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1. Introduction

At the 3GPP RAN1#91 meeting, RAN1 continued discussion on NR UE features [1]. Although there was progress, there are still lots of remaining issues to be resolved. All the Layer-1 features should be identified and informed RAN2 by the end of the RAN1 #Ad-Hoc 1801 meeting in order for RAN2 to implement them into their specification. RAN1 is also tasked to provide RAN with their recommendations about whether each NR UE feature is mandatory or optional. 
In this contribution, we provide our views on the remaining issues on NR UE features. Three versions of the feature list are also attached in this tdoc.
· (R1-1721707)Rel-15 NR UE feature list.docx

· This is the same as UE features in R1-1721707 [1]. File format has been changed.

· Rel-15 NR UE feature list_DCM_rm.docx

· Discussions in Section 2 are reflected in this version with revision mark.

· Rel-15 NR UE feature list_DCM_clean.docx

· Discussions in Section 2 are reflected in this version without revision mark.
2. Discussion and Proposals on UE features
0. Waveform, modulation, subcarrier spacings, and CP
· 0-6 (64QAM for PDSCH) and 0-7 (64QAM for PUSCH)
· We consider that 64QAM is beneficial to increase the spectral efficiency irrespective of frequency ranges. Hence, we propose that these features should be respectively one of components of 0-3: DL modulation scheme and 0-4: UL modulation scheme and they should be set as mandatory without capability signaling
· 0-11 [Phase coherence across non-contiguous UL symbols in slot]

· We do not see the need of this feature for now. Never been discussed.
1. Initial access and mobility
· 1-4 (SSB based RLM), 1-8 (CSI-RS based RLM) and 1-8b (RLM based on a mix of SSB and CSI-RS signals)
· Radio link monitoring is required to be mandatory feature for both SA/NSA operations. As agreed, both SSB and CSI-RS can be configured as RLM-RS with a limitation on maximum number of configured RLM-RS at a time, e.g., up to [8] for above-6 GHz frequency range. We think SSB based RLM, CSI-RS based RLM and mixed RS based RLM have own pros/cons and appropriate scenario, respectively. Therefore, we propose that these features should be components of 1-1: Basic initial access channels and procedures so that they are set as mandatory without capability signaling.
· 1-5 (Multiple SSB based measurement) 

· At the last RAN1 meeting, RAN1 concluded that multiple SSB based RRM measurement for a WB carrier is not supported in Rel-15. Therefore, UE is not required to perform anything special for the case where multiple SSB frequency locations within a carrier are configured for measurement. This feature can be removed from the list.
2. MIMO
· 2-10 (Basic CSI feedback) 

· Component for semi-open-loop should be removed, since RAN1 agreed that DL transmission scheme 2 is not explicitly supported for unicast PDSCH. In addition, this feature should be partially merged into codebook-related features. In addition, component on codebook should be merged into other feature group in 2-10, e.g., type I/II feedback.
· 2-13 (Type II feedback) 

· Considering that feature groups on Type I feedback is separated with applied codebook, Type II port selection should be a separate feature considering applied codebook.
· 2-14 (Type II feedback for beamformed CSI-RS) 

· Definition on the number of Tx should be clarified. It is not natural that we apply larger number of antenna ports for BF CSI-RS.
· 2-18 (SRS resource) 

· Feature of semi-persistent SRS should be added as prerequisite feature of SRS resource. 
3. Scheduling and HARQ
Large number of features in the scheduling and HARQ aspects is expected. In order to avoid unnecessary increase in the number of features, we consider that it is beneficial to identify the three basic features, DL control, UL control, and scheduling/HARQ management, which are essential for basic NR operation. They should be mandatory without UE capability signalling. The followings are our categorization. Further clarifications/updates can be discussed.
· Basic DL control channel

· [One] CORESET configuration per BWP per cell

· CORESET resource allocation of 6RB bit-map and duration of 1 – 3 OFDM symbols

· REG-bundle sizes of 2/3 RBs or 6 RBs

· Interleaved and non-interleaved CCE-to-REG mapping

· Precoder-granularity of REG-bundle size or CORESET size
· PDCCH DMRS scrambling determination

· Single TCI state for a CORESET configuration

· CSS and USS configurations for random access and unicast PDCCH transmission per BWP per cell

· PDCCH aggregation levels 1, 2, 4, 8, 16

· For unicast PDCCH, monitoring occasion is within the first 3 OFDM symbols of a slot

· For common PDCCH, monitoring occasion is any OFDM symbol(s) of a slot
· Monitoring DCI formats 0_0, 1_0, 0_1, 1_1, with CRC scrambled by C-RNTI, TC-RNTI, RA-RNTI

· Number of PDCCH blind decodes per slot with a given SCS follows Case 1-1 and Case 1-2

· Basic UL control channel

· PUCCH format 0 over 1 – 2 OFDM symbols once per slot with or without frequency-hopping

· PUCCH format 1 over 4 – 14 OFDM symbols once per slot with or without frequency-hopping

· [One] SR configuration with the periodicity of integer multiple of a slot

· HARQ-ACK transmission once per slot with its resource/timing determined by using the DCI

· Multiplexing of SR and HARQ-ACK on a PUCCH

· HARQ-ACK piggyback on PUSCH

· Semi-static HARQ-ACK codebook

· Semi-static beta-offset configuration for HARQ-ACK

· Basic scheduling/HARQ management

· Frequency-domain resource allocation

· RA Type 0 and 1 for PDSCH

· RA Type 1 for PUSCH

· Time-domain resource allocation

· 2 – 14 OFDM symbols PDSCH/PUSCH once per slot with its scheduled slot

· Starting symbol, and duration are determined by using the DCI

· PDSCH/PUSCH mapping type A and type B

· TBS determination

· Nominal UE processing time for N0, N1, and N2 for slot-based scheduling (Capability #1)

· HARQ process management with configurable number of DL/UL HARQ processes of up to 16

· Semi-static UL/DL assignment by UE-common and/or UE-specific higher-layer configuration
Then, additional features are listed outside from the above three basic features.
DL control channel aspects:

· More than [One] CORESET configurations per cell

· More than one TCI state configurations per CORESET

· For unicast PDCCH, monitoring occasion is any OFDM symbol(s) of a slot

· Dynamic SFI monitoring and dynamic UL/DL determination

UL control channel aspects:
· PUCCH format 2 over 1 – 2 OFDM symbols once per slot with or without frequency-hopping

· PUCCH format 3 or 4 over 4 – 14 OFDM symbols once per slot with or without frequency-hopping

· Dynamic HARQ-ACK codebook

· HARQ-ACK spatial bundling for PUCCH or PUSCH per PUCCH group

· SR and more than 2 bits HARQ-ACK multiplexing on a PUCCH (or piggybacked on a PUSCH)

· More than one SR configurations per PUCCH group

· Single P-CSI transmission once per slot using a PUCCH (or piggybacked on a PUSCH)

· Semi-static beta-offset configuration for CSI

· Single SP-CSI transmission once per slot using a PUCCH (or piggybacked on a PUSCH)

· Single SP-CSI transmission once per slot using a PUSCH

· Single A-CSI transmission once per slot using a PUSCH

· More than one CSI reporting on one channel once per slot
· SR/HARQ-ACK/CSI multiplexing once per slot using a PUCCH (or piggybacked on a PUSCH)
· UCI code-block segmentation on a PUCCH (or piggybacked on a PUSCH)

· Dynamic beta-offset configuration and indication for HARQ-ACK and/or CSI

· More than one PUCCH transmissions per slot
· PUCCH repetitions over multiple slots or multiple mini-slots with K = 1, 2, 4, 8

· With or without frequency-hopping

· PUCCH-spatialrelationinfo indication by a MAC CE per PUCCH resource
Scheduling/HARQ management aspects:
· RA Type 0 for PUSCH
· Dynamic switching between RA Type 0 and RA Type 1 for PDSCH

· Dynamic switching between RA Type 0 and RA Type 1 for PUSCH

· Advanced UE processing time for N0, N1, and N2 for slot-based scheduling (Capability #2)

· UE processing time for N0, N1, and N2 for non-slot-based scheduling

· Interleaving for VRB-to-PRB mapping for PDSCH

· Interleaving for VRB-to-PRB mapping for PUSCH

· Intra-slot frequency-hopping for PUSCH

· More than one PDSCHs per slot for different TBs

· More than one PUSCHs per slot for different TBs

· PUSCH repetitions within a slot (K = 1, 2, 4, 8 times repetitions) with RV sequences
· With or without frequency-hopping

· PUSCH repetitions over multiple slots (K = 1, 2, 4, 8 times repetitions) with RV sequences
· With or without inter-slot frequency-hopping

· DL SPS

· Type 1 Configured UL grant

· Type 2 Configured UL grant

· Pre-emption indication for DL

· CBG-based re-transmission for DL using CBGTI

· CBGFI for CBG-based re-transmission for DL

· Dynamic HARQ-ACK codebook using sub-codebooks for CBG-based re-transmission for DL

· CBG-based re-transmission for UL using CBGTI

· Semi-static rate-matching resource set configuration for DL

· Semi-static rate-matching resource set configuration for UL

· Dynamic rate-matching resource set configuration for DL

· Dynamic rate-matching resource set configuration for UL

4. CA/DC, BWP, SUL
· 4-8a (Case 1 Single Tx UL LTE-NR DC) and 4-8b (Case 2 Single Tx UL LTE-NR DC)
· At the RAN#78 meeting, the following agreements were made [2]. The following agreements should be captured in the features 4-8a (Case 1 Single Tx UL LTE-NR DC) and 4-8b (Case 2 Single Tx UL LTE-NR DC)
	· Proposal 2

· For UEs without dynamic LTE-NR power sharing capability, the support of single UL operation (Operation A with Case 1 in Slide 5) is mandatory with capability signalling

· Single UL operation is optional for dynamic power sharing capable UEs


· 4-x: Maximum number of PDCCH blind decodes per slot for multi-carrier operation
· For CA with up to N CCs, maximum number of PDCCH blind decodes per slot for a UE depends on the number of configured CCs

· All UEs supporting CA with the same set of CCs supports the same maximum number of PDCCH blind decodes

· No explicit UE capability signaling to inform the maximum number of PDCCH blind decodes is reported

· For CA with more than N CCs, maximum number of PDCCH blind decodes for a UE depends on the explicit UE capability

· All UEs supporting CA with the same set of CCs supports at least the same number of PDCCH blind decodes
6. UL TPC
· 6-1: Power scaling for LTE-NR DC
· At RAN#78 meeting, following agreements were made [2]. According to the agreements, RAN1 need to support a capability on dynamic power sharing. 
	· Proposal 1

· Agree to introduce Rel-15 capability signaling to indicate whether the UE supports dynamic EN-DC power sharing

· Dynamic power sharing means that the UE can operate with P_LTE + P_NR > P_powerclass configuration 

· Agree that the intent is to make dynamic EN-DC power sharing mandatory at a future time

· Check any possible updates on status above in March


· 6-2: Basic power control operation
· This should be mandatory. Also, features 6-3, 6-4, 6-5, 6-7, 6-8, 6-9, and 6-10 can be considered as the components of feature 6-2.
· 6-6: Absolute TPC command mode

· Accumulated TPC command supports zero-value. Since gNB can keep the accumulated TPC command value if it sends zero-value as TPC command, absolute TPC command is not essential feature. Hence it should be optional. In addition, since 6-6 and 6-9 are duplicated, 6-9 can be removed.
3. Conclusion
In this contribution, we presented the views on NR UE features. Discussions in Sect. 2 are reflected in the attached UE feature list. We propose to use the attached UE feature list as the starting point of the discussion. 
Three versions of the feature list are also attached in this tdoc.

· (R1-1721707)Rel-15 NR UE feature list.docx

· This is the same as UE features in R1-1721707 [1]. File format has been changed.

· Rel-15 NR UE feature list_DCM_rm.docx

· Discussions in Section 2 are reflected in this version with revision mark.

· Rel-15 NR UE feature list_DCM_clean.docx

· Discussions in Section 2 are reflected in this version without revision mark.
References
[1] 3GPP R1-1721707, NTT DOCOMO and AT&T, “UE features,” Oct. 2017.
[2] 3GPP RP-172833, Qualcomm, “Way forward on NR EN-DC Power sharing capability,”, Dec. 2017.

- 5/6 -

