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1. Introduction

After the 3GPP RAN1#Adhoc1801 meeting, the NR UE feature list was agreed in [1] and related LS was sent to RAN WG2 and WG4 although there are some remaining issues. The remaining issues must be resolved at earlier stage during the RAN1#92 meeting in order for RAN2 to complete their specification. In addition, whether the features are “initial access related” and/or “forward compatible” should be identified to better understand which feature should be mandatory or optional [2]. 
2. Discussion and Proposals on UE features
1. Initial access and mobility
· 1-2 ([PRACH configuration])
· Based on LS reply from RAN4 [3], this feature should be supported as a mandatory feature. Hence, we propose to move this feature under 1-1 basic initial access channels and procedures.
2. MIMO
· 2-3 (PDSCH MIMO layers) 

· It should be clarified that the number of layers, i.e., 1, 2, 4, and 8, is reported to the NW. Then, we should discuss whether or what value UE should support as the minimum value. In our view, the minimum number of layers highly depends on frequency band. For example, it may be 2, 4, and 8 depending on the frequency band in FR1 while it will be 2 for FR2. However, such a decision should be made in RAN4.
· 2-10 (Support DMRS type (downlink)) and 2-17 (Support DMRS type (uplink)) 

· It is still open which DMRS type should be mandatory. Considering that type 1 is used during initial access procedure, i.e., before RRC connection, type 1 should be mandatory without capability signaling.
· 2-26 (Receiving beam selection)

· Number of Rx beam are still left open, i.e., {1, 2, 3, 4, 5, 6, 7, 8}. We consider that this parameter affects demodulation performance, and thus should be decided in RAN4
· 2-46 (Downlink PTRS density recommendation) and 2-49 (Uplink PTRS density recommendation)
· The contents of reporting need to be clarified. This feature assumes that UE reports the set of thresholds for determining PTRS density among candidate sets. However, the number of candidate sets should be clarified as it has a specification impact on higher layer signaling. When the number of candidates is determined, less candidate sets would be desirable to reduce the effort on testing. Thus, RAN4 should be involved in the discussion to make final decision.
3. DL control channel and procedure
In the current UE feature list, feature groups capturing PDCCH monitoring periodicities are following:

· 3-1 (Basic DL control channel):

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

· For PDCCH scheduling RMSI/OSI/RAR/paging, monitoring occasion is any OFDM symbol(s) of a slot

· Number of PDCCH blind decodes per slot with a given SCS follows Case 1-1 table
· For precoder granularity size, as per agreement, both REG-bundle size and CORESET-size should be included. 
· 3-2 (Unicast PDCCH monitoring following Case 1-2)

· For unicast PDCCH, monitoring occasion is within a single span of 3 OFDM symbols within a slot

· Number of PDCCH blind decodes per slot with a given SCS follows Case 1-2 table for 15kHz SCS

· 3-3 (More than one CORESET configurations per BWP in addition to CORESET 0)

· Yes, it should be “in addition to CORESET 0”.
· 3-5: (For unicast PDCCH, monitoring occasion is any OFDM symbol(s) of a slot)

Case 2 is realized only by the feature group 3-5. This implies that the UE supporting PDCCH monitoring periodicity of less than 14 symbols is required to enable PDCCH monitoring occasion at any OFDM symbol for any subcarrier-spacing. In order to alleviate the requirement and to make sure that the UE supporting PDCCH monitoring periodicity less than 14 symbols with a reasonable complexity, we propose to split feature group 3-5 into following. Corresponding UE capability signaling is defined. Then, gNB is able to know which PDCCH monitoring periodicity is enabled by the UE. Note that for all UE capabilities, the number of PDCCH blind decodes per slot should be the same.

· 3-5a: (For unicast PDCCH, monitoring occasion is per 7 OFDM symbols of a slot)

· Number of PDCCH blind decodes per slot with a given SCS follows Case 2 table

· 3-5b: (For unicast PDCCH, monitoring occasion is per 2 OFDM symbols of a slot)

· Number of PDCCH blind decodes per slot with a given SCS follows Case 2 table

· 3-5c: (For unicast PDCCH, monitoring occasion is any OFDM symbol(s) of a slot)

· Number of PDCCH blind decodes per slot with a given SCS follows Case 2 table

4. UL control channel and procedure
· 4-4 (PUCCH format 3 over 4 – 14 OFDM symbols once per slot  with FH for FR1 and without FH for FR2) and 4-5 (PUCCH format 4 over 4 – 14 OFDM symbols once per slot  with FH for FR1 and without FH for FR2)

· Long PUCCH format will be used to ensure the coverage. Currently, PUCCH format 1 is only mandatory without capability signaling since it is used during random access procedures (for Msg. 4 retransmission). However, PUCCH format 1 will be replaced by PUCCH format 3/4 for the ACK/NACK transmission in response to data in TDD and/or CA operations since PUCCH format 1 supports only up to 2 ACK/NACK bits. Hence, we propose to set both or either 4-4 or 4-5 should be set as a mandatory feature without capability signaling.
· 4-8 (Frequency hopping for PUCCH formats 0 and 2 for FR2) and 4-9 (Frequency hopping for PUCCH format 1, 3, and 4 for FR2)
· Considering intra-frequency hopping for PUSCH (for Msg. 3) is the mandatory feature regardless of frequency ranges, it would be natural to support frequency hopping for all PUCCH formats also for FR2 as the mandatory feature. 
· 4-14 (PUCCH transmission carrying P-CSI reporting (or piggybacked on a PUSCH))

· 4-15 (PUCCH transmission carrying SP-CSI reporting (or piggybacked on a PUSCH))

· 4-16 (PUSCH transmission carrying SP-CSI reporting)

· 4-17 (PUSCH transmission carrying A-CSI reporting)

· 4-18 (More than one CSI reporting on one channel once per slot)

· 4-14 to 4-18 should be confirmed.

· 4-22 (More than one PUCCH transmissions per slot)
· See our views below.
5. Scheduling/HARQ operation

· 5-1 (Basic scheduling/HARQ operation)

· For 2), Both PDSCH/PUSCH mapping Type A and Type B should be confirmed in this feature.
· For 6), Semi-static/dynamic UL/DL assignment by UE-common higher layer configuration should be clarified. It should be clarified like following: semi-static UL/DL assignment by UE-common higher-layer configuration and dynamic UL/DL assignment without dynamic SFI.
· 5-5 (Advanced UE processing time for N2 and N2 for PDSCH mapping Type A (Capability #2))

· Should be confirmed.
· 5-6 (UE processing time for N1 and N2 for PDSCH mapping Type B)

· Should be deleted and included in 5-1. This is already covered by 4) in 5-1.
· 5-11 (More than one PDSCHs per slot for different TBs [in TDM manner FDM?])
· 5-12 (More than one PUSCHs per slot for different TBs [in TDM manner FDM?])
· We consider that NR should be able to support following cases:

· Receive up to one PDSCH in one slot

· Receive more than one TDMed PDSCHs in one slot

· Receive a PDSCH that cancels previously scheduled another PDSCH overlapped in time

· Receive more than one PDSCHs in one slot

· Transmit up to one PUSCH in one slot

· Transmit more than one TDMed PUSCHs in one slot

· Transmit a PUSCH that cancels previously scheduled another PUSCH/PUCCH overlapped in time

· Transmit up to one PUCCH in one slot

· Transmit more than one TDMed PUCCHs in one slot

· Transmit a PUCCH that cancels previously scheduled another PUSCH/PUCCH overlapped in time

· Therefore, we suggest to split 4-22, 5-11, and 5-12, into multiple features described above. See our companion documents [4] and the corresponding updates in the attached UE feature list.
· 5-xx (PUSCH repetitions within a slot)
· Should be confirmed. There is no reason to keep this FFS.

· 5-29 (DM-RS bundling across slots)
· Should be deleted. Not sure this feature.

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. 
References
[1] 3GPP R1-1801289, NTT DOCOMO and AT&T, “NR UE feature list,” Jan. 2018.
[2] 3GPP RP-172816, Vodafone, et al., “UE capabilities and feature deployment phasing for NR”, Dec. 2017.
[3] 3GPP R1-1801233, RAN4, “Reply LS to RAN1 on PRACH with ON-OFF time mask,” Jan. 2018.
[4] 3GPP R1-1802490, NTT DOCOMO, “Multiplexing data with different transmission durations,” Feb. 2018
- 4/4 -

