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1	Introduction
In this contribution, we discuss the UE features for Rel18 MIMO. 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
2.1	Multi-TRP enhancement
2.1.1 Unified TCI framework extension for multi-TRP
Support of mTRP, but mTRP features are separate – focus on how to convey the TCI states. A UE that would support for example sDCI NC-JT with the unified TCI framework would have to support also FG 16-2b-x. What would be specified here is the functionality related to how to convey the TCI states, which should be independent from the exact multi-TRP scheme to support.
The features related to TCI states are typically provided per band, or per UE. This follows the RAN2 guidance in [1]. We propose to reuse this for the features related to the multi-TRP extension of the unified TCI framework:
[bookmark: _Toc135039471]The UE features related to the multi-TRP extension of the unified TCI framework are provided per band.
We propose to start from the UE features specified for the unified TCI framework in Rel-17 [2]. On high level, the same structure could be used:
Unified TCI with joint TCI state, MAC CE activation only, intra-cell operation (23-1-1)
· More than one activated joint TCI state, intra+inter-cell operation (23-1-1a)
· More than one activated joint TCI state, intra+inter-cell operation, DCI indication (23-1-1b)
CC pools, common CC update for joint TCI states (23-1-1d, 23-1-1e, 23-1-1f, 23-1-1k)
Unified TCI with separate DL/UL TCI state, MAC CE activation only, intra-cell operation (23-10-1)
· More than one activated DL and UL TCI state, intra+inter-cell operation (23-10-1m)
· More than one activated DL and UL TCI state, intra+inter-cell operation, DCI indication (23-10-1b)
CC pools, common CC update for separate DL/UL TCI states (23-10-1d, 23-10-1e, 23-10-1f)
It should be possible to use these FGs as a blueprint to handle multiple indicated TCI states. Unfortunately, RAN1 has chosen to use different ways to convey TCI states for single-DCI and multi-DCI based multi-TRP. This would double the amount of required FGs. 
Preferably, we could start with the FGs for joint TCI states: the addition of the corresponding FGs for separate TCI states could be added once the structure for joint TCI states has been settled. 
We will describe single-DCI (40-1-1x) and multi-DCI (40-1-2x) based operation separately. To simplify interpretation, corresponding FGs use the same letters: this is why not all letters are used for single-DCI and multi-DCI: for example, 40-1-1f exists, but not 40-2-1f, since CJT is only supported for single-DCI. 
2.1.1.1 	Proposed feature groups for single-DCI and joint TCI states

	Index
	Feature group
	Components
	Note

	40-1-1
	Unified TCI with joint DL/UL TCI update for single-DCI based multi-TRP operation
	1. Joint DL/UL TCI state update with their components: (configuration mechanism, QCL rules, applicable source and target signals)
2. Two MAC-CE activated joint TCI per CC in a band
3. The maximum number of configured joint TCI states per BWP per CC in a band
4. TCI state indication for update and activation:
a) MAC CE based TCI state indication for two active TCI state 
5. The maximum number of MAC-CE activated joint TCI states across all CC(s) in a band

	Note: this includes support for the configuration of {none, first, second, both} for the relevant channels

	40-1-1b
	Unified TCI with joint DL/UL DCI-based TCI update for single-DCI based multi-TRP operation
	1. TCI state indication for update and activation
b) MAC-CE+DCI-based TCI state indication (use of DCI formats 1_1/1_2 with DL assignment)
c) MAC-CE+DCI-based TCI state indication (use of DCI formats 1_1/1_2 without DL assignment)
2. The minimum beam application time in Y symbols per SCS
3. The maximum number of MAC-CE activated joint TCI states per CC in a band
	

	40-1-1c
	Maximum number of configured CC lists for joint DL/UL TCI update for single-DCI based multi-TRP operation. 
	Maximum number of configured CC lists per cell group for common multi-CC TCI state ID update and activation
	If the UE does not report this FG, common multi-CC TCI state update is not supported

	40-1-1d
	Time to perform DCI-based switching between single-TRP and multi-TRP PDSCH reception
	Time duration (definition follows clause 5.1.5 in TS 38.214), Xi, to determine and apply spatial QCL information for corresponding PDSCH reception.
Time duration is defined counting from end of last symbol of PDCCH to beginning of the first symbol of PDSCH.
Xi is the number of OFDM symbols, i is the index of SCS, l=1,2, corresponding to 60,120 kHz SCS.
	If the UE does not report this FG, DCI-based switching between single-TRP and multi-TRP is not supported.

	40-1-1e
	Two default beams for single-DCI based multi-TRP
	Support of default QCL assumption with two indicated TCI states
	

	40-1-1f
	Support for CJT with two indicated TCI states
	Support for coherent joint transmission for PDSCH with two indicated TCI states
	

	40-1-1g
	Association between CSI-RS and indicated TCI states
	Defines how aperiodic CSI-RS is associated with indicated TCI states: per CSI-RS resource, per CSI-RS resource set or both
	


	
2.1.1.2	Proposed feature groups for multi-DCI and joint TCI states
Here we propose a list for the UE features for multi-DCI and joint TCI states. Only the first four columns of the UE feature table will be used:

	Index
	Feature group
	Components
	Note

	40-1-2
	Unified TCI with joint DL/UL TCI update for intra-cell multi-DCI based multi-TRP operation
	1. Joint DL/UL TCI state update per coresetPoolIndex with their components: (configuration mechanism, QCL rules, applicable source and target signals)
2. One MAC-CE activated joint TCI state per coresetPoolIndex per CC in a band
3. The maximum number of configured joint TCI states per BWP per CC in a band
4. TCI state indication for update and activation:
a) MAC CE based TCI state indication for one active TCI state per coresetPoolIndex
5. The maximum number of MAC-CE activated joint TCI states across all CC(s) in a band

	

	40-1-2a
	Unified TCI with joint DL/UL TCI update for inter-cell multi-DCI based multi-TRP operation
	Support of unified TCI with joint DL/UL TCI update for inter-cell multi-DCI based multi-TRP operation
	

	40-1-2b
	Unified TCI with joint DL/UL DCI-based TCI update for inter-cell multi-DCI based multi-TRP operation
	1. TCI state indication for update and activation
b) MAC-CE+DCI-based TCI state indication (use of DCI formats 1_1/1_2 with DL assignment)
c) MAC-CE+DCI-based TCI state indication (use of DCI formats 1_1/1_2 without DL assignment)
2. The minimum beam application time in Y symbols per SCS
3. The maximum number of MAC-CE activated joint TCI states per coresetPoolIndex per CC in a band
	

	40-1-2c
	Maximum number of configured CC lists for joint DL/UL TCI update for multi-DCI based multi-TRP operation. 
	Maximum number of configured CC lists per cell group for common multi-CC TCI state ID update and activation
	If the UE does not report this FG, common multi-CC TCI state update is not supported

	40-1-2h
	TRP-specific BFR for multi-DCI based multi-TRP operation
	Support TRP-specific BFR for multi-DCI based multi-TRP operation
	


 
2.1.1.3	Extension to separate TCI states
As previously remarked, there will be a need to add feature groups for separate DL/UL TCI states. Here we make a first assessment what FG will have to be duplicated:
For single-DCI based multi-TRP:
40-1-1
40-1-1b
40-1-1c
For multi-DCI based multi-TRP:
40-1-2
40-1-2a
40-1-2b
40-1-2c
2.1.1.4	Feature groups that may be reused from the Rel-17 framework
In our understanding, the following feature groups from the Rel-17 TCI framework can be reused:
23-1-1c: SCell BFR
23-1-1d: Per BWP TCI state configuration
23-1-1e: Support of reference CC for TCI state configuration
23-1-1g: Beam misalignment 
23-1-1h: Association between PC parameters and TCI state
23-1-1i, 23-1-1m, 23-1-1j: Configuration of a single Rel-17 TCI state for PDCCH, CSI-RS, SRS and CORESET#0 
In our understanding, none of the above FGs are related to multi-TRP operation, or multiple indicated TCI states, and hence the Rel-17 FGs can be reused.
2.1.1.5	Support of multi-TRP schemes with unified TCI framework
The unified TCI framework supports all schemes specified in Rel-16 and Rel-17, and also STxMP and CJT. The UE must be able to report which multi-TRP schemes it supports together with the unified TCI framework. We propose to add one FG with multiple components, where each component states if the UE supports the multi-TRP feature or not:
	Index
	Feature group
	Components
	Note

	40-1-5
	Multi-TRP schemes supported with the unified TCI framework
	1. Single-DCI NC-JT
2. Multi-DCI NC-JT
3. PDCCH repetition
4. PUCCH repetition
5. PUSCH repetition
6. HST-SFN

	



2.1.2	Two TAs for multi-DCI
Following the RAN2 guidance in [1], we propose that the UE features related to two TAs for multi-DCI based multi-TRP operation are provided per band: 
[bookmark: _Toc135039472]The UE features related to two TAs for multi-DCI based multi-TRP operation are provided per band.
As the name indicates, two TAs for multi-DCI based operation can only be used for multi-DCI based operation. Hence, the network can only configure two TAs in one serving cell if the UE supports multi-DCI based multi-TRP. NR specifies intra-cell multi-DCI based multi-TRP operation in Rel-15, and inter-cell multi-DCI based multi-TRP operation in Rel-17. The two TA extension is applicable to both modes, and there is a need to have separate capabilities. 
So far, RAN1 has only agreed how to support two TA enhancement with the Rel-17 TCI framework. Here we probably need to separate this feature for joint and separate TCI states.
2.1.2.1	Proposed feature groups 
	Index
	Feature group
	Components
	Note

	40-2-1
	Two TA enhancement for intra-cell multi-DCI based multi-TRP with joint TCI states
	1. Support to configure two TAG IDs in one serving cell 
2. Support to configure TAG ID in a joint TCI state
3. Support difference between Rx timing references no larger than CP
4. Support PDCCH order triggering RACH procedure towards different TRP
5. Support for absolute TA command MAC CE with TAG ID
6. Support for the [activated] joint TCI states [of UL signals/channels] associated to one CORESET Pool Index to be corresponding to one TAG
	Copy for separate DL/UL TCI states

	40-2-2
	Two TA enhancement for inter-cell multi-DCI based multi-TRP with joint TCI states
	1. Support to configure two TAG IDs in one serving cell 
2. Support to configure TAG ID in a joint TCI state
3. Support difference between Rx timing references no larger than CP
4. Support PDCCH order triggering RACH procedure towards different cell
5. Support for absolute TA command MAC CE with TAG ID
6. Support for the [activated] joint TCI states [of UL signals/channels] associated to one CORESET Pool Index to be corresponding to one TAG
	Copy for separate DL/UL TCI states

	40-2-3
	Difference between Rx timing references larger than CP

	Support difference between Rx timing references larger than CP

	

	40-2-4
	TCI states of one CORESET Pool associated to both TAGs
	Support for the [activated] joint TCI states [of UL signals/channels] associated to one CORESET Pool Index to be corresponding to both TAGS]
	Copy for separate DL/UL TCI states



2.2	CSI enhancement
In agenda 9.1.2, the largest correlation delay for the basic TDCP feature is denoted as Dbasic.  The exact value for Dbasic has not been decided yet.  To measure the correlation delay over a reasonably large delay D is important in order for the channel variation to be large compared to noise and interference and thus to achieve good accuracy for the estimate. However, according to UE and chipset manufacturers storing RX data longer than what is needed for D=2slots gives a considerable increase in UE complexity. Therefore, we propose to have a basic feature group with Dbasic = 28 symbols or equivalently 2slots.  Note that simulation results shown in Figure 1 and Figure 2 show that a Dbasic value of 14 symbols or 1 slot results in significant performance degradation for the type I vs type II CSI switching use case based on TDCP reporting.
[bookmark: _Toc135012951][bookmark: _Toc135039473]Support Dbasic = 28 symbols or equivalently 2 slots
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[bookmark: _Ref129940502]Figure 1 Performance for CSI type I/type II switching based on the TDCP channel correlation for different correlation delays at 22dB SNR.
[image: ]

[bookmark: _Ref129940756]Figure 2 Performance for CSI type I/type II switching based on the TDCP channel correlation for different correlation delays at 10dB SNR.

2.3 Reference signal enhancement
2.3.1 Increased number of orthogonal DMRS ports
In RAN1#110-bis meeting there’s following agreement on introducing UE capability for orphan REs.

Agreement
For FD-OCC length 4 in Rel.18 eType 1 DMRS for PDSCH, support the following: 
· Introduce UE capability to report whether UE can be scheduled PDSCH without the scheduling restriction for FD-OCC length 4 in Rel.18 eType 1 DMRS. 
· If this capability is not supported by the UE, UE expects that gNB shall apply the scheduling restriction for PDSCH for FD-OCC length 4 in Rel.18 eType 1 DMRS.
· The scheduling restriction above means satisfying all of the following at least for other than M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme. 
· 1) The number of consecutively scheduled PRBs for PDSCH is even.
· 2) The number of PRBs offset of scheduled PDSCH from point A (common resource block 0) is even.
· 3) FFS: Restriction on scheduling of different UEs in case of MU-MIMO.
· FFS: Scheduling restriction for M-TRP PDSCH transmission with FDM 2a or FDM 2b scheme.
· Note1: Up to UE how to implement DMRS channel estimation.
· Note2: No further RAN1 specification enhancement is introduced to handle the orphan REs (e.g. if the total number of REs of DMRS in a CDM group is not multiples of 4, how to handle the remainder of REs) for UE that is scheduled PDSCH without the scheduling restriction.
· Note 3: Other scheduling restrictions, if identified in future meetings, are not precluded.

Based on above agreement, UE capability for handling orphan REs shall be introduced.
[bookmark: _Toc135039474]Introduce UE capability for orphan RE handling as below.

	Feature group 
	Components 
	Type 

	Need of FDD/TDD differentiation 
	Need of FR1/FR2 differentiation 

	Orphan RE handling 
	1. Number of consecutively scheduled PRBs for PDSCH is even, and number of PRB starting offset of scheduled PDSCH from CRB0 is even.
	Per UE or Per Band
	No
	No






3	Guidelines for UE capability definitions
It is beneficial to recall RAN2’s guidelines for UE capability definitions, as documented in the RAN2 LS [1] 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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	4/4	
Conclusion

Based on the discussion in the previous sections we propose the following:
Proposal 1	The UE features related to the multi-TRP extension of the unified TCI framework are provided per band.
Proposal 2	The UE features related to two TAs for multi-DCI based multi-TRP operation are provided per band.
Proposal 3	Support Dbasic = 28 symbols or equivalently 2 slots
Proposal 4	Introduce UE capability for orphan RE handling as below.
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