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Introduction
This document provides Nokia views on a number of unfinished UE features. It is an update of RP-181828 with changes highlighted in cyan for convenience.
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.






UL MIMO support for SUL carriers
RAN4#87 agreed that SUL carrier does not support UL MIMO. However, this is not reflected in the feature list or in the specification [2]. 
	R4-1806546	Switching time for NR UL and NR SUL with MIMO transmissions
						  CR-  rev  Cat:  (Rel-15) v
					Source: MediaTek inc.
Abstract: 
Proposal 1: RAN4 decide if UL-MIMO is considered in SUL scenario.
Proposal 2: Support of UL-MIMO for SUL is added in feature list if RAN4 decide to have this scenario.
Proposal 3: ~130us switching time for SUL with UL-MIMO case is needed.

Discussion: 
Nokia: We are not ready to accept it. We have concerns on applying different requirements. It will cause complexity for NR specification. RAN1 spec is defined based on 0us switching time. We need to check the RAN1 view. 
MTK: 0us is defined assuming NR can reuse the LTE RF path. Given LTE have 1 RF path, if NR SUL supports UL-MIMO, LTE RF path cannot be reused. Also, MIMO has not been considered for SUL operation.
Huawei: We discussed it in the ad-hoc. Switching time is defined assumed without considering uplink. SUL is supposed to be operated under low frequency in which UL-MIMO is challenging to be implemented. 
=> 
It is agreed that UL-MIMO is not supported in SUL carrier in Rel-15  
Decision: 		The document was Noted.



The lack of UL MIMO support would seem to be more naturally covered by RAN1, and the restriction is included in the UL MIMO features as follows:
	2-14
	Codebook based PUSCH MIMO transmission 

	1. Supported codebook based PUSCH MIMO with maximal number of supported layers
2.  Supported max number of SRS resource per set (SRS set use is configured as for codebook).
	Component-1:
Candidate value: {no -codebook based MIMO, 1, 2, 4}. For SUL carrier only value “no codebook based MIMO” can be used.
Component-2
Candidate value: {1, 2}. For SUL carrier only value 1 can be used

	2-15
	non-codebook based PUSCH transmission
	1. Maximal number of supported layers (non-codebook transmission scheme): 
	Component-1 candidate values: {“No non-codebook based MIMO”, 1, 2, 4}. For SUL carrier only value “No non-codebook based MIMO” can be used.



The MIMO features 2-13 “PUSCH codebook coherency subset”, and 2-54a “Simultaneous SRS Tx” could also include the same restriction, but it may be somewhat redundant.
BWP features
As discussed in[3], the features 6-2 and 6-3, seems to be the next implementation delta from the mandatory feature 6-1. And we think that it should be clarified what scenarios should be supported with this optional feature. To our understanding, feature 6-2 supports 2 dedicated BWPs plus initial active BWP, i.e. switching DCI-based switching between 3 BWPs total is supported by feature 6-2 (see RAN2 configuration Option 1 in Section 2). It should be clarified that numerology of initial active BWP should be the same as numerology of 2 UE-specific RRC configured DL BWPs for feature 6-2 and similarly for features 6-3. Feature 6-4 maintains the capability for switching between BWPs of different SCS.

	#
	FG
	Components
	Note

	6-2
	Type A BWP adaptation with same numerology 
	1) Up to 2 UE-specific RRC configured DL BWPs per carrier
2) Up to 2 UE-specific RRC configured UL BWPs per carrier
[bookmark: _Hlk514747025]3) Active BWP switching by DCI and timer
4) Same numerology for all the UE-specific RRC configured BWPs per carrier
5) BW of a UE-specific RRC configured BWP includes BW of the initial DL BWP and SSB for Pcell/PScell and BW of the UE-specific RRC configured BWP includes SSB for Scell if there is SSB on Scell
	

	6-3
	Type B BWP adaptation with same numerology
	1) Up to 4 UE-specific RRC configured DL BWPs per carrier
2) Up to 4 UE-specific RRC configured UL BWPs per carrier
3) Active BWP switching by DCI and timer
4) Same numerology for all the UE-specific RRC configured BWPs per carrier
5) BW of a UE-specific RRC configured BWP includes BW of the initial DL BWP and SSB for Pcell/PScell and BW of the UE-specific RRC configured BWP includes SSB for Scell if there is SSB on Scell
	

	6-4
	[bookmark: _Hlk504787513]BWP adaptation with different numerologies
	1) Up to 4 UE-specific RRC configured DL BWPs per carrier
2) Up to 4 UE-specific RRC configured UL BWPs per carrier
3) Active BWP switching by DCI and timer
4) More than one numerologies for the UE-specific RRC configured BWPs per carrier
5) Same numerology between DL and UL per cell except for SUL at a given time
6) BW of a UE-specific RRC configured BWP includes BW of the initial DL BWP and SSB for Pcell/PScell and BW of the UE-specific RRC configured BWP includes SSB for Scell if there is SSB on Scell
	












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
	RAN WG recommendation
	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
	Component-2: candidate value set: {4, 8, 16, 32, 64, [128]}
UE is mandated to signal 12864



RAN1#94 introduced a set of new features 2-20a/b/c in addition to feature 20, leaving the minimum values still open.
	#
	FG
	Components
	Consequences if not supported by the UE
	Note
	RAN WG recommendation
	Nokia comment

	2-20
	Beam correspondence
	1. Support Beam correspondence
	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 at least for FR2]
	Mandatory for FR2 without capability signalling

	2-20a
	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

	2-20b
	Active spatial relations
	Maximum number of active spatial relations with regarding to PUCCH and SRS for PUSCH, per BWP per CC
NOTE: ‘active spatial relation’ refers to the finally selected spatial relation for each PUCCH resource or SRS resource for PUSCH via MAC-CE or RRC.
	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 2-20b 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

	2-20c
	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 14
	Mandatory with capability signaling 
	


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 
	Note: Beam correspondence means each Tx port can be beamformed in a desirable direction but does not imply setting phase across ports

Mandatory with UE capability at least for FR2
FFS: for FR1
	Mandatory with UE capability at least for FR2

	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 at least for FR2
	Mandatory with UE capability for FR1&FR2

	[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 (1Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-RSRP within a slot 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 
3. Supported density of CSI-RS
	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 >=8
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.
	
	Delete CSI-RS from component 1
Add (1Tx) and within a slot to component 1a
On FR2, UE is mandated to signal MB_1 =64
Support Mc_1 =8 is mandatory for FR1
Support Mc_1 =64 is mandatory for FR2
Support MB_2 =8 is mandatory for FR1
Support MB_2 =64 is mandatory for FR2

On FR1, either “3 only” or “both 1 and 3” is mandatory with UE capability signaling.


	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}
	
	N_max = 1 when 2 MIMO layers supported
2 when 4 layers supported
4 when 8 layers supported

	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. COREST 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

	2-38
	CSI report without PMI
	Support CSI report without PMI
	CSI report without PMI is not supported
	FFS
	
	Mandatory without UE capability

	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-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




Feature group 3-4 leaves some room for interpretation, and as it is mandatory, it should be either included in feature 3-1 rather than overriding a sub-component of a feature in 3-1. TS38.331 defines the maxNrofTCI-StatesPDCCH INTEGER ::= 64.
Either update 3-1 as below, and remove 3-4, or update 3-4 as below.
	3-1
	Basic DL control channel
	1) One UE-specific configured CORESET per BWP per cell in addition to CORESET0
- CORESET resource allocation of 6RB bit-map and duration of 1 – 3 OFDM symbols for FR1
- For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSSs, CORESET resource allocation of 6RB bit-map and duration 1-3 OFDM symbols for FR2
- For type 1 CSS with dedicated RRC configuration and for type 3 CSS, UE specific SS, CORESET resource allocation of 6RB bit-map and duration 1-2 OFDM symbols for FR2
- REG-bundle sizes of 2/3 RBs or 6 RBs
- Interleaved and non-interleaved CCE-to-REG mapping
- Precoder-granularity of REG-bundle size 
- PDCCH DMRS scrambling determination
[bookmark: _Hlk522204389]- Singleup to maxNrofTCI-StatesPDCCH TCI state configurations for a CORESET configuration
2) CSS and USS configurations for unicast PDCCH transmission per BWP per cell
- PDCCH aggregation levels 1, 2, 4, 8, 16
- For type 1 with dedicated RRC configuration, type 3, and UE-SS, the monitoring occasion is within the first 3 OFDM symbols of a slot
- For type 1 without dedicated RRC configuration and for type 0, 0A, and 2, the monitoring occasion can be any OFDM symbol(s) of a slot
3) Monitoring DCI formats 0_0, 1_0, 0_1, 1_1
4) Number of PDCCH blind decodes per slot with a given SCS follows Case 1-1 table
5) Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot per scheduled CC for FDD
6) Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot per scheduled CC for TDD
	Mandatory without capability signaling
	Mandatory without capability signaling



Either update 3-4 as below, or remove the feature and update 3-1 as above.
	[bookmark: _Hlk522204220]#
	FG
	Note
	RAN WG recommendation
	TSG RAN Decision

	3-4
	More than one Up to maxNrofTCI-StatesPDCCH TCI state configurations per CORESET
	UE is only required to track one active TCI state [per CORESET]
	Optional with capability signaling
	Mandatory with capability signaling which shall be set to ‘1’






The dynamic CORESET rate matching should be supported as mandatory to be able to properly exploit the resource sharing between control and data:
	#
	FG
	Components
	RAN WG recommendation
	TSG RAN Decision
	Nokia comment

	5-26
	Semi-static rate-matching resource set configuration for DL
	1) Bitmap 1/2/3
2) controlResourceSet
	
	Mandatory with capability signaling
	

	5-27
	Dynamic rate-matching resource set configuration for DL
	1) Bitmap 1/2/3
2) 
	
	Optional with capability signaling
	

	5-27a
	Dynamic rate-matching control resource set for DL
	
	[Mandatory with capability signaling]
	
	Remove square brackets: 
Mandatory with capability signaling







RAN2 NR UE feature list
In [4] RAN2 has provided the updated RAN2 NR UE feature list. This updated RAN2 NR UE feature list has still remaining open items. In this section we present our proposal for completing some of the remaining open items. 

SDAP:
RAN2 was able to complete the components for SDAP QoS and HD format features but not yet UE support. We see that it is important to keep the component as agreed in RAN2 as well as minimise possible misalignments by trying not to list the functionalities separately from the means to achieve them. From that perspective, it is important to note the following:
· Flow based QoS requires QoS flow relocation (as the end marker is needed to guarantee lossless & in-order delivery) → 5-1.1 always require 5-2.3 and they should not be listed separately.
· Multiplexing of multiple flows in one DRB requires SDAP header in the uplink always (so that the gNB can tag the packet before sending them toward 5GC) → 5-1.2 always require 5-2.2 and they should not be listed separately.
· AS reflective QoS requires SDAP header in the downlink (for the mapping to be conveyed) → 5-1.3 always require 5-2.1 and they should not be listed separately.

	#
	FG
	Components
	RAN WG recommendation
	TSG RAN Decision
	Nokia proposal

	5-1
	QoS and HD Format
	1) Flow-based QoS (including SDAP End-marker)
2) Multiple flows to 1 DRB mapping (including UL SDAP Header)
3) AS reflective QoS (including DL SDAP Header)
	1), 2): Mandatory without capability signaling
3): TBD
	
	1), 2): Mandatory without capability signaling
3): mandatory with capability signalingTBD

	5-2
	HD format
	1) DL SDAP HD
2) UL SDAP HD
3) SDAP End-marker
	
	
	1): TBD
2), 3): Mandatory without capability signaling



References
[1]	R1-1810005	LS on new UE features list for NR, RAN WG1
[2] draft RAN4#87 meeting report
[3] R1-1808953	On remaining details of BWPs and CA, Nokia, Nokia Shanghai Bell






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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