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1	Introduction
In this contribution, we discuss the UE features for feMIMO.


[bookmark: _Ref178064866]2	Discussion on UE features
2.1	Enhancements to multi-beam operation
Based on the initial input in [1], we provide the following input.
Table 1
	UE feature name
	Class
	Prerequisite
	Content
	FDD TDD diff
	FR1 FR2
diff

	Joint TCI intra-cell and inter-cell
	Basic functionality
	
	1. Support of joint TCI with its components (configuration mechanism, QCL rules, applicable source and target signals)
2. Support of MAC-CE+DCI-based beam indication (including TCI state activation, use of DCI formats 1_1/1_2 with and without DL assignment)
3. Support of association between joint TCI state and UL PC settings (PLRS and other, including handling of beam misalignment for PLRS)
4. RRC configuration of additional cell SSB information 
5. Rate matching of PDSCH/PDCCH from non-serving cell (PCI) associated with joint TCI state and/or QCL-info around non-serving cell SSB with the same PCI
6. Additional PCI different from the serving cell PCI per CC, associated with one or more joint TCI states 
7. Support of beam measurement on SSB(s) with PCI(s) different from serving cell PCI
8. Support of beam reporting up to Kmax=4 SSBRI-RSRP pairs, with at least one pair associated with a PCI different serving cell PCI
9. Minimum number of configured TCI states: 32 for FR1 and 128 for FR2
	No
	Yes

	UL TCI 
	Joint TCI intra-cell
	
	1. Support of separate UL TCI with their components (configuration mechanism, applicable source and target signals)
2. Support of MAC-CE+DCI-based beam indication (including TCI state activation, use of DCI for-mats 1_1/1_2 with and without DL assignment)
3. Support of association between UL TCI state and UL PC settings (PLRS and other, including handling of beam misalignment for PLRS)
	No
	No

	P-MPR reporting
	
	
	Support of enhanced reporting for MPE mitigation (with SSBRI/CRI and associated P-MPR in PHR reporting)
	No
	Yes

	TCI state application time
	Basic functionality
	
	Minimum time-duration between beam indication ACK and application of new TCI state
	No
	No

	Additional PCIs 
	
	
	Number of additional PCIs for TCI indication and beam measurements
	No
	No



Some comments:
· Inter-cell beam measurements and reporting cannot be separated from inter-cell beam management – they must belong to the same group.
· The minimum number of configured TCI states has been increased from the Rel-15 value, to better support inter-cell beam management. The current minimum values captured in [2] are 64 for FR2, whereas for FR1, the UE has to support as many TCI states as the maximum number of SSBs in the band. The FR1 value is quite restrictive.
	For UE features related to multi-beam enhancements, agree on the updates captured in Table 1.

2.2	Enhancements to multi-TRP deployment
2.2.1	PDCCH,PUSCH and PUCCH
Table 2
	UE feature name
	Class
	Prerequisite
	Content
	FDD TDD diff
	FR1 FR2
diff

	PDCCH-repetition-r17
	Basic functionality
	
	1. Support of PDCCH repetition (based on two linked SS sets associated with corresponding CORESETs)
2. Support of reporting one [or more] number(s) as required number of BDs for the two PDCCH candidates
3. 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
4. Maximum number of such overlaps in 3
	
	

	PDCCH-repetition-TypeD
	Enhanced
	PDCCH-repetition-r17
	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
	
	FR2 only

	PDCCH repetition-Type3 CSS
	Enhanced
	PDCCH-repetition-r17
	Support of PDCCH repetition for Type3 CSS
	
	

	PUSCH-repetition-r17
	Basic func-tionality
	
	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.)
	
	

	PUCCH-repetition-r17
	Basic func-tionality
	
	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 for PUCCH repetitions scheme 1 and 3
4. Support of second TPC field for per TRP closed-loop power control for PUCCH with DCI formats 1_1 / 1_2
	
	



	For UE features related to multi-TRP PDCCH/PUSCH/PUCCH repetition enhancements, agree on the basic functionalities as captured in Table 2.

2.2.2	Inter-cell multi-TRP
Table 3
	[bookmark: _Hlk83748170]UE feature name
	Class
	Prerequisite
	Content
	FDD TDD diff
	FR1 FR2
diff

	Inter-Cell-Multi-TRP-r17
	Basic functionality
	Support of multi-DCI based multi-TRP operation (multiDCI-MultiTRP-r16)

	1. RRC configuration of one additional cell SSB information 
2. Rate matching of PDSCH/PDCCH from non-serving cell (PCI) associated with TCI state and/or QCL-info around non-serving cell SSB with the same PCI
3. 1 additional PCI different from the serving cell PCI  per CC, associated with one or more TCI states that are activated for [CSI-RS for CSI]/PDSCH/PDCCH

	No
	No

	InterCell-MTRP-multiplecell
	Enhanced
	Inter-Cell-Multi-TRP-r17
	Support for up to X RRC configured additional cells, X>1 is TBD
	
	



	For UE features related to Inter-cell multi-TRP, agree on the updates captured in Table 3.

2.2.3	Beam management for multi-TRP
Table 4
	UE feature name
	Class
	Prerequisite
	Content
	FDD TDD diff
	FR1 FR2
diff

	Beam reporting-r17
	Basic functionality
	
	1. Support of the maximum number of beam groups
	
	FR2 only

	MTRP-BFR-r17
	Basic functionality
	Support of multi-DCI based multi-TRP operation (multiDCI-MultiTRP-r16)
or 
Support of one of the following single-DCI based multi-TRP schemes 
->  singleDCI-SDM-scheme-r16, 
->  supportFDM-SchemeA-r16,   
->  supportFDM-SchemeB-r16, 
->  supportTDM-SchemeA-r16
->  supportInter-slotTDM-r16

	1. Support of the maximum number of BFD-RS resources per set
	
	FR2 only



	For UE features related to beam management for multi-TRP, agree on the updates captured in Table 4.

2.2.4 	HST-SFN
	UE feature name
	Class
	Prerequisite
	Content
	FDD TDD diff
	FR1 FR2
diff

	SFN-PDSCH-r17
	Basic functionality
	
	2. SFN Scheme A PDSCH
3. SFN Scheme B PDSCH (only for FR1)
4. Dynamic switch between SFN and S-TRP PDSCH for DCI formats 1_1, 1_2

	No
	No

	SFN-PDCCH-r17
	
	SFN-PDSCH-r17
	2. SFN Scheme A PDCCH
3. SFN Scheme B PDCCH (only for FR1)
	No
	No



In a real HST network, legacy UEs would coexist with Rel-17 SFN capable UEs in the same network. The CORESET#0 configuration for Rel-17 UE need to be the same as Rel-15, with QCL assumption associated with one corresponding SSB configuration. Monitoring and detection of PDCCH in CORESET#0 is the basic function that all UE in the network must support. A Rel-17 SFN capable UE shall support the combination “Single TRP PDCCH + SFN PDSCH” as basic SFN UE capability, which is also a prerequisite capability to any other optional SFN UE capabilities. 
[bookmark: _Toc84002031][bookmark: _Toc84033408]“Single TRP PDCCH + SFN PDSCH” is the basic UE capability for supporting of SFN Schemes.
[bookmark: _Toc84002032]The SFN scheme can be either UE-based or TRP-based. The TRP-based SFN scheme, i.e. TRP pre-compensation, requires gNB implementation rather than UE implementation. In our view, only the UE-based SFN scheme(sfnSchemeA) is a true indication for supporting of HST SFN.TRP based Scheme(sfnSchemeB) is more like a UE incapability than capability. The sfnSchemeB also has fundamental performance issue for low SNR case as shown in [3][4]. UE needs to support the sfnSchemeA as the basic UE capability to ensure the performance of HST deployment. A UE supports sfnSchemeB shall support first sfnSchemeA as prerequisite capability.
[bookmark: _Toc84033409]sfnSchemeA is the basic UE capability for supporting of SFN Schemes.
[bookmark: _Toc84002033][bookmark: _Toc84033410]A UE supports sfnSchemeB shall support sfnSchemeA as prerequisite capability if a separate capability is defined for sfnSchemeB.

2.3	Enhancements to SRS 
Table 5
	UE feature name
	Class
	Prerequisite
	Content
	FDD TDD diff
	FR1 FR2
diff

	Ap-SRS-trigger-r_17
	Basic 
	
	1. Configuration of up to 2 bits in DCI 0_1 and DCI 0_2 to indicate slot offset “t”
2. Dynamic indication of slot offset “t” for SRS transmission (from reference slot)
3. For both DCI that schedules a PDSCH/PUSCH and DCI 0_1/0_2 without data and without CSI request
	No
	No

	6RX-8RX-AntennaSwitching_r17
	Basic
	
	1. Antenna switching SRS resource configurations for {1T6R, 1T8R, 2T6R, 2T8R, 4T6R, 4T8R}
2.	Support of all the non-zero integer values N<=N_max except N=1 for 1T8R
	
	

	Partial_SRS_r17
	Basic
	
	1. Support for RB level PFS
2.  khopping is fixed to be 0 for all SRS symbols
	
	

	Partial_SRS_enh_r17
	Enhanced
	Partial_SRS_r17
	1. Support start RB location (Noffset) hopping in different SRS frequency hopping periods for RPFS and
	
	

	SRS_comb8_r17
	Basic
	
	1. Support for comb 8 SRS
2. Support for [TBD] cyclic shifts
	
	

	SRS_repetition_r17
	Basic
	
	1. Support for (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)}
	
	

	SP-SRS_r17
	Basic
	
	1. For antenna switching SRS, support maximum one SRS resource set for periodic SRS and maximum 2 SRS resource sets for semi-persistent SRS, where the two SP-SRS resource sets are not activated at the same time
2. Applies for all supported xTyR where y<=8
	
	



	For UE features related to SRS enhancements, agree on the updates captured in Table 5.



2.4	CSI enhancement
2.4.1 FDD CSI
	UE feature name
	Class
	Prerequisite
	Content
	FDD TDD diff
	FR1 FR2
diff

	Codebook_feTypeII_r17
	Basic functionality
	
	1. Support rank 1 and 2 codebook 
	No
	

	Codebook_feTypeII_enhanced_r17
	Enhanced
	Codebook_feTypeII_r17
	1. Support for Mv=2
2. Support for R>1 (TBD)
	
	

	Codebook_feTypeII_enhanced_Rank34_r17
	Enhanced
	Codebook_feTypeII_r17
	1. Support for rank 3 and 4
	
	



2.4.1 NC-JT CSI
Table 6
	UE feature name
	Class
	Prerequisite
	Content
	FDD TDD diff
	FR1 FR2
diff

	Multi-TRP CSI_r17
	Basic functionality
	Support of singleDCI-SDM-scheme-r16,
	1. Value of Nmax (value range 1 or 2)
2. Max # of Tx ports per resource in a resource set (value range to be FFS)
3. Max number of resources per resource set for multi-TRP CSI (value range to be FFS)

	
	




Some comments:
· On Multi-TRP CSI, we do not see the need to split this feature into 5 different features as proposed in [1].  That is, rows 23-7-1, 23-7-2, 23-7-3, and 23-7-4 can be different components in the basic UE feature.  
· Note that the UE can indicate the supported value for each of these components.  There is no need to split them into different features.

	For UE features related to CSI enhancements for multi-TRP, agree on the updates captured in Table 6.


Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	For UE features related to multi-beam enhancements, agree on the updates captured in Table 1.
Proposal 2	For UE features related to multi-TRP PDCCH/PUSCH/PUCCH repetition enhancements, agree on the basic functionalities as captured in Table 2.
Proposal 3	For UE features related to Inter-cell multi-TRP, agree on the updates captured in Table 3.
Proposal 4	For UE features related to beam management for multi-TRP, agree on the updates captured in Table 4.
Proposal 5	“Single TRP PDCCH + SFN PDSCH” is the basic UE capability for supporting of SFN Schemes.
Proposal 6	sfnSchemeA is the basic UE capability for supporting of SFN Schemes.
Proposal 7	A UE supports sfnSchemeB shall support sfnSchemeA as prerequisite capability if a separate capability is defined for sfnSchemeB.
Proposal 8	For UE features related to SRS enhancements, agree on the updates captured in Table 5.
Proposal 9	For UE features related to CSI enhancements for multi-TRP, agree on the updates captured in Table 6.
 
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref37081337][bookmark: _Ref83799382][bookmark: _Ref174151459][bookmark: _Ref189809556]R1-2108679 Preliminary RAN1 UE features list for Rel-17 NR, RAN1#106-e, August 2021
[bookmark: _Ref83801539]3GPP TS 38.306 V16.6.0, NR;User Equipment (UE) radio access capabilities, RAN#93e, September 2021
[bookmark: _Ref71536667]R1-2103198, “Enhancement on HST-SFN deployment”, Ericsson, 3GPP TSG RAN WG1 #104bis-e, April 12th – April 20th, 2021
R1-2107525, “Enhancement on HST-SFN deployment”, Ericsson, 3GPP TSG RAN WG1 #106-e, August 16th – August 27th, 2021


	4/4	
