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1. Introduction

In the previous meetings initial discussions on the RAN4 UE feature list took place. Based on RAN4 AH 1801 agreements e-mail discussion on the feature list and associated capabilities signalling was organized. In this contribution, we present a summary of our views on the selected RAN4 related UE features and associated capabilities signalling. In addition, we present our views on the RAN1 features list aspects, which require RAN4 inputs.
2. RAN4 UE feature list
In the table below we present our views on the RAN4 UE features and associated UE capabilities signalling. The updated feature list is also provided in the Annex.
Table 1. Summary of views on RAN4 UE feature list

	UE feature
	Comments

	60kHz of subcarrier spacing for FR1
	The decision on the UE capabilities signalling depends whether 60kHz for FR1 is defined as mandatory / optional

· In case 60kHz SCS for FR1 is agreed as optional feature, then to ensure forward compatibility Type 4 per-UE / per-FR signalling of the set of supported SCS needs to be introduced (e.g. UE may always report set of mandatory SCS).
· In case 60kHz for FR1 is mandatory, no additional per-UE signalling is needed.
In case the decision on mandatory/optional support cannot be made in RAN4 86 it is recommended to introduce the signalling and further discuss if UE shall always indicated 60kHz for FR2 or not. In addition, the signalling could be useful for further extension of the additional SCS. 

Proposal #1: Introduce per-UE / per-FR signalling of supported SCS in case 60kHz SCS for FR1 is defined as an optional feature.

	Maximum UE channel bandwidth 
	In accordance to RP-172832, RAN2 already defined signalling for maximum channel BW supported in each band (separately for DL and UL and for each SCS). No additional signalling for max channel BW is needed.

CA capability signalling is not directly related to the Maximum UE channel BW and should be discussed jointly with CA BW class. 
Proposal #2: No additional Maximum UE channel bandwidth UE capability signalling needed.

	Simultaneous reception of data and SS block with different numerologies
	Type 4 (Per-UE) optional capability is preferred

In accordance to the recent agreements for FR1 TX/RX interruption needed in case UE cannot support simultaneous reception of data and SSB:
In FR1 intra-frequency SS-RSRP/RSRQ/SINR measurement:

For UE not supporting mixed numerology scenarios, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, [1] symbol before each consecutive SSB symbols and [1] symbol after each consecutive SSB symbols within SMTC window duration if useServingCellTimingForSync is enabled

For UE not supporting mixed numerology scenarios, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on all symbols within SMTC window duration if useServingCellTimingForSync is not enabled

Meantime, FR2 will always have interruption since UE applies RX beam sweeping (i.e. simultaneous reception of data and SSB not supported). So, capability is needed for FR1 only.
Proposal #3: Introduce Type 4 (Per-UE) capability signalling for FR1 for Simultaneous reception of data and SS block with different numerologies

	Simultaneous reception and transmission for inter band CA or EN-DC (TDD-TDD or TDD-FDD)
	Optional UE capability with Type 3 (“Per Band Combination signaling”) capability signalling granularity is proposed.
Feasibility of support of the simultaneous Tx/Rx operation for the inter-band FDD-TDD and TDD-TDD CA and EN-DC scenarios depends on the frequency separation between the CCs as well whether additional rejection filters are supported at the UE side. In case of using per-UE granularity there is a high risk that feature could be disabled for all BCs even if UE implementation constraints apply for a small subset of BCs. 

Originally, the UE capability was discussed in application to the EN-DC. The UE capabilities signalling could be made applicable to the generic NR CA scenarios including FR1+FR1, LTE+NR FR1, FR2+FR2. 

Proposal #4: Introduce per-BC UE capability signalling of “Simultaneous reception and transmission for inter band NR CA or EN-DC (TDD-TDD or TDD-FDD)”

	Asynchronous FDD-FDD Intra-band LTE-NR DC
	Support of asynchronous FDD-FDD Intra-band LTE-NR DC was agreed as an optional UE feature in the RAN4 84bis meeting (RAN4 LS R4-1711965). RAN2 has recently asked RAN4 whether per-UE or per-BC capabilities signalling is needed [1]. Support of asynchronous operation may depend on the particular BC and Type 3 (per-BC) signalling is suggested to allow better flexibility.

Proposal #5: Introduce per-BC signalling of asynchronous FDD-FDD Intra-band LTE-NR DC

	Mixed numerologies for CA (for data channels)
	SCS capabilities have impact on the baseband processing complexity and memory and depends on number of CCs and the set of supported SCS. In addition, feasibility of support of mixed numerologies may depend on CA combination (e.g. not supported for intra-band CA while supported for inter-band CA). Therefore, UE capability signalling shall resolve both Baseband and RF constraints:

· Baseband: Signaling of SCS per CC in BPC

· RF: Signalling shall allow differentiation between mixed numerologies support for intra/inter band CA (e.g. per BC, per-UE).
Also separate signalling for DL and UL SCS CA support is needed.

Overall support of multiple numerologies for inter-band CA is feasible, however, “mandatory” term is ambiguous. In order to balance implementation complexity the BB capabilities (# of layers, BW) could be different for different SCS. UE is expected to report different capabilities depending on SCS combinations and it is up to gNB to assign particular resources (SCS).

Also see a companion paper [2] for more details

Proposal #6: Introduce per-CC signalling of the SCS in the BPC. Further discuss additional capability signalling to differentiate mixed numerologies UE capabilities for intra-band and inter-band CA.

	Number of UE Rx/Tx ports
	Number of MIMO layers signalling does not completely represent information on the number of Rx/Tx ports. For example, implementations with 4RX and 2 MIMO layers are possible. In accordance to the agreements in RP-172788, UE shall provide signalling on the number of RX ports. Therefore, to improve transparency, number of Rx/TX ports should be discussed as a part of UE feature list.
Number of Rx ports

· FR1: Based on RAN agreements UE needs to support 2 or 4RX ports (RP-172788)

· FR2: Number of RX ports was not discussed so far. It is recommended to allow sufficient flexibility for Rel-15 device implementation and introduce support of UEs with 1 and 2 RX ports.

Number of Tx ports:

· FR1: Support of > 1 port can be considered as optional capability

· FR2: Similar to number of RX ports, both 1 and 2 Tx ports UEs are recommended to be introduced.
Information on the number of Tx/Rx ports is actually not required for gNB scheduler and, hence, number of Tx/Rx ports could be left up to UE declaration. In the latter case, the feature can be removed from the feature list.
Proposal #7: Do not include Number of UE Rx/Tx ports into RAN4 feature list. Keep number of Rx/Tx ports up to UE declaration. 

	Switching time between LTE UL and NR UL for EN-DC with LTE-NR coexistence in UL sharing from UE perspective
	Per-BC signalling preferred for switching time between LTE UL and NR UL for EN-DC. UE should be able to report that switching is not supported.

Support of UL sharing perspective was deprioritized and moved to the June. The discussion on the feature could be postponed to a later stage. By default it may be assumed that UEs do not support UL sharing from UE perspective.
Proposal #8: Define Per-BC UE capability signalling for switching time between LTE UL and NR UL for EN-DC

	BWP switching delay
	At current stage it is FFS whether a single BWP switching delay could be applicable to all UEs. In case there is a single value, capability signalling may not be needed. More details are provided in the companion paper [3].

Proposal #9: FFS whether to include BWP switching delay into feature list. Signalling details are subject to switching discussion.

	Non-contiguous intra-band CA frequency span
	Non-contiguous intra-band CA frequency span feature is applicable to FR2 only. Feature should be differentiated between DL and UL CA

· DL intra-band non-contiguous CA: 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

· UL intra-band non-contiguous CA not supported in Rel-15 and no capability signalling needed
FFS if a separate feature is needed or can be included into the FR2 CA BW class definition. More details are provided in the companion paper [4].

Proposal #10: FFS whether to include “Non-contiguous intra-band CA frequency span” into feature list. Signalling details are subject to the FR2 CA BW Class discussion.

	PA calibration gap
	RAN4 agreed to introduce PA calibration gap for FR2. The gap parameters are under discussion. More details are provided in the companion paper [5].

Proposal #11: Include “PA calibration gap” into feature list. Signalling details are subject to PA calibration gap discussion.

	UE power class
	UE power class may not be included explicitly in the feature list, however, the corresponding UE capabilities signalling shall be defined.

· FR1: Per band signalling shall be introduced at least similar to LTE. Signalling of power class per-BC would be beneficial as well to resolve possible ambiguity on PC support for the CA scenarios. RAN4 shall further discuss the assumptions for CA with BCs supporting different PCs per band. 

· FR2: FR2 UEs can be used for different use cases (handheld, fixed wireless access, transportable wireless access) and it is expected that different power classes can be defined. Hence, the concept of default PC may not be applicable and explicit indication of PC is preferred. 

Prefer to have unified signalling between FR1 and FR2.
Proposal #12: Do not include “UE power class” into feature list. Define per-band capabilities signalling for “UE power class”. Further discuss CA PC assumptions. 


3. RAN1 features requiring RAN4 inputs

In the table below we present our views on the RAN1 UE features which require RAN4 inputs.

Table 2. Summary of views on RAN1 features requiring RAN4 inputs

	UE feature
	Comments

	Subcarrier spacings and FFT size in conjunction with supportable BW with normal CP
	The RAN1 discussion on the SCS support is quite coupled with RAN4 discussion on the SCS capabilities impact on the BB processing complexity. In accordance to the RAN1 feature list “It is up to RAN4 decision Baseband processing (memory) in CA combination related as well as RF (SCS support is per band between sub6 and mmWave)”. In order to allow sufficient BB flexibility it is recommended to define “Signaling of SCS per CC in BPC”. In addition “Per-BC signalling of mixed numerologies support” is needed to resolve CA constraints. Also see a companion paper [2] for more details.

	64QAM modulation for FR2 PDSCH
	The frequency bands are typically defined in release independent manner. For FR2 additional bands with higher frequency could be introduced in the future where phase noise could become an issue. To ensure forward compatibility for new bands, corresponding UE capabilities signalling may need to be introduced from the very beginning (per-band indication).

Per-band capability signalling is preferred to allow further FR2 extension to higher frequency bands (Type 1).
RAN4 is also discussing whether the support of certain modulation format should be mandated. From the BB perspective additional flexibility to support concurrent features (incl. modulation signalling) was already agreed to be introduced by RAN2. RAN4 should further clarify “mandatory” support of different modulations does not cause restrictions in terms of BPC signalling but applicable from the RF perspective.

	64QAM for PUSCH
	FR1: Per-UE capability signalling is suggested (Type 4)
FR2: Per-band capability signalling is preferred to allow further FR2 extension to higher frequency bands (Type 1)

	256QAM for PDSCH 
	FR1: Per-UE optional capability can be used.

FR2: RAN4 has not concluded on the feasibility of the 256QAM for FR2. It is recommended not to define support of 256QAM in Rel-15 unless feasibility is concluded. The capability signalling could be defined at a later stage

	256QAM for PUSCH
	FR1: Per-band optional capability is suggested
FR2: RAN4 has not concluded on the feasibility of the 256QAM for FR2. It is recommended not to define support of 256QAM in Rel-15 unless feasibility is concluded. The capability signalling could be defined at a later stage

	pi/2-BPSK for PUSCH and PUCCH format 3/4
	Per FR1/FR2 optional capability is suggested
The feature can be split into 2: 

1. Pulse-shaped pi/2 BPSK

2. Non pulse-shaped pi/2 BPSK. 

	Extended CP
	Support of Extended CP shall be defined as optional feature. Furthermore, separate capabilities needed for FR1/FR2.

Overall, decision on the Extended CP support is mainly in RAN1 scope (subject to corresponding use case discussion) and could be decided by RAN1 WG.

	Non-contiguous UL CP-OFDM
	In accordance to the RAN1 specification non-contiguous UL CP-OFDM allocations can be supported. Meantime, at current stage RAN4 did not define any requirements and associated A-MPR is unclear. Sufficient studies should be conducted before feature introduction. So, it is actually not clear if such capability is needed or whether it should be further split into some sub-features. We suggest to continue the discussions and related feature could be defined as a part of June feature list discussion. By defualt it could be assumed that for Dec freeze such functionality is not supported.

	1-symbol GP for 120KHz SCS in unpaired spectrum
	In accordance to the existing UE RF requirements at least 2 symbols GP is needed for 120kHz FR2. Meantime, based on RAN1 specification 1 symbol GP is possible and configurable. To resolve the issue RAN4 needs to study the feasibility of 1 symbol GP before the functionality is introduced.

In addition, we note that same issue is applicable to the 60kHz SCS for FR1, where at least 2 symbols gap is needed.

	Number of MIMO layers
	RAN2 agreed to signal the maximum number of MIMO layers  

· Per band 

· Per-CC in BPC (per carrier in baseband processing capabilities) 

RAN4 agreed to introduce additional capability to resolve CA RF constraints (R4-1714257). Details are FFS. More details on the proposed signalling is provided in the companion paper [6].

	Supplemental uplink
	In accordance to the RAN1 discussion the SUL feature is “… conditioned on the support of SUL band combination(s). The band combination definition is up to RAN4.” Hence, no further actions are needed from RAN4 perspective.
To provide sufficient flexibility of UE implementation “SUL with different numerology” and “SUL with dynamic switch” shall be signalled with per-BC granularity.


4. Conclusions

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

In summary we make the following proposals:
Proposal #1:
Introduce per-UE / per-FR signalling of supported SCS in case 60kHz SCS for FR1 is defined as an optional feature.
Proposal #2:
No additional Maximum UE channel bandwidth UE capability signalling needed.
Proposal #3:
Introduce Type 4 (Per-UE) capability signalling for FR1 for “Simultaneous reception of data and SS block with different numerologies”

Proposal #4:
Introduce per-BC UE capability signalling of “Simultaneous reception and transmission for inter band NR CA or EN-DC (TDD-TDD or TDD-FDD)”

Proposal #5:
Introduce per-BC signalling of “asynchronous FDD-FDD Intra-band LTE-NR DC”

Proposal #6:
Introduce per-CC signalling of the SCS in the BPC. Further discuss additional capability signalling to differentiate mixed numerologies UE capabilities for intra-band and inter-band CA.
Proposal #7:
Do not include Number of UE Rx/Tx ports into RAN4 feature list. Keep number of Rx/Tx ports up to UE declaration. 
Proposal #8:
Define Per-BC UE capability signalling for switching time between LTE UL and NR UL for EN-DC
Proposal #9:
FFS whether to include BWP switching delay into feature list. Signalling details are subject to switching discussion.
Proposal #10:
FFS whether to include “Non-contiguous intra-band CA frequency span” into feature list. Signalling details are subject to the FR2 CA BW Class discussion.
Proposal #11:
Include “PA calibration gap” into feature list. Signalling details are subject to PA calibration gap discussion.

Proposal #12:
Do not include “UE power class” into feature list. Define per-band capabilities signalling for “UE power class”. Further discuss CA PC assumptions.
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Annex – RAN4 UE feature list
In the table below we provide the RAN4 feature lists with modifications/comments marked in cyan color and with track change.
	WI
	#
	Feature group
	Components
	Prerequisite feature groups 
	Need for gNB to know whether the
feature is supported by the UE
	Consequences if the feature
 is not supported by the UE
	Type 
(See R4-17121 19)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	RAN5 implication
	Remarks
	Responsible WG
	Recommendation for TSG-RAN
	TSG-RAN decision

	1. NR RRM
	1-1
	Independent measurement gap configurations for FR1 and FR2
	1) measurement gaps for FR1 and FR2 are configured independently
	
	Yes
	UE does not support independent gap configuration between FR1 and FR2 
	Type 4
	No Need
	No Need
	
	Per-UE capability signalling
	RAN4
	Optional with UE capability signalling
	

	2. NR System parameters
	2-1

	60kHz of subcarrier spacing for FR1
	1) whether UE supports 60kHz of subcarrier spacing for data channel in FR1
	
	Yes
	UE does not support 60kHz of subcarrier spacing for data channel
	Type 2
	No Need
	Applicable only to FR1
	
	Signalling depends on whether feature is mandatory
In case the decision on mandatory/optional support cannot be made in RAN4 86 it is recommended to introduce the signalling.
	RAN4
	Optional
	

	
	2-2

	Maximum channel bandwidth supported in each band for DL and UL separately and for each SCS that UE supports
	1) FR1 channel bandwidths in TS38.101-1 Table 5.3.5-1

2) FR2 channel bandwidths in TS38.101-2 Table 5.3.5-1


	
	Yes
	For FR1, all the bandwidths listed in TS38.101-1 v15.0.0 Table 5.3.5-1 for each band shall be mandatory with a single CC

For FR2, UE does not support some UE channel bandwidths
	Type 1
	No Need
	No Need
	
	Decision was made in RP-172832 

RAN4 will discuss UE mandatory channel bandwidth for FR2

Per-band capability signalling, separately for DL and UL and for each SCS
	RAN4
	Optional with UE capability signalling
	

	
	2-3

	Simultaneous reception of data and SS block with different numerologies 
	1) Whether UE supports simultaneous reception of data and SS block with different numerologies 
	
	Yes
	UE does not support simultaneous reception of data and SS block with different numerologies 
	Type 4
	No Need
	Applicable to FR1 only. 
	
	Per UE capability signalling
	RAN4
	Optional with UE capability signalling
	

	
	2-4

	Simultaneous reception and transmission for inter- band CA or EN-DC (TDD-TDD or TDD-FDD)

	1) Simultaneous reception and transmission for inter-band CA or EN-DC (TDD-TDD or TDD-FDD)
	
	Yes
	UE does not support simultaneous reception and transmission for inter-band CA or EN-DC (TDD-TDD or TDD-FDD)
	Type 3
	No Need
	No Need
	
	
Per band combination signaling
	RAN4
	Optional with UE capability signalling

	

	
	2-x
	Asynchronous FDD-FDD Intra-band LTE-NR DC
	1) Asynchronous operation for intera-band FDD-FDD LTE-NR DC 
	
	Yes
	UE does not support asynchronous operation for intera-band FDD-FDD LTE-NR DC
	Type 3
	No Need
	
	
	Per band combination capability signalling
	RAN4
	Optional with UE capability signalling
	

	
	2-5


	Mixed numerologies for CA
	1) Support simultaneous reception or transmission with different numerologies in CA
	
	Yes
	
	Type 3
	No need
	No need
	
	1) Signal SCS per CC in BPC
2) Signal per-BC support of mixed numerologies support

Separate DL/UL signalling

	RAN4
	Optional with UE capability signalling
	

	
	

	
	
	
	
	
	
	
	
	
	




	
	
	

	
	

	
	
	
	
	
	
	
	
	
	


	
	
	

	3. NR UE RF
	3-1


	Single switched UL transmission in EN-DC
	1) single switched UL transmission in EN-DC
	
	Yes
	UE does not support single  switched UL
	Type 4
	No Need
	Applicable only to FR1
	
	For UEs without dynamic LTE-NR power sharing capability, the support of single UL operation (Operation A with Case 1 in Slide 5 of RP-1722833) is mandatory with capability signaling.
(Decision was made in RAN#78, RP-172833)
	RAN4
	Optional with UE capability signalling
	

	
	3-2


	Dynamic transmission power sharing between NR and LTE in EN-DC
	1) dynamic transmission power sharing between NR and LTE in EN-DC
	
	Yes
	Support of single UL operation (operation A with Case 1) is mandatory
	[Type 4]
	No Need
	Applicable only to FR1
	
	This feature is not mandatory in Rel.15. For UEs without this capability, the support of single UL operation (Operation A with Case 1 in Slide 5 of RP-1722833) is mandatory with capability signaling. 

(Decision was made in RAN#78, RP-172833).
	RAN 1/4
	Optional with UE capability signalling
	

	
	3-3


	Switching time between LTE UL and NR UL for EN-DC with LTE-NR coexistence in UL sharing from UE perspective

 
	1) ~0us

2) <20us

=> what is “almost” 0us? 
	
	Yes
	UE does not support UL subcarrier alignment between LTE and NR for EN-DC with LTE-NR coexistence in UL
	Type 4
	No Need
	Applicable only to FR1
	
	
	RAN4
	Mandatory only for UE supports EN-DC with LTE-NR coexistence in UL
	

	
	3-4


	
	
	
	
	
	
	
	
	
	
	
	
	

	
	3-5


	BWP switching delay
	
	
	FFS
	
	
	
	
	
	FFS if features and signalling are needed. Subject to outcome of BWP discussion in RAN4 86
	RAN4 
	
	

	
	3-6


	Non-contiguous intra-band CA frequency span
	
	
	
	
	
	
	Applicable only to FR2
	
	Signalling details are subject to outcome of discussion in RAN4 86
	RAN4
	
	

	
	3-7


	PA calibration gap
	1) Support of PA calibration gaps for FR2
	
	Yes
	UE does not support PA calibration gaps for FR2
	[Type 4]
	No need
	Applicable only to FR2
	
	Signalling details are subject to outcome of discussion in RAN4 86
	RAN4
	Optional with UE capability signalling
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