell beam measurements – since intra-cell and inter-cell beam measurement are the same.
A similar situation applies for the processing requirements. There are already UE features defined for beam measurements. For example 
maxNumberSSB-CSI-RS-ResourceOneTx indicates maximum total number of configured one port NZP CSI-RS resources and SS/PBCH blocks that are supported by the UE to measure L1-RSRP as specified in TS 38.215 [13] within a slot and across all serving cells (see NOTE). On FR2, it is mandatory to report >=8; On FR1, it is mandatory with capability signalling to report >=8.

Clearly, this feature is applicable also for inter-cell beam measurements. If a separate feature is defined, the relation between the two features must be clarified. However, in contrast to the memory consumption, it is not clear if the processing requirements for inter-cell beam measurements are the same. Still, as a starting point, it seems reasonable to assume that the Rel-15 feature maxNumberSSB-CSI-RS-ResourceOneTx is applicable also to the inter-cell case, and a UE that can perform a certain number of SSB measurements on the serving cell can share that number of measurements between the serving cell(s) and cells with another PCI:
[bookmark: _Toc92817700]The Rel-15/16 features related to processing requirements for SS-RSRP measurements apply also to inter-cell beam measurements. 
However, there is a complication related to asynchronous measurements if SSBs from different cells are received at the UE with different timing. In this case, it may be challenging for the UE to perform measurements on these SSBs at the same time. Note that this is a very realistic case: in case the propagation delay is different, the receive timing will be different, and SSBs from different cells will always be overlapping. Defining inter-cell beam measurements assuming that SSBs from different cells are transmitted in different slots is unrealistic. This is a known issue for L3 measurements, where RAN4 has defined a framework that limits the number of inter-cell neighbours the UE has to measure over a certain period.
It should also be noted that for periodic measurements (without measurement restriction), there is no need for the UE to measure a certain SSB in a certain slot: the UE can choose in which slot it would perform the measurement, as long as the RAN4 requirements are fulfilled. This is an important observation in the present context:
[bookmark: _Toc92701382]There is no requirement that the UE performs a measurement on a periodic reference signal in a specific slot.
For inter-cell beam measurements, this means that the UE does not have to perform measurements on SSB with different timings in the same slot: the UE can perform the SSB measurements for different cells in different slots. However, it must still be possible to perform the SSB measurements for all cells over a certain time window, and this is what the RAN4 requirements would describe:
[bookmark: _Toc92701383]The RAN4 requirements will limit the number of cells the UE is required to perform measurements. It would be premature to add any UE feature to control this.
Summing up, we propose that 
[bookmark: _Toc92817701]No UE feature is specified related to how many SSBs or PCIs can be measured per slot.
In [3], the following proposal was brought forward:
[21a. Support that SSB(s) with PCI(s) different from serving cell PCI configured for L1 beam measurement and report are not included in SSBs with PCIs configured for L3 mobility measurement]
The idea with this proposal is to define a baseline mode of operation where only the PCIs that are configured for L3 mobility measurements can be reported in an inter-cell beam report. In this baseline mode of operation, the UE could reuse the measurements it anyway performs for L3 mobility and report only those over PUSCH. However, the default operation in NR (and LTE) is that the UE is not configured with specific PCIs for L3 mobility. Instead, the measurement object contains only an ARFCN, and the UE finds all the relevant PCIs. For this normal configuration, the proposed component is not operational 
With inter-cell beam management, the UE may communicate with a TRP broadcasting another PCI than that of the serving cell. Needless to say, this requires implementation on the UE side: the UE would have to derive QCL properties from an SSB associated with another PCI. However, most of the procedures are agnostic to the serving cell PCI. This means that the components defined for intra-cell operation are also valid for inter-cell operation. For example, the number of TCI state pools (component 10 in section 2.1.1) is appliable also for inter-cell operation. This is true for most components for inter-cell operation:
[bookmark: _Toc92701384]Most components defined for intra-cell are applicable also for inter-cell operation, and there is no need to define a separate component for those.
If there is a clear motivation, a separate inter-cell component can be defined, but so far, no such motivation has been presented.
Referring to the proposals in [3], the following components are simply copies of the intra-cell versions and are unnecessary: 
14. [Common cross-CC TCI update and activation per SCS (involving RRC common TCI state pool)]
[14a. Association between joint TCI state and UL PC settings except for PL RS [for PUCCH, PUSCH, and SRS]]
[14b. Beam misalignment between the DL source RS in the joint TCI state to provide spatial relation indication and the PL-RS]
[14c. FFS: [MAC-CE/MAC-CE+DCI]-based TCI state indication [(including TCI state activation, use of DCI formats 1_1/1_2 with and without DL assignment)]]
14d. [TCI states pool for configured reference BWP/CC shared by a set of BWP/CC]
[14e. Maximum number of CCs configured with BFR]
[14f.  R15/16 signalling to indicate R17 TCI for individual DL channel/RS that can share the same unified TCI as UE-dedicated PDCCH/PDSCH]
14g.  [Configuration of both R17 TCI and R15/16 TCI and spatial relation]
21c. [The maximum number of configured joint TCI state pools across all BWPs and all CCs in a band]
21d.  [The maximum number of configured joint TCI states across all BWPs and all CCs in a band]
[21e. The maximum number of configured joint TCI states per CC [in a band]]
21f. [Support number of MAC-CE activated joint TCI states across all BWPs and all CCs in a band]
21g. [Support any DL RS that is a valid target DL RS of a Rel-15/16 TCI state based on the Rel-15/16 QCL rules can be configured as a target DL RS of Rel-17 DL TCI (hence the Rel-17 DL TCI state pool)]
[21h. The minimum beam application time between PUCCH of ACK and the first slot in Y symbols per SCS] 
In our understanding, these can be removed. 
2.1.3	Separate UL/DL TCI
No components were agreed for separate UL/DL TCI. Instead, a list of proposed components was included in [3]. The components in this category are less mature than those discussed in section 2.1.1 and 2.1.2.
The component that defines operation with separate UL/DL TCI is this component:
22. Support of separate DL/UL TCI update (configuration mechanism, applicable source and target signals, including non-serving SSB as direct/indirect QCL source) 
Note that SRS is a valid source RS for the UL TCI. Clearly, SRS cannot be used as a PL RS, and defining beam alignment between SRS and a DL RS is non-trivial, since in the most realistic case, the SRS is configured without any relation to a DL RS. Based on this argument, we assume that a UE that supports separate UL/DL TCI would have to also support an arbitrary PL RS:
[bookmark: _Toc92817702]A UE that supports separate UL/DL TCI would also support an arbitrary PL RS.
A large part of the proposals in [3] are related to the number of UL/DL TCI states, both configured and activated. No consideration is taken to how many joint TCI states the UE support, even though there should be a clear relation: from a configuration point of view, a joint TCI state is identical to a DL TCI state. We should also note that from a functionality point of view, unfortunately the introduction of UL TCI states does not lead any reduction in the number of required DL TCI states. Based on this argument, we propose
[bookmark: _Toc92817703]A UE that supports separate UL/DL TCI states supports the same number of configured DL TCI states as configured joint TCI states.
[bookmark: _Toc92817704] A UE that supports separate UL/DL TCI states reports how many configured UL TCI states it supports in addition to the number of joint TCI states.
The same is true for the activated TCI states: the number of activated DL TCI states that are needed is not reduced with the introduction of UL TCI states. Hence, we have the corresponding proposals for the activated TCI states:
[bookmark: _Toc92817705]A UE that supports separate UL/DL TCI states supports the same number of activated DL TCI states as activated joint TCI states.
[bookmark: _Toc92817706] A UE that supports separate UL/DL TCI states reports how many activated UL TCI states it supports in addition to the number of activated joint TCI states.
Since it is not clear how the UL TCI states will be configured, it is premature to define a UE feature that limits the number of UL TCI states per BWP or cell. A suitable UE feature can be defined when RAN2 has defined the signalling.
In [3], there are several proposals that are related to a pool of UL TCI states, mirroring the UE feature for the joint TCI states. Here we note that there is no agreement on any pool of UL TCI states, nor any agreement on a reference CC for UL TCI states. Hence, these proposals are irrelevant:
[bookmark: _Toc92701385]There is currently no agreement on any UL TCI state pool, and it is premature to define any UE features related to such a pool.
Finally, we realize that some proposed components are simply copies of the corresponding components for joint TCI:
25. [Common cross-CC TCI update and activation per SCS]
26. [Association between joint TCI state and UL PC settings except for PL RS [for PUCCH, PUSCH, and SRS]]
27. FFS: [MAC-CE/MAC-CE+DCI]-based TCI state indication [(including TCI state activation, use of DCI formats 1_1/1_2 with and without DL assignment)]
23. [The maximum number of MAC-CE activated separate DL and UL TCI states in a BWP in a CC across all BWPs and all CCs in a band]
29. [R15/16 signalling to indicate R17 TCI for individual DL channel/RS that can share the same unified TCI as UE-dedicated PDCCH/PDSCH]
30. [Configuration of both R17 TCI and R15/16 TCI and spatial relation]
38. [The maximum number of PCI(s) different from serving cell PCI that can be associated with activated TCI states]
43. [Support any DL RS that is a valid target DL RS of a Rel-15/16 TCI state based on the Rel-15/16 QCL rules can be configured as a target DL RS of Rel-17 DL TCI (hence the Rel-17 DL TCI state pool)]
44. [The minimum beam application time between PUCCH of ACK and the first slot in Y symbols per SCS]
Unless there is a clear motivation to have these as separate components, we propose to delete them.  
2.1.4	FG	23-1-3  
This FG describes enhancements to the P-MPR reporting. The basic capability would include support for a N (P-MPR,SSBRI/CRI) pairs in a new PHR MAC CE. 
The current version looks OK. We propose the following editorial change:
1. Support of enhanced [PHR] reporting which includes pairs of (P-MPR,SSBRI/CRI
2. Maximum number of reported P-MPR and SSBRI/CRI pairs
3. Maximum number of candidate RS(s) configured in a RRC pool for MPE mitigation
The reason to remove “in a RRC pool” is that it is unclear.
In addition, there is a need to decide on the candidate values for the number of candidate RSs. This feature resembles beam failure recovery, and the corresponding beam failure recovery feature is

maxNumberCSI-RS-SSB-CBD             INTEGER (1..256)

However, the corresponding BFR feature is defined across all CCs, which motivates the large value range. We note that for the feature to be of any use, if must be possible to include all the SSBs configured in the cell in the candidate list. Since the number of SSBs per cell can be between 1 and 64, one option could be to have the same value range for this capability. However, in current FR2 deployments many SSBs is used, and for the feature to be useful, that number must be matched. For example, if the UE reports that it only supports four candidate RSs, the NW will not enable the feature: a larger number is required. Therefore, we propose 

[bookmark: _Toc92817707]The candidate values for the maximum number of candidate RSs is (8,16,32,64)
In accordance with the RAN2 guidance to minimize the number of features that are reported per band combination, we propose
[bookmark: _Toc92817708]FG 23-1-3 is defined per band. 
We note that the corresponding BFR feature is also defined per band.
2.2	Enhancements to multi-TRP deployment
2.2.1 FG 23-3-1 (Multi-TRP PUSCH Repetition)
Regarding component 6, our recollection is that this should be supported by the UE.  Then, do we need to mention this as a component in UE features?  Our understanding is that ‘sequential mapping’ will be supported in RAN1 specifications, and even if we don’t mention it as a component of the basic feature, the UE still supports it.  So, we don’t see the need to include component 6, and propose to remove it. 

Regarding component 7, we think that this component does not correspond to any agreement during FeMIMO WI.  Hence, component 4 should be enough for PHR, and we propose to remove component 7.

On component 10, the intention seems to be to introduce {support/not support} for ‘dynamic switching between multi-TRP PUSCH scheme and single-TRP PUSCH transmission’ as proposed by the proponent of this component.  If a UE is not capable of dynamic switching between single TRP and multi-TRP PUSCH, is this a UE that can only be scheduled to always transmit to multiple TRPs?  Not sure how realistic such a UE is.  So, we prefer to remove component 10.

Regarding component 11, the need for this component is unclear.  Furthermore, ‘PUSCH operations: CB based and NCB based and corresponding parameters including SRS resources’ is too broad to be captured as a component.  Hence, we prefer to remove component 11.

[bookmark: _Toc92817709]Remove Components 6, 7, 10, and 11 from FG 23-3-1.

2.2.2 FG 23-4 (Inter-cell mTRP)
Regarding Component 3 and 4, the carefully drafted formulations in the agreements should be used. 
3. Indication of parameter X1 for Case 1, providing the supported max number of RRC-configured  PCIs different from serving cell PCI when each configuration of SSB time domain positions and periodicity of the additional PCIs is the same as SSB time domain positions and periodicity of the serving cell PCI
4. Indication of parameter X2 for Case 2, providing the supported max number of RRC-configured  PCIs different from serving cell PCI when the configurations of SSB time domain positions and periodicity of the additional PCIs is not according to Case 1

A note can be provided that X2=1 is the default in case RAN2 decided in a signalling structure that requires a default case. 
[bookmark: _Toc92817710]Adopt revised formulation proposed in Section 2.2.2 of this contribution for components 3 and 4 of FG 23-4.

2.2.3 FG 23-5-1 (Group based L1-RSRP reporting)
Regarding Component 2, this is more of a description of the whole feature rather than a useful component.
On Component 5, two CMR resource sets are already captured in 38.214 and is needed to operate this feature.  So, we do not see the need to capture this as a component in this FG.

[bookmark: _Toc92817711]Remove Components 2 and 5 from FG 23-5-1.

FG 23-5-2 (MTRP BFR)
On Component 2, two BFD-RS sets are already captured in 38.213 and is needed to operate this feature.  So, we do not see the need to capture this as a component in this FG.

[bookmark: _Toc92817712]Remove Components 2 and 5 from FG 23-5-1.

2.2.4 FG 23-6-1 and FG 23-6-2 (HST SFN) 
PDSCH performance is the essential part of HST SFN enhancement, PDCCH alone using SFN is less essential but important for signalling and beam association for PDSCH. FG 23-6-1 and FG 23-6-2 each provides the basic function for the supported SFN scheme. The components in the basic feature group of each scheme shall include a complete set of functions for the essential HST configuration. In our understanding the component 2 – Support of scheme A/B for PDSCH and default QCL assumption with two TCI states for PDSCH – is the essential part of HST functionality. The common search space configuration is shared with both legacy UE and HST UE, therefore CORESET for DCI 1_0 associated with CSS schedules the system information and paging need to be Single TRP configuration, which is also essential functionality to be included in the basic feature group. With these in mind, we suggest removing all the bracelets in the component 1,2 in 23-6-1 and 23-6-2.

	23. NR_FeMIMO
	23-6-1
	SFN scheme A (scheme 1)
	1. [Support of scheme A for PDCCH] [and default QCL assumption with two TCI states for PDCCH]
2. Support of scheme A for PDSCH [scheduled by [single TRP/ Scheme A] PDCCH] [and default QCL assumption with two TCI states for PDSCH]
3. Support of dynamic switching between single-TRP and SFN PDSCH scheme A for DCI formats 1_1, 1_2




	23. NR_FeMIMO
	23-6-2
	SFN scheme B (TRP based pre-compensation)
	1. [Support of scheme B for PDCCH] and PDSCH
2. Support of scheme B for PDSCH  [scheduled by [single TRP/Scheme B] PDCCH]
3. Support of dynamic switching between single-TRP and SFN PDSCH scheme B for by TCI state field in DCI formats 1_1, 1_2



[bookmark: _Toc92817713]Remove all bracelets and highlight in 23-6-1 and 23-6-2 for component 1 and 2.


2.3	CSI enhancement

FG 23-7-1 (Basic Multi-TRP CSI)
Since ‘CSI report mode selection’ is supported as part of the basic feature for multi-TRP CSI, it is also important to support the different values of X supported in case of mode 1.  Hence, we propose to add ‘number of single-TRP CSIs reported with NC-JT CSI’ as a component of FG 23-7-1.

[bookmark: _Toc92817714]Add ‘number of single-TRP CSIs reported with NC-JT CSI’ as a new component of FG 23-7-1.

FG 23-7-2 (Support of max # of Tx ports)
For maximum number of CSI-RS ports per NZP CSI-RS resource, the value of 32 should be supported.

[bookmark: _Toc92817715]For maximum number of CSI-RS ports per NZP CSI-RS resource, support 32 as a candidate value.

2.4 CSI enhancement for CSI Type II
In accordance with the RAN2 guidance to minimize the number of features that are reported per band combination, we propose
[bookmark: _Toc92817716]FG 23-9-5, 23-9-2, 23-9-4 are only defined per band. 

3	Guidelines for UE capability definitions
It is beneficial to recall RAN2’s guidelines for UE capability definitions, as documented in the RAN2 LS [2] and copied below:

1	Avoid defining “incapability” bits as they may cause interpretation issues
The definition of the capability should not say that “a UE setting the bit does not support Rel-16 feature X”. Such statements caused a lot of problems in Rel-15. One example was the pucch-F0-2WithoutFH that indicates that “the UE does not support PUCCH formats 0 and 2 without frequency hopping”. 
2	Absence of a capability bit shall not imply support for something that is not yet defined
One example is “absence of channelBW means that the UE supports all BWs”. Since new BWs might be added later (and in a release independent manner) and maybe in some other specification, “all BWs” can become ambiguous. Any legacy UE would suddenly be expected to support the new bandwidth as well. 
Another example is the default capability for UE power class and UL duty cycle. From signalling point of view, reducing the overhead is marginal (unless it is reported per-BandCombination or Per-Band-of-a-BandCombination as discussed in bullet 4 below). Instead, gNB faces difficulty in comprehending the implicit capabilities amongst UEs compliant with different versions in a release.
3 	Define baseline feature bits that covers the minimum parts of a feature and use additional bits for parts that can be used together with the baseline feature
If a feature has a baseline feature, the baseline feature must be clearly defined. It is not enough to write that “if the UE does not set the bit it does not support feature group x-y”.  If a capability bit for a certain “feature X” has been defined, all UEs that support “feature X” shall set the bit, and additional parts of the feature may not be supported by all UEs. 
Capability signalling and rules to determine whether a UE supports a feature should not be mixed. For example, avoid to say 
“In TDD band combinations, only UEs that set the featureX capability bit support feature. In FDD-only band combinations all UEs support feature X even if they do not set the bit.” 
If later FDD-only band combinations are defined, where UEs are not required to support the feature, band combinations will not be release independent. An example where this caused problem in Rel-15 was the capability simultaneousRx-Tx for EN-DC.
[bookmark: _Hlk92264621]4 	Minimize features “per-BandCombination” and “per-Band-of-a-BandCombination”
The number of features that require capability signaling with “per-BandCombination” and “per-Band-of-a-BandCombination” (FeatureSetPerCC) differentiation should be minimized. Such features cause an explosion in the size of the capability signaling and are even more severe when it comes to the number of possible configurations, making it impossible for the gNB to take all combinations into account. 
It would be of help for RAN2 to be informed of the reasons why “per-BC” or “per-band-of-a-BC” was considered necessary, and whether other alternatives were considered.
5 	Avoid defining functionality that has no RRC configuration but is dependent on capability bits.
The specification should not be written so that the network determines what configuration it can use for a UE implicitly by the reported UE capabilities. Instead, the gNB should always configure the UE explicitly by DL RRC signalling, respecting  the reported capabilities. 
A problematic case in Rel-15 was the UL/DL MIMO layers, which resulted in a late-stage introduction of explicit MIMO signalling support by RAN2 (maxLayersMIMO-Indication).  
6	UE capabilities defined in specifications must be self-contained
RAN2 would also like to point out that once the “snapshot” of defined Rel-16 capabilities have been captured in RAN2 TR 38.822, RAN2 does not plan to update this TR. Discussions (on any WG capabilities) should be based on the actual specification text. RAN2 will document the capabilities in TS 3x.306, preferably with references to RAN1/RAN4 specifications and to corresponding RRC configurations (fields and information elements). 
RAN2 understands that RAN1 uses the “feature IDs”, since they are the only available definitions during the initial stage of discussions. RAN2 would like to request that once the RRC signalling is in place and can be mapped to each “feature ID”, the actual field names used in the signalling are also utilized in the RAN1/RAN4 capability discussions (to avoid inter-WG confusion e.g. in LSs). 
7	Rationale for necessity of both xDD and FRx differentiations for per-UE capability
RAN2 did not discuss the RAN1 LS on XDD-FRX Differentiation (R1-1913579/R2-2000013) at the RAN2#109-e meeting, but RAN2 would anyway appreciate to be provided with rationale in case Per-UE capability with both FDD/TDD and FR1/FR2 differentiations is deemed as necessary for a feature. 
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Conclusion
In the previous sections we made the following observations: 
Observation 1	There is no incentive for a NW vendor to implement only the parts of the Rel-17 TCI framework that replicated the Rel-15/16 functionality.
Observation 2	A UE that supports the Rel-17 TCI framework must support enhancements relative the Rel-15/16 TCI framework: it is not sufficient to support only the replicated functionality.
Observation 3	The memory consumption of the RRC configuration of intra-cell and inter-cell beam measurement is very similar.
Observation 4	There is no requirement that the UE performs a measurement on a periodic reference signal in a specific slot.
Observation 5	The RAN4 requirements will limit the number of cells the UE is required to perform measurements. It would be premature to add any UE feature to control this.
Observation 6	Most components defined for intra-cell are applicable also for inter-cell operation, and there is no need to define a separate component for those.
Observation 7	There is currently no agreement on any UL TCI state pool, and it is premature to define any UE features related to such a pool.


Based on the discussion in the previous sections we propose the following:
Proposal 1	A UE that supports the Rel-17 TCI framework should support both DCI-based TCI state update and inter-cell beam management.
Proposal 2	No UE feature is defined to signal the number of supported inter-cell SSB measurements – the UE features related to SSB measurements defined in Rel-15/16 apply.
Proposal 3	The Rel-15/16 features related to processing requirements for SS-RSRP measurements apply also to inter-cell beam measurements.
Proposal 4	No UE feature is specified related to how many SSBs or PCIs can be measured per slot.
Proposal 5	A UE that supports separate UL/DL TCI would also support an arbitrary PL RS.
Proposal 6	A UE that supports separate UL/DL TCI states supports the same number of configured DL TCI states as configured joint TCI states.
Proposal 7	A UE that supports separate UL/DL TCI states reports how many configured UL TCI states it supports in addition to the number of joint TCI states.
Proposal 8	A UE that supports separate UL/DL TCI states supports the same number of activated DL TCI states as activated joint TCI states.
Proposal 9	A UE that supports separate UL/DL TCI states reports how many activated UL TCI states it supports in addition to the number of activated joint TCI states.
Proposal 10	The candidate values for the maximum number of candidate RSs is (8,16,32,64)
Proposal 11	FG 23-1-3 is defined per band.
Proposal 12	Remove Components 6, 7, 10, and 11 from FG 23-3-1.
Proposal 13	Adopt revised formulation proposed in Section 2.2.2 of this contribution for components 3 and 4 of FG 23-4.
Proposal 14	Remove Components 2 and 5 from FG 23-5-1.
Proposal 15	Remove Components 2 and 5 from FG 23-5-1.
Proposal 16	Remove all bracelets and highlight in 23-6-1 and 23-6-2 for component 1 and 2.
Proposal 17	Add ‘number of single-TRP CSIs reported with NC-JT CSI’ as a new component of FG 23-7-1.
Proposal 18	For maximum number of CSI-RS ports per NZP CSI-RS resource, support 32 as a candidate value.
Proposal 19	FG 23-9-5 , 23-9-2, 23-9-4 are only defined per band.
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Appendix
Agreement from RAN107-e meeting [1]

[bookmark: _Hlk92266346]Agreement: 
· [bookmark: _Hlk88173311]The following are the components of the feature “joint TCI for intra-cell operation”
1. Joint DL/UL TCI update with their components: (configuration mechanism, [QCL rules,] applicable source and target signals, MAC-CE -based TCI]  activation assignment) 
2. Common cross multi-CC TCI update and activation (involving RRC common TCI state pool)
3. Association between TCI state and UL PC settings except for PL RS [for PUCCH, PUSCH, and SRS] 
4. Beam misalignment between the DL source RS in the TCI state to provide spatial relation indication and the PL-RS 
5. [MAC-CE+DCI-based TCI state indication (including TCI state activation, use of DCI formats 1_1/1_2 with and without DL assignment)]
6. [TCI states pool for configured reference BWP/CC shared by a set of BWP/CC]
7. [Maximum number of CCs configured with BFR]
8. [R17 mechanism reusing R15/16 signalling to indicate R17 TCI for individual DL channel/RS that cannot share the same unified TCI as UE-dedicated PDCCH/PDSCH]
9. [Configuration of both R17 TCI and R15/16 TCI and spatial relation]
10. The maximum number of configured joint TCI state pools across all BWPs and all CCs in a band
11. [The maximum number of configured joint TCI states across all BWPs and all CCs in a band]
12. [The maximum number of configured joint TCI states per CC [in a band]]
13. [Support The maximum number of MAC-CE activated joint TCI states [per BWP per CC/across all BWPs and all CCs in a band]]
14. [Support any Whether a particular DL RS that is a valid target DL RS of a Rel-15/16 TCI state based on the Rel-15/16 QCL rules can be configured as a target DL RS of Rel-17 DL TCI (hence the Rel-17 DL TCI state pool)]
15. [The minimum beam application time between PUCCH of ACK and the first slot in Y symbols per SCS]
16. [The minimum time gap between the beam indication PDCCH and first slot where beam is applied]
· This list gives no guidance as to how to group these components into FGs. They may be mapped to one or more FGs and one or more of these FGs may be agreed as basic. Specifically, different FGs can be grouped together through notes “a UE supporting this FG must also support FG 23-x-y”. This allows to create “basic” FGs while allowing, e.g., different types for different components/candidate values.
· The purpose of this list is to find the individual components without having to worry about the signalling structure


Agreement: Adopt the following changes highlighted in chromatic formatting 
	23. NR_FeMIMO
	23-1-3
	MPE mitigation
	1. Support of enhanced [PHR] reporting for MPE mitigation (with which includes pairs of (P-MPR,SSBRI/CRI and [associated] P-MPR in PHR reporting)
[2. Support of reporting up to Nmax Maximum number of reported P-MPR and SSBRI/CRI pairs]
[3. Maximum number of candidate RS(s) configured in a RRC pool for MPE mitigation]
	
	
	
	
	
	
	
	
	[2. Candidate value of {1,2,3,4}]
[3. Candidate value FFS at least includes {64}]
	Optional with capability signalling




Agreement: Adopt the following changes highlighted in chromatic formatting 
	23. NR_FeMIMO
	23-6-3
	Simultaneous activation of two TCI states for PDCCH across multiple CCs [(HST/URLLC)]
	Support of simultaneous activation of two TCI states [for CORESETs with the same CORESET ID] in all BWPs across a set of configured component carriers [by single MAC-CE]
	23-6-1 or 23-6-2
	
	
	
	Per UE
	
	Yes
	
	Component 1 candidate values: {support, no support}
	Optional with capability signalling




Agreement: Adopt the following changes highlighted in chromatic formatting 
	23. NR_FeMIMO
	23-7-1
	Basic Features of CSI Enhancement for Multi-TRP
	1. Maximum number of NZP CSI-RS resource pairs used as CMR (channel measurement resource) pairs for NCJT measurement hypothesis:  Nmax=1
1. FFS: Maximum number of NZP CSI-RS resources in one CSI-RS resource set per CMR group: Ks,max=[2,4] 
1. CSI report mode selection

FFS others (supported options; values for X, codebook types, number of ports of CMRs, CMR sharing among NCJT and sTRP measurement hypotheses for FR1, two CMR groups with Ks=K1+K2 CMRs in CSI-RS resource set, reporting of 2 PMIs, 2 RIs and 2 Lis for NCJT measurement hypothesis …)
	FFS
	
	
	
	[Per band / per BC]
	
	
	
	[Component 2 candidate value set: {2, 3, 4, 5, 6, 7, 8}]

Note: ‘NCJT’ is not used in RAN1 specifications and will be aligned with 38.214
	Optional with capability signalling




Agreement: Adopt the following changes highlighted in chromatic formatting 
	23. NR_FeMIMO
	23-7-4
	Support of Nmax=2 for Multi-TRP CSI
	Support of maximum number of CMR pairs Nmax=2 configured in NZP-CSI-RS-ResourceSet for a given CSI report setting
	23-7-1
	
	
	
	Per band
	
	
	
	Component 1 candidate values: {support, no support}
	Optional with capability signalling




Agreement: Adopt the following changes highlighted in chromatic formatting 
	23. NR_FeMIMO
	23-7-5
	CMR sharing
	[Support a NZP CSI-RS resource referred by both a CMR pair configured for NCJT measurement hypothesis and a CMR configured for Single-TRP measurement hypothesis]

[FR2 only]
	23-7-1
	
	
	
	Per band 
	
	FR2 only
	
	Component 1 candidate values: {support, no support}

Note: ‘NCJT’ and ‘singel-TRP’ are not used in RAN1 specifications and will be aligned with 38.214
	Optional with capability signalling




Agreement: Adopt the following changes highlighted in chromatic formatting 
	23. NR_FeMIMO
	23-8-2
	Triggering SRS only in DCI 0_1/0_2
	Support of triggering SRS in DCI 0_1/0_2 without data and without CSI
	2-52
	
	
	
	
	
	
	
	
	Optional with capability signalling




Agreement: Adopt the following changes highlighted in chromatic formatting 
	23. NR_FeMIMO
	[bookmark: _Hlk88172729]23-8-3
	SRS Antenna switching for >4Rx
	1. Support of SRS antenna switching xTyR with y>4
[2. Report whether the uplink TX  antenna switching impact to downlink receiving in a band]
[3. Report whether the UL Tx antenna is switched together with UL Tx in another band]
	2-55
	
	
	
	Per BC
	
	
	
	[bookmark: _Hlk88172734]Component 1 candidate values: FFS
	Optional with capability signalling




Agreement: Adopt the following changes highlighted in chromatic formatting 
	23. NR_FeMIMO
	23-8-4
	Maximum 2 SP [and 1 periodic] SRS sets for antenna switching
	Support of maximum [2] [SP] SRS resource sets [and maximum 1 periodic SRS resource set] for antenna switching
	2-53
	
	
	
	
	
	
	
	[Note1: 
· Applies for all supported xTyR where y<=8
· For xTyR where y>4, if UE does NOT support this feature, support maximum one SRS resource set for periodic SRS and maximum one SRS resource set for semi-persistent SRS
· For xTyR where y<=4, if UEs that does not support this feature, follow Rel-15 on the number of resource sets for periodic and semi-persistent SRS]
· The two SP-SRS resource sets are not activated at the same time
	Optional with capability signalling




Agreement: Adopt the following changes highlighted in chromatic formatting 
	23. NR_FeMIMO
	23-8-5
	Increased repetition for SRS
	Support of increased repetition patterns (8, 10, 12, 14 symbols) for SRS resource
	10-11, 2-52
	
	
	
	
	
	
	
	
	Optional with capability signalling




Agreement: Adopt the following changes highlighted in chromatic formatting 
	23. NR_FeMIMO
	23-8-6
	Partial frequency sounding of SRS
	Support of partial [(RB level)] frequency sounding for SRS
	23-8-6 2-52
	
	
	
	
	
	
	
	
	Optional with capability signalling




Agreement: Adopt the following changes highlighted in chromatic formatting 
	23. NR_FeMIMO
	23-8-7
	Start RB location hopping for partial frequency SRS
	Support of start RB location hopping in partial [(RB level)] frequency SRS transmission [across different SRS frequency hopping periods for periodic/semi-persistent SRS]
	[23-8-6]
	
	
	
	
	
	
	
	
	Optional with capability signalling




Agreement: Adopt the following changes highlighted in chromatic formatting 
	23. NR_FeMIMO
	23-9-1
	Basic Features of Further Enhanced Port-Selection Type II Codebook (FeType-II)
	1. [{Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to] support Port-selection FeType-II with Mv=1 and R=1
1. Support rank 1,2
1. Support parameter combinations with Mv=1
1. FFS others Support number of PMI subbands with R=1
	FFS 2-35
	
	
	
	Per band and per BC
	
	
	
	Component 1 candidate values:
· Maximum 16 triplets
· Max # of Tx ports in one resource: {4,8,12,16,24,32}
· Max # resources: {1 to 64}
· Max # total ports: {24 to 256}
	Optional with capability signalling




Agreement: Adopt the following changes highlighted in chromatic formatting 
	23. NR_FeMIMO
	[bookmark: _Hlk88172859]23-9-1a5
	Codebook concurrency of Type I codebook and Rel-17 FeType II codebook Active CSI-RS resources and ports for mixed codebook types in any slot
	1. Supported mixed codebook types List of codebook combinations {codebook 1, codebook 2, codebook 3}
1. List of {max number of ports per resource, max number of resources, max number of total ports} for each codebook combination
	[23-9-1]
	
	
	
	FFS
	
	
	
	[Component 1 candidate values:
[Codebook 1 = {Type I SP, Type I MP}
{Codebook 2, Codebook 3} = {{FeType II PS, NULL}, {Type II, FeType II PS },{eType II R=1, FeType II PS }}] {{FeType II PS M=1, NULL},{FeType II PS M=2 R=1, NULL}, {Type II, FeType II PS M=1}, {Type II, FeType II PS M=2 R=1} ,{eType II R=1, FeType II PS M=1},{eType II R=1, FeType II PS M=2 R=1}}

Component 2 candidate values: 
- Maximum 16 triplets for each codebook combination 
- Max # of Tx ports in one resource: {4,8,12,16,24,32} 
- Max # resources: {1 to 64} 
- Max # total ports: {4 to 256}]

Note 1：if a UE reports one or more codebook combinations in [23-9-5], then usage of active CSI-RS resources and ports for multiple codebooks in any slot is allowed only within those combinations 

[Note 2: For coexisting of mixed codebooks in any slot, gNB need to honor 16-8, 23-10 and per-codebook capability 2-36/40/41/43, 16-3a/b and 16-3a-1/16-3b-1, and 23-9-1]
	Optional with capability signalling




Agreement: Adopt the following changes highlighted in chromatic formatting 
	23. NR_FeMIMO
	23-9-2
	Support of Mv=2 for FeType-II
	[1. {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support Port-selection FeType-II with Mv=2] and R=1]
[2. Support rank 1,2]
2. Support parameter combinations with Mv=2
[3. Support of DFT FD bases of size N]
	[23-9-1]
	
	
	
	[per band and per BC]
	
	
	
	[Component 1 candidate values 
- Maximum 16 triplets 
- Max # of Tx ports in one resource: {4,8,12,16,24,32} 
- Max # resources: {1 to 64} 
- Max # total ports: {4 to 256}]

[Component 4 candidate values: {N=2 only, N=2 and N=4}]
	Optional with capability signalling

	23. NR_FeMIMO
	23-9-4
	Support of R = 2 for FeType-II
	1. Support of R = 2 for FeType-II
[2. {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support to support Port-selection FeType-II with M=2 and R=2]
	23-9-2
	
	
	
	[per band and per BC]
	
	
	
	
	Optional with capability signalling




Agreement: Adopt the following changes highlighted in chromatic formatting 
	23. NR_FeMIMO
	23-9-3
	Support of rank 3, 4 for FeType-II
	Support of rank 3, 4 for FeType-II
FFS separate capabilities for M = 1 and M = 2
	[23-9-1[, 23-9-2]
	
	
	
	Per band
	
	
	
	
	Optional with capability signalling




Agreement from RAN106bis-e meeting [3]

Agreement: Agree the following table as baseline for further discussions during RAN1 #107-e, incl. the yellow highlighting and the revisions marked with chromatic formatting

	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	23. NR_FeMIMO
	23-1-1
	Unified TCI for [intra- and inter-cell] beam management
	[For both intra- and inter-cell beam management:]
1. Support of joint DL/UL TCI update [and separate DL/UL TCI update] with their components (configuration mechanism, QCL rules, applicable source and target signals) [and Common cross-CC TCI update and activation (involving RRC common TCI state pool)]
2. Support of association between TCI state and UL PC settings [for PUCCH, PUSCH, and SRS] [(PLRS and other, including handling of beam [alignment /misalignment] for PLRS)]
3. Supported mode of [MAC-CE/MAC-CE+DCI]-based beam TCI state indication [(including TCI state activation, use of DCI formats 1_1/1_2 with and without DL assignment)]
[4. The maximum number of configured TCI state pools across all BWPs and all CCs in a band]
[5. The maximum number of configured TCI states across all BWPs and all CCs in a band]
[6. The maximum number of configured TCI states per CC in a band]
[7. Support number of MAC-CE activated joint TCI states across all BWPs and all CCs in a band]
[8. The maximum number of MAC-CE activated separate DL and UL TCI states across all BWPs and all CCs in a band]
[9. Support of association between a TCI state and PL-RS, where the “beam alignment” between the DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication and the PL-RS is assumed by the UE
[10. Support any DL RS that is a valid target DL RS of a Rel-15/16 TCI state based on the Rel-15/16 QCL rules can be configured as a target DL RS of Rel-17 DL TCI (hence the Rel-17 DL TCI state pool)
[11. The minimum beam application time in Y symbols]
[12. Support of association between a TCI state and PL-RS, where the “beam alignment” between the DL source RS in the UL or (if applicable) joint TCI state to provide spatial relation indication and the PL-RS is assumed by the UE]
[12. The maximum number of PCI(s) different from serving cell PCI that can be associated with activated TCI states]
	
	
	
	
	[ber band]
	
	
	
	{Support, Not support}

[4. candidate values {1, …, 32}
5. candidate values {64, 72, 80, 96, 128, 192, 256, 128*4*32}
6. candidate values {8, 16, 32, 64, 128, 256}


63. candidate values FFS {no, with DA, w/o DA, both}

7. candidate values {1, 2, 3, 4, 5, 6, 7, 8}

8. candidate values {1, 2, 3, 4,5,6,7, 8}

Note 1: for component 7 & 8, if two TCI states are in one codepoint, it should be counted as 2.]
	Optional with capability signalling

	 23. NR_FeMIMO
	23-1-2
	Inter-cell measurement and reporting (for inter-cell BM [and mTRP])
	1. Support of [L1-RSRP/beam] measurement and report on SSB(s) with PCI(s) different from serving cell PCI
2. Support of [L1-RSRP/beam] reporting of up to Kmax=4 SSBRI-RSRP[,SS-RSRP] [pairs/beams], with at least one [pair/beam] associated with a PCI different from serving cell PCI [in one report instance]

[3. The number of [RRC-configured/ MAC-CE activated] PCI(s) different from serving cell PCI for beam measurement] [in FR1]

[4. The number of [RRC- configured/ MAC-CE activated] PCI(s) different from serving cell PCI for beam measurement] [in FR2]

[5. The max number of SSB resources configured to measure L1-RSRP within a slot across all PCI(s) different from serving cell PCI]

[6. The max number of SSB resources configured to measure L1-RSRP across all PCI(s) different from serving cell PCI]

[7. Support on that SSB(s) with PCI(s) different from serving cell PCI configured for L1 beam measurement and report are not included in SSBs with PCIs configured for L3 mobility measurement]
	[2-24, 2-29]
	
	
	
	
	
	
	
	{Support, Not support}

[2. Candidate value of {1,2,3,4}]

[3. candidate values {1, 2, 4, 6}]

[4. candidate values {1, 2, 4}]

[5. candidate values: {2, 4, 8, FFS}]

[6. candidate values: {4, 8, 16, 32, 64, FFS}]

[7. candidate values {not support}]
	Optional with capability signalling

	 23. NR_FeMIMO
	23-1-3
	MPE mitigation
	1. Support of enhanced reporting for MPE mitigation (with SSBRI/CRI and [associated] P-MPR in PHR reporting)
[2. Support of reporting up to Nmax P-MPR and SSBRI/CRI pairs]
[3. Maximum number of candidate RS(s) configured in a RRC pool for MPE mitigation]
	
	
	
	
	
	
	
	
	{Support, Not support}
[2. Candidate value of {1,2,4}]
[3. Candidate value at least includes {64}]
	Optional with capability signalling

	23. NR_FeMIMO
	23-1-4
	MPUE support for UL 
	[depending on agreement]
	
	
	
	
	
	
	
	
	{Support, Not support}
	Optional with capability signalling

	23. NR_FeMIMO
	23-2-1
	[Multi-TRP] PDCCH repetition
	1. Support of PDCCH repetition (based on two linked SS sets associated with corresponding CORESETs) [with non-SFN scheme TDM and FDM] [including PDCCH repetition for Type 3 CSS]
2. Support of reporting one [or more] number(s) as required number of BDs for the two PDCCH candidates
3. [If 3 or {2, 3} is reported in component 2, support of whether the individual candidate is monitored or not when one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET for the case that the linked PDCCH candidates is 3 BDs] [If 2 or {2,3} is reported in component 2, the individual candidate is monitored when one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET for the case that the linked PDCCH candidates is 2 BDs.]
FFS: 4. Maximum number of such overlaps in 3 Support max number of overlaps when one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate per scheduling scheduled component carrier
	
	
	
	
	
	
	
	
	Component1: details FFS  {Support, Not support}
Component2: details FFS {2, 3, [{2,3}]}
Component3: details FFS  {monitored, not monitored}
Component4: details FFS

[Note: UE supports PDCCH repetition for the following (basic) PDCCH monitoring capability: For type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS, the monitoring occasion is within the first 3 OFDM symbols of a slot]
	Optional with capability signalling

	23. NR_FeMIMO
	23-2-2
	Two QCL TypeD for [CORESET monitoring in] PDCCH [repetition]
	Support of determining two QCL-TypeD for overlapping CORESETs in the same CC or for intra-band CA [when UE is configured with PDCCH repetition]
	[23-2-1, 23-6-1, 23-6-2]
	
	
	
	
	
	
	FR2 only
	{Support, Not support}
	Optional with capability signalling

	23. NR_FeMIMO
	23-2-3
	PDCCH repetition for Type3 CSS
	Support of PDCCH repetition for Type3 CSS
	
	
	
	
	
	
	
	
	{Support, Not support}
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1
	Multi-TRP PUSCH repetition (type A)
	1. Support of multi-TRP PUSCH repetition (based on PUSCH repetition type A and B)
[2. Support of cyclic mapping when the number of repetitions is larger than 2 for single DCI based M-TRP PUSCH repetition Type A and B,]
[3. Support of second TPC field for per TRP closed-loop power control for PUSCH with DCI formats 0_1 / 0_2]
[4. Support of PHR reporting related to M-TRP PUSCH repetition (calculate two PHRs (at least corresponding to the CC that applies m-TRP PUSCH repetitions), each associated with a first PUSCH occasion to each TRP, and report two PHRs.)]
[5. Support of CG PUSCH transmission towards M-TRPs using a single CG configuration (Use same beam mapping principals as dynamic grant PUSCH repetition scheme.)]
[6. support of sequential mapping for single for single DCI based M-TRP PUSCH repetition Type A]
[7. The maximum number of PHR reporting across all CCs (including those related to M-TRP PUSCH repetition and the legacy Rel-15/16 PUSCH transmission)]
[8. Support of A-CSI report on two PUSCH repetitions]
[9. Support of SP-CSI report on two PUSCH repetitions]
[10: Support dynamic switching between multi-TRP PUSCH scheme and single-TRP PUSCH transmission]
[11. Support PUSCH operations: CB based and NCB based and corresponding parameters including number of SRS resources]
	
	
	
	
	
	
	
	
	{Support, Not support}
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-1-1
	Multi-TRP PUSCH repetition (type B)
	1. Support of multi-TRP PUSCH repetition (based on PUSCH repetition type B)
FFS: discuss details (to be discussed after type A is stable_
	
	
	
	
	
	
	
	
	
	Optional with capability signalling

	23. NR_FeMIMO
	23-3-2
	Multi-TRP PUCCH repetition
	1. Support of PUCCH repetition scheme 1 (inter-slot repetition)
2. Support of PUCCH repetition scheme 3 (intra-slot repetition)
3. Support of cyclic mapping for beam mapping/power control parameter set mapping [when the number of repetitions is larger than 2] for PUCCH repetitions scheme 1 and 3 when the number of repetitions is larger than 2
4. Support of second TPC field for per TRP closed-loop power control for PUCCH with DCI formats [1_0] / 1_1 / 1_2

	
	
	
	
	
	
	
	
	{Support, Not support}
	Optional with capability signalling

	23. NR_FeMIMO
	23-4
	IntCell-mTRP
	1. Support of RRC configuration of additional PCI different from serving cell associated with the TCI state and/or QCL-info including other cell info in RRC TCI state config
[2. Support of X>1 (max number of PCIs different from serving cell)]
[3. Supported max number of RRC-configured  PCIs different from serving cell PCI for [FR1/case1] (X1)] [SSB time domain positions or periodicity of additional PCIs is not exactly the same as serving cell PCI)]
[4. Supported max number of RRC-configured PCIs different from serving cell PCI for [FR2/case2] (X2)] [SSB time domain positions and periodicity are exactly the same among the additional PCIs and the same as serving cell PCI]
[5. default case to be supported, e.g., case2 with X2=1]
	
	
	
	
	
	
	
	
	{Support, Not support}
	Optional with capability signalling

	23. NR_FeMIMO
	23-5-1
	Group based L1-RSRP Beam reporting enhancements
	1. Support a single L1-RSRP reporting instance consisting of N of the maximum number of beam groups and M=2 beams per [pair/group] [in one report instance]
2. [Support of enhanced group-based reporting for Rel-17 M-TRP]
3. [Maximum number of SSB and CSI-RS resources for measurement in both CMR sets within a slot across all CCs]
4. [Maximum number of configured SSB and CSI-RS resources for measurement in both CMR sets across all CCs]
5. [Support beam measurement on two CMR resource sets]
6. [Support of enhanced group-based reporting for Rel-17 intra-cell and inter-cell mTRP]

	
	
	
	
	
	
	
	
	Candidate values: {1,2,3,4}
	Optional with capability signalling

	23. NR_FeMIMO
	23-5-2
	Maximum number of BFD-RS resources per set for MTRP BFR enhancements
	1. Support of the maximum number of BFD-RS resources per set
2. [Support of Rel-17 M-TRP BFR based on two BFD-RS sets]  
3. [Maximum number of CSI-RS resources of both BFR-RS sets across all CCs] 
4. [Maximal number of different SSBs of both BFD-RS sets across all CCs] 
5. [Maximal number of different CSI-RS and/or SSB resources of both NBI-RS sets across all CCs]
6. [Support up to two PUCCH-SR resources for MTRP BFRQ]
7. [Supported maximum number of BFD-RS resources across two BFD-RS sets per BWP]
8. [Support of [single DCI/multi-DCI] based BFR enhancement]
	
	
	
	
	
	
	
	
	[Candidate values: {1, 2, …}]
	Optional with capability signalling

	23. NR_FeMIMO
	23-6-1
	SFN scheme A (scheme 1)
	1. [Support of scheme A for PDCCH] [and default QCL assumption with two TCI states for PDCCH]
2. Support of scheme A for PDSCH [scheduled by [single TRP/ Scheme A] PDCCH] [and default QCL assumption with two TCI states for PDSCH]
3. Support of dynamic switching between single-TRP and SFN PDSCH scheme A for DCI formats 1_1, 1_2
	
	
	
	
	
	
	
	
	{Support, Not support}
	Optional with capability signalling

	23. NR_FeMIMO
	23-6-1a
	Dynamic switching - scheme A
	Support of dynamic switching between single-TRP and SFN PDSCH scheme A by TCI state field in DCI formats 1_1, 1_2
	
	
	
	
	
	
	
	
	
	

	23. NR_FeMIMO
	23-6-2
	SFN scheme B (TRP based pre-compensation)
	1. [Support of scheme B for PDCCH] and PDSCH
2. Support of scheme B for PDSCH  [scheduled by [single TRP/Scheme B] PDCCH]
3. Support of dynamic switching between single-TRP and SFN PDSCH scheme B for by TCI state field in DCI formats 1_1, 1_2
	[23-6-1]
	
	
	
	
	
	[FR1 only]
	
	{Support, Not support}
	Optional with capability signalling

	23. NR_FeMIMO
	23-6-2a
	Dynamic switching - scheme B
	Support of dynamic switching between single-TRP and SFN PDSCH scheme B by TCI state field in DCI formats 1_1, 1_2
	
	
	
	
	
	
	
	
	
	

	23. NR_FeMIMO
	23-6-3
	Simultaneous activation of two TCI states for PDCCH across multiple CCs [(HST/URLLC)]
	Support of simultaneous activation of two TCI states [for CORESETs with the same CORESET ID] in all BWPs across a set of configured component carriers [by single MAC-CE]
	
	
	
	
	
	
	
	
	{Support, Not support}
	Optional with capability signalling

	23. NR_FeMIMO
	23-6-4
	Default beam setup [for HST]
	1. Support of PDSCH reception using default beam for Rel-17 enhanced SFN scheme when PDSCH is scheduled with offset less than threshold
FFS: 2. Support PDSCH reception using default beam for Rel-17 enhanced SFN scheme when TCI field is not present in DCI [when PDSCH is scheduled with offset equal or larger than the threshold]
3. Support aperiodic CSI-RS reception using default beam for Rel-17 enhanced SFN scheme when scheduling offset is less than threshold
FFS: 4. Support of single-TRP PUCCH transmission using default beam when enhanced SFN PDCCH transmission scheme is configured
FFS: 5. Support of single-TRP PUSCH transmission using default beam when enhanced SFN PDCCH transmission scheme is configured
FFS: 6. Support of single-TRP SRS resource transmission using default beam when enhanced SFN PDCCH transmission scheme is configured
	
	
	
	
	
	
	
	
	{Support, Not support}
	Optional with capability signalling

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	23. NR_FeMIMO
	23-7-1
	Basic Features of CSI Enhancement for Multi-TRP
	1. Support of Maximum number of NZP CSI-RS resource pairs used as CMR (channel measurement resource) pairs for NCJT measurement hypothesis: Nmax=1
2. FFS: Support of Maximum number of NZP CSI-RS resources per CMR group: Ks,max=[2,4]
3. FFS others (supported options; values for X, codebook types, number of ports of CMRs, CMR sharing among NCJT and sTRP measurement hypotheses for FR1, two CMR groups with Ks=K1+K2 CMRs in CSI-RS resource set, reporting of 2 PMIs, 2 RIs and 2 Lis for NCJT measurement hypothesis …)
	FFS
	
	
	
	
	
	
	
	{Support, Not support}
	Optional with capability signalling

	23. NR_FeMIMO
	23-7-2
	Support of max # of Tx ports [per source/across two CMRs] [in a resource set for Multi-TRP CSI] [and max # resources]
	[A list of supported combinations, each combination is {max # of Tx ports per source in a resource set for Multi-TRP CSI, max # resources in a resource set for Multi-TRP CSI}]

{24  ports, 32 ports}

[Note:  same number of ports among CMRs]
	
	
	
	
	
	
	
	
	{Support, Not support}
[{4, 8, 12, 16, 24, 32}]
	Optional with capability signalling

	23. NR_FeMIMO
	23-7-3
	Support of max # More than two resources in a resource set for Multi-TRP CSI
	FFS exact candidate values, Ks,max  is up to 8
	
	
	
	
	
	
	
	
	{Support, Not support}
[candidate values are {2, 3, 4, 5, 6, 7, 8}]
	Optional with capability signalling

	23. NR_FeMIMO
	23-7-4
	Support of Nmax=2 for Multi-TRP CSI
	[Support of maximum number 2 pairs of CMR pairs Nmax=2 resources configured in a CSI-ReportConfig for Multi-TRP CSI measurement for CSI Enhancement for Multi-TRP]
	
	
	
	
	
	
	
	
	{Support, Not support}
	Optional with capability signalling

	23. NR_FeMIMO
	23-7-5
	Whether two CMRs from a CMR pair configured for a NCJT measurement hypothesis can be used for Single-TRP measurement hypotheses CMR sharing
	[Support a NZP CSI-RS resource referred by both a CMR pair configured for NCJT measurement hypothesis and a CMR configured for Single-TRP measurement hypothesis]
[FR2 only]
	
	
	
	
	
	
	
	
	{Support, Not support}
	Optional with capability signalling

	23. NR_FeMIMO
	23-8-1
	SRS triggering offset enhancement
	Support of determining aperiodic SRS location based on available slot [and dynamically based on Rel-17 introduced new field in DCI Format 0_1/0_2/1_1/1_2]
	
	
	
	
	
	
	
	
	{Support, Not support}
	Optional with capability signalling

	23. NR_FeMIMO
	23-8-2
	Triggering SRS only in DCI 0_1/0_2
	Support of triggering SRS in DCI 0_1/0_2 without data and without CSI
	
	
	
	
	
	
	
	
	{Support, Not support}
	Optional with capability signalling

	23. NR_FeMIMO
	23-8-3
	SRS Antenna switching for >4Rx
	1. Support of SRS antenna switching xTyR with y>4
[2. Report whether the uplink TX switching impact to downlink receiving in a band]
[3. Report whether the UL Tx is switched together with UL Tx in another band]
	
	
	
	
	
	
	
	
	[{1T6R, 1T8R, 2T6R, 2T8R, 4T6R, 4T8R}]
	Optional with capability signalling

	23. NR_FeMIMO
	23-8-4
	Maximum 2 SP [and 1 periodic] SRS sets for antenna switching
	Support of maximum [2] [SP] SRS resource sets [and maximum 1 periodic SRS resource set] for antenna switching
	
	
	
	
	
	
	
	
	{Support, Not support} 
[Note1: 
· Applies for all supported xTyR where y<=8
· For xTyR where y>4, if UE does NOT support this feature, support maximum one SRS resource set for periodic SRS and maximum one SRS resource set for semi-persistent SRS
· For xTyR where y<=4, if UEs that do not support this feature, follow Rel-15 on the number of resource sets for periodic and semi-persistent SRS]

	Optional with capability signalling

	23. NR_FeMIMO
	23-8-5
	Increased repetition for SRS
	Support of increased repetition patterns (8, 10, 12, 14 symbols) for SRS resource
	
	
	
	
	
	
	
	
	{Support, Not support} [(N_symbol, R) = {(8, 1), (8, 2), (8, 4), (8, 8), (12, 1), (12, 2), (12, 3), (12, 4), (12, 6), (12, 12), (10, 1), (10, 2), (10, 5), (10,10), (14, 1), (14, 2), (14, 7), (14, 14)}]
	Optional with capability signalling

	23. NR_FeMIMO
	23-8-6
	Partial frequency sounding of SRS
	Support of partial [(RB level)] frequency sounding for SRS
	
	
	
	
	
	
	
	
	{Support, Not support}
	Optional with capability signalling

	23. NR_FeMIMO
	23-8-7
	Start RB location hopping for partial frequency SRS
	Support of start RB location hopping in partial [(RB level)] frequency sounding SRS transmission [across different SRS frequency hopping periods for periodic/semi-persistent SRS]
	[23-8-6]
	
	
	
	
	
	
	
	{Support, Not support}
	Optional with capability signalling

	23. NR_FeMIMO
	23-8-8
	Comb-8 SRS
	Support of comb-8 for MIMO SRS other than for positioning 
	
	
	
	
	
	
	
	
	{Support, Not support}
	Optional with capability signalling

	23. NR_FeMIMO
	23-9-1
	Basic Features of Further Enhanced Port-Selection Type II Codebook (FeType-II)
	1. [{Max # of Tx ports in one resource, Max # of resources and total # of Tx ports}] to support Port-selection FeType-II with Mv=1
2. Support rank 1,2
3. Support parameter combinations with Mv=21
4. FFS others
	FFS
	
	
	
	
	
	
	
	{Support, Not support}
	Optional with capability signalling

	23. NR_FeMIMO
	23-9-1a
	Codebook concurrency of Type I codebook and Rel-17 FeType II codebook
	Supported mixed codebook types
	[23-9-1]
	
	
	
	
	
	
	
	[Codebook 1 = {Type I SP, Type I MP}
{Codebook 2, Codebook 3} = {{FeType II PS, NULL}, {Type II, FeType II PS },{eType II R=1, FeType II PS }}]
	Optional with capability signalling

	23. NR_FeMIMO
	23-9-2
	Support of Mv=2 for FeType-II
	[1. Support rank 1,2]
2. Support parameter combinations with Mv=2
[3. {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support Port-selection FeType-II with Mv=12]

	[23-9-1]
	
	
	
	
	
	
	
	{Support, Not support}
	Optional with capability signalling

	23. NR_FeMIMO
	23-9-3
	Support of rank 3, 4 for FeType-II
	Support of rank 3, 4 for FeType-II
	[23-9-1, 23-9-2]
	
	
	
	
	
	
	
	{Support, Not support}
	Optional with capability signalling
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Introduction


 


In this contribution, we discuss the UE features for 


f


eMIMO.


 


We also 


recall


 


the RAN2 


LS “G


uidelines on UE 


capability definitions


”


 


in section 3


 


to raise RAN1 attention on the expectation from RAN2.


 


2


 


Discussion


 


During RAN1#106bis


-


e, 


the discussion on UE fea


tures for feMIMO was kicked off.


 


The outcome 


from the 


discussion 


was


 


captured in


 


[4]


.


 


The discussion continued in RAN1#107


-


e, and a few additional agreements 


were ma


de.


[1]


 


 


2.1


 


Enhancements to multi


-


beam operation


 


The work in the multi


-


beam agenda targets to develop a more 


efficient 


TCI framework. 


Unnecessary flexible 


configurations are removed, and the 


signalling


 


mechanisms 


for the critical parts are streamlined. 


However, 


this work has led to that some Rel


-


15/16 fu


nctionality has been replicated


, and based on this replicated 


functionality, enhancements have been added. 


 


It may be tempting to define a basic level of functionality that contains 


only 


the replicated functionality. This 


would bring the Rel


-


17 TCI framewo


rk on par with the Rel


-


15/16 


functionality 


and would lead to a functional 


feature. However, there is no incentive for an operator to deploy only the replicated functionality


, and there is 


no incentive for a NW vendor to implement only the replicated functi


onality:


 


Observation 1


 


There is no incentive for a NW vendor to implement only the parts of the Rel


-


17 TCI 


framework that replicated the Rel


-


15/16 functionality.


 


Based on 


Observation 1


, we conclude that a UE that supports the Rel


-


17 TCI framework must also support 


enhancements on top of the replicated functionality:


 


Observation 2


 


A UE that supports the Rel


-


17 TCI framework must support enhancements relative 


the Rel


-


15/16 TCI framework: it is not


 


sufficient to support only the replicated 


functionality. 


 


To reiterate: no NW will implement 


only


 


the duplicated functionality.


 


There is no point that a UE only implements 


and advertises support for the replicated functionality. This would be a useless pa


per product. 


 


A UE that supports the Rel


-


17 TCI framework would thus have to also support enhancements. Overall, the 


Rel


-


17 TCI framework supports two main performance enhancements:


 


-


 


DCI


-


based TCI state update for all channels


 


-


 


Inter


-


cell beam 


management
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