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Introduction
This document provides Nokia views on a number of unfinished UE features, focusing on MIMO and beam management aspects.
DL MIMO number of layers
The feature 2-3 ‘PDSCH MIMO layers” TSG-RAN decision was updated in RAN#80 [1] to state: 
	For single CC standalone NR, it is mandatory with capability signaling to support at least 4 MIMO layers in the bands where 4Rx is specified as mandatory for the given UE and at least 2 MIMO layers in FR2. 
Some relaxations to this requirement may be applicable in the future (including in Rel-15).
Mandatory in all cases above means mandatory with capability signaling. It is not expected that there is a signaling change resulting from this (i.e. signaling remains to be defined as {1, 2, 4, 8} in every band, including FR1 and FR2.



RAN#80 discussed also other cases like EN-DC, CA and if relaxations could be considered for these cases. Unfortunately, RAN#80 was not able to complete this discussion and RAN4 and RAN1 were tasked to continue the discussion before the September RAN#81 meeting. In our view on the bands where 4Rx is mandatory, UE should also be mandated to support 4 MIMO layers for all operating scenarios including EN-DC, CA, non-ENDC/non-CA. On all other bands, UE should be mandated to support 2 MIMO layers. We propose that the feature 2-3 ‘PDSCH MIMO layers” is further updated as follows to avoid any confusion on the applicability of 4 MIMO layer UE requirement in different scenarios:
Update the feature 2-3 ‘PDSCH MIMO layers” in the RAN1 NR UE Feature as follows
	2-3
	PDSCH MIMO layers
	1. Supported maximal number of MIMO layers
	Candidate values: {1,2,4,8}
	For single CC standalone NR, it is mandatory with capability signaling to support at least 4 MIMO layers for all operating scenarios (EN-DC, CA, non-EN-DC/non-CA) in the bands where 4Rx is specified as mandatory for the given UE and at least 2 MIMO layers in FR2 for all operating scenarios (EN-DC, CA, non-EN-DC/non-CA). 
Some relaxations to this requirement may be applicable in the future (including in Rel-15).
Mandatory in all cases means mandatory with capability signaling. 
It is not expected that there is a signaling change (i.e. signaling remains to be defined as {1, 2, 4, 8} in every band and every band combination, including FR1 and FR2 in all cases.







Beam management, reporting and TCI states
August RAN1 agreed to mandate UEs to support a minimum of 64 configured TCI states. At the same time the max number was agreed to be 128 in RAN2. To make use of the larger maximum, 128 should be made mandatory.
	#
	FG
	Components
	Note
	RAN1 recommendation
	TSG-RAN decision
	Nokia comment

	2-4
	TCI states for PDSCH
	1. Support number of active TCI states per BWP per CC, including control and data
2. maximum number of configured TCI states per CC for PDSCH
	Note: UE is required to track only the active TCI states
	Component-1: Candidate value set: {1, 2, 4, 8}
Component-2: candidate value set: {4, 8, 16, 32, 64, [128]}
UE is mandated to signal 64
	Mandatory with capability 
Component-1: Candidate value set: {1, 2, 4, 8 }
Component-2: candidate value set: {4, 8, 16, 32, 64, 128}
UE is mandated to signal [64/128] for FR2. 
For FR1, UE is mandated to report at least the max number of allowed SSB in the band
	Component-2: candidate value set: {4, 8, 16, 32, 64, 128}
UE is mandated to signal 128 for FR2



[bookmark: _Hlk528931115]Not having beam correspondence is not an option any more than not having an antenna is. What level of accuracy RAN4 will require from beam correspondence is not a factor to the discussion, beam correspondence must be mandatory for the UE to be able to access the system with any level or reliability. As for component 2 in 2-20, The beam correspondence is defined as per band capability (Type 1); thus, we can focus only on intra-band case. For intra-band carrier aggregation, the beam formulation both in downlink reception and uplink transmission are not independent among CCs. The same beam correspondence relationship always exits for the entire RF bandwidth per band of the UE, and hence UEs supporting beam correspondence need to support component 2 as well.
	#
	FG
	Components
	Consequences if not supported by the UE
	Note
	RAN WG recommendation
	TSG-RAN decision
	Nokia comment

	2-20
	Beam correspondence
	1. Support Beam correspondence
2. When CA is configured, whether the same beam correspondence relationship for beam management is supported across CCs in the same band. 
Note: RAN4 to check the feasibility for component-2, e.g. intra-band or inter-band
	Beam correspondence is not supported
	Note: Beam correspondence means each Tx port can be beamformed in a desirable direction but does not imply setting phase across ports
	
[Mandatory/optional] with capability signaling

Component-2, candidate value: {Yes, No}
	[Mandatory/optional] with capability signaling
	FR2: Mandatory with capability signalling, which shall be set to ‘1’

Component 2: UEs supporting 2-20 always indicate ‘Yes’





Regarding features 2-21 and 2-22, beam-based transmission schemes envisioned for FR2 can also be employed in FR1 deployments. As a result, the beam reporting features for beam refinement that are currently mandatory for FR2 should also be made mandatory for FR1. SRS-based beam refinement can be seen as an alternative to beam reporting, but has disadvantages such as poor cell edge performance, sensitivity to interference, and relatively poor performance in FDD. It is expected that beam reporting would be much more robust than beam selection based on SRS due to the significantly higher transmit power on the downlink. Simulation results showing the disadvantages of SRS even in TDD and especially for cell edge UEs are shown in the Annex. The finding justifies ensuring beam management features to be mandatory with the support of sufficiently large number of beams:
	#
	FG
	Components
	Consequence if not supported by UE
	RAN WG recommendation
	TSG-RAN decision
	Nokia comment

	2-21
	Periodic beam report
	1. Support report on PUCCH formats over 1 – 2 OFDM symbols once per slot
2. Support report on PUCCH formats over 4 – 14 OFDM symbols once per slot

	No support of periodic L1-RSRP report 
	Mandatory with UE capability at least for FR2
FFS: for FR1
	Mandatory with UE capability for FR2
[Mandatory/optional] with UE capability for FR1
	Mandatory with UE capability for FR1&FR2

	2-22
	Aperiodic beam report
	1. Support report on PUSCH
	No support of aperiodic L1-RSRP report
	Mandatory with UE capability at least for FR2

	Mandatory with UE capability for FR2
[Mandatory/optional] with UE capability for FR1
	Mandatory with UE capability for FR1&FR2



[bookmark: _Hlk525721134]For 2-24 SSB/CSI-RS for beam measurement
· Component 1 defines how many SSB/CSI-RS 1Tx resources the UE can track within a duration of one slot, 8 SSBs within a slot suffices for 4 carriers in a CA setup (2 SSBs per slot per carrier), but is very limiting from CSI-RS configuration perspective.
· Component 1a is redundant if component 2 is covering both 1Tx and 2Tx and is defined sufficiently large
· Component 2 defines how many CSI-RS can be configured across all CCs altogether. Thus this would need to be sufficiently large for a CA-capable device to be able to be configured to operate in a CA setup.
· Component 2 is not needed for SSB, as the # of SSBs to support is directly derived from the # of carriers and the number of SSBs on those carriers. 

For 2-31 Beam failure recovery
· Component 1 is essentially the same as component 2 of 2-24
· Component 2 is an extension of component 1 of 2-24, covering SSBs across time. Too limiting number corresponds to the UEs inability to actually operate CA.
· Component 3 seems redundant to component 1 and 2. The reason a particular SSB or CSI-RS is being measured (beam identification or PDCCH quality or beam management) should not have any relation to the UEs ability to measure the SSB or CSI-RS.
	#
	FG
	Components
	Consequence if not supported by UE
	RAN WG recommendation
	Nokia comment

	[bookmark: _Hlk523476070]2-24
	SSB/CSI-RS for beam measurement
	[bookmark: _Hlk523485549]1. The max number of SSB/CSI-RS (1Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-RSRP within a slot shall not exceed MB_1 
1a. The max number of CSI-RS resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-RSRP across all slots shall not exceed MC_1 
2. The max number of CSI-RS (2Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs to measure L1-RSRP within a slot shall not exceed MB_2 
[bookmark: _Hlk525745165]3. Supported density of CSI-RS
4. The max number of aperiodic CSI-RS resources across all CCs configured to measure L1-RSRP shall not exceed MD_1
	RSRP measurement is not supported
	Component-1, candidate value set for MB_1 is {0, 8, 16, 32, 64}
On FR2, UE is mandated to signal MB_1 >=648
On FR1, MB_1 >=8 is supported mandatory with capability signaling. 
Component-1a, candidate value set for MC_1 is {0, 4, 8, 16, 32, 64}
Component-2, candidate value set for MB_2 is {0, 4, 8, 16, 32, 64}
Component-3: candidate value set: 
{“not supported”, “1 only”, “3 only”, “both 1 and 3”}
On FR2, UE is mandated to signal either “3 only” or “both 1 and 3”
On FR1, either “3 only” or “both 1 and 3” is mandatory with UE capability signaling.
Component-4, candidate value set for MD_2 is {0, 1, 4, 8, 16, 32, 64}
For FR2, UE is mandated to report at least 4
FFS the mandated value for FR1
	[bookmark: _Hlk525745183]Component 1:
On FR2, UE is mandated to signal MB_1 =64
Component 1a:
Support Mc_1 =8 is mandatory for FR1
Support Mc_1 =64 is mandatory for FR2
Component 2:
Support MB_2 =8 is mandatory for FR1
Support MB_2 =64 is mandatory for FR2
Component 3:
On FR1, either “3 only” or “both 1 and 3” is mandatory with UE capability signaling.


	2-31
	Beam failure recovery
	1. Maximal number of CSI-RS resources across all CCs for UE to monitor PDCCH quality  
2. Maximal number of different SSBs across all CCs for UE to monitor PDCCH quality  
3. Maximal number of different CSI-RS and/or SSB resources across all CCs for new beam identifications. 
4. CORESET recoveryControlResourceSetId if configured
	Beam failure recovery is not supported
	Component-1 candidate value set: {from 1 to 64} 
Component-2 candidate: {from 1 to 64} 
Component-3:
Candidate value set is: {from 1 to 256}
[UE is mandate to support at least 64.]  
	Component-1:
FR1: at least 8 is mandatory
FR2: at least 64 is mandatory
Component-2:
FR1: at least 8 is mandatory
FR2: at least 64 is mandatory

Component-3:
FR1: at least 32 is mandatory
FR2: at least 256 is mandatory



2-29 Non-group based beam reporting; for group-based beam reporting, 2 values are always repored per reporting instance. It seems pointless to debate on the number of RSRP reports that can be non-grouped when the measurement support is anyway in place. 
	#
	FG
	Components
	Consequence if not supported by UE
	RAN WG recommendation
	TSG-RAN decision
	Nokia comment

	2-29
	Non-group based beam reporting
	1. Support of non-group based RSRP reporting with N_max RSRP values reported
	Non-group based beam reporting is not supported
	candidate value set is {1, 2,4}
	candidate value set is {1, 2,4} at least for FR2
FFS: for FR1
	Minimum value for N_max = 4 for both FR1 and FR2




RAN1 was tasked to clarify 2-38 whether it depends on SRS Tx switch. CSI report without PMI should be supportable by all UEs, and regardless of the ability to do SRS Tx switch or not, the gNB can determine the precoder according to the information at its disposal. We would warmly welcome SRS Tx switch to be mandatory, if applicable, but assume this to be a commercial decision requiring HW implementation and something beyond 3GPP.
	#
	FG
	Components
	Consequence if not supported by UE
	TSG-RAN decision
	Nokia comment

	2-38
	CSI report without PMI
	Support CSI report without PMI
	CSI report without PMI is not supported
	Mandatory/Optional] with capability signaling
	Mandatory with capability signaling, which shall be set to ‘1’. 
Note: This does not mandate SRS Tx port switch 2-55



2-51 TRS: The UE should be able to be configured with as many TRS as there are beams in the cell. In case of CA, the number of TRS needed would be the number of TRS per cell * number of cells, and thus preferably the component 5 could be obsoleted and component 4 would be applicable to all cells supported for CA. UE-specific TRS has a scalability problem when larger number of users are in active state in a cell .
2-53 SRS: UE should be able to store the number of SRSs needed, and there should be no differentiation in UE capabilities. In principle UEs should support the maximum value supported by the specification, but if that is not considered reasonable, a smaller value can be considered.
	#
	FG
	Components
	Consequence if not supported by UE
	RAN WG recommendation
	TSG-RAN decision
	Nokia comment

	2-51
	TRS
(CSI-RS for tracking)
	2. TRS burst length (X), 
3. Max # of TRS resource sets (per CC) UE is able to track simultaneously
4. Max # of TRS resource sets configured to UE per CC
5. Max # of TRS resource sets configured to UE across CCs
	TRS is not supported
	Component-2: candidate values {1,2}
Component-3: Candidate value set: {1 to 8}
Component-4: Candidate value set: {1 to 64}
Component-5: Candidate value set: {1 to 128}
	
	Component-2: 2 is mandatory
Component-4:
FR1: at least 8 is mandatory
FR2: at least 64 is mandatory
Component-5:
FR1: at least 8*#CCs is mandatory
FR2: at least 64*#CCs is mandatory

	2-53
	SRS resources
	1. Maximum number of aperiodic SRS resources (configured to UE) per BWP 
2. Maximum number of aperiodic SRS resources (configured to UE) per BWP per slot
3. Maximum number of periodic SRS resources (configured to UE) per BWP
4. Maximum number of periodic SRS resources (configured to UE) per BWP per slot
5. Maximum number of semi-persistent SRS resources (configured to UE) per BWP
6. Maximum number of semi-persistent SRS resources (configured to UE) per BWP per slot
7. Maximum number of SRS port per resource 
	No more than one periodic and one aperiodic SRS resources per CC are supported and no SP-SRS is supported
	Component-1: candidate value: {from 1 , 2, 4, 8, 16} 
Component-2 candidate value: {1,2,3,4,5,6}
Component-3: candidate value: {from 1 , 2, 4, 8, 16}
Component-4 candidate value: {1,2,3,4,5, 6}
Component-5: candidate value: {from  1 , 2, 4, 8, 16} } 
Component-6 candidate value: {1, 2,3,4,5, 6}
Component-7 candidate values: {1, 2, 4}

Support SP-SRS is mandatory with capability
	
	Support SP-SRS is mandatory with capability, with the capability bit always set to 1.

Component-1: At least 4 is mandatory
Component-2: At least 4 is mandatory
Component-3: At least 4 is mandatory
Component-4: At least 4 is mandatory
Component-5: At least 4 is mandatory
Component-6: At least 4 is mandatory
Component-7: At least the number of ports supported for PUSCH is mandatory




RAN1#94 introduced a set of new features 2-59/60/61.
	#
	FG
	Components
	Consequences if not supported by the UE
	Note
	RAN WG recommendation
	TSG-RAN decision
	Nokia comment

	2-59
	Configured spatial relations
	Maximum number of configured spatial relations per CC for PUCCH and SRS
	Only one configured spatial relation for UL signals can be supported
	Note: Only applicable for FR2
	candidate value set: {4, 8, 16, 32, 64, 96}
	
	UE is mandated to signal at least 64

	2-60
	Active spatial relations
	Maximum total number of {unique DL RS (except for aperiodic NZP CSI-RS) and SRS without spatial relation configured, and, TCI states available for DCI triggering of aperiodic NZP CSI-RS}, for indicating spatial domain transmit filter for PUCCH and SRS for PUSCH, per BWP per CC
	Only one active spatial relation for UL control and data can be supported

	Note: Only applicable for FR2
FFS whether DL RS in the active TCI states and the active spatial relation info can be different if 2-60 is set to 1 and if different whether or not new UE behavior is needed
	Candidate value set: {1, 2, 4, 8, 14}
	
	UE is mandated to signal at least 4

	2-61
	Additional active spatial relation for PUCCH
	Support one additional active spatial relation for PUCCH
	No additional active spatial relation for control
	Note: Only applicable if 2-20b is set to 1
	Mandatory with capability signaling 
	Mandatory with capability signaling
	Note: Only applicable if 2-60 is set to 4











Feature 2-30 deals with UL beam management, but the current description of its components makes it ambiguous whether the feature is applicable only to UL beam management at the UE or if it includes UL signals used to aid DL beam management as well. We propose the following clarification to eliminate the ambiguity and properly scope the feature:

	#
	FG
	Components
	RAN1 recommendation
	TSG-RAN decision

	2-30
	Uplink beam management
	1 Support of SRS based beam management of the UE transmitted beam
2. Supported max number of SRS resource per set (SRS set use is configured as for beam management of the UE transmitted beam).
3. Supported max number of SRS resource sets (SRS set use is configured as for beam management of the UE transmitted beam).

	Component-2, candidate value set is {2, 4, 8, 16} 
Component-3, candidate value set is {from 1 to 8}
	[Mandatory/Optional] with capability signaling 
Component-2, candidate value set is {2, 4, 8, 16} 
Component-3, candidate value set is {from 1 to 8}
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Annex: Loss from non-ideal channel estimation with SRS-based beam selection 
To highlight some of the disadvantages of relying only on SRS for beam selection, this Annex shows an example set of simulation results showing the performance loss from using SRS-based beam selection with realistic channel estimation relative to ideal channel estimation. The simulated scenario is the NR-UMa scenario at 2GHz with a 500m inter-site-distance, TDD, full buffer traffic, and 10 UEs per sector on average. At the base station was an 8-column dual polarized array configured for 64 controllable elements leveraging a simple beam-based transmission methodology. The UE total transmit power was 23dBm, and single-antenna SRS. The transmission scheme is simply selecting the best beam for a UE where data transmission was either in an SU-MIMO mode or MU-MIMO mode. In this example simulation, the best beam for a UE was selected every 10 msec. Note the sizeable losses in cell edge performance with a simple beam-based transmission schemes. These results point out the disadvantages in leveraging SRS for beam management, namely poor cell edge performance.

[image: ]
Figure 1: Performance Loss Uniform Panel array with four sub-panels, 256 total antenna elements
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