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1	Introduction
This contribution discusses remaining open items in the UE features lists after the RAN WG proposals. Remaining open items are covered separately for RAN1, RAN2 and RAN4 feature list. We also make proposals for these remain open items in the UE features list and related capability signalling. 
2	Discussion
In this section we discuss remaining open items in the UE features lists after the RAN WG proposals. Remaining open items are covered separately for RAN1, RAN2 and RAN4 feature list. We also make proposals for deciding these remain open items. 
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RAN1 UE feature list

RAN1 has sent a LS on NR UE feature list from the RAN1 perspective in [1].

· 2-24 SSB/CSI-RS for beam measurement: 
· CSI-RS is necessary as mandatory UE support both for FR1. SRS is not available is all deployment scenarios e.g. in case of two DL NR carriers; 3.5 GHz and sub-1 GHz but UL only on sub-1 GHz carrier. Also, the performance of SRS is limited on the cell edge and SRS would not work well with FDD. Thus, SRS cannot be used alone in all the scenarios. Also, SSB alone is not sufficient as it is too coarse due to wide beam. CSI-RS is needed for enabling support of MU-MIMO both for FR1 and FR2. 
· 
Proposal 1: For SSB/CSI-RS for beam measurement feature
· support MB_1 =8 is mandatory for FR1 & FR2
· Support MB_2 =8 is mandatory for FR1 & FR2
· At least density of CSI-RS =3 is mandatory for FR1 & FR2 


· 5-1 Basic scheduling/HARQ operation 
· Item 7) was debated in RAN1#92bis and RAN1#93, more specifically whether the UEs are expected to be able to follow the DCI determining whether to transmit UL or receive DL dynamically, or only able to operate in the presence of the RRC-configured pattern. In addition, the question of what is the correct interpretation of a flexible symbol or flexible slot if an UE type that is not capable of dynamic direction determination in absence of the RRC configuration. 
· According to one interpretation, even the “7) Dynamic UL/DL determination based on L1 scheduling DCI with cell specific RRC configured UL/DL assignment” would mean that flexible slots or symbols could not be assigned for either uplink nor for downlink. This interpretation would seem to be in direct conflict with the definitions of TS3.213, where the functional definition is that the UE is required to follow the DCI unless the DCI is in conflict with the restrictions set by the RRC configuration. 
Proposal 2:  For basic scheduling/HARQ operation
· Confirm the component 7 as in the feature list coming from RAN1.



	2-24
	SSB/CSI-RS for beam measurement
	1. The max number of SSB/CSI-RS (1Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs to measure L1-RSRP within a slot shall not exceed MB_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 {8, 16, 32, 64}
Support MB_1 =8 is mandatory for at least for >6Ghz bands
Component-2, candidate value set for MB_2 is {0, 4, 8, 16, 32, 64}
Component-3: candidate value set: 
{“1 only”, “3 only”, “both 1 and 3”}
At least density of CSI-RS =3 is mandatory at least for FR2
	Support MB_1 =8 is mandatory for FR1&FR2
Support MB_2 =8 is mandatory for FR1&FR2
At least density of CSI-RS =3 is mandatory for FR1&FR2 

	5-1
	Basic scheduling/
HARQ operation
	1) Frequency-domain resource allocation
- RA Type 0 only and Type 1 only for PDSCH without interleaving
- RA Type 1 for PUSCH without interleaving
2) Time-domain resource allocation
- 1-14 OFDM symbols for PUSCH once per slot 
- Starting symbol, and duration are determined by using the DCI
- PDSCH mapping type A with 7-14 OFDM symbols
- PUSCH mapping type A and type B
- For type 1 without dedicated RRC configuration and for type 0, 0A, and 2, PDSCH mapping type A with {4-14} OFDM symbols and type B with {2, 4, 7} OFDM symbols
3) TBS determination
4) Nominal UE processing time for N1 and N2 (Capability #1)
5) HARQ process operation with configurable number of DL HARQ processes of up to 16
6) Cell specific RRC configured UL/DL assignment for TDD
[bookmark: _Hlk515889546]7) Dynamic UL/DL determination based on L1 scheduling DCI with/without cell specific RRC configured UL/DL assignment
8) Intra-slot frequency-hopping for PUSCH scheduled by Type 1 before RRC connection 

	
	Note: If UE is configured with more than 8 HARQ processes, RAN4 continue to discuss the impact of 16 HARQ processes

	Mandatory without capability signaling





RAN1: HARQ-ACK codebook
· Features 4-10 and 4-11 are both set as mandatory with capability, leading to no industry guidance.
Proposal 3:  Make one of the 4-10, 4-11 mandatory without capability signalling. Nokia preference would be to make 4-10 mandatory without capability.


	#
	Freature group
	Components
	Responsible WG
	RAN WG recommendation
	TSG-RAN decision

	4-10
	Dynamic HARQ-ACK codebook
	RAN1 understanding is that at least one of 4-10 and 4-11 is set to ‘1’
	RAN1
	Mandatory with capability signaling 
	Mandatory with capability signaling

	4-11
	Semi-static HARQ-ACK codebook
	
	RAN1
	Mandatory with capability signaling
	Mandatory with capability signaling






RAN1: Multiplexing several TBs in a slot
· Features 5-11 and 5-12 were intended to schedule the UE to receive or transmit several TBs in a time-domain multiplexed manner, while another feature allowing for the UE to be scheduled with two TBs in parallel to multiplex eMBB and URLLC traffic was likely behind the original wording of 5-11. It appears that the two features became intertwined together and FDM got copy-pasted to all these features.
Proposal 4:  For multiplexing several TBs in a slot
· Change the note in features 5-11, 5-11a, 5-11b, 5-12, 5-12a and 5-12b from FDM to TDM, and clarify this also in the feature name
· Add another feature 5-11c: Up to 2 frequency-multiplexed unicast PDSCHs per slot for different TBs



	5-11
	Up to 2 unicast PDSCHs per slot for different TBs 
	Up to 2 unicast PDSCHs per slot in FDM is not supported
This capability is necessary for each SCS

	5-11a
	Up to 7 unicast PDSCHs per slot for different TBs
	Up to 7 unicast PDSCHs per slot in FDM is not supported
This capability is necessary for each SCS

	5-11b
	Up to 4 unicast PDSCHs per slot for different TBs
	Up to 4 unicast PDSCHs per slot in FDM is not supported
This capability is necessary for each SCS

	5-11c
	Up to 2 frequency-multiplexed PDSCHs per slot for different TBs
	Up to 2 unicast PUSCHs per slot in FDM is not supported
This capability is necessary for each SCS

	5-12
	Up to 2 PUSCHs per slot for different TBs
	Up to 2 unicast PUSCHs per slot in FDM is not supported
This capability is necessary for each SCS

	5-12a
	Up to 7 PUSCHs per slot for different TBs
	Up to 7 unicast PUSCHs per slot in FDM is not supported
This capability is necessary for each SCS

	5-12b
	Up to 4 PUSCHs per slot for different TBs
	Up to 4 unicast PUSCHs per slot in FDM is not supported
This capability is necessary for each SCS






RAN2 UE feature list 

RAN2 has sent a LS on NR UE feature list from the RAN2 perspective in [2]. The feature list in the RAN2 LS has still a few TBDs, which need to be decided by the RAN plenary.

· SRB3
· SRB3 was one of the features that was not concluded to be mandatory/optional in RAN2
· It has been identified in RAN2 [R2-1701718] that there are severe issues with mobility under NR without configuring SRB3. Majority of companies in RAN2 supported having the SRB3 a mandatory feature for UE (at least mandatory with capability signalling [R2-1803147] and [R2-1803151]) but unfortunately RAN2 has not able to conclude this issue. 
· As discussed e.g. in R2-1803147, there is a clear 50% latency gain in RRC reconfiguration using the direct SCG SRB for intra-SgNB mobility. Also with the HO preparation time is included, there is still a large gain of close to 30% gain in procedural execution time for RRC reconfiguration using the direct SCG SRB for intra-SgNB mobility. Furthermore, not having SRB3 configured in a network will result in huge KPI issues with UE mobility in NR especially given the fact that the most of the PSCell mobility scenarios do not need MN involvement.
Proposal 5: Support for SRB3 is mandatory for Rel-15 UEs

· Uplink Split DRB with both UL MCG and SCG paths
· Without this feature the network is unable to schedule UL transmission on both the MCG and SCG paths with good radio conditions thereby sacrificing UL capacity.
Proposal 6: Support for Split DRB with both UL MCG and SCG paths is mandatory for Rel-15 UEs

· LCH SR delay timer
· Coming from early release of LTE (Rel-9) and it is understood that this is not complex for implementation due to reuse.
Proposal 7: Support for LCH SR delay timer is mandatory for Rel-15 UEs

· Skipping UL transmission for dynamic UL grant
· The mechanism allows UE to skip UL transmission with dynamic grant as means to see if the UE has data. If UE doesn’t have data there no need to use the grant. This is also useful for low latency data transmission. This is mandatory for SPS, if there is no data it is not configurable so UE always skips
Proposal 8: Support for skipping UL transmission for dynamic UL grant is mandatory for Rel-15 UEs


RAN4 feature list

RAN4 has sent a LS on NR UE feature list from the RAN4 perspective in [3]. The feature list in the RAN4 LS has also still open items, which need to be decided by the RAN plenary. 

· 60kHz of subcarrier spacing for FR1
· In our view this could be optional for UEs
Proposal 9:  60 kHz SCS is optional for FR1 for Rel-15 UEs

· Almost contiguous UL CP-OFDM
· RAN4 has not yet defined UE requirements for almost-contiguous or non-contiguous CP-OFDM UL resource allocations although Rel-15 RAN1 specifications already support both. 
· RAN4 should urgently develop UE requirements for almost contiguous UL CP-OFDM in Rel-16 and Rel-15 UE should then be able to indicate the support using the corresponding capability signaling defined by RAN2. 
· Considering that UE support for almost contiguous UL CP-OFDM is critical for NR system operations when UEs with different BW capabilities are supported we propose that this feature will become mandatory from Rel-15 onwards once the16 UE requirements are specified in Rel-16. Until then the feature could be optional for the UE
Proposal 10: Almost contiguous UL CP-OFDM is optional initially for Rel-15 NR UEs and mandatory for new Rel-15 UEs implemented after finalizing Rel-16 requirements

· PA calibration gap (FR2)
· RAN4 has been discussing PA calibration gaps for FR2 but RAN4 has not yet concluded the matter yet. In the recent RAN4 PA calibration gap discussions it has been noted that so-called total calibration gaps are not needed for PA calibration but rather for UE IQ image calibration and LO feedthrough calibration. Only so-called rank restricted gaps would be needed for actual FR2 PA calibrations. 
· Rank restricted gaps would be created by network scheduler implementation and only specification implications would be in UE requirement specifications to allow UE interruptions if rank restricted gaps are not provided sufficiently frequently by network scheduler. 
· Total gaps on the other hand are proposed to be created using RRC signalling, which would impact RAN2 specifications as well. 
· Considering that PA calibration gap definition and related UE requirements were not completed in Rel-15, the Rel-15 UEs should not be allowed indicate need for PA calibration gaps until the requirements are specified in Rel-16. Furthermore, once the Rel-16 PA calibration gap related requirements are specified, the Rel-15 UEs could only indicate need for rank restricted gap as Rel-15 signalling does not include any definition or signalling for total calibration gaps. 
Proposal 11:  Rel-15 UEs could not indicate need for PA calibration gaps until the requirements are finalized in Rel-16. After completing the requirements Rel-15 UE may indicate need for PA calibration gaps for FR2. This then means rank restricted gaps, which do not require any signaling support (only UE requirements and relaxation to allow interrupts)

 3	Conclusions
In this document we have discussed open items in the NR features. Based on the discussion we make the following proposals for NR features.
RAN1 feature list:
Proposal 1: For SSB/CSI-RS for beam measurement feature
· support MB_1 =8 is mandatory for FR1 & FR2
· Support MB_2 =8 is mandatory for FR1 & FR2
· At least density of CSI-RS =3 is mandatory for FR1 & FR2 

Proposal 2:  For basic scheduling/HARQ operation
· Confirm the component 7 as in the feature list coming from RAN1.

Proposal 3:  Make one of the 4-10, 4-11 mandatory without capability signalling. Nokia preference would be to make 4-10 mandatory without capability.

Proposal 4:  For multiplexing several TBs in a slot
· Change the note in features 5-11, 5-11a, 5-11b, 5-12, 5-12a and 5-12b from FDM to TDM, and clarify this also in the feature name
· Add another feature 5-11c: Up to 2 frequency-multiplexed unicast PDSCHs per slot for different TBs

RAN2 feature list:
Proposal 5: Support for SRB3 is mandatory for Rel-15 UEs

Proposal 6: Support for Split DRB with both UL MCG and SCG paths is mandatory for Rel-15 UEs

Proposal 7: Support for LCH SR delay timer is mandatory for Rel-15 UEs

Proposal 8: Support for skipping UL transmission for dynamic UL grant is mandatory for Rel-15 UEs

RAN4 feature list:
Proposal 9:  60 kHz SCS is optional for FR1 for Rel-15 UEs

Proposal 10: Almost contiguous UL CP-OFDM is optional initially for Rel-15 NR UEs and mandatory for new Rel-15 UEs implemented after finalizing Rel-16 requirements

Proposal 11:  Rel-15 UEs could not indicate need for PA calibration gaps until the requirements are finalized in Rel-16. After completing the requirements Rel-15 UE may indicate need for PA calibration gaps for FR2. This then means rank restricted gaps, which do not require any signaling support (only UE requirements and relaxation to allow interrupts)
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