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1. Introduction

In the previous meetings initial discussions on the RAN4 UE feature list were triggered [1]. In this contribution, we provide views on the selected RAN4 related UE features and associated capabilities signalling.
2. Discussion

In the table below we summarize the views on different UE features which depend on RAN4 decision (note: some capabilities are related to RAN1 feature list but pending RAN4 decision):
	Capabilities
	Current status / Background
	Proposals

	General / System parameters

	MIMO capabilities
	· RAN2 agreed to signal number of MIMO layers: 1) per band 2) per-CC in BPC (per carrier in baseband processing capabilities) [R2-1712078]
· RAN4 agreed to introduce additional capability to resolve CA RF constraints (details FFS) [R4-1714257]
	· Maximum number of MIMO layers shall be signaled as
· Per band

· Per-CC in BPC

· Per-Band per BC for BC which have constraints

· Separate DL and UL MIMO capabilities

	Number of transceiver chains
	· FR1: UE supports 2 or 4 RX chains [RP-172788]

· FR2: Number of transceiver chains for FR2 is FFS
	· FR2: UE may support 1 or 2 transceiver chains

	Modulations capabilities
	· In accordance to the RAN1 feature list discussion [2] RAN4 will need to decide whether 64QAM/256QAM UE capabilities shall be defined as per band or per UE
· RAN4 agreed that “… peak data rate could be determined by a set of L1 parameters such as modulation order, … The UE capability signalling structure should allow UE to provide the respective information.” [R4-1709887]
	· FR1: Define optional “64QAM for PDSCH”, “64QAM for PUSCH”, “256QAM for PDSCH” and “256QAM for PUSCH” capabilities with per band granularity.

· FR2: Define “64QAM for PDSCH” and “64QAM for PUSCH” UE capabilities with per band granularity. Do not support 256QAM
· Modulation order needs to be signaled per CC in BPC

	Subcarrier spacings capabilities
	· SCS UE capability is under discussion in RAN1. Based on the recent RAN1 feature list [R1-1721707] the final decision on SCS capability is up to RAN4.
· RAN4 agreed that “… peak data rate could be determined by a set of L1 parameters such as … supported numerology, … The UE capability signalling structure should allow UE to provide the respective information.” [R4-1709887]
	· Per-CC signalling of the SCS in the BPC

	Simultaneous reception of Data with different numerologies
	· UE capabilities for simultaneous RX/TX of Data with different numerologies for CA is under discussion in RAN4
	· UE Capabilities signalling should allow UE to indicate capabilities to support simultaneous multi SCS TX or RX with per-BoBC granularity

· Per-BoBC signalling of the SCS can be used

	Simultaneous reception of Data and SS/PBCH with different numerologies
	· RAN4 agreed that UE is not mandated to have simultaneous reception of data and SS/PBCH with different numerologies.
	· Capabilities signalling is FFS.

	Maximum UE CBW
	· Capabilities signalling agreed in RP-172832
	· RP-172832: Separate capabilities for DL and UL. Per band and per SCS granularity.

	UL subcarrier alignment between NR and LTE for UL sharing 
	· Optional capability agreed in R4-1711859: “In order to allow different implementations e.g. Digital rotator (~0us), RF shift (<20us), UE switching time between LTE and NR shall be defined as UE capability with the two options ~0us and <20us”
· Signalling details FFS
	Per UE capability
Capabilities

· #1: Not supported

· #2: Supported with ~0us switching time

· #3: Supported with <20us switching time

	RF capabilities

	BWP switching delay
	· RAN4 has discussed BWP switching delays for a variety of scenarios spanning center frequency change, BW change, SCS change, and their combinations

· Different UE implementations may optimize the power consumption vs. performance trade-off different

· A UE capability is needed to govern the applicability of BWP switching delay to the UE [R4-1800117]
	· Define optional “BWP switching delay needed” capability with per band granularity.

	Non-contiguous intra-band CA frequency span
	· RAN4 agreed that the UE support of NC CA in FR2 is conditioned on the frequency separation of the non-contiguous CCs and may also be different for DL and UL

· If intra-band NC CA combinations are defined using the CCA BW class notation, then UE capabilities for UL and DL associated with the supported frequency separation are needed [R4-1800162]
	· FR2:
· Define the “maximum DL frequency span” supported by the UE for an intra-band non-contiguous CA combination with “per-BoBC” granularity applicable only to non-contiguous intra-band combinations; the possible values for this capability are {800, 1200} MHz

· Define the “maximum UL frequency span” supported by the UE for an intra-band non-contiguous CA combination with “per-BoBC” granularity applicable only to non-contiguous intra-band combinations. By not signalling the maximum UL frequency span capability to the network, the UE informs the network that it does not support UL CA in the given combination; the possible values for this capability are {800, 1200} MHz

	Support for UL CA
	· The current Rel-15 list of NR CA combinations does not include UL CA configurations

· Consequently, Rel-15 devices will implement no UL CA

· If in a future release UL CA is added to some of the existing combinations, the behavior of Rel-15 and Rel-xx UEs will be different based on release without clear capability signalling

· It is proposed to define a capability for UL CA support in order to enable forward-compatible signalling in NR for this feature
	FR1:
· Define the “UL CA supported” capability “per-BoBC”

· In Rel-15 UL CA support is disabled

FR2:
· Define the “UL CA supported” capability “per-BoBC”

· In Rel-15 UL CA support is disabled

	PA calibration gap
	· RAN4 has discussed PA calibration gaps as a network-assisted scheme to allow UE implementations to optimize the power consumption vs. PA linearity trade-off

· A UE capability is needed to govern the applicability of the PA calibration gap and its associated parameters [R4-1800125]
	FR2:
· Define the “PA calibration gap needed” capability. Use per-UE capability.

	RRM capabilities

	Support to independent measurement gap 
	· RAN4 has agreed to introduce the capability indication for independent measurement gap. 
	· One bit capability indication might be defined to indicate whether UE support per-FR measurement gap or not.


3. Conclusions

In this contribution we provided views on the selected RAN4 UE features/capabilities and propose to adopt the proposed feature list and signalling methods.
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